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ABSTRACT

This study investigates variables associated with
residential mobility and migration at the ecological level.
The aim of the study is to test the application of factor
analysis to a more specific subject than the description of

the whole urban structure.

Theoretical formulations about urban growth, urban
ecology and mobility are examined, together with empirical
research in these fields, to determine variables considered
to be associated with changes in residence. The indicators
of variables chosen for analysis are from census data and
city reports, and each census tract of the chosen urban area
is gssigned a value for each indicator. The area selected

for the study is the Hamilton Metropolitan Area, Ontario.

The results of the analysis reveal that most of the
variation in the variables is accounted for by two factors:
dwelling type and household composition, and economic status.
These are the same factors which have been identified in

factorial ecologies of general urban structure.

The remaining factors are more associated with
mobility, and reveal that different origins of movers and

migrants are associated with different characteristics and
iii



geographical distributions. The hypotheses concerning the
relationships with age, population growth and distance from
the city centre are supported by the analysis, and the size
and direction of movement is generally as expected.

However, the hypothesis otf increasing economic status with
increasing distance migrated is not confirmed: migrants from
abroad and different provinces tend to migrate to areas or
lower economic status than migrants from Ontario or from the
Hamilton metropolitan fringe.

This study recognises the limitations of a factorial

ecology of residential mobility. Particular care should be
exercised in the selection of variables and measures of these

variables. Factorial ecology is a descriptive tool, and
further analysis of apparent association between variables

should be undertaken to determine their statistical
significance.,

The study emphasises the contribution of factorial
ecology to the description of areal associations of more
specific subjects sucly as residential mobility, and possibly
for other social phenomena. As such, it provides a means
for parsimonious description of aspects of urban social
geography.
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INTRODUCTION

In migxation1 and mohilityz research there has been
a dichotomy between individual and ecologieal studies.
Individual studies cannot hope to give more than an
indication of associations of mobility or migration patterns
and processes because of the time and cost of sampling large
numbers of people. Eecological study has been limited by the
lack of mobility and migration data, and by the difficulty
of analysing the great complexity of relevant data for large
numbers of areas where this information is available, (such
as sub-areas of urban centres). In addition, movers,
migrants and mobile areas appear to exhibit a combination
of characteristics (Jansen, 1970, p.20), which also poses

problems of analysis.

Although recent studies of residential mobility

have determined some of the elements responsible for the

¥ 1 tion includes all changes of residence

except those w n the boundaries of one metropolitan or
urban area, and generally involves a change of employment

and uprooting of the household, with partial severance of
family and friendship interaction. It includes international,
inter-urban and mural-urban movements of migrants.

2 Mobility refers to changes of residence within
the boundaries of one metropolitan urban area and is less
likely to involve changes in the employment of the movers.
It includes movement within the city and between c¢ily and
suburban fringe.

1
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selectivity of and motivation for residential mobility, many

of these results have been from studies of individuals and
households. 1In addition to characteristics of movers and

their reasons for moving, the importance of individual decision-
making and individual perception of the residential environment
the process of searching and the availability of information

have been recognised recently (Brown and Moore, 1970).

At the same time there has been research into aspects
of human ecology in urban areas (urban ecologya) and

extension of social area techniques4

using factor analysis.
The main factors appearing in North American studies have
been labelled family status, socio-economic status and ethnie

status (Rees, 1971).

Variables indicative of these three generalisations
are also the variables upon which most studies of character-
istics of movers have been focussed (Rees, 1970, p.347; Moore,

1972). In some studies (Schmid, 1960; Sweetser, 1960;

3 Urban ecology is the study of areal units within
an urban area, and their demographic, land use and behavioural
characteristics

4 Social area techniques refer to the method used to
differentiate areas of similar social characteristies within
the city. Seven census variables are used to describe three
concepts hypothesised as being basie to the process of urban-
isation (social rank, urbanisation and segregation). These
variables are combined to give an index for each urban sub-
area (social area).
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Pedersen, 1967; Rees, 1970) mobility has been labelled as a
factor, but has had no variables clearly associated with it.
Other studies have identified population growth as a factor
(Murdie, 1969).

It may, therefore, be useful to explore the
possibility of a factorial ecology5 of urban residential
mobility and migration as suggested by Rees. (1970), Hill
(1971,p58) and Bogue and Harris (1954, p.60). Variables
selected will have already been found significant in describing
characteristics of population and neighbourhoods which have
the greatest propensity for changes of residence. The most
significant variables associated with each factor will indicate

combinations which are characteristic of mobile areas.

Although a critical analysis of previous research is
beyond the scope of this present study, it should be recognised
that many previous studies have limitations in their method of
measuring mobility, in the variables selected as indicators
of propensity to move, and in the methods used to test these
associations. Apart from sampling errors, there are limit-
ations particularly relevant to mobility and migration studies.

The characteristics of the mobile population may not be as

5 Pactorial ecology, considered as a form of ecolog-
ical factor analysis, provides parsimonious description of
urban areal characteristics, and compares the resulting
factors with a hypothesised factor structure. ILarge numbers
of characteristics of urban sub-areas are reduced, by using
factor analysis, to a few basic factors which describe
characteristics with similar variations over the sub-areas.
It also provides a measure of the association of each factor
with each sub-area.
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they were at the time of residence change. Many factors
associated with residence change involve a change in personal
circumstances, yet variables are recorded as static at one
time. The interdependence between variables requires careful
research design to isolate the variables truly relevant to

residence changes.

Selecting relevant variables from both individual

an&@ ecological research6

will test whether the same variables
are relevant at both these levels of analysis. The results
obtained cannot be applied to individual moving behaviour
(Janson, 1969, p.313%; Robinson, 1950) and will not explain
causes or motivations for moving, but only determine
fundamental patterns of variation in the data (Berry and Rees,

1969’ P.458) =

The results may also provide a basis for examination
of patterns of urban growth7 and changes in neighbourhood
structure, as urban mobility and migration is the principal

mechanism by which such growth and change occurs.

6 Dogan and Rokkan (1969) saw no reason why individual
results should not be used in selection of variables for factor
analytic study, provided there was no attempt to apply results
obtained at one level to a different level of population
aggregation.

7 Urban growth here refers to an increase in population
size either by increase in numbers within an area or increase
of spatial extent of the urban area.
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THEORETICAL FRAMEWORK AND PREVIOUS EMPIRICAL RESEARCH

The following diagram illustrates the interrelation

between research in the areas of migration, mobility, growth

and ecology.

TABLE 1
1880s (internal mi tion
Ravenstein
19208 human ecology urban structure
(Park, Burgess) and growth 1
mobility mobility concentriec
and social and urban —{zones
disorganisation|||growth
(Faris & Dunham) (Burgess)
sectors
(Hoyt)
19408 [interactance| [attack on classical multiple
models ecology (Alihan) nuclei
(zipt, (Harris &
Stouffer) Ullman)
19508 [models o problems of ecological| [social area
internal fallacy (Robinson analysis i
migration (Shevky &Bell)
(Olsson, Individual
Isard) mobility
1960s [economic s (Roa?i)
of migration &|[behavioural actorial
rban growth &||studies of ecology
regional mobility (Berry, Rees,
development (Wolpert, uurdios
(Hansen, Brown & Moore)
Friedmann) & .
individual| |ecological
interview studies
studies (Moore,
Brown &
Longb;ako)
urban structure chologieal
and change associations




Urban Growth

-Mobility was included as an element in Burgess'
concentric zone model of urban spatial growth and structure
in 1923. This model incorporated Von Thunen's concentrie
rings of land uses with Park's ecological processes of
invasion, dominance, succession and filtering. Migration
into the central city was a centripetal force in which the
migrants invaded the central area, and gradually over time
succeeded the previous residents. These were then part of
the centrifugal force of mobility, moving outwards towards
the periphery as they moved upwards in social status and
assimilated into the urban community. Their former
residences filtered down to the new immigrants. A residential
density gradient existed with highest densities at the
centre of the city.

The recognition that city growth occurred along
transport lines was made by Hurd (1924) in a study of urban
land values. This was followed by Hoyt's formulation of

 the sector theory of urban growth and structure in 1939.

The proliferation of transport routes and greatly
increased acecessibility in the modern city led to
specialised concentrations of urban activities in the form

of multiple nuclei model of urban structure (Harris and
Ullman, 1945).



These three forms of urban structure have appeared

in composite ecological studies of urban variables by factor
analysis (for example, Murdie, 1969).

Urban Ecology

Among the human ecology studies of urban structure
and processes of the P20s and 19308, the effects of mobility
and its association with social disorganisation, crime and
mental illness were noted (Faris and Dunham, 1939). Mobility
rates were correlated with numbers of population and housing
variables (Quimn, 1950, pp.387-389). Many studies were
concerned with problems of measuring mobility and evidence
was gathered to support the hypothesis of a gradient of
mobility rates from the city ceatre.

There was more emphasis at this stage on the areal
associations of mobility than on the type of people moving.
The results did not reveal consistent relationships,
although lower mobility rates were gemerally associated
with higher income classes, owners of dwellings, the very

young and very old (Quinn, 1950, p.389).

During the 19408 and 19508 the ecologiecal techniques
came under attack for the reliance on the biological bases
of classical human ecology (Alihan, 1937) and later for the
application of areal associations to individuals (Robinson,
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1950). The result was a swing away from ecological studies
and more emphasis on methodology. The prime example is
social area analysis, which classified characteristics of
the internal structure of cities into three dimemsions of
social rank, familism (or urbanisation) and segregation.

It was based on a carefully presented set of hypotheses
concerning the processes at work in urban areas and used
seven variables (Shevky and Bell, 1955, p.4). Three aspects
of the increased mobility associated with increasing scale
of society ware noted:

1. redistribution of population in space involving migration
differentials among different occupations,

2., alteration in age/sex and supporting/dependent proportions
in the population and the relative stability of the working-
age group,

3., diversity with isolation of sub-groups influenced by
kinship and neighbourhood (Ibid., pp.14-16).

These aspects are similar to the relationship of

mobility and migration noted above (p.4) to urban growth,
population selectivity and neighbourhood structure and change.

Replication of the Shevky-Bell variables in other
cities, the extension of the technique to include many more
variables, and the adoption of factor analysis as a computing
aid to delimit the basic factors, have isolated substantially
the same three dimensions (Rees, 1971, p.230).
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Examination of the spatial pattern of these factors
(Anderson and Egeland, 1961) revealed that family status was
radially distributed, economic status in sectors, and ethnic
status in clusters within the city. This is quite consistent
with earlier formulation of'urban structure and thus faetorial
eecology provides a synthesis of previous models. However,
comparative factorial ecologies have not always produced the

same factors (Berry and Rees, 1969, pp.467-468).

Some factorial ecology studies have produced factors
labelled mobility (Pedersen, 1967; Rees, 1970). A prineipal
components anlysis of Winnipeg (Nicholson and Yeates, 1969)
included variables of mobility and migration. The first
component of higher socio-economic status had negative
loadings for 'percent born outside Canada‘', 'percent
immigrated 1946-61' and 'percent movers from the central
city 1956-61'., The third component labelled stable residential
Eastern European groups, had its highest positive loading on
'percent non-movers 1956-61'., This seems to indicate some
support that the factor analysis technique may provide some

areal associations of mobility and migration.

Although Mwdie (1969) did not include any mobility
variables in his factorial ecology of Toronto, a factor of
recent growth appeared for both 1951 and 1961, with high
loadings on length of occupancy and population change

(Ibido '] Pe 103) ®
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Measures of mobility appeared as the ninth factor in
Rees' study of Chicago (1970), but there were no significantly
large factor loadings associated with it. The interpretation
was based on study of the distribution of the factor scores,
and indicated some relation to social status. It was suggested
that the mobility pattern was related in a complex manner to
each of the main social area factors, and careful research

would be required to investigate this (Ibid., p.351).

In Copenhagen, population growth and mobility
appeared as the third factor after family status and socio-
economic status (Pedersen, 1967), and was concentrated im
new suburbs and the central city. Age structure was
considered a function of the processes of population growth

and mobility.

At a different level of analysis, a principal
compgonents analysis of indicators of regional development
and migration between state economic areas in the United
States (Schwind, 1971) produced a fourth factor called

socio-economic status and mobility.
Johnston (1971, p.318) suggests the existence of
isolated mobility and urban growth factors may mean such

areas are independent of other urban structure elements.

All these factorial ecologies are based on a large
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number of urban structure arnd population variables. There
has been no attempt to confine the anaiysis to variables
considered significant from previous migration and mobility
studies. Considering the indeterminate state of present
knowledge, and following the suggestion of Rees (1970, p.351)
and Hill (1971, p.58), this present study will examine the
urban migration and mobility literature to de&ermine relevant
variables, and use these variables in a factor analytic study

with measures of migration and mobility.

Migration and Mobility

Theories of migration and mobility exist at several
different levels and generalisations applicable to migration
from abroad or internal migration (either rural-urban or
urban-urban) may not be valid to explain residential mobility
within an urban area (Harvey, 1969, p.386).

Migration
Early work on internal migration (Ravenstein, 1885,

P.198) concluded that most migration was over short distances,
by stages, with each main stream having a counterstream, and
dominated by more rural than urban migrants and more females

than males.

Much research on internal migration has been

concerned with labour mobility and has considered economic
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variables such as employment opportunities, wage levels,
regional income differentials (reviewed by Willis, 1968,

PP.31=63), distance (Zipf, 1946) and intervening opportunities
( Stouffer, 1940). The economic advantage to be gained

from migration contributes to theories of migration and
regional growth (Hansen, 1971; Schwind, 1971; Herrick, 1965).
Lowry's models relating inter-metropolitan migration and
urban growth (1966, pp.94-96) found that a large
proportion of out-migration could be acecounted for by the
distance involved, amount of unemployment, wage levels,
and the age of persons. In-migration depended on the size
and composition of the metropolitan population, job
availability, wage levels, growth and employment and
labour force. In 1950, in-migrants to Chicago had higher
labour participation rates than non-migrants, again
emphasising the importance of employment to internal
migrants (Freeman, 1950).

Mobility
Changes of residence within the city may not be

so dependent on employment, as moves do not necessitate a
change in job., Population growth will be accompanied by
higher levels of mobility, as people move into new housing
(Simmons, 1968). Their former residences will then

become available for others to move, and so through chains

of housing vacancies., Population growth and vacancy levels
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will therefore influence mobility rate58 in different areas.
Declining areas of low or negative population growth may
have many vacancies but low in-mobility, while new areas of
high population may have few vagancies and high in-mobility
(Brown and Longbrake, 1970). Here, other influences must

be considered.

The function of distance is also significant
within urban areas, where the majority of moves are over
short distances (Simmons, 1968, p.405; Clark, 1970). This

can be related to the activity and contact spaces of the
individual ' (or household) (Horton and Reynolds, 1970;

Brown and Holmes, 1970), and invelves a directional bias
towards the city centre (Moore, 1972). Actual moving
behaviour seems to be related to a sectoral mental map
extending outwards from the present place of residence
towards the periphery (Adams, 1969; Johmnston, 1972).

Moves are more likely to occur within areas about which
the potential mover has knowledge. Such knowledge is
concentrated in one sector of the urban area and decreases

with distance from the present residence,

Apart from the distance moved from origimn to

8 Mobility rate reffers to the proportion of persons
in a given area who have changed their place of residence in
a given period of time. When referring to selectivity of
movers, the rate is the proportion of movers who belong to a
particular group (for example, age, oceupation).
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destination, distance from the eity centre is of significance
in explaining mobility rates of different areas. This was
proposed in Burgess' model (see above, p.6), with in-migratiom
concentrated at the centre. In London, migrants from outside
the city were concentrated in the centre, exhibiting a
distance decay effect (Johnston, 1969a). Movement within the
city was over short distances and progressively outwards
towards the periphery, resembling Burgess' waves of succession.
A study or Montreal using Canadian census data for 1956-61

did not relate its findings to any previous research or
mobility theory, but found that the geographic origins of
immigrants determines their destination (Charbonneau and
Légare, 1967, p.265). Most foreign migrants went to the
lower-income central city area, and Canadians from outside
Quebec went to English-speaking suburbs west of Mount Royal.

A distance decay function was foumd in Christchurch, with a
mean moving distance of 2.4 miles (Clark, 1969).

Moore, (1966) has related this mobility distance
decay funetion to the decrease in population density, in
that greater population density provides greater potential
personal contacts and information sources, as well as
greater stress from the increased density and proximity of
persons. Areas of higher density tend to have greater
residential mobility. In Brisbane, Moore (1970, p.13; 1971,
p.80) found that mobility rates were explained better by
distance from the city centre than by five population and
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housing variables, possibly because these variables themselves

varied with distance from the city centre.

The behavioural and deecision making models, and the
concepts of stress, place utility and search, are useful as
a framework for studying the mobility process, but do not
provide additional guidelines for the selection Of variables

for an ecological study.

More relevant are studies dealing with the
selectivity of migrants and movers, the motivations, or
push and pull factors responsible, and the determinants of

residential location.

Selectivity
The most consistent finding is tha higher propensity

to move of young adults, particularly those who are single,
or married without children. (Simmons, 1968; Jansen, 1970;
Willis, 1968), Canadian census data show that 67 percent
of males over five years who moved between 1956 and 1961
were between 25-29 years, and 67 percent of females moving
were 20-24 years (Whyte, 1967, p.3). The é€fects of marital
status, increase in age, and number of children, can be
seen in lower mobility for those over 35 years, married,
with two or more children. Correspondingly, children 5-14
years tend to have lower mobility rates than pre-school

children 5 years and under. There may be a slight increase
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in mobility for older persons whose children have left home.
Propensity to move is therefore selective of stage in life

cyele.

Differentiation of moving on the basis of gsex is not
so well defined (Willis, 1968, p.32). The only consistent
finding is that females move at an earlier age than males.
Migration or mobility of married couples will show equal
rates for both sexes, even though employment-related, longer
distance migration may be attributed to the husband's motiv-
ations, and the migration of the remainder of the household
is involuntary.

Other characteristics of movers and migrants are
dependent on life cycle factore such as age. Of the indicators

of gocio-economic status (Duncan, 1961, p.116), income is

most clesely related to age. Income in turn will influence
the type of housing and tenure selected; and depends on the
type of occupation, which depends on educational level.
Generally, more lower status persons move over shorter
distances, and longer distance migration is dominated by
persons with higher income and edueational levels, and in
professional occupations (Rose, 1970, pp.85-91). Freedman
found in-migrants to Chicago were of higher status than non-
migrants (1950, p.183%). The unemployed, particularly those
of higher status, move more than those employed. Self-
employed persons tend to move least (Simmons, 1968, p.397).
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Related to life cycle state and income are housing

type and tenure. Fewer home-owners than tenants move because

of the greater investment involved in owning a home. As
single-detached dwelling are preferred by a majority of
households (Lansing, 1966, p.43) and are considered more
suitable than multiple dwellings for families with sehool-
age children, occupants of single family dwellings temnd to

move less than multiple-dwelling occupants.

A distinction has been drawn between persons who

move, and those who do not (movers and stayers) (Moore, 1969a,
p.115; Willis, 1968, p.38-39). Most moves are made by a

mobile section of the population who make frequent moves,
whereas stayers rarely move at all. In addition, duration

of residence is important, as the longer occupants have lived

in the one dwelling, the less likely they are to move,

The role of ethnic status in migration and mobility,
minority groups tending to move more frequently than the
major ethnic group in the country, may be more related to
their lower income and education levels, large families, or
constraints on their finding suitable housing (Simmons, 1968,
p.401).

Motivation
As suggested by the behavioural models, migration

originates generally from changing circumstances of the
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household, which lead to stress and a decrease in place
utility of the present residence in comparison with the
household's needs and aspirations (Wolpert, 1965). For
intra-urban mobility, the most important change is in life
cycle stage, with its associated space requirements (Brown
and Moore, 1970). This is particularly apparent with
increase in the number of children with increased demand

for living space, but also decrease in space required after
children leave home., Other life cycle stage changes which
may induce moves are marriage and household formation, death

of spouse, divorce or separation.

Other reasons for moving are changing social status
related to increase or loss of income; or changing neighbour-
hood characteristics, such as deterioration of housing
quality or social environment, or 'invasion' by groups
foreign to the former characteristics of the neighbourhoed
in life style, culture, ethnicity or race (Moore, 1972, p.6).

Employment location does not appear to be a reason
for intra-urban mobility, and householdsdo not #nd to move
closer to workplaces (Lansing, 1966, p.2; Simmons, 1968, p.408).
However, availability of employment may be a most important
reason for in-migration from outside the urban area (Lowry,

1966, p.96; Willis, 1968, p.35).

A significant proportion, perhaps 30 percent, of



moves do not involve any choice (Simmons, 1968, p.403).
These include the life cycle changes mentioned above
(household formation or dissolution) and also displacement
by destruction of dwelling, urban renewal or other pressures

such gs evietion.

The selectivity of the mobile population will depend
on the amount of choice involved, as the greater the 'pull'
or attracting force, the more selective the movement will be.
Movement in response to strong 'push' forces such as from a
disaster or depressed area, will be much less selective

(Bogue, 1961, p.15).

Motivations are primarily related to changing space
requireménts associated with different life cycle stages
(mobility), employment (migration) or are involunsary.

Residential Location
The choice of destination within the urban area of

the moving household is dependent on the housing market and
available vacancies. Vacancies will depend on external
economic éonditions, such as economic and spatial growth of
the urban area, availability of finance, building activity

and decisions of land developers.

In residential location, dwelling characteristies

are most important, especially cost (Berry and Rees, 1969,
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pP.461), as it is only with income and cost as a constraint
that other preferences can operate. These other preferences
eoncern space, dwelling-type and neighbourhood (Lansing, 1966,
P.2). The availability of household amenities may

encourage or discourage in-movement, or restrict some

housing to lower-income households.

Moore (1966) introduced 28 additional variables into
his analysis, but none contributed to the explanation of
turnover rates except access to recreational space.
Neighbourhood quality and amenities may influence residential
location and consequently the amount of in-movement to an
area., Few people are likely to move within a poor quality
area unless they are without tinancial or initiative
resources to move further away. Those who do move in, may
not possess adequate knowledge of the poor amenities, or
have the resources to locate elsewhere., Indicators of
neighbourhood quality and facilities are the amount of land
devoted to land uses other than residential (Brown and
Longbrake, 1968; Kalbach, Myers and Walker, 1964); the
amount of employment in the area as opposed to residential
population could be a similar measure. Other neighbourhood
quality indicators are the population growth of the area,
whether declining, stable or growing; type of dwellings;
density of population; presence of open space and recreation
facilities; quality of the atmosphere - whether air pollution

is an obvious problem or disadvantage; amount of traffic;


http:adeque1.te

21

and accessibility, or proximity to main areas of employment.
Environmental characteristics, such as climate, may be important
for some types of migrants, for example, retired persons

(willis, 1968, p.37).

The residential location decision has provided an
important assumption for areal ecological studies: that
individuals tend to move into areas which are equivalent
to their own status and life cycle stages. In-migrants or
movers to an area could be characterised by the socio-
economic level of their destination (Brown and Longbrake,
1968; Goldstein and Mayer, 1965). Freedman (1950) assumed
that in-migrants to an area had common characteristics,
and concentrated in areas where living arrangements were
conducive to mobility. These studies noted differences
between migrants into urban, suburban, and rural areas;
into industrial and residential suburbs; and sss between
in-migrants and intra-urban movers. Equally important is
the fact that migrants and movers differ according to their
origin, so there is a need to separate foreign immigration,

internal migration and intra-metropolitan mobility.

The final relationship between neighbourhood area
and mobility rate to be considered here, is urban change
over time. Four types of association may be identified
(Moore, 1972, p.33): high mobility and changing population
characteristics; high mobility and stable population
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characteristics; low mobility and changing population; low
mobility and stable population. This typology and the
associated circumstances of each type described by Moore,
could form the framework for an extension of the present
study to a dynamic study of changing population and housing
characteristics and mobility over timeg. This could be of
considerable value for insight into urban growth processes

of individual urban areas, and also background information

for future urban planning decisions.

From this summary of the selectivity, motivations,
resistances, areal association, direction, origin and
destination or urban migrants and movers, it is apparent
that the migrant, mover, or mobile area is a complex amalgam
of characteristics, associations and influences. A factor
analysis of these variables may reduce the complexity to
a few basic dimensions or groupings of areas of similar

migration or mobility, and associated characteristics.

9 In the 1940s, Watson mapped the social regions of
Hamilton, Ontario, according to their stability and class,
but the basis of his classification was not revealed
(watson, 1948, p.488).



HYPOTHESES

From the theory and research findings reviewed
above, the following hypotheses are presented regarding
the results which could be expected from a factor analytie

study of migration, mobility, population and housing.

1. Areas of relatively high mobility (compared to the
metropolitan average) will be differentiated from areas
with low mobility rates (high proportion of non-movers)
primarily on the basis of household and dwelling character-
istics. More mobile areas would have a relatively greater
proportion of

a) young children and young adults,

b) single persons,

¢) recent immigrants,

d) self-employed persons,

e) one-person households,

f) non-family households,

g) multiple-family households,

h) families without children,

i) multiple-dwelling structures,

j) tenant-occupied dwellings,

k) dwellings occupied for a short period of time,

1) newer dwellings,

m) very old dwellings,

n) poor quality dwellings,

0) dwellings where space is limited compared with
household needs.

23
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Areas of low mobility rates would have a relatively greater
proportion of

a) school-age children,

b) middle-aged persons,

¢) large families and households,

d) owner-occupied dwellings,

e) dwellings occupied for a long period of time,
f) large, uncrowded dwellings.

2., In-migration into the urban area will vary according to
the size of centre, its population growth and employment
opportunities, and will be constrained by the distance from
sources of out-migration. The largest source of mobility
should be from within the city, thzn from the suburban fringe,
smaller migration from the same province, different provinces
and from other countries. Areas of relatively high mobility
will be differentiated aceording to the origin of movers,

and the distance moved. The principal differences should
appear for areas of relatively high foreign in-migration,

and for areas of relatively high intra-urban mobility.

The socio-economic status of in-migrants should vary with

the distance migrated. Areas with a high proportion of
migrants from outside the metropolitan area should have a
higher proportion of persons

a) in professional occupations,

b) with higher wage and salary income,

¢) with higher education levels,

and lower proportions of persons looking for work.,
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Areas with a high proportion of intya-urban movers should
have a higher proportion of persons

a) in unskilled occupationsg,

b) with low incomes,

¢) with little formal education,
d) looking for work.

Areas of relatively higher migration should be of higher
economic status than areas of relatively high mobility,

5. Neighbourhood characteristics such as presence of

ethnic groups, may attract foreign migrants rather than
internal migrants. Quality of neighbourhood may be related
to information availability, so the foreign migrants, because
of lack ot information and greater initial need for
accessibility, move into the centre of the city. Intra-
urban movers will tend to move towards the fringe and the
newer areas. Internal migrants from outside the urban area
with greater familiarity of the characteristics of various
sectors, may tend to move into outer areas. This knowledge
may direct mid-distance migrants away from areas with high
traffic flow, few recreation facilities and highair pollution
levels, so that foreign migrants and lower-status intra-
urban movers will be concentrated in neighbourhoods of

inferior quality.



VARIABLES

The number of persons who changed their place of
residence between 1956 and 1961 are available for a
Canadian census sample population for census tracts of the
Metropolitan Area of Hamilton, Ontario. This includes the
City of Hamilton, Town of Burlington and County of Wentworth.
All other population, housing and neighbourhood variables
are related to migration or mobility behaviour or mobile
areas as discussed above, Measures for these variables are
available from the 1961 Census by census tracts, and from
City of Hamilton reports on transportation, open space and

air quality.

Becamse the data give only generalised origins
(for example, number of persons in tract ‘i’who have moved
from the city, 1956-61), the concern is mainly with
destination areas, selectivity, and residential location,

rather than with motivations at the origin.,

The mobility data are from a 20 percent sample, and
are therefore subject to some sampling error. The sample
did not include people in institutions or boarding housessy
and so may underestimate actual mobility. It did not include

children under 5 years in 1961, as they were born between
26
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1956 and 1961 (Stone, 1969, pp.327-331). The measure is
only of mobile persons in each census tract; there is neo
measure of out-migration, or even in-migration, as the
population moving could have theoretically all moved

within the one tract, or all from other tracts.

The 1961 Census data may also be subject to
inaccuracies. Because of this, data are not published for
some categories where there are less than 100 instances in
a single census tract. This limitiation particularly affects
measure of crowding and age of dwelling. The number of
dwellings requiring major repair was omitted from the
analysis because of the incomplete nature of the published
data. In Hamilton, amenities listed by the Census were
present in 90 percent or more of dwellings, with little
areal variation. These amenitiea do not provide a good
measure of variation in dwelling quality, and were

consequently omitted.

The community and locational variables (see Table 2)
except population growth are estimates for each census
tract based on data obtained from other sources. Population,
area, and manufacturing, retail and service employment data
were available for 105 transport zones used for the
Hamilton Area Transportation Plan (Parker, 1963). These
data are for 1961. The number of each employment category

per 100 residential population was calculated. This gives
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an indication of the preximity of other activities. The
number of population per acre indicates residential density.
These land use and density measures together indicate the

quality of different urban sub-areas.

Dustfall data were obtained for each of 14 stations
distributed over the City of Hamilton, for each of the six
years 1956-61 (Hamilton Department of Municipal Laboratories).
ITracts were assigned values using data averaged over these

years, and isoline maps for each year from the annual reports.

Another measure of neighbourhood quality is the
availability of open space. In 1961, Hamilton had 1,935 acres
of parkland inside the City and 1,900 acres in the Royal
Botanical Gardens (Parker, 1963, p.2). The City of Hamilton
Planning Department Open Space Plan (1968) contains an isoline
map of square feet of open space aceessible per 100 population
(1961) within one-quarter mile range. As this only covered
the central city north of the Mountain Brow, an approximate
measure was used - proportion of each census tract devoted

to open space land use.

The presence of large volumes of traffic, the
associated noise and danger to pedestrians, and the fact
this indicates land use other than residential to generate
such volumes, makes this a possible indicator of neighbourhood

quality. The distance decay of influence may be quite sharp,
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and it is assumed that the effect of traffic has disappeared
by one-quarter mile. The percentage of each tract within
this range of heavy traffic (main roads carrying 13,000 to
32,000 vehicles per day) in 1961 was calculated from maps of
traffic volumes in the Hamilton Area Transportation Plan .

(Parker, 1963).

Population growth is intended to indicate the declining
or growing nature of each area from 1956 to 1961 and to give

an indication of building activity.

The location variable of accessibility is a
neighbourhood quality measure to some extent. It indicates
the functional distance of each tract from the city centre,
in accordance with the theory of decreasing mobility rates
from the centre. This information was obtained from an
isoline map of travel-times (including delays) in the
Hamilton Area Transportation Plan. As 65 percent of persoms
included in the 1961 survey (Parker, 1963, p.11) were travelling

by car, travel-times for car were used.

All these variables can be fitted into one of the
following spaces of residential relocation (Berry and Rees,
1969, p.463): social space (life cycle stage and socio-
economic characteristics of the population); housing space
(attributes of dwelling); community space (attributes of
neighbourhood; locational space (attributes of area in
relation to other areas of the eity, such as accessibility).

(see Table 2, pages 29-i to 29-vii, and pages 30 to 33.)



TABLE 2

Variables from previous research

29-1

Selection of Variables for Factor Analysis

VYariables used Definition

Variables Indicators for present of indicators
significant for study (see used (numbers
mobility and discussion underrefer to list
migration hypotheses and of definitions

variables) following)

POPULATION

Life Cycle gStage

age pre-school young children 7
school-age school-age 8
young adults young adults 9,10
middle-aged middle-aged 11
old old 12

marital single single 13

status married married 14
widowed widowed 15
divorced

number of number of children families without29

children at home children

large families 30

number of proportion of

dependents population who are
children or elderly

household full-family

type other family
non-family non-family 25
proportion of adult households

males married

number of none

wage earners one fenalen in 22
more than one labour force

new household mantage

formation

household divorce

dissolution separation

death of one or

hoth spouses
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TABLE 2 continued
Variables from previous research Variables used Definition
Variables Indicators for present
study
Socio-Economic Status
income high-income high-income 24
low-income low-income 23
average 42
household
income
occupation managerial, managerial, 19
professional, professional,
technical technical
labourers labourers 20
skilled
unskilled
non-manual
manual
white collar
blue collar
farmers
employment in labour force
status unemployed persons looking 21
for work
retired
self-employed self-employed 18
education above-average higher educationi16
levels
college education
elementary little formal 17
education
number of school
years completed
social upward (e.g.
mobility promotion

downward (e.g.
loss of income)

Other Characteristics

ethnicity

race

ethni rou
na ivg-ﬁornp

religion

language

degree of
segregation

relationship to

mobility and migration

BEReR thataREed a0 es

her chara
of such groups
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TABLE 2 continued
Variables from previous research Variables used Definition
Variables Indicators for present
study
Other Characteristics continued
sex male relationship to
female mobility inconclusive
sex ratio
origin birthplace
previous see mobility wvariables
residence
§urban , rural,
oreign)

duration of
residence

space
requirements

health

number of years dwelling occupied 35
in same dwelling for short period
of time
dwelling occupied 36
for long period

Behavioural Characteristics

action apace

activity space

place utility

of time

size of household large families 28

sharing of and households

dwelling small households 27
incidence of

disease, mental

illness, social

problems, crime

information availability unobtainable
and knowledge about areas from areal data
from sources obher than but some of these
personal contact indicators depend

on other population
knowledge about areas characteristics

from personal contact {such as aspirations

location of friends and depend on income
relatives who are visited

strength of social network

area and extent of activity
space (sectoral in shape
and limited in extent)

matching needs to environment
satisfaction with housing
satisfaction with environment

amount of stress from present
housing and environment



TABLE 2

continued

29-iv

Variables from previous research Variables used Definition

Variables

Indicators

for present
study

Behavioural Characteristics

aspirations

HOUSING
type

quality

space and
density

continued

activeness of individual

or household

passiveness of individual

or household

commitment to upward

social mobility

life style preferences

single-detached
apartment

age of dwelling

marginal, in
need or repair
value and cost
of dwellings
amount of rent
existence or
amenities

dwellings per
acre
population per
acre

households per
dwellings
persons per
dwelling

rooms per person

size of lot
size of rooms

single-detached

multiple-~-dwelling

structures
newer dwellings

very old
dwellings
poor-quality
dwellings
value of owned
dwelling
average rent

32
31

not obtained;
see population
growth

37

census data
insufficient
43

41

insufficient variation
in Hamilton sub-areas

residential
population per
acre
multiple-family
households
one-person
households
large families
and householas

48

26
27
28

number of persons 40

per room

crowded dwellings 38

large dwellings

roomg per dwelling 39

number of bedrooms
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TABLE 2 continued
Variables from previous research Variables used Definition
Variables Indicators for present
study
HOUSING continued
tenure and owner-occupied owner-occupied 34
occupancy tenant-occupied tenant-occupied 33
cented
vaecancies
occupied dwellings
government
housing
dwellings removed
from housing market
€.g. 1ire, opther
destruction, urban
renewal, conversion
to other uses.
NEIGHBOURHOOD
land use residential
industrial manufacturing 45
employment
commercial retail 46
employment
service 47
employment
open space amount of open 52
space (parks)
residential inner city relationship with
areas urban mobility revealed
suburban in factor scores
new suburban areas
building new housing population growth
activity completions used as surrogate
decisions of measure
developers
character social composition
degree of group
segregation
ethnic presence migrants from 6
abroad, 1956-61
ghetto expansion
life style
quality declining area

growing area

age of dwellings
reputation as
mobile or stable
area

population growth 44

0ld dwellings 37

see mobility
variables
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TABLE 2 continued
Variables from previous research Variables used Definition
Variables Indicators for present
study
NEIGHBOURHOOD continued
quality continued
presence of
community -
institutions

and amenities
existence of urban
renewal schemes

availability of open space He
recreation

facilities and

land

existence of land manufacturing, 45
uses other than retail and 46
residential service 47

employment

existence of noise,high levels of 51
or danger: road traffic flow

and air traffic,

crime, numbers of

pedestrians

quality of environ- air pollution 50
ment, existence of levels

pollution of air, (dustfall)

water

URBAN AREA

economic opportunity population size not applicable
size of labour market to urban
growth of labour sub-areas
market

employment levels
availability of
housing finance

quality reputation of city as
a place to live
climate
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TABLE 2 continued
Variables from previous research Variables used Definition
Variables Indicators for present

study

SPATIAL LOCATION

accessibility to: p of employ-

hefe (distance,

time, cost)
friends and

relatives

ethnic communities
downtown (public travel-time 49
transport time, from city
proportion of centre by car
people living at (including
greater distance delays)

than *x' from

city centre)

community institutions
retail and service

facilities

socially-prestigious

areas
familiar areas

location distance from city travel-time 49
centre from city
centre

sector of origin

(distance of origin

from city centre) mobility data
sector of destin- not in sufficient
ation (angle off detail with

move with respect respect to origin
to city centre)

distance from origin see mobility

to destination variables for
(mileage, cost, some indications
intervening of distance moveé

opportunities such
as vacancies or

population size ox
intervening places)

MOBILITY AND MIGRATION

proportion of particular population (movers and 2=-6
group who have changed residence in | migrants from
previous given time period various origins
frequency of residence change within pon-movers 1

given time period



TASLE 2 Variables used in Factor Analysis

Variable pbefinition of Vvariable

Number

1 Percent of census tract population in 1961, 5 years
and over who did net move 956-61

2 Percent of cemsus tract population in 1961, 5 years
and over who moved between 1956 and 1961 from the
central city

- Percent of census tract population in 1961, 5 years
and over who moved between 1956 and 1961 from the
fringe of the metropolitan area

4 Percent of census tract population in 1961, 5 years
and over who moved between 1956 and 1961 within the
same province (Ontario)

5 Percent of census tract population in 1961, 5 years
and over who moved between 1956 and 1961 from a
different province

6 Percent of census tract population 1961, 5 years
and over who moved between 1956 and 1961 from abroad

| Percent of total census tract population in 1961
aged 0-4 years

8 Percent of total census tract population in 1961
aged 5-14 years

9 Percent of total census tract population in 1961
aged 15-24 years

10 Percent of total census tract population in 1961
aged 25-34 years

11 Percent of total census tract population in 1961
aged 35-64 years

12 Percent of total census tract population in 1961
aged 65 years and over

13 Percent of census tract population in 1961, 15 years
and over who were single

14 Percent of census tract population in 1961, 15 years
and over who were married

1% Percent of census tract population in 1961, 15 years

and over who were widowed
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TABLE 2 continued

Variable Definition of Vvariable

Number

16 Percent of census tract population in 1961, neot
attending school, minus 0-4 year olds, whose
highest level of education was elementary

17 Percent of census tract population in 1961, not
attending school, minus 0-4 year olds, whose
highest level of education was university, one
Or more years

i8 Percent of census tract population in 1961, 15
years and over in labour force who were self-employed

19 Percent of census tract population in 1961, 15
years and over in labour force who were employed in
managerial, professional or technical occupations

20 Percent of census tract population in 196i, 15
years and over in labour force who were employed
as labourers

21 Percent of census tract population in 1961, 15

22

23

24

26

27

28

years and over in labour force looking for work

Percent of female census tract population in 1961,
15 years and over in the labour force

Percent of male census tract population in 1961,
15 years and over in labour force whose wage and
salary income in 1961 was less than $2,000

Percent of male census tract population in 1961,
15 years and over in labour force whose wage and
salary income in 1961 was $6,000 and over

Percent of total number of households in census
tract 1961 which had O families (non-family households)

Percent of total number of households in census
tract 1961 which had 2 or more families (multiple-
family households)

Percent of total number of households in census
tract 1961 with 1 person

Percent of total number of households in census
tract 1961 with 6 or more persons
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TABLE 2 continued

Variable Definition of Variable

Number

29 Percent of total number of families in census tract
1961 with O children

30 Percent of total number of families in census tract
1961 with 5 or more children

31 Percent of total number of dwellings in census tract
1961 'which were apartments

32 Percent of total number of dwellings in census tract
1961 which were single-detached

33 Percent of total number of dwellings in census tract
1961 which were tenant-occupied

34 Percent of total number of dwellings in census tract
1961 which were owner-occupied

a9 Percent of total number of dwellings in census tract
1961 which had been ocecupied less than 3 years

36 Percent of total number of dwellings in census tract
1961 which had been occupied more than 10 years

37 Percent of total number of dwellings in census tract
1961 which were constructed before 1920

38 Percent of total number of dwellings in census tract
1961 which were erowded, with more than one person
per room

39 Average number of rooms per dwelling in census tract
1961

40 Rverage number of persons per room in census tract
1961

41 Value of average rent in census tract 1961

42 Value of average income of households in census
tract 1961

43 Median value of owner-occupied dwellings in census
tract 1961

44 Population growth 1956-61: population in census

tract 1961 as a proportion of population in census

tract 1956

MCMASTER UNIVERSITY LIBRARY
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TABLE 2 continued

Variable Definition of Variable

Number

45 Number of manufacturing workers per 100 residential
population in census tract 1961

46 Number of retail workers per 100 residential
population in census tract 1961

417 Number of service workers per 100 residential
population in census tract 1961

48 Number of residential population per acre of
census tract 1961

49 Travel-time by car (including delays) from
intersection of King Street and James Street
(in minutes)

50 Average number of tons per square mile of
dustfall 1956-1961

51 Percent of residential area of cemsus tract 1961
within 4 mile of main roads aarrying 13,000 to
32,000 vehicles per day in 1961

52 Percent of residential area of census tract 1961

devoted to open space land use in 1961



ANALYSIS

Studies of associates of migration and mobility
have traditionally used correlation (Freeiman, 1950) and
regression techniques (Mocore, 1966; Willis, 1968, p.60).
Correlation only deals with two variables at a time.
Regression methods have been limited until fairly recently
by the volume of data and amount of computation required.
Moore analysed seven variables in his study of Brisbane.
It was not possible to consider very large numbers of
variables together. As the review of previous research
has shown, urban migration and mobility cannot be explained
by a few variables, but depend on many ferees; perhaps
acting differently for migration over different distances
or from different origins. Apart from reducing this
complexity, factor analysis provides a measure for each
case (census tract) for each factor, so the geographical

distribution of factors can also be studied.

Meyer (1971, p.343) considers that where variables
are of theoretical interest, correlation techniques are more
suitable, whereas factor analysis is better suited to
descriptive purposes. A possible compromise may be to use
the output of the factor analysis as an input to regression

analysis.
3
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Most urban analyses using factor analysis have
been concerned with testing the hypothesis that a great
range of urban variables will reduce to family, economic
and ethnic status as hypothesised by social area analysis
(Shevky and Bell, 1955). A small number of studies have
found a mobility, residential stability or population
growth type of factor. Rees and Hill suggested that it
may be worthwhile to do a study concentrating on migration
data. This type of analysis will in no way suggest causal
linkages between variables; it will simply describe patterns
of areal co-variation (Rees, 1971, p.222).

Although it is hoped that the pattern being
described will be the mobility pattern, there is no
guarantee that this analysis will load significantly on
mobility variables. The variables being used are similar
to those already used in factorial ecoclogies which isolated
the family and economic status faetorsi: Thése may indeed
be the dominant features, and mobility variables may not be
sufficiently variable throughout the metropolitan area to

have a separate factor or high factor loadings.

The other limitation is that the results will be
applicable only to areas within the metropolitan area of
Hamilton at this particular time. The results cannot be

applied to individual past or potential moving behaviour.



The following steps were taken for the analysis:
1. Variables were chosen, converted to values for census
tracts where necessary, and converted to ratio measures
for ease of interpretation (Janson, 1969, p.323) (see
Table 2).
2. Variables similar to those transformed to logarithms in
other studies (Cox, 1969, p.353.; Sweetser, 1960, p.420)
were graphed to determine if they were non-linear. There
is no requirement for a normal distribution of variables,
or for linear relations between different variables
(Janson, 1969, p.332-33%3). The variables of density,
distance from city centre, household income and manufacturing
employment were found to bDe approximately linear, so no
transformations were done.
3. To reduce the number of data cards per census tract,
percentages were rounded to two figures, land use to three
figures, and persons per room to one figure. This rounding
is particularly important for small values with little
variation, so that insignificant variations will not be
exaggerated (Ibid., p.334).
4, For tracts where occurrences of a variable were less
than 100 and no value published, estimates were made, for
value of average rent and value of owned dwellings to
avoid gross distortion of the pattern.
5. Before the final analysis, variables were examined to
determine if any should be removed because categories or

concepts overlapped (Ibid., p.327) or were not strictly
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relevant to a hypothesis regarding migration or mobility.
Consequently, percent of population born in Canada, born
outside Canada, immigrated 1946-61 and percent with high-
school education level, dwellings constructed after 1945

and public transit travel-time were excluded.

With these refinements, the data were transferred

to punched cards with two cards for each of 79 census tracts.

Before factor analysis can be undertaken, decision

must be reached on the method of estimating communalitieéo,
the number of factors to be rotated, the type of rotation
and method of its calculation, and the eigenvalue 1initJL
1. The squared multiple correlation of one variable with
all the others is a lower limit for the communalities,

and was selected as being the most suitable communality
estimate (Harman, 1967, p.90). Harman also states that
the accuracy of communality estimates is not so crucial
with large matrices.

2. The number of factors to be rotated was specified to

be controlkd by the lower limit on the eigenvalue.

[0 Communality is the amount of variance of the
variable accounted for by the common factors together
(cattell, 1965, p.198). It is the sum of the squared factor
loadings for each variable on all factors.

1} Eigenvalue is the amount of variation accounted
for by a factor pattern and is the sum of the squared loadings
for each factor on all the variables (Rummell, 1967, p.466).
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3. Orthogonal rotation (according to the varimax criterionﬁs
was specified, in order to better compare the resulting
factors with existing mobility theories. The existence

of uncorrelated factors may contribute more to the
theoretical basis of this study (Cox, 1969, p.352). It is
recognised that it may be unrealistic to attempt to isolate
orthogonal, uncorrelated factors (King, 1969, p.187) because
many of the variables themselves are considerably inter-
related. However, many studies (Murdie, 1969; Sweetser,
1960) have used orthogonal rotation of factors to ensure
they are uncorrelated.

4., Specification of the eigenvalue determines the number
of factors which will be produced. The lower limit for the
eigenvalue, beyond which factor loadings will not be
calculated, was estimated as 1.66, but this was reduced to
the more conventional value of 1.00. As a result, eight
factors with eigenvalues of more than 1.00 were produced,
and these together accounted for 84 percent of the total
variance. Theoretically, factoring should be stopped when
the sum of communalities equals the sum of eigenvalues.
(Harman, 1967, p.143). This point is reached after the
gsixth factor, which accounts for 3.5 percent of the total
variance. The first six factors account for 79 percent of

the wvariance.

j2 The varimax criterion maximises the fourth power
of the loadings, and maximises the scatter among the loadings
(Cattell, 1965, p.210).
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The analysis was carried out using the Biomedical
X-series factor analysis programme, BMDX72 (Dixon, 1970,
PP.T70-103).

The final communalities caleulated give an indication
of the amount of variance of each variable, which is
accounted for by all the factors. Forty variables had
communalities of over 80 percent and of these, 90 percent
of 18 variables was accounted for by the factors. The

variables least well explained by the factors were:

migrants from same province 75 percent
percent self-employed 74
average rent 73
traffic-volume 68
migrants from different provinces 638
dwellings occupied less than 3 years 62
persons aged 15-24 years 56
percent of tract open space 26

The approximate nature of the open space and
traffic-volume variables, the relatively small percentage
of migrants from outside the metropolitan area (except
abroad) and which may be associated with variablesnet
inecluded in this analysis, and the possibly overlapping
nature of the ‘oceupied less than 3 years' variable with
the mobility variables may partially explain why these variables

are not as well represented by the factors.
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It is of interest to note there is a definite
decrease in explanation of mobility and migration variables
with inecrease in distance moved (except for migrants from
abroad). This indicates that other influences not included,
such as economic opportunities in Hamilton, may be affecting
such migration,

The variables with factor loadings greater than
0.3 (Cox, 1969, p.352), are listed in Table 3. The factor
loadings and distribution of factor scores will be
described, and then these results will be interpreted
according to their contribution to migration and mobility.
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TABLE 3 Results of Factor Analysis: Factor Loadings

Factor 1 Factor 2

Dwelling Type and Household Economic Status
Compesition - 1

35.1 percent of total variance 17.9 percent of total variance

Apartuments -=+94 Managerial, professional, 95
Non-family households -.94 technical occupations

Single-detached dwellings »93 University education .93
One-person households -.92 Males earning $6,000+ .88
Married .89 Average household income .88
fenant-occupied -.86 Elementary education -.88
single marital status -.85 Value of owned dwelling .86
Owner-occupied .85 Average rent .76

Labourers -oT1
Persons looking for work =.56

Females in labour force =.80

Persons 5-14 years « 19
Persons 65 years and over =76 6+ persons per household -.55
No-children households ~-.75 Nales earning less =+55
Widowed -.75 than $2,000
Dwellings constructed -.68 Orowded dwellings =.50
before 1920 #Migrated within same <48
*Migrated from abroad, -.61 province, 1956-61
1956-61 2+ families per househola-.47
Children 0-4 years «58 Dwellings constructed -.47
Distance from city centre 58 b:fore 1320
Males earning less than =37 Peatiall -.46
$2,000 Traffic-volume -.40
Residential density -.55 Persons per room -.37
Traffic-volume -.51 Dwellings occupied -o37
service employment -.45 more than 10 years
Persons looking for work =.43 5+ children per household=-.36
Persons 15-24 years -.41 Self-employed 33

Dwellings occupied less =.40

than 5 years
Persons per room 39
Population growth «38
* mobility and migration
Persons 35-64 years .38 s oy 8
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TABLE 3 continued

Factor 3 ractor 4
Mobility and Life Cycle Stage Mobility and Fringe
Characteristics

11.6 percent of total variance 6,7 percent oi towal variance

* Non-movers -.93 4iMovers from fringe -.89
Persons 25-34 years .88 Distance from city -.68
Populasion growth .14 centre

self- employed -.67
Persons 35-64 years -eT1 ) R
Movers from city .65
Dwellings occupied less - B
than 3 years Migrants from same -.63
province

Dwellings occupied more ~-.o

than 10 years Brwitadl -4
*Mevers from city .61 Residential density +50
-.0
Children O-4 years .61 Rooms per dwelling 4
Persons 15-24 years .50 remales in labour force .39
xMigrants from different 47 R Lo
provinces Labourers 31
- 2+ families per 30
gingle marital status «39 e e
Ho-children householids -39
Persons per room o34
¥ Migrants rrom abroad 32
Married 32
Persons 65+ years -e31
* Migrants from same «30

province



TABLE 3 continued

Factor 5

Dwelling Type and Houehold
vomposition - 2

4.3 percent of total variance

43

Factor 6
Retail and gervice Employment

3.5 percent of votal variance

Rooms per dwelling
2+ families per household
6+ persons per household

Dwellings constructed
before 1920

-.70
-.68
-.44
-.42

Labourers -.41
*Migrants from abroad -.38
Males earning less -e34
than $2,000
Persons looking for work -,30
Factor 7

Crowding and Children

2.6 percent of total varianee

Retail employment -+82
Service employment +.76
Persons 15-24 years «35

Owner-occupied dwellings .32
*Movers from city -+29

Factor 8

Manufacturing Employment
and Migrants from
Different Provinces

2.3 percent of total variance

5+ children per household -.72

Crowded dwellings -.67
Persons per room -.58
6+ persons per household =-.56
Persons 5-14 years -.49
No-children households <47
Persons 654+ years 43
Widowed o 37
Dwellings occupied more 33
than 10 years
Persons 35=64 years ¢33
Children 0-4 years -e31

Manufacturing employment-.79
#Migrants from different -.63

provinces
mstfall "048
Labourers -e26
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FACTOR 2

Economic Status
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FACTOR 3

Mobility and

Life Cycle Stage
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Characteristics
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RESULTS

FACTOR 1. Dwelling Type and Household Composition

(35.1 percent of total variance)

High negative loadings occur for areas with high
proportions of apartments, non-family, single-person and
no~children households, tenants, single and widowed persons,
females in labour force and the elderly. These areas also
have high proportions of dwellings built before 1920 and of
persons who migrated from abroad between 1956 and 1961.
Areas are concentrated in the south-central part of the
city, and exhibit a general distance decay from James Street
South and tracts 11, 12 and 18. Similar density gradients
for population density and multiple-occupancy structures
were found in Hamilton by Mercer (1968). This concentration
may be partially explained by the high proportion of elderly
and widows living in apartment areas in tract 11 and high
proportion of young, and perhaps older, single females
living in tract 18 who may be employed at St. Joseph's
Hospital (tract 18). This factor also loads on service
employment, to which the hospital, and financial institutions

concentrated in tract 12 would contribute.

The converse of this factor is the high positive

loadings of areas of single-detached, owned dwellings,
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characterised by married persons, children 0-4 and 5-14 years

and positively related to distance from the city centre.

Highest factor scores are in areas of high population
growth between 1956 and 1961 - west and east Mountain and

east Hamilton.

FACTOR 2. Economic Status

(17.9 percent of total variance)

This factor has high positive loadings for managerial,
professional, technical ocecupations, university education,
and high wages, household income, dwelling and rental values.
There is also an association with migrants from the same
province. In Hamilton Metropolitan Area, these areas are
east-north Mountain, West Burlington, Westdale, south of
Aberdeen Avenue, East Burlington, west of James Street

South, Stoney Creek, Ancaster and West Mountain,

Areas of negative factor scores are concentrated
north of Main Street and in the raral areas of Glanford,
Binbrook and Beverley. These areas are characterised by
high proportions of persons with elementary education,
labourercoccupation, persons looking for work and low male
wages; households with 6 or more persons, 2 or more families,
and 5 or more children; crowded dwellings built before 1920,
occupied more than 10 years and with higher than average
number of persons per room; and high levels of dustfall,

and tréffic-volune. There is a weak negative loading of
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migrants from abroad.

Whereas factor 1 is spatially concentric, factor 2
is arranged linearly, roughly from south-west to north-east
across Hamilton city. This compares with the concentric
familism and zonal economic status arrangement described
for other North American cities (Anderson and Egeland, 1961;
Murdie, 1969). The appearance of these factors, isolated in
other studies of much wider ranges of variables, indicates
that household composition and economic status characteristics
account for the major part of variation within urban areas.
In the present study, these factors together account for

53 percent of the total variance,

FACTOR 3. Mobility and Life Cycle Stage
(11.6 percent of total variance)

Factors 3 and 4 are more relevant to the study of
mebility. For factor 3, the highest loading is -0.925 for
non-movers. Associated with this negative loading are
persons 35-64, 15-24 and 65 and over years, of single marital
status, dwellings occupied for more than 10 years, and
households without children. These areas are concentrated
in east Hamilton (between Ottawa Street and Parkdale Avenue),
west Hamilton, Mountain Brow, south of Aberdeen Avenue and

Waterdown.

The positive loadings ineclude movers and migrants



from all origins except the finge of the metropolitan area.
Highest loadings are for persons 25-34 years, population
growth 1956-61 and dwellings occupied less than 3 years.
High positive scores occur between Fennell Avenue and
Mohawk Road on the Mountian, and along the Burlington
lakeshore, and testify to a high proportion of mobile
persons in new residential areas. These are also areas with

high proportions of children 0-4 years and married persons.

The spatial arrangement resembles theories of urban
growth, and Hamilton exhibits successive 'waves' of factor
scores for this mobility factor. In the city centre, this
is of medium strength, as this area actually experienced
population loss between 1956 and 1961, though it has the
greatest concentration of migrants from abroad. Surrounding
this is a 'trough' of non-mover areas, with a high ‘wave'of
new areas of high factor scores on the south Mountain and
Burlington lakeshore, tapering off to medium strength in
south and east Hamilton and north Burlington. This is
surrounded in the west of the metropolitan area by non-mover
areas from Ancaster to Waterdown and north of highway 5, and

in Stoney Creek to the east,

This is one stage of a dynamic pattern, which will
show the classic Burgess 'waves' of urban growth, as the
population ages and newer residential areas are developed

further from the city centre. High positive scoreswould
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be expected to appear for 1966-71 in the areas south of
Mohawk Road on the Mountain, and north of the Queen Elizabeth
Way in Burlington, This also illustrates the outward

direction of urban growth.

FACTOR 4. Mobility and Fringe Characteristics

(6.7 percent of total variance)

This factor associates movers from the fringe areas
with distance from the city centre (that is, these movers
move within the fringe rather than to the city) and with
self-employed persons, reflecting the rural land use of
much of the fringe, despite its suburban towns. Associated
with this pattern are areas of migrants from the same
province. Such peripheral concentrations may be due to
movement from Toronto, which may view Burlington as a more
suitable and closer destination, In Hill's sample of
migrants within the Toronto region (1971), in the Hamilton
Metropolitan Area, only Burlington and Waterdown had an
excess of in-migrants from Toronto over out-migrants to
Toronto. Hamilton city lost 531 household to Toronto and
gained 528 from Toronto in this sample (Ibid., p.11).
Migrants from other Ontario tewns may also have more
knowledge of Hamilton city and be more discriminating in
their choice of destination, than migrants from abroad, whe
may have no knowledge of the city or residential opportunities

in its environs.
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The city of Hamilton is characterised by almost wholly
positive scores, except for six tracts immediately below the
Mountain Brow (11, 5, 4, 25, 18 and 8) and the tracts
closest to the fringe (61, 63, 60). The highest positive
scores occur in the east Mountain, Redhill Creek, tract 28,
and north west city (tracts 6 and 15). With these are
associated the variables of movers from the city, high
levels of dustfall, residential density, and traffic-volume,
femeles in the labour force and labourers, and households
with 2 or more families. However, the areas to the south-
east do not generally possess these characteristics, except
for movers from the city. The tracts with the highest
proportion of movers within the city are 17 in the centre,
and 46, 47, 49, 50, 53, 59 and 60 on the Mountain, and these
have much lower pellution, traffic-volumes and density than
north Hamilton.

The fairly small percentage of the total variance
of this factor may mean separate variations such as high
dustfall in north Hamilton and high proportion of city movers
on the Mountain are ineluded together. The same 'wave-like''.
progression also appears for this factor, in contrast to
the gradient effect of factors 1 and 2. It also demonstrates
that different variables are associated with areas of
fringe movers and same-province migrants than with ecity
movers, migrants from different provinces and migrants

from abroad.
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FACTOR 5. Dwelling Type and Household Composition -2

(4.3 percent of total variance)

This is another housing and occupants measure with
high negative loadings for large, old dwellings with many
occupants, twe or.more families per household, and also
includes high proportions of labourers, males earning less
than $2,000 per annum and persons looking for work. This
factor is associated with migrants from abroad, and
indicates the type of housing areas chosen as destinations

by these migrants.

The spatial distribution shows the great contrasts
between the large old dwellings between Wentworth Street
and Gage Avenue and south of Aberdeen Avenue, compared with
the small dwellings and small households of the apartment
areas around James Street South, and the very small, newer

houses north of Queenston Road.

FACTOR 6. Retail and Service Employment
(3.5 pereent of total variance)

This factor shows these concentrations of employment

with high negative factor laadings13. Weakly associated

13 The high negative score for tract 47 seems
inexplicable except as inaccuracies resulting from assign-
ment of employment values, the very small population of the
area (932 in 1961) and the almost wholly owner-occupied
and professional, managerial nature of the dwellings and
occupations,
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with these same areas are movers from the city. The
greatest concentration occurs in the four tracts around
King and James Streets, and between Ottawa and Kenilworth

Streets.

This factor does not reveal anything that could not
be gained from a Ind use wmap or separate plotting of city

movers,

Although this should theoretically be the final
factor considered, as factors 7 and 8 account for little of
the total variance (2.6 and 2.3 percent respectively), and
they appear after the equality of sums of communalities
and eigenvalues is reached, they do show quite definite

factor score patterns.

Pactor 7 describes areas of crowding and children -
large numbers of children and persons per household, large
number of crowded dwellings and persons per room, children
5-14 and to a weaker extent children O-4, and has virtually
no association with any mobility or migration variables.

The positive loadings associate areas of no children
households, persons 65 and over, widowed, dwellings occupied

more than ten years and persons 35 to 64 years.

This family-type factor is distributed in north, south
and east of Hamilton city and in the fringe areas, and is
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separated by a band of non-family areas below the Mountain,

through the lower central city from Dundas to Parkdale Avenue,

Factor 8 describes manufacturing employment and
migration from different provinces, and associates high
proportions of manufacturing employment, dustfall and
(weakly) labourers, with this migration. In Hamilton, migrants
from differég€:a?hough only two percent of the metropolitan
area population im 1961, were concentrated in tracts 53, 29,
66, 58, 19 and 20, 20 percent of the metropolitan total.

Although there are also fairly large number of migrants in
Ancaster, Saltfleet, Dundas and Burlington, the association

with this factor may indicate that Hamilton attracts

manufacturing employment from different provinces.

This pattern of mobility and migration variables in
Hamilton 1956-61 shows the dominant patiern,of housing type
and household composition, particularly life cycle stage
variables, (factors 1, 3, 5 and 7). The other main patterns

are of economic status, mobility and employment.

These results will be interpreted in more detail
with respect to mobility and migration variables, and the

hypotheses regarding their associations.



INTERPRETATION

The hypothesis regarding mobile areas (see above,p.23)
is fairly well confirmed by the results of factor 3. Areas
of high mobility do have a higher proportion of young adults
(25-34 years) and young children (0-4), dwellings occupied
for a short period of time, and with higher than hverage
number of persons per room (and therefore, limited space).
However, the association is with married rather than single

persons, who are more associated with non-movers.

Otherwise, the non-mover areas also support the
hypothesised characteristics of low-mobility areas with
middle-aged persons and dwellings occupied for a long time.
But rather than large families and households, the non-mover
areas also include households without children, and persons
15-24, 65 years and over, and single marital status. It
was expected these areas would be characteristic of mobile

arease.

The fact that migrants from abroad are concentrated
in areas of negative loadings for apartments in factor 1
would seem:to support the association of mobile areas with
areas of apartment dwellers and tenants, and with single

and widowed marital status and those with fewer family
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commitments - non-family households, single-person (one
person) households, and households without children.
However, migrants from abroad are individually not
necessarily any of these categories, and it may be erroneous
to associate their areas of concentration with old areas of
high residential density and traffic volume, when many

other variables may influence this concentration. Factor 5
associates foreign migrants with large, old dwellings and
multiple-family households surrounding the city centre.

But it is nevertheless interesting to observe the conecentration
of foreign migrants not far from the city centre, as
described in Burgess' model of city growth in 1923,

Other mebility variables are weakly associated with
factor 1 - movers from the fringe and non-movers with low
positive loadings. The only contribution of this factor to
mobility study is its city/suburbs dimension, association
of areas of migrants from abroad with the ecity, and its

population and housing characteristies.

As far as hypothesis 2 is conecerned, the actual
size of movement from different origins does support this
relation with distance, except for migration from abroad.
For 1956-61, the proportion of the Hamilton Metropolitan

Area population 5 years and over from each source was:



64

city 30.5 percent
fringe 6.4
same province 6.1
different province 2.1
abroad 5.4
total movers and migrants 50.5
non-movers 49.5

Source: Census of Canada 1961, Calalogue 95-541.

Destination areas were differentiated according to
each of these origins, with the principal differences for
non-mover areas, mobile areas (except the fringe) and fringe-

mover areas.

There was no support for the hypothesis of increasing
eeonomie status with inereasing distance moved. Areas of
foreign and different-province migration tended to be
associated with lower economic status areas. Higher economic

status areas were associated with city movers into new areas

and with fringe movers and to some extent same province

migrants.

The areas of concentration of city movers in the
central city were associated in factor 4 with areas of
high dustfall and residential desnity, and to a lesser degree
with females in the labour force, traffic volume, labourers
and multiple family households. This is more an association
with poorer quality areas than with lower economic status,

although the two may coincide. In factomigrants from
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abroad are more associated with low status areas, but this

is a very weak loading (-0.26),

Hypothesis 2 is generally not confirmed by this
study. The reason may lie in the particular character of
Hamilton as a manufacturing city, with 56 percent of its
labour force employed in manufacturing in 1961 (Parker, 1963,.
p.20). Consequently, long distance movers are more likely
to be attracted by such industry, and if unskilled, will
have lower economic status, and be compelled to live in the
more central and northern areas of the city. Becamse of iss
proximity to Toronto, Hamilton may be in a functional
shadow of the larger city, where the concentration of
financial and government activities is located. Longer-
distance migrants of higher status are therefore more likely
to find employment equivalent to their qualifications in
Toronto. The reputation of Hamilton as a steel city therefore
attracts more unskilled and production workers from other

provinces and abroad.

The destinations of foreign migrants is into the
city, but not into the most central area (tracts 12 and 17).
City movers do move outwards to the newer aregs on the
periphery, but tracts in the city centre have up to 60 percent
of their total population moving within the ecity. The
hypothesis is supported that migrants from the same province

will move into outer areas, but is even more pronounced for



fringe movers, who move within the fringe, not into the
city. Even though the mobility factors were spatially
distributed in 'waves' of mobile and non-mobile areas,
Burgess' succession of urban growth is only partially
supported because foreign migrants enter a zone slightly
away from the city centre, the city centre itself exhibits
high intra-urban mobility, and mid-distance in-movement is

in.: the outer areas, rather than the centre.



CONCLUSION

The main findings of this ecological study of
mobility and migration in Hamilton are:
1. Most of the variation within the metropolitan area is
related to housing and its associated occupants, and
economic status, similar to factorial ecologies of other

eities.

2. Mobile and stable areas account for the next largest
proportion of the total variance, but there is a clear
distinction between areas of

a) non-movers,

b) migrants from abroad and different provinces,

¢) movers from the city and

d) movers from the fringe and migrants from the same province.

3. The most apparent areal association with mobility apart
from population growth, is age and marital status for city
movers as opposed to non movers. This confirms the finding
of individual studies of intra-urban mobility, that life
cycle stage is the most significant determinant.

4., Another association is that of neighbourhood quality
and distance andsmobility. Distance is positively related
to finge mobility and same-province migration; low
neighbourhood quality (measured by dustfall, density and

traffic volume) is related to city mobility. These gquality
67
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measures may also be inversely related to distance, but this
may indicate that the 'image' of different areas may affect
mobility.

5. The results of this study do not lend any support to the
hypothesis that status of migrants increases with distance
moved. Only two economic associations with mobility appear -
high economic atatus areas and areas of same province migration
(factor 2); areas of foreign migrants with areas of large
dwellings and households and 1ow'occupation levels and wages;
and different province migration with industrial areas.
Therefore, there is a tendency for longest distance migrants

to move to lower status areas, and mid-distance migrants to

move to higher status areas.

Population growth, life cycle stage, distance from
city centre, neighbourhood environment and status of area of
destination would appear to be associated with residential
mobility from different origins, at the ecological level
of amalysis.

The value of this ecological approach is that, with
careful selection of variables, the social geography of a
city at one period of time, and the changing social geography
can be described. The use of factor analysis allows a greater
number of variables to be included. This is also the value
or a factorial ecology or residential change: that large

numbers of variables can be assessed at one time, to reveal
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the strongest association.

Interest lies more in the variables which occur
together under one factor, rather than in the factors
themselves, when factorial ecology is used for a limited
subject such as residential change. There is: a danger of
neglecting the factors which account for the greatest amount
of the variation in the urban pattern, to concentrate on minor
factors which may contain the variables of interest, but
whose internal associations may be much more tenuous. In
this study, the housing and economic status factors accounted
for 53 percent of the total variance, whereas the factors

with mobility associations accounted for only 28 percent.

The factorial ecology method should therefore only
be used to isolate the most relevant variables, and correlation
or regression analysis should be undertaken to determine the
actual degree of significance of these associations, after
disregarding unimportant variables. From this study,

relevant variables could be:

Non-movers City movers Same province
35-64 years 25-34 years value of dwelling
dwellings occupied population growth

more than 10 years 0-4 years
single marital status persons per room Pelnks
no children married Distance from

65 years and over city centre
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Migrants from different Migrants from abroad
PEONANEO] rooms per dwelling

25-=34 years
population growth

constructed before 1920
2+ families per househola

0-4 years 6+ persons per household
persons per room labourers

married males earning less than
manufacturing employment $2,000

dustfall or air pollution persons looking for work
labourers

Of further value to the study of geographical
distribution of phenomena would be the use of Q-mede factor
analysis which would group the areas, rather than variables,

of similar variation.

Another significant extension of this study would be
to repeat the analysis for 1966-71 data to determine if the
same patterns exist. The change in areas over time and their
mobility characteristics could then be compared with MOore's
typology, to determine if Hamilton's mobility and neighbour-

hood patterns bear any resemblance to such a sthema,

Despite the support of this study's findings for
previous research results, some limitations must be considered.
This study does not attempt to identify causes for residential
change, but only to describe some areal associations of
mobile and non-mobile areas within one particular city.

These areal associations cannot be applied to individual

movers or migrants. The variables selected do not cover all
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possible associations with mobility, and variables concerned
with individual perception and behaviour, and other environ-
mental influences may be important omissions. The character-
istics of the areas are as in 1961, and not necessarily when

residential changes occurred.

The need is apparent for very careful selection of
measures of each variable, particularly where different
data sources are used. The allocation of measures to sub-areas
requires particular care and extreme accuracy, or results
will be suspect. An example from this study are the measures
of open space availability and possibly the air pollution
measure of dustfall. Alternative measures should be
investigated where these exist. Preliminary investigation
of interrelated variables should be done to avoid duplication
of variables, and in the case of causal analysis, of erroneous
conclusions. Examination of the correlation matrix before
the factor analysis is completed should indicate variables
which are not related to the subject of interest, and these
can be removed. For this study, this would have revealed
variables highly correlated with mobility variables, but
would not have produced the geographical distribution of

gimilar variations provided by factor scores.

Apart from affirming the importance of age and distance
from city centre, and questioning the role of economic status,

this type of study does not contribute additional knowledge
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to the theory of mobility and migration. PFactorial ecology
is essentially a descriptive tool, useful for continuing
assessment of the social geography of the city. It may also
prove useful for other specialised topics, such as social
problems, crime and mental illness, and aid in the
allocation of treatment facilities, or further research

investigations.

This study has illustrated the value of factor
analysis in determining major patterns in urban areas, and
has confirmed the findings of individual studies with
respect to life cycle stage, but not with respect to socio-
economic status. Mobility at the ecological level is not
generally related to the three factors of family, economic
and ethnic status, but to more specific variables or life
cycle stage, population growth, environmental quality and

distance from the city centre.
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APPENDIX 1. DATA INPUT
Variable 1 2 3 4 5 6 7 8 9

-
o

census

Tract
1 59 29 03 05 01 04 06 14 15
2 53 31 03 06 0% 04 11 18 13
3 60 30 02 04 Og 03 06 14 15
45+ 25,58 2502 085 602 08 11 17 15
5 60 19 05 07 02 08 08 15 14
6 50 37 01 02 01 08 12 19 13
T 56 28 01 04 01 10 10 17 14
8 56 30 02 03 03 06 11 17 14
9 37 43 01 07 03 09 10 16 14
10 4% 38 02 06 02 09 09 12 15
11 42 38 02 08 03 08 03 06 12
12 35 48 02 03 03 07 06 09 18
13 44 40 03 04 00 09 09 14 11
14 55 32 01 02 03 08 12:21 13
15 40 44 01 02 02 10 11 18 14
16 36 49 00 0% 01 09 11 19 10
17 %31 55 00 06 0% 06 09 15 13
18 40 40 03 09 02 08 09 13 19
19 41 38 01 05 04 11 09 11 14
20 43 37 00 05 04 10 10 16 14
21 48 31 01 05 02 12 11 15 16
22 51 39 03 02 02 04 14 22 12
23 45 34 00 04 02 14 12 18 13
- 24 49 34 01 05 01 10 10 15 14
25 49 29 04 04 03 10 09 13 15
26 44 36 01 06 03 10 10 16 12
27 44 39 02 04 01 09 09 11 14
28 55 32 00 01 03 09 10 18 11
29 51 27 00 04 07 11 06 22 12
30 58 30 00 04 03 04 10 16 14
1 55 31 01 05 01 08 10 16 12
32 57 33 01 03 01 05 08 13 14
33 64 26 02 02 03 04 08 15 14
34 53 37 02 01 01 06 08 16 13
35 45 42 01 04 03 05 12 19 14
36 50 38 04 03 01 05 12 22 13
37 70 22 00 02 01 04 08 18 12
38 61 30 01 04 01 02 10 18 14
39 65 27 01 03 01 03 08 16 13

P B T T YT NP N N W W

-— v end cmd wmd - b
OO OPNPVVARBNIaAVaPO
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DATA INPUT
Variable19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36
Census :
Tract
40 02 01 30 10 28 16 02 11 06 44 01 24 75 27 T3 31 40
2 23 03 03 35 10 18 09 03 06 09 36 03 17 82 18 82 32 25
3 28 03 02 36 11 19 16 02 13 07 44 01 17 82 20 80 26 35
4 12 05 04 34 16 08 17 O7 11 15 35 05 29 66 31 69 27 44
85 37 03 03 32 11 23 19 05 11 13 41 03 21 77 20 80 23 43
6 06 12 12 31 25 02 10 15 05 26 33 07 26 40 42 58 25 34
1 11 06 04 34 18 06 14 09 09 17 38 04 27 51 38 62 28 3T
8 08 07 07 36 19 04 22 07 15 16 37 04 45 41 52 48 32 35
9 16 05 05 40 14 09 22 07 16 13 37 03 49 43 44 56 38 33
10 17 04 04 42 16 09 33 03 23 08 46 02 64 26 60 40 43 286
11 28 02 03 51 10 17 55 01 44 02 65 01 91 07 78 00 40 24
12 13 04 06 52 17 05 39 05 31 10 53 02 75 15 79 00 44 26
13 08 13 12 33 27 02 26 11 20 10 41 04 49 24 63 00 38 24
14 05 11 09 36 17 03 11 09 06 23 29 07 14 66 32 68 27 41
15 06 11 10 33 26 02 15 13 06 25 31 06 37 34 52 48 42 24
16 07 10 09 36 28 02 29 07 21 18 37 07 57 17 77 00 40 18
17 10 06 09 37 15 04 27 06 18 17 37 05 53 21 62 00 27 25
18 29 04 03 52 15 07 26 06 18 12 44 03 55 24 61 39 47 27
19 25 05 05 44 13 07 33 02 23 07 44 02 75 20 59 39 41 24
20 07 09 08 37 20 04 28 03 16 15 36 04 51 33 53 47 38 30
21 17 09 05 43 17 04 17 11 11 18 37 03 34 47 37 63 29 36
22 05 10 06 27 14 03 09 10 06 25 27 06 15 69 31 69 28 35
23 06 11 07 33 17 02 13 16 08 24 34 05 27 59 34 66 30 55
24 11 07 03 36 13 06 23 14 14 18 39 03 4154 42 58 34 35
25 17 06 03 36 11 11 23 11 14 14 42 02 36 62 35 65 27 40
26 15 04 03 33 11 10 15 13 09 16 40 02 32 66 27 73 %4 38
27 15 07 03 40 12 09 22 11 16 13 48 01 52 47 47 53 34 %0
28 08 13 06 33 16 04 09 18 04 25 38 03 09 81 15 85 12 45
29 06 12 06 29 16 04 10 11 05 27 30 08 18 77 28 72 30 41
30 06 09 04 31 14 06 13 06 09 1% 39 03 28 64 25 75 23 40
31 08 08 05 34 13 06 14 06 10 10 40 02 33 64 24 77 28 38
32 19 06 03 36 12 14 16 06 10 10 45 Oc 35 65 29 71 16 40
35 19 05 02 31 11 18 09 09 05 11 42 02 10 89 10 90 18 48
34 08 08 04 31 13 08 16 06 11 11 43 03 17 83 21 79 25 44
35 06 08 06 29 17 06 16 04 11 14 33 05 30 69 38 62 40 35
36 06 12 06 27 16 05 10 07 07 23 30 08 00 90 00 84 00 40
37 07 07 03 29 12 O7 11 04 07 12 36 04 13 86 20 80 23% 46
38 09 07 03 28 09 11 11 07 O7 12 41 02 00 94 00 93 11 51
39 14 06 02 33 08 16 08 06 05 09 45 01 15 83 15 85 24 36
40 14 05 02 31 06 14 04 06 02 16 23 04 00 95 00 01 16 18



Variable37 38 39 40 41 42 43 44 45 46 47 48 0 51 52
UeHsuE 47 48 49 30 51 5
Tract
T 000059 59389 17 112 002 006 014 16 12 24 70 50
2 11 07 51 7 86 65 14 124 054 004 005 12 15 15 40 20
3 00 00 52 6 85 67 15 097 002 001 005 07 08 30 25 10
4 68 10 55 7 71 55 11 101 013 003 003 20 08 23 00 00
5 50 00 69 5 94 99 17 102 001 001 001 20 10 20 00 03
6 89 19 56 8 60 52 10 100 043 005 007 09 05 38 50 50
7 84 13 54 7 62 51 10 101 005 002 002 28 05 37 99 40
8 89 00 49 6 67 48 11 093 009 005 004 31 05 32 39 00
9 77 00 52 7 T7 64 13 109 002 003 003 38 07 24 40 00
10 75 10 46 6 74 57 14 100 002 003 002 43 05 25 40 00
11 57 00 39 5 77 62 12 098 001 001 004 27 03 28 99 00
12 72 00 45 7 67 51 10 072 030 033 050 29 02 32 93 00
13 97 18 51 7 56 45 10 081 038 032 056 29 02 34 90 00
11 81 15 56 7 61 52 10 098 003 002 006 26 07 43 50 10
15 95 17 56 7 59 52 11 095 037 007 010 25 04 37 80 00
16 86 17 44 8 51 42 10 090 073 096 113 22 02 33 90 00
17 94 00 47 7 61 43 10 099 057 128 156 20 03 30 89 00
18 60 09 48 6 80 61 12 100 005 002 051 20 06 24 99 00
19 T4 06 44 6 74 54 14 099 000 002 007 40 07 27 70 00
20 84 1% 49 7 66 55 12 098 015 012 023 42 06 34 60 00
21 94 16 53 7 64 55 10 093 013 005 029 44 07 40 69 00
22 73 19 59 8 63 51 10 094 185 002 003 0T 10 55 60 00
23 77 19 56 7 62 54 11 098 035 00% 006 37 11 45 89 10
24 65 00 57 6 70 65 13 095 024 010 013 36 08 30 99 00
25 53 00 61 6 78 67 15 100 000 003 004 26 10 26 80 10
26 62 00 62 6 74 70 14 101 009 002 008 23 11 27 80 10
27 32 08 55 6 74 71 15 099 004 004 011 41 11 32 99 10
28 66 11 60 7 67 62 12 102 048 004 005 30 11 47 99 20
29 56 15 59 7 63 57 10 089 538 002 005 04:13 65 50 00
30 62 13 52 7 64 52 10 095 023 005 003 35 12 48 99 00
%1 56 09 55 6 71 56 12 097 002 008 004 36 11 34 99 00
22 17 00 56 6 77 76 16 098 001 000 007 13 13 26 30 50
33 00 00 60 6 85 69 15 096 000 000 002 24 14 26 50 10
34 38 00 52 6 66 52 10 097 003 012 012 30 14 35 99 00
35 59 12 50 7 71 45 10 112 001 060 009 29 13 45 99 00
26 32 21 52 8 64 55 10 077 296 005 005 02 15 60 99 05
37 30 10 49 7 70 52 10 099 003 003 002 29 15 45 93 00
28 1% 00 54 6 68 57 12 096 001 005 005 29 44 35 80 00
39 00 00 52 6 86 69 15 096 001 002 003 21 14 29 €0 05
10 00 00 53 7 90 66 14 105 001 001 001 O7 15 26 00 60

DATA INPUT
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DATA INPUT

Variable 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
census
Pract

63 30 01 03 02 03 12 21 12 14 36 05 18 77 05 45 03 05
42 66 28 02 02 01 02 11 20 16 12 36 06 22 72 05 50 01 05
43 46 44 01 05 02 02 15 24 11.20 30 04 16 79 04 56 01 04
44 46 42 02 03 02 05 16 28 12 15 26 03 18 78 04 43 01 04
45 61 31 01 02 02 03 11 20 13 14 38 04 20 ‘14 05 41 03 08
46 24 57 03 08 03 04 08 22 11 23 24 02 12 85 02 22 06 06
47 43 54 00 03 00 00 1% 25 10 12 36 04 17 79 04 12 22 23
48 50 39 03 05 01 02 12 24 11 15 %34 0% 18 77 05 28 06 08
49 36 52 03 03 03 03 17 23 09 21 28 03 1% 84 03 33 03 04
50 42 51 01 02 02 04 12 24 09 15 27 12 17 71 11 41 03 05
51 57 33 01 05 01 04 12 20 13 16 34 06 18 76 06 34 05 05
e 60 32 00 02 02 03 10 21 14 12 35 09 22 70 08 40 03 05
53 20 57 01 05 O7 11 19 31 09 18 22 01 15 82 03 32 03 02
54 47 43 02 03 01 03 14 26 12 17 30 04 16 80 04 31 04 04
] 66 26 01 03 00 04 10 21 12 11 39 08 20 72 07 35 04 06
56 62 27 02 06 02 00 08 20 13 10 40 09 22 71 07 33 10 09
57 40 44 03 07 03 03 15 22 11 18 30 0% 15 80 03 32 04 05
58 1% 63 04 09 05 08 20 32 08 25 23 02 10 86 @3 26 07 08
59 25 60 02 08 01 04 17 21 08 20 30 05 13 80 06 22 09 07
60 4% 38 07 06 02 04 14 20 13 16 32 05 17 78 03 37 04 12
61 48 33 06 03 02 08 13 22 14 13 31 06 20 73 04 39 02 06
62 45 35 01 09 01 09 14 25 12 15 30 03 21 75 03 42 04 09
63 49 36 03 06 01 05 14 26 11 14 31 04 17 78 04 38 04 11
64 61 12 08 13 03 02 10 22 11 11 39 06 18 77 05 20 15 15
65 44 11 20 15 0% 08 11.21 13 15 33 07 19 75 05 26 11 10
66 32 17 19 22 05 05 16 24 10 17 30 03 16 80 03 19 15 12
67 30 30 18 16 02 05 19 24 09 20 25 02 14 83 03 30 05 07
68 51 16 16 10 02 05 13 22 12 15 32 06 21 74 04 31 09 13
69 59 02 22 11 00 05 12 23 14 14 31 06 23 T2 03 42 08 25
70 69 04 12 10 01 01 09 22 14 10 36 08 24 69 06 29 09 06
T1 56 11 21 08 00 04 14 25 11 13 30 07 18 78 04 39 04 12
T2 51 20 20 06 01 02 14 23 12 14 30 06 22 73 05 39 05 15
T3 51 15 20 09 02 03 12 20 12 13 34 09 21 71 08 31 08 10
4 53 21 14 07 03 03 14 24 10 14 33 05 19 77 04 28 12 16
75 46 29 15 06 01 0% 15 24 12 15 30 04 18 78 04 42 03 12
76 52 23 12 09 01 02 12 21 12 14 35 06 18 77 05 27 08 12
T7 64 06 17 07 02 02 12 23 14 12 31 09 23 72 05 51 03 26
78 50 19 19 08 01 04 15 24 11 16 28 05 15 78 05 38 03 18
79 51 25 16 07 01 00 14 23 12 16 29 07 16 79 05 43 03 23%



84

DATA INPUT

Variable19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36
Census
Tract

13 07 02 33 10 17 06 06 04 15 30 03 00 92 00 91 00 25
42 07 06 03 31 11 09 06 05 04 16 28 04 00 95 10 90 21 46
43 06 07 04 27 10 08 05 04 04 19 22 06 00 94 19 81 16 19
44 07 06 04 30 12 07 05 0% 04 25 18 11 14 69 56 44 44 14
45 18 06 04 30 08 17 07 06 03 13 31 04 00 88 00 88 00 00
46 22 03 02 30 06 24 03 03 02 13 23 04 18 81 20 80 41 00
47 50 03 00 21 05 42 02 01 ©1 12 22 04 00 99 00 99 00 00
48 22 03 02 32 07 25 04 04 03 13 22 04 00 9% 00 92 33 00
49 14 05 05 29 07 19 02 02 01 12 20 02 00 90 12 88 28 00
50 13 05 02 29 08 16 03 03 02 19 23 06 16 84 17 83 35 00
51 18 04 02 35 09 14 10 04 07 12 33 04 31 68 33 67 37 18
52 16 04 03 37 12 10 10 05 07 16 30 06 17 81 24 76 25 38
53 09 04 04 27 09 10 02 02 01 25 10 11 00 80 57 43 41 00
54 15 04 02 31 07 16 03 04 03 15 22 04 15 84 18 82 35 00
e 15 04 03 35 10 12 09 03 06 12 32 03 10 88 13 87 21 38
56 27 03 02 33 08 21 10 04 06 13 36 03 10 88 12 88 28 43
5T 17 04 02 32 06 16 0% 04 01 14 23 04 11 89 40 86 32 10
58 23 02 02 31 05 21 02 03 01 14 20 04 00 99 00 97 80 00
59 28 02 02 32 05 28 03 02 02 10 21 02 00 98 00 96 15 00
60 18 04 04 25 09 16 07 04 06 12 28 05 18 80 37 63 42 14
61 12 04 05 29 13 11 11 03 07 16 26 06 24 72 42 58 39 29
62 17 05 04 32 14 12 05 04 03 19 23 10 00 85 22 78 40 00
63 17 04 03 24 99 14 05 03 03 19 22 08 00 89 15 88 28 19
64 44 02 02 25 07 42 05 02 04 11 31 0% 05 94 09 91 22 19
65 30 03 02 30 10 28 10 03 07 12 31 03 30 67 28 72 40 22
66 36 03 01 23 07 39 04 02 03 14 21 05 00 95 10 90 40 15
67 18 04 02 23 06 23 03 03 02 18 15 04 00 92 11 89 35 07
68 15 04 02 21 12 06 06 04 05 2% 27 07 00 84 17 8% 00 32
69 15 04 02 21 12 06 06 04 05 23 27 O7 00 84 17 83 00 32
70 25 03 02 26 15 18 13 02 08 15 29 05 00 84 00 86 00 37
T1 16 04 01 24 10 12 07 04 05 18 27 08 00 89 18 82 21 30
T2 21 04 02 26 10 14 08 02 05 19 27 07 06 89 19 81 32 25
73 26 04 03 31 11 19 12 03 09 13 30 04 20 74 23 77 28 28
T4 32 03 01 22 09 31 05 02 04 16 25 06 03 94 11 89 24 21
TS 13 05 03 26 10 13 05 02 04 18 24 07 04 90 15 85 32 18
76 29 02 02 27 08 31 O7 02 06 11 30 0% 19 79 17 8% 27 16
T7 10 04 02 25 13 04 10 03 O7 20 30 08 00 90 12 88 24 47
78 14 04 01 24 11 10 05 03 04 18 26 06 00 89 16 84 34 24
79 11 05 02 17 09 08 06 05 05 17 31 06 00 89 00 88 15 34
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DATA INPUT

Variable37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52
Census

Pract

& 00 00 51 7 84 65 14 102 001 000 002 19 15 28 70 00
42 00 14 49 8 75 61 10 095 011 005 004 17 15 30 50 00
43 00 22 48 8 66 60 11 111 031 003 005 05 18 28 30 20
44 00 25 47 9 72 57 11 119 008 004 004 18 16 28 40 30
45 00 @@ 51 7 85 62 15 105 000 000 000 20 16 27 50 70
46 00 10 51 8 00 68 15 394 000 001 001 13 15 22 00 40
47 00 00 66 7 99 95 21 202 000 004 004 05 13 23 20 05
48 00 12 54 8 85 75 16 %34 001 003 002 20 12 23 30 02
49 00 12 49 8 85 63 14 174 000 003 002 20 14 20 00 05
50 00 17 49 8 72 61 15 152 000 001 002 19 13 18 00 10
51 00 12 46 8 94 60 13 113 000 001 001 30 12 22 10 00
52 31 13 52 7 80 60 11 103 001 003 020 24 11 21 20 15
53 00 31 49 9 62 54 15 291 000 001 001 28 12 16 00 02
54 00 13 50 8 81 62 15 161 000 001 002 21 11 14 00 15
55 10 08 51 7 81 60 13 099 001 003 003 23 10 18 30 30
56 25 00 57 6 85 78 15 095 001 004 003 16 07 16 20 25
57 00 12 50 8 9% 65 15 184 001 004 003 19 10 12 00 05
58 00 00 59 7 85 75 17 484 000 001 004 08 11 13 00 02
59 00 00 55 7 74 71 16 309 000 001 001 11 12 12 00 05
60 11 00 52 7 82 66 16 098 002 008 003 01 18 24 10 15
61 41 12 52 7 66 52 12 105 000 003% 003 10 22 21 99 10
62 00 15 53 8 81 64 12 090 012 005 009 02 12 10 00 05
63 11 14 54 8 66 63 185 204 002 003 002 01 15 08 00 02
64 07 00 61 6 96 95 20 127 007 007 003 03 20 20 30 25
65 16 06 53 6 94 72 16 134 007 004 010 08 22 15 10 05
66 05 06 61 6 99 87 18 219 002 002 002 02 30 10 00 02
67 00 14 5% 8 8% 61 16 2%6 019 001 002 01 27 07 00 10
68 13 10 56 7 66 68 15 132 004 001 002 01 22 10 80 10
69 47 20 66 7 92 62 12 1352003 001 000 00 30 05 00 10
70 50 00 62 6 95 86 14 105 000 010 003 09 22 06 00 Q0
71 34 44 61 7 68 61 14 126 003 002 001 00 30 05 00 15
72 33 11 58 7 57 59 14 %32 001 001 €61 00 22 05 00 10
13 38 07 56 6 74 67 15 119 013 005 005 04 16 10 10 20
T4 24 08 61 6 62 79 17 146 001 002 003 01 18 08 00 10
75 13 16 5% 8 61 59 13 1%% 004 003 003 01 28 15 10 00
76 12 00 55 6 87 74 17 134 003 006 005 09 20 19 00 20
11 63 10 65 6 44 55 10 110 002 000 000 OO 40 05 00 00
78 26 13 52 7 54 61 14 156 002 001 002 00 20 05 00 0O
79 4% 00 64 6 44 5% 13 137 001 001 001 00 2% 05 00 00
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CORRELATION MATRIX
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RACTOR MATRIX BEFORE ROTATION
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