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ABSTRACT

Most studies in factorial ecology use orthogonal factors.
But the assunption is that this, at best can be consi der ed
a theoretically limting case. In "reality" factors are
assured to correl ate.

Introducing a distinction between factors describing the
structure of a social systemand factors describing the
environnent of the social system the present paper argues
that factors describing the structure of a social system
in most cases will be found to be orthogonal. They will,
however, have to correl_ ate with factors describing the
environment of the social system A reanalysis of a
previous study of the Norwegian factorial ecology gives
some support for the argument.

ON THE CORRELATI ON OF FACTORS | N FACTCRI AL ECOLOGY*

Factorial ecol ogy typically starts out with a universe of
spatially defined units for which there are defined a set
of variables. The variables are defined with the aim of
gaining a conprehensive description of the resources and
living conditions of the population within each wunit.
Routinely this includes a description of land and
popul ation size, denographic characteristics, industrial
conposition, occupational mx and educational statuses of
the popul ation, as well as its housing conditions, income
distribution and political preferences.

The analysis of such variables in factor nodels usual ly
assumes uncorrel ated dinensions. The initial argurment for

assuming uncorrelated factors seens nostly to have been -

technical: the nathematics is much sinpler and the conpu-
tational procedures possible to do by hand. There al so was

- and still is - a certain appeal in the parsinmony and na-
thematical elegance it provides. But mathenatical el egance
must not blind us to the real world: "All experience of
rotation alike with data on physical, biological, or

social science, forces upon us the truth that in nature
factors are correlated." (Cattell, 1952,pp.117.) Mre or
less this statenent seens to cover the theoretically ref-
lected judgnents of social scientists today (see f.i.
Col eman 1964, Hunter 1972, and Hamm 1979). Uncorrel ated
factors are at nost to be considered as a theoretically
linmting case.

*This is aslightly revised version of a paper originally

presented to the Xth Worl.d Congress of Soci ol ogy, Research

Cempmittas on Sacial Fralaa Maviesn CdFn Mexirn  Drmmet
1982. | appreciate the comrents received there. In
particular | wish to thank Frank L. Sweetser, who al so

suggest ed t he t opi c of the paper.




However, recent studies (Hamm 1979, Berge 1981) show a
remar kabl e robustness of the main factor dinensions across
both different methods of factorization and different
degrees -of correlation allowed between factors extracted.
It would seem that the orthogonal solutions wusually
enpl oyed, in nost cases not only give a theoretically nean-
ingful description of the social ecological differentia-
tion of the analytical units, but in certain respects al so
give a better description than oblique factors.

Abu- Lughod (1969) has tried to outline the conditions
which are likely to produce uncorrelated factors. Both
speci alization of actors and of land use contribute to a
devel opnent where it will be increasingly likely to find
i ndependence anong factors in social ecol ogi cal studies.
I ndependent dimensions is a sufficient condition for
finding orthogonal factors, but it is not a necessary con-
dition. Uncorrelated factors can not be interpreted as in-
dependent factors (Janson 1969, Johnston 1971). It has,
for instance, been pointed out that Ilife cycle factors
whi ch by their very nature have to be curvelinearly inter-
related (Janson 1969, 1980), very well may be represented
by uncorrel ated factors.

It may be that it is the correlated factors which are in
need of a theoretical defence. Wy do one sonetines have
to enploy oblique factors in order to arrive at a
nmeani ngful description of a social ecological systen?

The conclusion of Sweetser (1974) to conbine orthogonal
and oblique factors nay be the practical advice to follow
But is there any way to predict which factors are to be
oblique while others are orthogonal ?

The discussion of oblique vs. orthogonal factors in the
litterature does not offer much hel p. But Janson (1980, pp.
446) concludes that "Oh the commnity |evel oblique
systens are preferable if both urbanismand size are to be

given a chance to come forward at full strength.” This nay
be a cl ue.

Theoretically considered there is a basic difference
between "urbanismt and "size". Wile urbanismnay be in-
terpreted to say something about the social structure of
the society, size may be saying sonething about the scale
of the society, or perhaps better; the environnent of the
social system : ' '

W shall see that a distinction between social system and
envi ronment shall prove fruitful for the present . probl em
The present paper will go into the problemof correlation
anong factors in factorial ecology by proposing a sinple
nmodel of a social ecological system The nodel wll
expl ai n which kind of factors one ought to expect to cor-
relate with a "size" factor, or nore generally with envi-
ronnental factors.

A soci al eco-system

A sinple nodel of a social eco-systemnight distinguish
between the social system proper and the environment of
the system (f.i. the habitat of the popul ation).

Factorial ecology as described above takes this environ-
nment, divides it into suitable spatial units and proceeds
to characterize these and the popul ations they contain. A
di stinction between variabl es describing the environnment
and variables describing the social system is not
utilized.

Yet, if one regards the probl emof interdependence between
a social system and its environnment it seens fairly
obvious that the environnent nust represent constraints
whi ch influence the structure of the social system




If one conceptualizes the social systemas consisting of a
social structure which social processes are working to
reproduce or transform the environment must influence the
shape of both. The nenbers of a social system adapt to
its habitat and its particular distribution of natural
resources by shaping the social processes of the systemto
take advantage of the existing condi tions and count eract
the continous flow of effects fromthe natural processes
(seasons, weat her, disasters, diseases).

In factor analytic studies sone variables describe the
environment and some describe the social system It seens
reasonable to expect that some factors ought to describe
the environment and sone the social system Direct data on
the social processes are usually mssing. Indirect data
i ke change indicators are sel domused. Therefore the data
describing the social systemusually refer to aspects of
the social structure.

The factors defined by such variables nust accordingly be
interpreted as a description of the social structure of
the system

The specialization of actors and the differentiation of
activities according to location nake it likely that the
basic factors describing a social structure will appear as
uncorrelated factors. But these factors can not be
expected to be uncorrelated with the factors describing
the environnent of the structure. '

Wiile our know edge of social structure and its spatial
distribution lead us to expect uncorrelated factors
describing the structure, we do not know nuch about which
factors to expect in a study of the environnent or how
they nay interrel ate.

The variables describing the environment of the social
systemmay either be direct measures of the distribution
of natural resources and geographical features of the
units of analysis or indirect nmeasures of these based' on
their inpact on the human activittes within the units.
Consi dered by thensel ves the environmental factors do not

seem to be nore than weakly interrelated (climate f.i.
will be somewhat related to geographical features). But
the way boundaries are drawn around the units of analysis
will confound this picture. In particular this happens if
our neasurenent of the factors have to rely on indirect
indicators |ike population density or land area which are
so closely related to the way boundaries are drawn and
which often also are taken into consideration when
boundaries are defined. This nust be accounted for in a
study of environnental factors.

The sentral proposition in this paper is, however, the
exi stence of environnental factors and that environnental
factors and social factors have to intercorrelate in a
neani ngful way.

A reanalysis of data froma traditionally designed factor
anal ytic study of Norwegi an Communes will be used to test
these propositions.

Resul ts.

The data used have been described in Berge (1981),and only
a short outline will be given here.

Data on the 451 Norwegi an comrunes as of 1. January 1970
were collected fromthe popul ation and Housing Census of
(1970*) ana other sources. Neighboring conmunes were agg-

I am grateful to the Central Bureau of Statistics of
Norway, and to the Norwegi an Soci al Sci ence Data Services
for maki ng dat a avail abl e for the study.



regated to reach a minimum population size of 5G0. This
resulted in 448 anmalytical units. For each unit a total of
313 analytical variables were defined and computed (per
cent wvariables, ratios, indexes). To reduce skewness and
kurtosis logarithm and sguare reot transformations were
used. Of the 113 variables 41 are used in the present
study. Their definitions and transformations used are
listed in Appendix tables Al and A2.

Cf the inital 113 variables 11 may be said to be mainly
determined by environmental characteristics. For these 11
variables a separate factor analysis was undertaken resul-
ting in two envirenmental factors defined by 7 variables.
Two wvariables had to be axcluded because of too high in-
tercorrelations with other variables.¥)

The wvariables excluded were no. 7 "Mean size of
agglomeraticons” because of a correlation of .993 with
variable no. 2 “Number of people 1Iin densely settled
areas”, and no. 5 “"Inhabitants per km’ " because of a
correlation of -.835 with variable no. 1 "Land area”.

Two more variables (ne.? and 10 in Tablie Al} had to be
excluded since they did not have any.intercorrelations
vith cther wariables in the matrix as high as .5 ({see
Sweetser 1974 for practical guldance to factor analysls of
ecological varlables).

*jExclusion of variables with high intercorrelations is
necessary 1f factor scores are to be computed. High inter-
correlations mean & high degree of linear dependency in
the matrix. The determinant of the correlation matrix wilil
te close to zero, and the computed factor scores will be
inaccurate because of rounding errors or impogsible
iouanSe GF Zerd QLVIsSIon. AOwever, Knowiedge or tie inter-
correlations will certainly help the interpretation of the
- factors arrived at (see Berge 1981).

The analysis of the remaining seven variables resulted in
two factors. In ogrder to test ;the possibility of
intercorrelations between theam, four.rotations were done,
one orthogonal according to the varimax criterion, and
three obligue according to the oblimin c¢riterion with
DELTA =set to .5, .0, and -.5 (gee Table Ad and AR). The
definitions of the factors seem very much the same in all
rotations. And the correlation coefficients between
factors from the orthogonal solution and the obligue
solution with DELTA= .0 are as high as .98.

The envivonmental variables as measured by the available
data seem to be adeguately descrihed by the two orthogonal
factors.

The itwo factors are interpreted to represent a LAND SIZE
factor and a POPULATION SIZE factor. The factor matrix,
slightly rearranged is as follows {see also Table Ad and
A5):

VARTIABLE . : FACTOR LOADINGS
NO NAME POPULATION LAND
_ SIZE SIZE
2 No. of people in densely

settled areas .91 ~-.14
4 Total number of people el ~.24

8 % of the population in densely
settled areas .75 -,38
6 No. of agglomerations .68 . -. 149
1 Total land area in km’ .01 .65
11 Dairy farms in % of all farms -.43 .77
-.43 .82




‘he labels of the factors need sone qualifications. The
.AND SIZE factor obviously is tied in with the conditions
for agriculture. Perhaps "arable land" night be a better
Label, The factor thus tells sonething of how the
envi r onnent is suited for agricultural activities.
likewise it nmay be seen that the POPULATION Sl ZE factor is
tied in with popul ation density. This factor may then tell
sonet hing about the conditions for certain kinds of human
activites. Mst particulary those associated wth urban
soci eti es.

G the 113 variables defined in Berge (1981) 60 were found
suitable for inclusion into factor analysis, These 60
vari ables defined 6 factors |abel ed SO0 O ECONOM C STATUS;
FAM LI SM DEPRI VATI ON, AFFLUENCE, MANUFACTUR NG | NDUSTRY,
and FEMALE ECONOM C ACTIVITY. By successive renoval of
variables it was found that 30 variables were sufficient
to define the six factors. The coefficients of correlation
between factors fromthe 60 variable solution and the 30
variabl e solution varied from .95 to .98 (correlation of
factor scores). The variables defined in table A2 are the
same as those in the original 30 variable solution except

for two changes. Since the variables "% farns with 10+
2

da." and "Inhabitants pr knf** were among the variables
taken to describe the environnment, they were replaced by
"Dependent on agriculture" and "Income of 60000+"
(variables no 19 and 27 in table A2). In table A3 the
factor matrix of the analysis of the 30 variables is
reported. Correlation of factor scores for the six factors
used here and the six original factors gives coefficients
ranging from .97 to 1.00.

The main question addressed here, however, is whether the
factors describing the environnent of the social system
will correlate wth the factors describing the structure
of the social system

Coefficient of correlation between factors describing

system enviroument and system structure.

Population Land

_ éize Size
Socio-economic status .46 -.44
Familism ' .23 .06
Deprivation ' .35 10
Affluence ) W27 --43
Manufacturing industry .31 -.32
Female economic activity .00 .28

The coefficients above are not wvery high. Oniy three
higher than .4, and two more are between .3 and  .4. But
the pattern geems to be what one might have axpected.

Recalling that LAND SIZE mostly means arable land size and
that POPULATION SIZE also has aspects of density, it is
not surprising that SOCIC-ECONOMIC STATUS i1s the one
structural factor most affected by +the environmental
factors and FAMILISM the one least affected, Likewise it
is known that both affluence and relative deprivation are
most «<©learly present in the larger cities and that manu-
facturing industry means some kind of agglomeration. It
is, however, worth noting the low correlation of POPULA-
TION SIZE and MANUFACTURING INDUSTRY. This would seem to
be in accord with the cbservation that much manufacturing
industry has moved out of the larger agglomerations,. The
relation between FEMALE ECONOMIC ACTIVITY and LAND SIZE is
an insteresting affirmation of the relatively large impact
from the inclusion of female famliy labor on farms into
the stock of economically active women.

liim au® e LLRLicS iy Wvecdvabacih aRle way, Loweved, ws g
relation between SOCIO-ECONCMIC STATUS. and POPULATION
SIZE. Aamong the main characteristics of the wurbanization
process 1s the growth of populaticon and the increasing

dansity. But urbanization has come to mean much more than

[T




that. In Norway for exanple the close correlation of
variables indicating SES and variables i ndi cati ng
urbani zation has led to conceptual confusion of the two.
They have sometimes been used interchangably. The
separation of variables into those describing the system
environnment and those describing the social system

separates the two concepts and takes care of the
interrelation by allowing a SES factor and a URBAN ZATI ON
factor to correl ate,

Urbani zation here rmeans only size and density of

popul ation. This may be thought of as an environmental
characteristic of a social systemin the sense that size
and density is something the actors have to take into
consideration in all their actions: it shapes their choice
of activities and thus shapes the social structure. But
obviously size and density of a population also is a
result of the inpact social activities has on the
environment. As material infrastructure (building, roads,
etc.) acunul ate, the environnment changes.

Using a rather different approach Sweetser (1982) arrives
at a very simlar conclusion in a study of UWban
Residental areas in Australia. Conparing Wban and Rural
residential areas he finds that "there appear to be two
district modes of di recti onal differentiation, one
associated with changes in urban community size, and the
other with the shift from urban to rural comunities"
(pp-154). The distinction between city size on the one
hand and a rural -urban shift on the other would seemto be
a close approximation to what I have called the
environmental factors of popul ation size and land size.

The boundary between a systemand its environnent can not
be a fixed line. Like so nuch else it has to be defined in
relation to the probleminvestigated. If population size
(density) and land size (arable) are considered as part of
the environment of the social system and not as bel ongi ng

to the social system the reanalysis of our data suggests
that environmental factors exist and that they correl ate
as one mght have expected with factors describing the
structure of the social system :
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Table 1A, ECOLOGICAL VARTRBLES FOR THE STUDY OF SPATIAL DYFFERENTIATION OF
SOBCIAL STRUCTURE IN NORWRY 1970: 11 SYSTEM ECOLOGICAN, VARIARLES:

DEFINITION TRANSFORMATLIONS

]
1 (1y* The total land area of the commme in ki Log. transformation
2 {2) The shsolute number of people living In

densely sottled areas Log. transformation
3 (3 The $ of all farms having more than

10 dekar arable land
4. (4} The total nutber of pecple Log. transformatich
5 (6}  'he rumber of inhshitants par Jo® land Log. transformation
B {(7) The number of agglomerations in the commme
i (8) The mean population size of the égglomeratims Log. transformation
& (9)  The % of the population Living in densely

settled arecas
9 (10} The % of ail farms with more than 10 dekar

which have 20-75 dekar arable land
10 {11} The % of all forest properties which are less

than 250 dekar in size
11 (82} 1The % of all farms which are dairy farms

*)No. from Table 1, Appendix A in Berge 1981

Tahle 2&. EQOLOGICAL VARIAHLES FOR THE STUDY OF SPATIRD DIFFERENTTITATION OF
SOCTAL STRUCTURE IN NORWRY 1970: 30 SOCIAL ECOLOGICAL VARTABLES.

VARTARLF, DEFINITION TRENSFORMATION

N

i {12}*) The % of the population of age 5 to 14 years

T : .

2 {13) The ¥ of the population of age 65 years or more

3 (14} The % of the population aged 20 to 59 years who
are 20 to 39 yoars .

4 {32) The % of the families with more than 1 person
who have 4 or more umarried children

5 {34) T % of all households which have unmarried
c.hildxen and both parents

[ {39) The % of all occupled housing undts which have
more than 1.0 persons per room

7 (42) The % of all children of age 0 to 14 who live
in private housing units with more them 1.0
Persons per rocm _

g (43) The % of all men older than 15 years who have
“their own housing unit

9 {51) The % of all housing units which are in one
family structures

10 (52) The % of all housing units which are in farm houses

11 (54} The % of all housholds which have at least 5 rooms

12 {55) The % of all households which have thelephons

13 {59) The % of ailpersmsof age 16 or more who aze
occupied within comune of residence

14 (62) The % of the women aged 16 to 59 who have children
in the age group 0 1o 12 years and who are
economical active

15 {63} The % of the women aged 20 til1 59 who are
economically active

16 {68) The % of all men aged 16 or more who are ocoupied
in professional or managerial occupations
LOOTUDG LAV CUORS =33, ou-bd)

17 (69) The $ of all men aged 16 or more who are cccupled

in blu-collar occupaticons (occupation codes 50-57,70-89)

*)No. from Table 1. Appendiz A in Berge 1981




Table SA. LAND SI7ZE: OORRELAETIONS BETWEFN VARTABLES AND FACTOR.
PRIMCIPAL FACTORS MODEL: four rotations

21

Table 4A. POPULATION STZE: CORRELATIONS BETWEEN VARTARLES BAND FACICR.
FRINCIFAL FACTORS MODFEL: four rotations
VARLABLES ORTHOGOMAL  OBLIQUE
NO  short name VARTMAX OBLIMIN OBLIMIN OBLTMIN
DELTA = .5 DELTA = .0 DELTA = -

1 Totalland area in km' 01 -.18 -.14 -.1i3
2 Total pop. in densely

settled areas .91 .91 .92 .92
3 % of farms with 10+ da -.43 -.65 -.60 -.60
4 Total population JF? .81 .81 .81
5 Mo of agglomerations .68 .68 .69 .69
8 % of pop. in dense.y

setiled areas .75 .83 .82 .82
11 % dairy farms -.43 -.64 -.5% ~.59
Correlation betwean
density and size r=0 r=-.58 r=-.40 r=0.34

VARTARLES ORTHOGGHAL,  OBLIQUE
K0 short name VARIMAX OBLIMIN CELIMIN QBLIMIN
DEUMA= -.5 DELTA = .0 DELTR = .5

1 Total land area in kif .65 .64 .64 .62
2 Total pop.in densely

settled areas -,14 -.25 -.31 -4l
3 % of farms with 10+ da. .82 .86 .88 .91
4 Total population -.24 -.32 -.37 -.46
& No of agglamerations -.10 -.19 -.23 -.31
& % of pop. in densely

settled arsas -.38 -.47 -.52 -.60
11 % dajxy farms .77 .82 .84 .87
Correlation batween
density and size r=.0 r=-.34 r=—_40 r=-.58




