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undermine line authority; and (5) the fact 
that aspirants to higher staff offices could 
gain promotion only through approval of 
influential line executives. 

If further research should prove that staff- 
line behavior of the character presented here 
is widespread in industry, and if top man- 
agement should realize how such behavior 
affects its cost and production goals-and 
be concerned to improve the condition-then 
remedial measures could be considered. For 
example, a corrective approach might move 
in the direction of (i) creating a separate 
body25 whose sole function would be the 
coordination of staff and line efforts; (2) 

increasing the gradations of awards and pro- 
motions in staff organizations (without in- 
crease of staff personnel); (3) granting of 
more nearly equal pay to staff officers, but 
with increased responsibility (without au- 
thority over line processes or personnel) for 
the practical working of their projects; (4) 
requiring that staff personnel have a mini- 
mum supervisory experience and have 
shared repeatedly in successful collaborative 
staff-line projects before transferring to the 
line; (5) steps by top management to re- 
move the fear of veiled personal reprisal 
felt by officers in most levels of both staff 
and line hierarchies (This fear-rising from 
a disbelief in the possibility of bureaucratic 
impersonality-is probably the greatest ob- 
stacle to communication inside the ranks of 
management); (6) more emphasis in col- 
leges and universities on realistic instruction 
in the social sciences for students preparing 
for industrial careers. 

2This body, or "Board of Coordination," would 
be empowered to enforce its decisions. Membership 
would consist of staff and line men who had had 
wide experience in the plant over a period of years. 
The Board would (a) serve as an arbiter between 
staff and line; (b) review, screen, and approve in- 
dividual recommendations submitted; and (c) eval- 
uate contributions after a trial period. Such a body 
would incidentally be another high status goal for 
seasoned, capable, and ambitious officers who too 

often are trapped by the converging walls of the 
pyramidal hierarchy. 

ECOLOGICAL CORRELATIONS AND THE 
BEHAVIOR OF INDIVIDUALS 

W. S. ROBINSON 
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INTRODUCTION A N INDIVIDUAL CORRELATION is a correla- 
tion in which the statistical object 
or thing described is indivisible. The 

correlation between color and illiteracy for 
persons in the United States, shown later in 
Table i, is an individual correlation, because 
the kind of thing described is an indivisible 
unit, a person. In an individual correlation 
the variables are descriptive properties of 
individuals, such as height, income, eye 
color, or race, and not descriptive statistical 
constants such as rates or means. 

In an ecological correlation the statistical 
object is a group of persons. The correlation 
between the percentage of the population 

which is Negro and the percentage of the 
population which is illiterate for the 48 
states, shown later as Figure 2, is an ecologi- 
cal correlation. The thing described is the 
population of a state, and not a single indi- 
vidual. The variables are percentages, de- 
scriptive properties of groups, and not de- 
scriptive properties of individuals. 

Ecological correlations are used in an im- 
pressive number of quantitative sociological 
studies, some of which by now have attained 
the status of classics: Cowles' "Statistical 
Study of Climate in Relation to Pulmonary 
Tuberculosis";' Gosnell's "Analysis of the 

1 Journal of the American Statistical Association, 
30 (Sept., I935), 5I7-536. 
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I932 Presidential Vote in Chicago,"2 
"Factorial and Correlational Analysis of the 
I934 Vote in Chicago,"3 and the more elabo- 
rate factor analysis in Machine Politics; 4 
Ogburn's "How Women Vote,"5 "Measure- 
ment of the Factors in the Presidential Elec- 
tion of I928,"6 "Factors in the Variation of 
Crime Among Cities,"7 and Groves and Og- 
burn's correlation analyses in American 
Marriage and Family Relationships;8 Ross' 
study of school attendance in Texas;9 Shaw's 
Delinquency Areas study of the correlates 
of delinquency,'0 as well as the more recent 
analyses in Juvenile Delinquency in Urban 
Areas;" Thompson's "Some Factors In- 
fluencing the Ratios of Children to Women 
in American Cities, I930" o;12 Whelpton's 
study of the correlates of birth rates, in 
"Geographic and Economic Differentials in 
Fertility; "113 and White's "The Relation of 
Felonies to Environmental Factors in Indian- 
apolis."14 

Although these studies and scores like 
them depend upon ecological correlations, 
it is not because their authors are interested 
in correlations between the properties of 
areas as such. Even out-and-out ecologists, 
in studying delinquency, for example, rely 
primarily upon data describing individuals, 
not areas.'5 In each study which uses eco- 

logical correlations, the obvious purpose is to 
discover something about the behavior of 
individuals. Ecological correlations are used 
simply because correlations between the 
properties of individuals are not available. 
In each instance, however, the substitution 
is made tacitly rather than explicitly. 

The purpose of this paper is to clarify the 
ecological correlation problem by stating, 
mathematically, the exact relation between 
ecological and individual correlations, and 
by showing the bearing of that relation 
upon the practice of using ecological correla- 
tions as substitutes for individual correla- 
tions. 

THE ANATOMY OF AN ECOLOGICAL 

CORRELATION 

Before discussing the mathematical rela- 
tion between ecological and individual cor- 
relations, it will be useful to exhibit the 
structural connection between them in a 
specific situation. Figure i shows the scatter 
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FIG. I 

diagram for the ecological correlation be- 
tween color and illiteracy for the Census 
Bureau's nine geographic divisions of the 
United States in I930. The X-coordinate 
of each point is the percentage of the 
divisional population iO years old and over 
which is Negro. The Y-coordinate is the 

2 American Political Science Review, 24 (Dec., 
I935), 967-984. 

'Journal of the American Statistical Association, 
3I (Sept., I936), 507-5i8. 

4 Chicago, I938. 
6Political Science Quarterly, 34 (Sept., igig), 

4I3-433. 
'Social Forces, 8 (Dec., I929), I 75-i83. 
'Journal of the American Statistical Association, 

30 (Mar., I935), I2-34. 
8New York, I928. 
9School Attendance in the United States: I920, 

a supplementary report to the I920 U. S. Census, 
Washington, I924. 

?Chicago, I929. 

Chicago, I942. 
American Journal of Sociology, 45 (Sept., 

I939), i83-I99. 
"3Annals of the American Academy of Political 

and Social Science, i88 (Nov., 1936), 37-55. 
"4Social Forces, ii (May, I932), 498-5I3. 
" In Shaw's Delinquency Areas, for example. 
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percentage of the same population which is 
illiterate.16 The Pearsonian correlation for 
Figure i, i.e., the ecological correlation, is 
.946. 

Table i is a fourfold table showing for 
the same population the correlation between 
color and illiteracy considered as properties of 
individuals rather than geographic areas. The 
Pearsonian (fourfold-point) correlation for 
Table i, i.e., the individual correlation, is 
.203, slightly more than one-fifth of the cor- 
responding ecological correlation. 

Ordinarily, such an ecological correlation 

TABLE I. THE INDIVIDUAL CORRELATION BETWEEN 
COLOR AND ILLITERACY FOR THE UNITED STATES, 

I930 

(for the population io years old and over)'7 

Negro White Total 

Illiterate I, 5I 2 2,406 3,9I8 
Literate 7, 780 85,574 93,354 

Total 9,292 87,98o 97,272 

would be computed on a county or state 
basis, instead of the divisional basis used 
here to simplify numerical presentation. 
Whether the ecological areas are counties, 
states, or divisions, however, the results are 
similar. Figure 2, for example, shows the 
ecological correlation on a state rather than 
a divisional basis. When the ecological areas 
are states, as in Figure 2, the ecological 
correlation is .773, to be compared with 
.946 when the ecological areas are divisions. 

The connecting link between the indi- 
vidual correlation of Table i and the ecologi- 
cal correlation of Figure i is the individual 
correlations between color and illiteracy 
within the nine geographic divisions which 
furnish the nine observations for the ecologi- 
cal correlation. These are the within-areas 
individual correlations, a selection from 
which is given in Table 2. 
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FIG. 2 

Both the individual correlation and the 
ecological correlation depend upon the 
within-areas individual correlations, but in 
different ways. The individual correlation 

TABLE 2. THE WITHIN-AREAS INDIVIDUAL CORRELA- 
TIONS BETWEEN COLOR AND ILLITERACY FOR THE 

UNITED STATES, I93018 

Negro White Total 

New Illiterate 4 240 244 
England Literate 72 6,386 6,458 

Total 76 6,626 6,702 

Middle Illiterate 32 7I9 75I 
Atlantic Literate 836 I9,958 20,794 

Total 868 20,677 2I,545 

East Illiterate 36 392 428 
North Literate 735 I9,443 20, I78 
Central 

Total 77I I9,835 20,606 

. . . . . . . . . . . . . . . . . 

Illiterate 2 7I 73 
Pacific Literate 75 6,332 6,407 

Total 77 6,403 6,480 

16 These percentages were computed from the 
marginal totals of the fourfold tables given in Ta- 
ble 2. 

"7The source for this and all following tables is 
the 1930 U. S. Census. All figures are in thousands. 

18The tables for the West North Central, South 
Atlantic, East South Central, West South Central, 
and Mountain divisions are omitted to save 
space. 
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(Table i) depends upon the internal or cell 
frequencies of the nine within-areas indi- 
vidual correlations. Its cell frequencies are 
sums of the nine corresponding divisional 
cell frequencies. For example, in the upper 
left cell of Table i the frequency is I,5I2 
= 4+32 +36 + ...+ 2. 

The ecological correlation (Figure i) also 
depends upon the nine within-areas indi- 
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vidual correlations, but only upon their 
marginal totals. For example, in Table 2 the 
marginal total for the first table shows 
76,ooo Negroes in the New England division. 
Since the total population for this division 
is 6,702,000, the percentage of Negroes is 
I00(76)/6,702 = i.i. The percentage of 
illiterates in New England is computed from 
the other marginal total in the same way. 

In brief, the individual correlation de- 
pends upon the internal frequencies of the 
within-areas individual correlations, while 
the ecological correlation depends upon the 
marginal frequencies of the within-areas 
individual correlations. Moreover, it is well 
known that the marginal frequencies of a 
fourfold table do not determine the internal 
frequencies. There is a large number of sets 
of internal frequencies which will satisfy 
exactly the same marginal frequencies for 
any fourfold table. Therefore there are a 
large number of individual correlations which 
might correspond to any given ecological 
correlation, i.e., to any given set of marginal 

frequencies. In short, the within-areas 
marginal frequencies which determine the 
percentages from which the ecological cor- 
relation is computed do not fix the internal 
frequencies which determine the individual 
correlation. Thus there need be no corre- 
spondence between the individual correlation 
and the ecological correlation. 

An instance will document this conclusion. 
The data of this section show that the indi- 
vidual correlation between color and illiter- 
acy is .203, while the ecological correlation 
is .946. In this instance, the two correlations 
at least have the same sign, and that sign 
is consistent with our knowledge that educa- 
tional standards in the United States are 
lower for Negroes than for whites. 

However, consider another correlation 
where we also know what the sign ought to 
be, viz., that between nativity and illiteracy. 
We know that educational standards are 
lower for the foreign born than for the native 
born, and therefore that there ought to be a 
positive correlation between foreign birth and 
illiteracy. This surmise is corroborated by 
the individual correlation between foreign 
birth and illiteracy, shown in Table 3. The 
individual correlation for Table 3 is .ii8. 

TABLE 3. THE INDIVIDUAL CORRELATION BETWEEN 
NATIVITY AND ILLITERACY FOR THE 

UNITED STATES, 1930 

(for the population io years old and over) 

Foreign Native Total 
Born Born 

Illiterate 1,304 2,6I4 3,9i8 
Literate II,9I3 81, 441 93,354 

Total I3,217 84,055 97, 272 

However, the ecological correlation between 
foreign birth and illiteracy, shown in Figure 
3, is - .6i9! When the ecological correlation 
is computed on a state rather than a divi- 
sional basis, its value is - .526. 

THE MATHEMATICAL RELATION BETWEEN 

ECOLOGICAL AND INDIVIDUAL CORRELATIONS 

Individual and ecological correlations, 
along with other correlations which also play 
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a part in the situation, are functionally re- 
lated by one of the basic equations of the 
analysis of covariance.19 This equation can be 
derived from the following assumptions, 
which merely describe in mathematical terms 
the situation underlying an ecological correla- 
tion: 

(i) There is a total group of N persons, 
who are characterized by two variable prop- 
erties X and Y. These properties may be 
genuine variables such as age or income, or 
they may be dichotomous attributes such as 
sex or literacy. 

(2)The N members of the total group can 
be put into m distinct sub-groups according 
to their geographic position, whether by 
census tracts, townships, counties, states, or 
divisions. It is convenient to think of these 
m sub-groups as defined by m values of a 
third variable A (= Area) which is really an 
attribute, viz., geographic region. 

The numerical values from which the 
ecological correlation is computed describe 
these m sub-groups. They may be means, 
medians, or percentages, and in fact all three 
are sometimes involved in a single ecological 
correlation analysis. Usually, however, they 
are percentages. While the mathematics 
applies to means as well, and approximately 
to medians also, it will simplify the present 
discussion to assume that X and Y are 
dichotomous properties, and therefore that 
the ecological correlation is a correlation be- 
tween m pairs of percentages. 

In the preceding section, three distinct 
correlations were shown to be involved in the 
ecological correlation situation. In mathe- 
matical terms, these correlations are de- 
scribed as follows: 

The total individual correlation (r) is the 
simple Pearsonian correlation between X and 
Y for all N members of the total group, 
computed without reference to geographic 
position at all. If X and Y are dichotomous 

properties, the total individual correlation 
will be a fourfold-point correlation based on 
a fourfold table (Table i). 

The ecological correlation (re) is the 
weighted correlation between the m pairs 
of X- and Y-percentages which describe 
the sub-groups. In the example of Section 2, 
re is the correlation between the nine per- 
centages of Negroes and the nine correspond- 
ing percentages of illiterates. However, each 
cross-product of an X- and Y-percentage is 
weighted by the number of persons in the 
group which the percentage describes, to give 
it an importance corresponding to the num- 
ber of observations involved. 

Ordinarily, ecological correlations are com- 
puted without the refinement of weighting. 
While the weighted form is theoretically 
more adequate, and is required by the mathe- 
matics of this section, the numerical differ- 
ence between the two is negligible. The 
weighted ecological correlation for Figure i, 
which involves few observations and should 
therefore be very sensitive to weighting, is 
.946, while the corresponding unweighted 
value is .944. 

The within-areas individual correlation 
(rw) is a weighted average of the m within- 
areas individual correlations between X and 
Y, each within-area correlation being 
weighted by the size of the group which it 
describes. 

Two correlation ratios, N'XA and N'YA, are 
also involved in the relation. Their purpose 
is to measure the degree to which the values 
of X and Y show clustering by area. If X 
is a dichotomous property, say illiteracy, 
then a large value of N'XA indicates wide 
variation in the percentage of illiterates from 
one area to another. 

With these definitions, the relation be- 
tween individual and ecological correlations 
may be written as 

r. = klr- ku,,YyI) 

where 
kli/XA (YIa) 

and 
k2=\/I -nxA2VI -yA21XAjyA (ib) 

19 The derivation of this equation is not given 
here because of space limitations. Readers wishing a 
copy may secure one by sending a stamped, self- 
addressed envelope to W. S. Robinson, Department 
of Anthropology and Sociology, University of Cali- 
fornia, Los Angeles 24, California. 
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That is, the ecological correlation is the 
weighted difference between the total indi- 
vidual correlation and the average of the m 
within-areas individual correlations. In this 
weighted difference, the weights of the total 
individual correlation and the within-areas 
individual correlation depend upon the de- 
gree to which the values of X and Y show 
clustering by area. 

Investigation of the relation given in (i) 
shows that an individual and ecological cor- 
relation will be equal, and the equivalency 
assumption will therefore be valid, when 

,= k3r, (2) 

where 
I -7XgA7YA 
171Xi YA (2a) 

However, the minimum value of k3 in (2) is 

unity. Therefore (2) will hold, and the indi- 
vidual and ecological correlations will be 
equal, only if the average within-areas in- 
dividual correlation is not less than the total 
individual correlation. But all available evi- 
dence is that (whatever properties X and Y 
may denote) the correlation between X and 
Y is certainly not larger for relatively homo- 
geneous sub-groups of persons than it is for 
the population at large. In short, the equiva- 
lency assumption has no basis in fact. 

The consistently high numerical values of 
published ecological correlations in compari- 
son with the smaller values ordinarily got in 
correlating the properties of individuals sug- 
gest that ecological correlations have some 
reason for being larger than corresponding 
individual correlations. The relation given in 
(i) shows what this reason is, for it gives as 
the condition for the numerically larger value 
of the ecological correlation 

rw < k3r, (3) 

where k3 is given by (2a). Since the minimum 
value of k3 is unity, equation (3) implies that 
the ecological will be numerically greater 
than the individual correlation whenever the 
within-areas individual correlation is not 

greater than the total individual correlation, 
and this is the usual circumstance. 

Habitual users of ecological correlations 
know that the size of the coefficient depends 
to a marked degree upon the number of sub- 
areas. Gehlke and Biehl, for example, com- 
mented in I93420 upon the positive relation 
between the size of the coefficient and the 
average size of the areas from which it was 
determined. This tendency is illustrated in 
Section 2, where the ecological correlation 
between color and illiteracy is .773 when the 
sub-areas are states and .946 when the sub- 
areas are the Census Bureau's nine geo- 
graphic divisions. The same tendency is 
shown by the correlations between nativity 
and illiteracy, the value being -.526 on 
a state basis and -.6i9 on a divisional 
basis. 

Equation (i) shows why the size of the 
ecological correlation depends upon the num- 
ber of sub-areas, for the behavior of the 
ecological correlation as small sub-areas are 
grouped into larger ones can be predicted 
from the behavior of the variables on the 
right side of (i) as consolidation takes place. 
As smaller areas are consolidated, two things 
happen: 

(i) The average within-areas individual 
correlation increases in size because of the 
increasing heterogeneity of the sub-areas. 
The effect of this is to decrease the value 
of the ecological correlation. 

(2) The values of jxA and IYA decrease 
because of the decrease in the homogeneity 
of values of X and Y within sub-areas. The 
effect of this is to increase the value of the 
ecological correlation. 

However, these two tendencies are of un- 
equal importance. Investigation of (i) with 
respect to the effect of changes in the values 
of IXA, nYA, and rw indicates that the influ- 
ence of changes in the i's is considerably 
more important than the influence of changes 
in the value of r,. The net effect of changes 
in the values of the i's and of r, taken 

2" "Certain Effects of Grouping upon the Size of 
the Correlation Coefficient in Census Tract Ma- 
terial," Journal of the American Statistical Associa- 
tion, 24 (Mar., I934, Supplement), i69-I70. 
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together, therefore, is to increase the numeri- 
cal value of the ecological correlation as 
consolidation takes place. 

CONCLUSION 

The relation between ecological and indi- 
vidual correlations which is discussed in this 
paper provides a definite answer as to 
whether ecological correlations can validly be 
used as substitutes for individual correla- 
tions. They cannot. While it is theoretically 
possible for the two to be equal, the condi- 
tions under which this can happen are far 
removed from those ordinarily encountered 
in data. From a practical standpoint, there- 

fore, the only reasonable assumption is that 
an ecological correlation is almost certainly 
not equal to its corresponding individual 
correlation. 

I am aware that this conclusion has serious 
consequences, and that its effect appears 
wholly negative because it throws serious 
doubt upon the validity of a number of im- 
portant studies made in recent years. The 
purpose of this paper will have been accom- 
plished, however, if it prevents the future 
computation of meaningless correlations and 
stimulates the study of similar problems with 
the use of meaningful correlations between 
the properties of individuals. 

NEIGHBORHOOD INTERACTION IN A 
HOMOGENEOUS COMMUNITY 

THEODORE CAPLOW AND ROBERT FORMAN 
University of Minnesota 

T HE STUDIES reported here arose out of 
a previous attempt by one of the 
writers to demonstrate the absence of 

secure empirical evidence for two proposi- 
tions which are rather generally accepted in 
the discussion of urbanism: (i) that resi- 
dential mobility is a progressive function of 
community growth; and (2) that residential 
mobility is in some sense a cause of family 
disorganization.' 

In the consideration of these problems, it 
soon became evident that answers must be 
sought on the level of the face-to-face 
neighborhood, which may be considered 
either as the smallest of locality groups,2 
or as the largest of the primary groups.3 

The few available studies on urban neigh- 
borhoods and neighboring focussed attention 
either upon the neighborhood as a locality 
group4 or upon neighboring as an interper- 
sonal process.5 It appears to us, however, that 
the importance of the neighborhood as a unit 
of investigation lies precisely in its double 
aspect; and that the ecological and interper- 
sonal elements of neighboring need to be con- 
sidered simultaneously. 

To do this, it was necessary to study the 
correlates of neighborliness, together with 
the patterns of inter-family relationship in 

' Theodore Caplow, "Residential mobility in a 
Minneapolis sample," Social Forces, Vol. 27, May 
I949. 

2 Rural sociologists use the term neighborhood 
chiefly in this sense. It is defined by Davies as "a 
small geographic area inhabited by a cluster of 
families with a sense of local identification and 
unity." See Vernon Davies, "Neighborhoods, town- 
ships and communities in Wright County, Minne- 
sota," Rural Sociology, Vol. 8, March I943, which in- 
cludes citations to the relevant literature. 

3 Cooley considered it to be one of the three basic 
primary groups, comparable to family and play 
group. See his Social Organization, iq09. 

'Cf. R. D. McKenzie, The Neighborhood: a 
Study of Columbus, Ohio, University of Chicago 
Press, I923; E. V. Zorbaugh, The Gold Coast and 
the Slum, University of Chicago Press, I929. 

5The most extensive study is that of Jessie 
Bernard, "An instrument for the measurement of 
neighborhood with experimental applications," South 
Western Social Science Quarterly, September I937, 
pp. I45-i60. A somewhat different approach was 
used by Frank L. Sweetser, "A new emphasis for 
neighborhood research," American Sociological Re- 
view, Vol. VII, 4, August I942, pp. 525-533. 
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