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Political Subdivision and Population Density
Stephan (1) observes that in most
countries there is a negative relation between the area of a territorial subdivison
and the density of its population, which is
well approximated by the formula
logA = a - 2/3 (logD). He derives this
relation from the general premise that
nations subdivide themselves into territorial units so as to minimize the total
time expended by their populations in
visiting and operating the administrative
subcenters. A regression of logA on logD
does not provide a proper test of his theory, however. LogA and logD would
have a negative relation even if administrative boundaries were drawn completely independently of and without regard
to the distribution of population. For example, if logA and logP are independent
random variables, then a regression of
logA on logD will have an expected slope
of - Var(logA)/[Var(logA) + Var(logP)],
since D = PIA. The observed clustering
of slopes around - 2/3, therefore, could
SCIENCE, VOL. 205, 13 JULY 1979

simply mean that the variance of logA is
generally twice that of logP and nothing
more.
The proper test is to regress logA on

logP,
(1)
logA = a' + b'logP
Stephan's theory predicts that this relation will also be negative, since if the
slope relating logA to logD, b, is between
0 and -1, as in theory it is, then b' will
also be negative. In particular, if b =
- 2/3, then b' = - 2. This test, unlike
Stephan's, is not open to the objection
that it merely confirms an artifactual relation between two variables (in his case,
logA and logP - logA).
To confirm this negative relation between subdivision area and population,
we collected data from the source (2)
used in Stephan's original empirical
work (3). Sixty-five nations, those having at least ten primary political subdivisions, were chosen for study. Regres-

sigfls were fitted to each country's data
to determine the coefficient b' in Eq. 1.
The hypothesis that b' is negative was
tested by means of the standard twotailed t-test with N - 2 degrees of freedom
(4). In accordance with Stephan's findings, 62 out of 65 nations showed negative relations between logA and logD.
But a negative relation between logA and
logP was found in only 20 of the 61 nations where it would be predicted (that
is, where b is between 0 and - 1), and in
just 12 of these 20 is this negative relation significant at the 10 percent level. In
fact, of the 41 nations with positive relations between logA and logP, in 23 that
relation is significant at the 10 percent
level.
These results indicate that the partitioning of a nation's space is probably
more random than purposive. Given a
random partitioning of a space over
which a population is randomly distributed (5), we should expect a positive relation between area and population,
since the larger partitions will, on the average, contain the larger populations.
Our data (4) give some support to this expectation.
The fallacy of Stephan's statistical
work canndt, however, detract from the
strong visual impression given by density maps that closely settled areas tend
to be subdivided more than sparsely settled areas (3, 6). To confirm this relation
statistically will require the measurement of density independently of area.
The mean distance between inhabitants
in an area is onie such variable but unfortunately is difflcult to measure.
DANIEL R. VINING, JR.
CHUNG-HSIN YANG, SHI-TAO YEH
Regional Science Department,
University ofPennsylvania,
Philadelphia 19174
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Vining objects to my analysis because
it "merely confirms an artifactual relation between two variables." In discussing correlations between two variables
of the formy and xly, Snedecor (1) states:
Having observed some unwarranted interpretations of such correlations, Karl Pearson
dubbed them "spurious," and this rather de-
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of these three possibilities-the sign-releasing mechanism-with no conclusive
result. As both Masters and Anisfeld
correctly noted, our hypothesis that neonates can detect intermodal matches implies a higher level of perceptual-cognitive organization than current theories
suggest. Recently, Meltzoff and Borton
(12) obtained evidence corroborating this
hypothesis in an experiment using a nonimitative, intermodal matching task.
Four-week-old infants looked longer at a
shape matching one they had orally explored than at a nonmatching shape, thus
confirming that neonates can indeed detect certain intermodal (tactual-visual)
matches. Such converging experiments,
using both imitative and nonimitative
tasks, will afford strong tests of our position. We emphasize, however, that future research on neonatal imnitation must
fulfill the three methodological requirements we detailed (13) if it is to address
the phenomenon we reported and elucidate the underlying mechanisms.
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rogatory title has led people to distrust them.
Of course, it is the interpretation that may be
spurious. The correlations are on the same
footing as any others.
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