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Path Analysis: Sociological Examples’

Otis Dudley Duncan

ABSTRACT

Linear causal models are convenientlv developed by the method of path coefficients proposed by Sewall
Wright. Path analysis is useful in maklng expllclt the rationale of conventional regression calculations. It
may also have spec1al usefulness in soclology in problems involving the decomposition of a dependent
variable or those in which successive experiences of a cohort are measured. Path analysis focuses on the
problem of interpretation and does not purport to be a method for discovering causes. It may, neverthe-
less, be invaluable in rendering interpretations explicit, self-consistent, and susceptible to rejection by sub-

sequent research.

The long-standing interest of sociologists
in causal interpretation of statistical rela-
tionships has been quickened by discussions
focusing on linear causal models. The basic
work of bringing such models to the atten-
tion of the discipline was done by Blalock,?
drawing upon the writings of Simon® and
Wold?* in particular. The rationale of this
approach was strengthened when Costner
and Leik® showed that “asymmetric causal
models” of the kind proposed by Blalock

1Prepared in connection with a project on
“Socioeconomic Background and Occupational
Achievement,” supported by contract OE-5-85-
072 with the U.S. Office of Education. Useful sug-
gestions were made by H. M. Blalock, Jr., Beverly
Duncan, Robert W. Hodge, Hal H. Winsborough,
and Sewall Wright, but none of them is respon-
sible for the use made of his suggestions or for
any errors in the paper.

2Hubert M. Blalock, Jr., Causal Inferences in
Nonexperimental Research (Chapel Hill: Univer-
sity of North Carolina Press, 1964).

3 Herbert A. Simon, Models of Man (New York:
John Wiley & Sons, 1957), chap. ii.

¢ Herman Wold and Lars Jureen, Demand Anal-
ysis (New York: John Wiley & Sons, 1953).

afford a natural and operational explication
of the notion of “axiomatic deductive
theory,” which had been developed prima-
rily by sociologists working with verbal for-
mulations. Most recently, Boudon® pointed
out that the Simon-Blalock type of model
is a “special case” or “weak form” of path
analysis (or ‘“‘dependence analysis,” as
Boudon prefers to call it). At the same
time, he noted that ‘“convincing empirical
illustrations are missing,” since “moderate-
ly complicated causal structures with cor-
responding data are rather scarce in the so-
ciological literature.” This paper presents
some examples (in the form of reanalyses
of published work) which may be interest-
ing, if not “convincing.” It includes an ex-
position of some aspects of path technique,
developing it in a way that may make it a

S Herbert L. Costner and Robert K. Leik, “De-
ductions from ‘Axiomatic Theory,’ ” American
Sociological Review, XXIX (December, 1964),
819-35.

% Raymond Boudon, “A Method of Linear Caus-
al Analysis: Dependence Analysis,” American So-
ciological Review, XXX (June, 1965), 365-74.
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little more accessible than some of the
previous writings.

Path coefficients were used by the geneti-
cist Sewall Wright as early as 1918, and the
technique was expounded formally by him
in a series of articles dating from the early
1920’s. References to this literature, along
with useful restatements and illustrations,
will be found in Wright’s papers of 1934,
1954, and 1960.7 The main application of
path analysis has been in population genet-
ics, where the method has proved to be a
powerful aid to ‘“axiomatic deductions.”
The assumptions are those of Mendelian in-
heritance, combined with path schemes
representing specified systems of mating.
The method allows the geneticist to ascer-
tain the “coefficient of inbreeding,” a quan-
tity on which various statistical properties
of a Mendelian population depend. It also
yields a theoretical calculation of the genet-
ic correlations among relatives of stated
degrees of relationship. Most of Wright’s
expositions of this direct use of path co-
efficients are heavily mathematical;® an ele-
mentary treatment is given in the text by
Li®

Apart from a few examples in Wright’s
own work, little use has been made of path
coefficients in connection with the inverse
problem of estimating the paths which may
account for a set of observed correlations on
the assumption of a particular formal or
causal ordering of the variables involved.
Of greatest substantive interest to sociolo-

7Sewall Wright, “The Method of Path Co-
efficients,” Annals of Mathematical Statistics, V
(September, 1934), 161-215; “The Interpretation
of Multivariate Systems,” in O. Kempthorne et al.
(eds.), Statistics and Mathematics in Biology
(Ames: Towa State College Press, 1954), chap. ii;
“Path Coefficients and Path Regressions: Alter-
native or Complementary Concepts?” Biometrics,
XVI (June, 1960), 189-202.

8 Sewall Wright, “The Genetical Structure of
Populations,” Annals of Eugenics, XV (March,
1951), 323-54.

® C. C. Li, Population Genetics (Chicago: Uni-
versity of Chicago Press, 1955), chap. xii-xiv. See
also C. C. Li, “The Concept of Path Coefficient
and Its Impact on Population Genetics,” Bio-
metrics, XII (June, 1956), 190-210.

gists may be an example relating to heredi-
ty and environment in the determination of
intelligence.l® Another highly suggestive
study was a pioneer but neglected exercise
in econometrics concerning prices and pro-
duction of corn and hogs.! Although the
subject matter is remote from sociological
concerns, examples from studies in animal
biology are instructive on methodological
grounds.'? If research workers have been
slow to follow Wright’s lead, the statisti-
cians have done little better. There are only
a few expositions in the statistical litera-
ture,’® some of which raise questions to
which Wright has replied.!*

PATH DIAGRAMS AND THE
BASIC THEOREM

We are concerned with linear, additive,
asymmetric relationships among a set of

10 Sewall Wright, “Statistical Methods in Biol-
ogy,” Journal of the American Statistical Associa-
tion, XXVI (March, 1931, suppl.), 155-63.

1 Sewall Wright, Corn and Hog Correlations,
U.S. Department of Agriculture Bulletin '1300
(Washington: Government Printing Office, 1925) ;
also, “The Method of Path Coefficients,” pp. 192—
204,

12 Sewall Wright, “The Genetics of Vital Char-
acters of the Guinea Pig,” Journal of Cellular and
Comparative Physiology, LVI (suppl. 1, Novem-
ber, 1960), 123-51; F. A. Davidson et al., “Factors
Influencing the Upstream Migration of the Pink
Salmon (Oncorhynchus gorbuscha),” Ecology,
XXIV (April, 1943), 149-68.

18 J, W. Tukey, “Causation, Regression and Path
Analysis,” in O. Kempthorne et al., 0p. cit., chap.
iii; Oscar Kempthorne, An Introduction to Genetic
Statistics (New York: John Wiley & Sons, 1957),
chap. xiv; Malcolm E. Turner and Charles D.
Stevens, “The Regression Analysis of Causal
Paths,” Biometrics, XV (June, 1959), 236-58;
Eleanor D. Campbell, Malcolm E. Turner, and
Mary Frances Wright, with the editorial collabo-
ration of Charles D. Stevens, 4 Handbook of Path
Regression Analysis, Part I: Estimators for Simple
Completely Identified Systems (Preliminary Ed.;
Richmond: Medical College of Virginia, Depart-
ment of Biophysics and Biometry, 1960); Henri
Louis Le Roy, Statistische Methoden der Popula-
tionsgenetik (Basel: Birkhduser, 1960), chap. i;
P. A. P. Moran, “Path Coefficients Reconsidered,”
Australian Journal of Statistics, III (November,
1961), 87-93.

1 «paths Coefficients and Path Regressions.”
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variables which are conceived as being
measurable on an interval scale, although
some of them may not actually be measured
or may even be purely hypothetical—for
example, the “true” variables in measure-
ment theory or the ‘“factors” in factor
analysis. In such a system, certain of the
variables are represented to be dependent
on others as linear functions. The remain-
ing variables are assumed, for the analysis
at hand, to be given. They may be corre-
lated among themselves, but the explana-
tion of their intercorrelation is not taken
as problematical. Each “dependent” vari-
able must be regarded explicitly as com-
pletely determined by some combination of
variables in the system. In problems where
complete determination by measured vari-
ables does not hold, a residual variable un-
correlated with other determining variables
must be introduced.

Although it is not intrinsic to the method,
the diagrammatic representation of such a
system is of great value in thinking about
its properties. A word of caution is neces-
sary, however. Causal diagrams are appear-
ing with increasing frequency in sociologi-
cal publications. Most often, these have
some kind of pictorial or mnemonic func-
tion without being isomorphic with the al-
gebraic and statistical properties of the
postulated system of variables—or, indeed,
without having a counterpart in any clearly
specified system of variables at all. Some-
times an investigator will post values of
zero order or partial correlations, associa-
tion coefficients, or other indications of the
“strength” of relationship on such a dia-
gram, without following any clearly defined
and logically justified rules for entering
such quantities into the analysis and its
diagrammatic representation. In Blalock’s
work, by contrast, diagrams are employed
in accordance with explicit rules for the
representation of a system of equations. In
general, however, he limits himself to the
indication of the sign (positive or negative)
of postulated or inferred direct relation-
ships. In at least one instance!® he inserts

8 Blalock, op. cit., p. 77.

zero-order correlations into a diagram
which looks very much like a causal dia-
gram, although it is not intended to be
such. This misleading practice should not
be encouraged.

In path diagrams, we use one-way arrows
leading from each determining variable to
each variable dependent on it. Unanalyzed
correlations between variables not depend-
ent upon others in the system are shown
by two-headed arrows, and the connecting
line is drawn curved, rather than straight,
to call attention to its distinction from the
paths relating dependent to determining
variables. The quantities entered on the
diagram are symbolic or numerical values
of path coeflicients, or, in the case of the
bidirectional correlations, the simple cor-
relation coefficients.

Several of the properties of a path dia-
gram are illustrated in Figure 1. The orig-
inal data, in the form of ten zero-order
correlations, are from Turner’s study of
determinants of aspirations.!® The author
does not provide a completely unequivocal
formulation of the entire causal model
shown here, but Figure 1 appears to cor-
respond to the model that he quite tenta-
tively proposes. At one point he states,
“background affects ambition and ambition
affects both IQ and class values; in addi-
tion . . . there is a lesser influence directly
from background to class values, directly
from background to IQ, and directly be-
tween IQ and class values.”!? Elsewhere,!8
he indicates that school rating operates in
much the same fashion as (family) back-
ground. As for the relationship between the
two, Turner notes, on the one hand, that
“families may choose their place of resi-
dence,” but also that “by introducing
neighborhood, we may only be measuring
family background more precisely.”?
Hence, it seems that there is no firm as-
sumption about the causal ordering within

3¢ Ralph H. Turner, The Social Context of Am-
bition (San Francisco: Chandler Publishing Co.,
1964), pp. 49 and 52, Tables 11, 17, and 20.

¥ Ibid., p. 107.

8 Ibid., pp. 54-61. * Ibid., p. 61.
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this pair of variables; but since these two
precede the remaining ones, it suffices to
represent the link between X; and X, as
merely a bidirectional correlation.
Allowing Turner to take responsibility
for the causal ordering of the variables
(assuming his statements are understood
correctly) and deferring the question of
how the path coefficients were estimated, let

Background 21

Index: X1

46

Xs= paXot paXi+ psuRu,
Xi=pusXs+ peXot puXi1+ puRe, (1)

Xs= pssXat pssXs+ pseXot psi X1
+ Pt’)wa .

The use of the symbol p for the path co-
efficient is perhaps obvious. Note that the
order of the subscripts is significant, the

R
u

Ambition
Index: X

3

Ry

Class Values

Index: X5
12
School Socio- Intelligence
economic Rating: X2 = y | Quotient: X4

///é;
R/

Fic. 1.—Causal model from Turner, 0p. cit., with path coefficients estimated for male sample

us see what the system represented by
Figure 1 is like. Each variable is taken to
be in standard form; that is, if V; is the ith
variable as measured, then X; = (V;—
Vi) /oy,. The same convention holds for
the residuals, R,, R,, and R,, to which a
literal subscript is attached to indicate that
these variables are not directly measured.
The system represented in Figure 1 can
now be written:

convention being the same as that used
for regression coefficients: the first subscript
identifies the dependent variable, the second
the variable whose direct effect on the de-
pendent variable is measured by the path
coefficient. The order of subscripts is im-
material for correlations. But note that
while 742 = 724 and 742123 = 724.123, Paz 7=
pos; indeed pae and pos would never appear
in the same system, given the restriction to
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recursive systems mentioned subsequently.
Contrary to the practice in the case of par-
tial regression and correlation coefficients,
symbols for paths carry no secondary sub-
scripts to identify the other variables as-
sumed to affect the dependent variable.
These will ordinarily be evident from the
diagram or the equation system.

In one respect, the equation system (1)
is less explicit than the diagram because the
latter indicates what assumptions are made
about residual factors. Each such factor is
assumed by definition to be uncorrelated
with any of the immediate determinants of
the dependent variable to which it pertains.
In Figure 1, the residuals are also uncorre-
lated with each other, as in the Simon-
Blalock development.?® We shall see later,
however, that there are uses for models in
which some residuals are intercorrelated,
or in which a residual is correlated with
variables antecedent to, but not immediate
determinants of, the particular dependent
variable to which it is attached. Where the
assumption of uncorrelated residuals is

made, deductions reached by the Simon-

Blalock technique of expanding the product
of two error variables agree with the results
obtained by the formulas mentioned below,
although path analysis involves relatively
little use of the partial correlations which
are a feature of their technique.

Equation system (1), as Blalock points
out, is a recursive system. This discussion
explicitly excludes non-recursive systems,
involving instantaneous reciprocal action of
variables, although Wright has indicated
ways of handling them in a path frame-
work.?! Thus we shall not consider dia-
grams showing a direct or indirect feedback
loop.

The principle that follows from equa-
tions in the form of (1) is that the correla-
tion between any pair of variables can be

2 Blalock, 0p. cit.,, p. 64; Boudon, o0p. cit., p.
369.

# Sewall Wright, “The Treatment of Reciprocal
Interaction, with or without Lag, in Path Anal-
ysis,” Biometrics, XVI (September, 1960), 423-45.

written in terms of the paths leading from
common antecedent variables. Consider

735 Since X3 = (Vs— V3) /o3 and X
= (Vs—V;5) /oswehave rg5 =2 (V3 —V3)
X (V5—Vs)/N0305=2X3X5/N.

We may expand this expression in either of
two ways by substituting from (1) the ex-
pression for X3 or the one for X;. It is
more convenient to expand the variable
which appears later in the causal sequence:

7’35=2X3X5/N

= ‘]lv 2X3(psaX s+ pssX s+ pseXo
+ 51 X1+ pswRo)
= psatsst Pss+ Pse?2s+ Psi71s,

making use of the fact that EX3X3/N =1
and the assumption that 73, == 0, since X3
is a factor of X;5. But the correlations on
the right-hand side of (2) can be further
analyzed by the same procedure; for ex-
ample,

(2)

7’34=“1]\72X3X4=%2X3(P43X3
F ppXoF puXi+ puRs) (3)
= pi+ perit+ puris,

and

”32=%7‘2X2X3=%2X2(1732X2
F puX 1+ psuRu) (4)
= P2+ Par”12 .

Note that 712, assumed as a datum, cannot
be further analyzed as long as we retain the
particular diagram of Figure 1.

These manipulations illustrate the basic
theorem of path analysis, which may be
written in the general form:

Tij = 2 :Piqriq’

q

(5)

where ¢ and j denote two variables in the
system and the index ¢ runs over all vari-
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ables from which paths lead directly to X;.
Alternatively, we may expand (5) by suc-
cessive applications of the formula itself to
the 7j,. Thus, from (2), (3), (4), and a
similar expansion of 713, we obtain

753 = Psst parpart psaruapa+ Prapa
+ prar1apat PP aps
+ Paparnpat psupas
+ psspapaariet pupapa .

Such expressions can be read directly from
the diagram according to the following rule.
Read back from variable i, then forward to
variable j, forming the product of all paths
along the traverse; then sum these products
for all possible traverses. The same variable
cannot be intersected more than once in a
single traverse. In no case can one trace
back having once started forward. The bi-
directional correlation is used in tracing
either forward or back, but if more than
one bidirectional correlation appears in the
diagram, only one can be used in a single
traverse. The resulting expression, such as
(6), may consist of a single direct path
plus the sum of several compound paths
representing all the indirect connections
allowed by the diagram. The general formu-
la (5) is likely to be the more useful in
algebraic manipulation and calculation, the
expansion on the pattern of (6) in appre-
ciating the properties of the causal scheme.
It is safer to depend on the algebra than on
the verbal algorithm, at least until one has
mastered the art of reading path diagrams.

An important special case of (5) is the
formula for complete determination of X,
obtained by setting i = j:

Tie = 1 = E :Piqriqi
q

or, upon eXpanSiOn,
2
Ti = Z pigt2 E DigTag'Pigs (8)
q [

where the range of ¢ and ¢’ (¢’ > ¢) in-
cludes all variables, measured and unmeas-

(6)

(7)

ured. A major use for (8) is the calculation
of the residual path. Thus we obtain ps, in
the system (1) from

ph=1 —?32_1731—2?327’12?31 . (9)

The causal model shown in Figure 1
represents a special case of path analysis:
one in which there are no unmeasured vari-
ables (other than residual factors), the
residuals are uncorrelated, and each of the
dependent variables is directly related to all
the variables preceding it in the assumed
causal sequence. In this case, path analysis
amounts to a sequence of conventional re-
gression analyses, and the basic theorem
(5) becomes merely a compact statement of
the normal equations of regression theory
for variables in standard form. The path
coefficients are then nothing other than the
“beta coefficients” in a regression setup,
and the usual apparatus for regression cal-
culations may be employed.2?2 Thus, the
paths in Figure 1 are obtained from the re-
gression of X3 on X, and X, setting psp =
Bsz2.1 and ps; = PBs1.2; the regression of X,
on X3, X,, and X, setting pss = Bas.12,
P12 = Paz.13, and Py = Pa1.23; and the re-
gression of X5 on the other four variables,
setting pss = Bssa.128, P53 = Bss.124, and so
on. Following the computing routine which
inverts the matrix of intercorrelations of the
independent variables, one obtains auto-
matically the standard errors of the 8 co-
efficients (or d*-coefficients, in the notation
of Walker and Lev). In the present prob-
lem, with sample size exceeding 1,000, the
standard errors are small, varying between
.027 and .032. All the B’s are at least twice
their standard errors and thus statistically
significant.

In problems of this kind, Blalock?? has
been preoccupied with the question of
whether one or more path coefficients may
be deleted without loss of information. As
compared with his rather tedious search

2 Helen M. Walker and Joseph Lev, Statistical
Inference (New York: Holt, Rinehart & Winston,
1953), chap. xiii.

#0p. cit., chap. iii.
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procedure, the procedure followed here
seems more straightforward. Had some of
the B’s turned out both non-significant and
negligible in magnitude, one could have
erased the corresponding paths from the
diagram and run the regressions over, re-
taining only those independent variables
found to be statistically and substantively
significant.

As statistical techniques, therefore,
neither path analysis nor the Blalock-
Simon procedure adds anything to conven-
tional regression analysis as applied re-
cursively to generate a system of equations,
rather than a single equation. As a pattern
of interpretation, however, path analysis is
invaluable in making explicit the rationale
for a set of regression calculations. One may
not be wholly satisfied, for example, with
the theoretical assumptions underlying the
causal interpretation of Turner’s data pro-
vided by Figure 1, and perhaps Turner him-
self would not be prepared to defend it in
detail. The point is, however, that any
causal interpretation of these data must
rest on assumptions—at a minimum, the
assumption as to ordering of the variables,
but also assumptions about the unmeasured
variables here represented as uncorrelated
residual factors.?* The great merit of the
path scheme, then, is that it makes the
assumptions explicit and tends to force the
discussion to be at least internally con-
sistent, so that mutually incompatible as-
sumptions are not introduced surreptitiously
into different parts of an argument extend-
ing over scores of pages. With the causal
scheme made explicit, moreover, it is in a
form that enables criticism to be sharply
focused and hence potentially relevant not
only to the interpretation at hand but also,
perchance, to the conduct of future inquiry.

Another useful contribution of path anal-
ysis, even in the conventional regression
framework, is that it provides a calculus for
indirect effects, when the basic equations
are expanded along the lines of (6). It is
evident from the regression coefficients, for

* Ibid., pp. 46-47.

example, that the direct effect of school on
class values is greater than that of back-
ground, but the opposite is true of the in-
direct effects. The pattern of indirect effects
is hardly obvious without the aid of an ex-
plicit representation of the causal scheme.
If one wishes a single summary measure of
indirect effect, however, it is obtained as
follows: indirect effect of X2 on X5 = 752
— P52 = .28 — .15 = .13; similarly, indi-
rect effect of X; is 751 — P51 — .24 — .06
= .18. These summations of indirect effects
include, in each case, the effects of one
variable via its correlation with the other;
hence the two are not additive. Without
commenting further on the substantive im-
plications of the direct and indirect effects
suggested by Turner’s material, it may
simply be noted that the investigator will
usually want to scrutinize them carefully
in terms of his theory.

DECOMPOSITION OF A DEPENDENT VARIABLE

Many of the variables studied in social
research are (or may be regarded as) com-
posite. Thus, population growth is the sum
of natural increase and net migration; each
of the latter may be further decomposed,
natural increase being births minus deaths
and net migration the difference between
in- and out-migration. Where such a de-
composition is available, it is of interest (1)
to compute the relative contributions of the
components to variation in the composite
variable and (2) to ascertain how causes
affecting the composite variable are trans-
mitted via the respective components.

An example taken from work of Wins-
borough?? illustrates the case of a variable
with multiplicative components, rendered
additive by taking logarithms. Studying
variation in population density over the
seventy-four community areas (omitting
the central business district) of Chicago in
1940, Winsborough noted that density, de-

% Hal H. Winshorough, “City Growth and City
Structure,” Journal of Regional Science, IV (Win-
ter, 1962), 35-49.
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fined as the ratio of population to area, can
be written:

Population _ Population
Area  Dwelling Units

Structures
Area

Dwelling Units
Structures

Let Vo =—1log (Population/Area), V; =
log (Population/Dwelling Units), Vo=
log (Dwelling Units/Structures), and Vs =
log (Structures/Area); then

Vo =V1+V2+V3 .

The intercorrelations of the components,
shown in Table 1, are used to complete the
diagram, Figure 2, a. The correlations of
the dependent variable with its components
may now be computed from the basic
theorem, equation (5).

To1 = por+ poariz+ posris= —.419;
ro2= poi71z+ po2+ posras= .636;
703= pou?13+ poe?as+ pos=  .923.

The analysis has not only turned up a clear
ordering of the three components in terms
of relative importance, as given by the path

and

TABLE 1

CORRELATION MATRIX FOR LOGARITHMS OF DENSITY AND ITS COMPONENTS AND
Two INDEPENDENT VARIABLES: CHICAGO COMMUNITY AREAS, 1940

Variable X1 Xa X3 w 4
Xodensity (Iog).....coovvvinviiinann —.419 .636 .923 —.663 —.390
X persons per dwelling unit (log)......[........... —.625 —.315 .296 .099
X dwelling units per structure (log)....|.........ou]ieieiant. .305 —.594 —.466
X structures per acre (108) . .....vvvvvifoeeininei i —.517 —.226
W distance from center. ......oovvveeefieneeni] o] .549
Zrecency of growth. . ... ol

Source: Winsborough, 0p. ¢it., and unpublished data kindly supplied by the author.

If each variable is expressed in standard
form, we obtain,

Vo—Vo=V1—V1.y_1+V2~T72.Q

ao /41 ao g2 g0 _
_|_VL—_V_3.£§’
o3 g0
or
Xo=puX1+ poaXo+ posXs,
where Xo, . . . , X3 are the variables in

standard form and po1, poz, pos are the path
coefficients involved in the determination of
Xo by X1, X5, and X;. Observe that the
path coefficients can be computed in this
kind of problem, where complete deter-
mination by measured variables holds as a
consequence of definitions, without prior
calculation of correlations: 28

Por = 0’1/0’0=.132 go=.491 o;=.065
0’2=.230
0’3=.403.

P02= 0’2/0’0 = .468
P03= 03/0'0 = .821

coefficients, it has also shown that one of
the components is actually correlated nega-
tively with the composite variable, owing to
its negative correlations with the other two
components.

Winsborough considered two independent
variables as factors producing variation in
density: distance from the city center and
recency of growth (percentage of dwelling
units built in 1920 or later). The diagram
can be elaborated to indicate how these
factors operate via the components of log
density (see Fig. 2, b).

The first step is to compute the path co-
efficients for the relationships of each
component to the two independent vari-
ables. (The requisite information is given
in Table 1.) For example, the equations,

rw= pw+ p1z7 2w,

r1z = pw? zw+ Pz,

% Based on data kindly supplied by Wins-
borough.
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may be used to solve for p15 and piw. (This
is, of course, equivalent to computing the
multiple regression of X; on W and Z, with
all variables in standard form.) Substan-
tively, it is interesting that distance, W, has
somewhat larger effects on each component
of density than does recency of growth, Z,
while the pattern of signs of the path coeffi-
cients is different for W and Z.

Persons per
Dwelling Unit
(log): Xl

.132

-.625

Dwelling Units
per Structure
(log): X2

-.315

.821

.305

Structures per

Acre (log): X3

Distance
from
Center: W

.549

Recency

of N
Growth: Z | .083 @*W\R

The two independent variables by no
means account for all the variation in any
of the components, as may be seen {from the
size of the residuals, p14, p2», and po,, these
being computed from the formula (7) for
complete determination. It is possible,
nevertheless, for the independent variables
to account for the intercorrelations of the
components and, ideally, one would like to

(a)

Density

(log): XO

(v)

.132

.014
(o

F16. 2.—a, decomposition of log density (X,) into components; b, effects of distance and recency of
growth on log density via components. (Source: Winsborough, 0p. cit., and unpublished calculations kind-

ly supplied by the author.)
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discover independent variables which would
do just that. The relevant calculations con-
cern the correlations between residuals.
These are obtained from the basic theorem,
equation (5), by writing, for example,

793= powTswt Paz73z -+ PavPscTec,

which may be solved for 7,, = .014. In this
setup, the correlations between residuals are
merely the conventional second-order par-
tial correlations; thus 74 = 712wz, *oo =
t13.wz, and 7y, = 723.wz. Partial correla-
tions, which otherwise have little utility in
path analysis, turn out to be appropriate
when the question at issue is whether a set
of independent variables ‘explains” the
correlation between two dependent vari-
ables. In the present example, while 793 =
.305, we find 7y, = 723.wz = .014. Thus the
correlation between the logarithms of dwell-
ing units per structure (X3) and structures
per acre (X3) is satisfactorily explained by
the respective relationships of these two
components to distance and recency of
growth. The same is not true of the cor-
relations involving persons per dwelling
unit (X,), but fortunately this is by far
the least important component of density.

Although the correlations between resid-
uals are required to complete the diagram
and, in a sense, to evaluate the adequacy
of the explanatory variables, they do not
enter as such into the calculations bearing
upon the final question: How are the effects
of the independent variables transmitted
to the dependent variable via its com-
ponents? The most compact answer to this
question is given by the equations,

row = puriw+ poa?aw + Pos”sw

= .039 — .278 — .424 = — 663,
and

10z = puriz+ poe?2z -+ pos?sz
= ,013 — .218 — .185 = —.391,

Density is negatively related to both dis-
tance and recency of growth, but the effects

transmitted via the first component of dens-
ity are positive (albeit quite small). Dis-
tance diminishes density primarily via its
intermediate effect on structures per acre
(X3), secondarily via dwelling units per
structure (X2). The comparison is reversed
for recency of growth, the less important of
the two factors. More detailed interpreta-
tions can be obtained, as explained earlier,
by expanding the correlations 71w, 7ow, etc.,
using the basic theorem (5). For further
substantive interpretation, the reader is re-
ferred to the source publication, which also
offers an alternative derivation of the com-
pound paths.

The density problem may well exemplify
a general strategy too seldom employed in
research: breaking a complex variable down
into its components before initiating a
search for its causes. One egregious error
must, however, be avoided: that of treating
components and causes on the same footing.
By this route, one can arrive at the mean-
ingless result that net migration is a more
important “cause” of population growth
than is change in manufacturing output.
One must take strong exception to a causal
scheme constructed on the premise, “If
both demographic and economic variables
help explain metropolitan growth, then we
may gain understanding of growth processes
by lumping the two together.”?” On the
contrary, “understanding” would seem to
require a clear distinction between demo-
graphic components of growth and eco-
nomic ceuses which may affect growth via
one or another of its components.

A CHAIN MODEL

Data reported by Hodge, Siegel, and
Rossi?® seem to fit well the model of a
simple causal chain (see Fig. 3, a). These

# George L. Wilber, “Growth of Metropolitan
Areas in the South,” Social Forces, XLII (May,
1964), 491.

% Robert W. Hodge, Paul M. Siegel, and Peter
H. Rossi, “Occupational Prestige in the United
States, 1925-1963,” American Journal of Sociology,
LXX (November, 1964), 286-302.
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authors give correlations between the occu-
pational prestige ratings of four studies
completed at widely separated dates:
Counts (1925), Smith (1940), National
Opinion Research Center (1947), and
NORC replication (1963). In a simple
causal chain, the correlations between tem-
porally adjacent variables are the path co-

differences from the inferred values in pa-
rentheses) are ryg = .971 (—.001), ryo =
934 (—.008), and rx¢ = .955 (.004). Ac-
ceptance of this causal chain model is con-
sistent with the conclusion of Hodge et al.
that the amount of change in the relative
positions of occupations in a prestige hier-
archy is a direct function of elapsed time.

(a)
in \389 \141
c 968 % 982 % 990 .
-.0879

(6]

Fic. 3.—Causal chain: g, correlations taken from Hodge e¢ al., 0p. cit. (C = Counts, 1925; S — Smith,
1940; X = NORGC, 1947; ¥ = NORC, 1963) ; b, intercorrelations of residuals implied by acceptance of

chain hypothesis for the data in a.

efficients (this is an immediate consequence
of the definition of path coefficient). Using
these three correlations as reported by
Hodge et al., we may infer that the correla-
tion between NORC (1963) and Smith is
(.990) (.982) = .972; between NORC
(1963) and Counts is (.990) (.982) (.968)
=.942; and between NORC (1947) and
Counts is (.982)(.968) = .951. The ob-
served values of these correlations (with

Although the discrepancies between in-
ferred and observed correlations seem triv-
ial, it is worth noting that acceptance of
the estimates shown in Figure 3, @, along
with the assumption of a simple causal
chain, requires us to postulate a complex
pattern of correlations (most of them negli-
gible in size) among the residuals or errors.
This pattern is shown in Figure 3, 4. In
obtaining this solution, we assume that
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each residual is uncorrelated with the im-
mediately preceding variable in the chain
but not necessarily with variables two or
more links behind it. In the present ex-
ample, then, the crucial assumptions are
that 7py =rwx = 0. We can then, using
equation (5) or the verbal algorithm, write
the number of equations required to solve
for the quantities to be entered on the
diagram (for convenience, lower-case let-
ters designate paths):

ryx=a=.990 ,
rxs=b=.982,
rsc=c=.968,

ryy=1=a%+w?,
fXX=1=b2+1)2 3

res=1=c24+u", (11)

rx¢=.955=bc+vryc,
rye=.934=abctavryc+wrew,
rys=.971=ab+tcwr cwt+uwrow,
rvs=0=uryytcrev,
rwx=0=vryp+brsw

(where rsw=c rcw+urow).

In general, if we are considering a &-vari-
able causal chain, we shall have to estimate
%k — 1 residual paths, (k—1)(k—2)/2
correlations between residuals, £ — 1 paths
for the links in the chain, and £ — 2 cor-
relations between the initial variable and
residuals 2, 3, ..., & in the chain. This is
a total of (%% - 3% — 6) /2 quantities to be
estimated. We shall have at our disposal
k(k —1)/2 equations expressing known
correlations in terms of paths, 2 — 1 equa-
tions of complete determination (for all
variables in the chain except the initial
one), and % — 2 equations in which the
correlation of a residual with the immedi-
ately preceding variable in the chain is set
equal to zero. This amounts to (%% - 3%
— 6)/2 equations, exactly the number re-

quired for a solution. The solution may, of
course, include meaningless results (e.g.,
7 > 1.0), or results that strain one’s credu-
lity. In this event, the chain hypothesis had
best be abandoned or the estimated paths
modified.

In the present illustration, the results
are plausible enough. Both the Counts and
the Smith studies differed from the two
NORC studies and from each other in their
techniques of rating and sampling. A fur-
ther complication is that the studies used
different lists of occupations, and the ob-
served correlations are based on differing
numbers of occupations. There is ample
opportunity, therefore, for correlations of
errors to turn up in a variety of patterns,
even though the chain hypothesis may be
basically sound. We should observe, too,
that the residual factors here include not
only extrinsic disturbances but also real
though temporary fluctuations in prestige,
if there be such.

What should one say, substantively, on
the basis of such an analysis of the prestige
ratings? Certainly, the temporal ordering of
the variables is unambiguous. But whether
one wants to assert that an aspect of social
structure (prestige hierarchy) at one date
“causes” its counterpart at a later date is
perhaps questionable. The data suggest
there is a high order of persistence over
time, coupled with a detectable, if rather
glacial, drift in the structure. The calcula-
tion of numerical values for the model
hardly resolves the question of ultimate
“reasons” for either the pattern of persist-
ence or the tempo of change. These are,
instead, questions raised by the model in a
clear way for further discussion and, per-
haps, investigation.

THE SYNTHETIC COHORT AS A PATTERN
OF INTERPRETATION

Although, as the example from Turner
indicates, it is often difficult in sociological
analysis to find unequivocal bases for causal
ordering, there is one happy exception to
this awkward state of affairs. In the life
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cycles of individuals and families, certain
events and decisions commonly if not uni-
versally precede others. Despite the well-
known fallibility of retrospective data, the
investigator is not at the mercy of respond-
ents’ recall in deciding to accept the com-
pletion of schooling as an antecedent to the
pursuit of an occupational career (excep-
tions granted) or in assuming that marriage
precedes divorce. Some observations, more-
over, may be made and recorded in tem-
poral sequence, so that the status observed
at the termination of a period of observa-
tion may logically be taken to depend on
the initial status (among other things).
Path analysis may well prove to be most
useful to sociologists studying actual his-

torical processes from records and reports
of the experience of real cohorts whose ex-
periences are traced over time, such as a
student population followed by the investi-
gator through the first stages of post-gradu-
ation achievement.??

The final example, however, concerns not
real cohorts but the usefulness of a hypo-
ethical synthesis of data from several co-
horts. As demographers have learned, syn-
thetic cohort analysis incurs some specific
hazards;3® yet the technique has proved

#® For example, Bruce K. Eckland, “Academic
Ability, Higher Education, and Occupational
Mobility,” American Sociological Review, XXX
(October, 1965), 735-46.

#Pp, K. Whelpton, “Reproduction Rates Ad-
justed for Age, Parity, Fecundity, and Marriage,”

F1c. 4—Respondent’s occupational status (¥) at successive ages, in relation to father’s occupational
status (X) and respondent’s educational attainment (U). Occupational status at age 25-34 = ¥,; at 35~
44 = V,; at 45-54 = Vs; at 55-64 = V4. (Source: Duncan and Hodge, 0p. cit., and unpublished calcu-

lations kindly supplied by the authors.)
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invaluable for heuristic purposes. Pending
the execution of full-blown longitudinal
studies on real cohorts, the synthetic cohort
is, at least, a way of making explicit one’s
hypotheses about the sequential determina-
tion of experiences cumulating over the life
cycle3t

In a study of the social mobility of a
sample of Chicago white men with non-
farm backgrounds surveyed in 1951, Dun-
can and Hodge,® used data on father’s
occupational status, respondent’s educa-
tional attainment, and respondent’s occu-
pational status in 1940 and 1950 for four
cohorts: men 25-34, 3544, 45-54, and 55—
64 years old on the survey date. Their main
results, somewhat awkwardly presented in
the source publication, are compactly sum-
marized by the first four diagrams in Figure
4, (The superfluous squared term in their
equations has been eliminated in the pres-
ent calculations. The amount of curvilin-
earity was found to be trivial, and curvi-
linear relations cannot be fitted directly
into a causal chain by the procedure em-
ployed here.)

These data involve partial records of the
occupational careers of the four cohorts
and thus depict only segments of a continu-
ous life history. In the original analysis, it
was possible to gain some insights from
the interperiod and intercohort compari-
sons on which that analysis was focused.
Here, attention is given to a different use
of the same information. Suppose we
thought of the four sets of data as pertain-
ing to a single cohort, studied at four suc-
cessive points in time, at decade intervals.
Then, all the data should fit into a single
causal or processual sequence.

Journal of the American Statistical Association,
XLI (December, 1946), 501-16.

8 See, for example, A. J. Jaffe and R. O. Carle-
ton, Occupational Mobility in the United States:
1930-1960 (New York: King’s Crown Press, 1954),
p. 53 (n. 6) and Table 13.

% Otis Dudley Duncan and Robert W. Hodge,
“Education and Occupational Mobility,” American
Journal of Sociology, LXVIII (May, 1963), 629~
44.

It is obvious that one cannot achieve per-
fect consistency on this point of view. The
initial correlation, ryx, varies among co-
horts, for example. Moreover, age-constant
intercohort comparisons of the other cor-
relations (the V’s with X and U) suggest
that some variations result from genuine
differences between the conditions of 1940
and 1950. But if one is willing to suppress
this information for the sake of a necessar-
ily hypothetical synthesis, it is possible to
put all the data together in a single model
of occupational careers as influenced by
socioeconomic origins.

The four correlations ryx were averaged.
The remaining correlations for adjacent co-
horts were likewise averaged; for example,
71y based on 1950 data for men 25-34
years old was averaged with 7,y based on
1940 data for men 35-44 in 1951, and so
on. Only 74x, 74y, and the three intertem-
poral correlations, 721, 732, and 743, had to
be based on the experience of just one co-
hort. (In deriving this compromise one
does, of course, lose the temporal specificity
of the data by smoothing out apparently
real historical fluctuations.) When the cor-
relations had been averaged, the results
shown in the “composite” model on the
right of Figure 4 were obtained. The esti-
mates of path coefficients here are simply
the partial regression coefficients, in stand-
ard form, of ¥; on X and U; Y2 on ¥y, X,
and U; Y3 on Y2, X, and U, and V4 on V3,
X,and U.

The results for the synthetic cohort make
explicit the following interpretations: (1)
The background factors, father’s education
(X) and respondent’s education (U), have
an important direct impact during early
stages of a cohort’s life cycle; after age 35—
44 their direct effects become small or neg-
ligible, although they exert indirect effects
via preceding achieved statuses (¥ and
V,). (2) Careers tend to stabilize after age
35-44, as indicated by the sharp rise in the
path coefficients representing persistence of
status over a decade (compare pg; with pso
and p43) and by the decreasing magnitudes
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of the residual paths from R, ..., Ry. (3)
During the life cycle, many circumstances
essentially independent of background fac-
tors affect occupational mobility, so that
achievement in the later stages of the ca-
reer becomes more and more dependent
upon intervening contingencies while con-
tinuing to reflect the indirect influence of
conditions determinate at the outset. Thus,
for example, 7,,—the correlation of occupa-
tional status at age 55-64 with residual for
age 45-54—may be computed as (.789)
(.626) —= 494, and the residual path to

TABLE 2

OBSERVED AND IMPLIED (*) CORRELATIONS
FOR SYNTHETIC COHORT MODEL OF
OCCUPATIONAL ACHIEVEMENT

VARIABLE
VARIABLE (AGE AND
OCCUPATIONAL STATUS)
Y2 Vs Y

25-34 (V). .oovnn... .552 .455* .443*
3544 (Vo). oot onnn .. 772 .690*
45-54 (Vs) . ooovvvnafenno i, .866
5564 (Va)eovevevvii]onevnnioeannoeantn

Source: Duncan and Hodge, 0p. cif., and calculations from
model in Figure 4.

Y, itself is Pyg— .479. These are com-
parable in size with the correlations r4x =
301 and r4p = .525. The residuals are, by
definition, uncorrelated with X and U and
represent, therefore, the influence of factors
quite unrelated to social origins and school-
ing. The prevailing impression that the
United States enjoys a rather “loose” strat-
ification system is thus quantified by a
model such as this one. (4) While the data
include observed interannual correlations
of occupational statuses separated by a
decade (743, 732, and 7s;), the synthetic co-
hort model also implies such correlations
for statuses separated by two or three dec-
ades. These may be computed from the
following formulas based on equation (5):

T2 = psxrox + Pasrs2+ psvrev ,
71 = paxrix + psarau+ psuriv,

= psxrix+ pusra+ pwwriv,

inserting the value of 73; obtained from the
second equation into the third. The ob-
served and implied correlations are as-
sembled in Table 2. The latter represent, in
effect, hypotheses to be checked whenever
data spanning twenty or thirty years of the
occupational experience of a cohort become
available. In the meantime, they stand as
reasonable estimates, should anyone have
use for such estimates. If forthcoming evi-
dence casts doubt on these estimates, the
model will, of course, be called into ques-
tion. It is no small virtue of a model that
it is capable of being rejected on the basis
of evidence.

This last example, since it rests on an
explicit fiction—that of a synthetic cohort
—perhaps makes clearer than previous ex-
amples the point that the role of path anal-
ysis is to render an interpretation and not
merely to provide a format for presenting
conventional calculations. In all the ex-
amples the intention has been to adhere to
the purpose of path analysis as Wright
formulated it:

. . . the method of path coefficients is not in-
tended to accomplish the impossible task of
deducing causal relations from the values of
the correlation coefficients.3% . . . The method
depends on the combination of knowledge of
the degrees of correlation among the variables
in a system with such knowledge as may be
possessed of the causal relations. In cases in
which the causal relations are uncertain, the
method can be used to find the logical conse-
quences of any particular hypothesis in regard
to them.3¢ . ., , Path analysis is an extension
of the usual verbal interpretation of statistics
not of the statistics themselves. It is usually
easy to give a plausible interpretation of any
significant statistic taken by itself. The purpose
of path analysis is to determine whether a pro-
posed set of interpretations is consistent
throughout.35

3 «The Method of Path Coefficients,” p. 193.

3 “Correlation and Causation,” Journal of Agri-
cultural Research, XX (1921), 557-85 (quotation
from p. 557).

% “The Treatment of Reciprocal Interaction,
with or without Lag, in Path Analysis,” p. 444.
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NEGLECTED TOPICS

This paper, for the lack of space and
especially for lack of “convincing” ex-
amples, could not treat several potentially
important applications of path analysis:
(1) Models incorporating feedback were
explicitly excluded. Whether our present
techniques of social measurement are ad-
equate to the development of such models
is perhaps questionable. (2) The problem
of two-wave, two-variable panel analysis,
recently discussed by Pelz and Andrews,¢
might well be formulated in terms of path
coefficients. The present writer, however,
has made little progress in attempts to
clarify the panel problem by means of path
analysis. (3) The pressing problem of the
disposition of measurement errors3” may
perhaps be advanced toward solution by
explicit representation in path diagrams.
The well-known “correction for attenua-
tion,” where measurement errors are as-
sumed to be uncorrelated, is easily derived
on this approach.®® It seems possible that
under very special conditions a solution
may also be obtained on certain assump-
tions about correlated errors. (4) Wright
has shown®? how certain ecological models

% Donald C. Pelz and Frank M. Andrews, “De-
tecting Causal Priorities in Panel Study Data,”
American Sociological Review, XXIX (December,
1964), 836-54.

¥ H., M. Blalock, Jr., “Some Implications of
Random Measurement Error for Causal Infer-
ences,” American Journal of Sociology, LXXI
(July, 1965), 37-47; Donald J. Bogue and Ed-
mund M. Murphy, “The Effect of Classification

Errors upon Statistical Inference: A Case Analysis
with Census Data,” Demography, I (1964), 42-55.

% Wright, “The Method of Path Coefficients” and
“Path Coefficients and Path Regressions.”

% «“The Treatment of Reciprocal Interaction.”

of the interaction of populations can be
stated in terms of path coefficients. The in-
verse method of using path analysis for
studies of multiple time series?® merits con-
sideration by sociologists. (5) Where the
investigation involves unmeasured vari-
ables, path analysis may be helpful in de-
ciding what deductions, if any, can be
made from the observed data. Such un-
measured variables may, in principle, be
observable; in this case, path analysis may
lead to hypotheses for testing on some
future occasion when measurements can be
made. If the unmeasured variable is a theo-
retical construct, its explicit introduction
into a path diagram*!' may well point up
the nature of rival hypotheses. Ideally,
what are sometimes called “validity co-
efficients” should appear explicitly in the
causal model so that the latter accounts for
both the “true causes” under study and the
ways in which “indicator variables” are
thought to represent “underlying vari-
ables.” A particular case is that of factor
analysis. As Wright’s work demonstrates,*?
a factor analysis is prone to yield meaning-
less results unless its execution is controlled
by explicit assumptions which reflect the
theoretical structure of the problem. An in-
doctrination in path analysis makes one
skeptical of the claim that “modern factor
analysis” allows us to leave all the work to
the computer.

UNIVERSITY OF MICHIGAN
4 Ibid.

“H. M. Blalock, Jr., “Making Causal Infer-
ences for Unmeasured Variables from Correlations
among Indicators,” American Journal of Sociology,
LXIX (July, 1963), 53-62.

4 «The Interpretation of Multivariate Systems.”
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