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Peer Influences on Aspirations: A Reinterpretation’
Otis Dudley Duncan, Archibald O. Haller, and Alejandro Portes

ABS‘I’RACT

The hypothesized influsnce of & best friend’s sducstional and oecupnﬁoml xspirations
on the formation of ego’s w and the reciprocal Influence in the opposite directon

can be represented in

and equation systems involving simultaneous or jointly

dependent variables. tandud methods of peth analysis mz be extended slong lines sug-

postulating an underlying factor,
and occupational aspirations. Homophily

with respect to

when the models are just
tion was reached with a model

Tuterpretn _
thon,” that s involved in such reciprocel influences
and accounts for the corredlations amang the

indicators, educational aspirations
charscteristics does

background
nothmy?hinhomonhﬂywhhmpecttombi&on s puth coefficient of about 0.3 runs
to respondent’s ambition, and one of equal size runs in the opposite direction,

The hypothesis that interaction with
peers influences levels of educational and
occupational aspirations of adolescents,
enunciated by Haller and Butterworth in
1960’haspmvedtobeanimngmngonc,

* to judge by the attention given it subse-

quently. Without mentioning the several
studies of “school climates,” wherein the
hypothesis is more or less assumed to be
correct in order to interpret ostensible
“school effects,” we may refer to studies
spedﬁcally directed to tests of the hypoth-
esis itself or one of several closely related
hypotheses which have also been subjected
to scrutiny.®

To summarize our present knowledge:
(1) The supposition that homophily with
respect to socioeconomic characteristion Is
generated by socioecomomic segrégation of
schoal populations was considered by
Rbhodes, Reiss, and Duncan® who were
abletoshowthatamhorpartoftbeob-

3 'This is a report from Project 5-0074 (EO-191),
“Socioeconomic Background and Occupational
Achievement: Extensions of a Basie. Model,” car-
ried out under Contract OE-5-85-072 with the US.
Office of Education. The asistance in compytation
of Ruthe C. Sweet is gratefully acknowledged.

*A. O. Haller and C. B. Buytterworth, “Peer In-
fluences on Levels of Occdpational and Educationsl]
Aspiration,” Socisl Forces, XXXVIII (May,
1960), 289-95.

served homophily is due to school segrega-
tion, the greater part to assortative choices
of friends within schools. (2) In their study,
Haller and Butterworth were concerned to
eliminate socioeconomic homophily as a .
complete explanation of similarity in aspi-
rations of friends. Hence, they considered
peer-pairs whose members were alike in so-
cial class background and with respect to

- level of parental aspiration for their sons,

as well as in measured intelligence. They
showed that a positive intraclass correla-
tion of close friends’ aspirations held with-
in such homogeneous pairs. {3) Invoking
balance theory, Alexander and Campbell

‘observed that agreement between friends”

‘®C. Norman Alexander, Jr., and Emest Q,
Campbell, “Prer Infuences on Adolescent Educa-
tional Aspirations and Attainments,” Americans So-
ciological Review, XXIX, (August, 1964), 568-75;
Ernest Q. Campbell 2nd C. Norman Alexander,
“Structural Effects and Interpersonal Reiztion-
shipa,® American Jowrnal of Sociology, LXXI
(November, 1965), 284-89; M, Richard Cramer,
“The Relationship between Educational and Oceu-
patipnal Plans of High School Students” (pre-
sented st the 1987 meeting of the Southern Socio-
logical Soclety), = .

* Albert Lewis Rhodes, Albert J, Redas, Jr., and
Otis Dudley Duncan, “Occupational Segregation
in & Metropolitan School System,” American Jour-
nal of Sociology, LXX (May, 1968), 682-94, and
LXXI (July, 196%), 131,
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plans and desires to attend college was
greater when the friendship choice was re-
ciprocated than when it was not.® (4) In a
second analysis, the same writers showed
that “structural effects’” of school socio-
economic composition were mediated by
individual status effects, in that the former
disappeared when the latter were taken in-
to account: “Given knowledge of an indi-
vidual’s immediate interpersonal influences,

the characteristics of the total collectivity

provide no additional contribution to the
prediction of his [college plans].”® (5)
While Cramer notes an appreciable frequen-
¢y of extreme incongruity between educa-
tional plans and occupational aspirations,
the correlation between the two variables is
" relatively high, and too high to be ex-
plained fully by the operation of back-
ground factors as common causes.”
That “structural effects” are no large
part of the explanation of similarity in
friends’ aspirations is easily demonstrated
by an even more straightforward method
than that used by Campbell and Alexander.
For illustration, consider the correlation of
4986 between educational plans and
friend’s plans obtained by William H.
Sewell (unpublished) for an all-Wisconsin
sample of 4,386 boys who were high school
seniors in 1957. Sewell found a correlation
of .3364 between respondent’s plans and
the percentage of students in his class plan-

ning to go to college and similarly a cor- -

relation of 3327 between friend’s plans
and percentage going. (This is formally the
same as the correlation ratio of individual
plans on schoel.) Hence, if “structural ef-
fects” explained the correlation between
friends, the latter would have been (.3364)
(.3327) == .1119, which falls short of the
observed correlation by .3867. Stated other-
wise, the average within-school correlation
between plang and friend’s plans was 4354
(closely comparable to figures cited below
for boys in a single school district).

¥ Alexander and Campbell, 0p. cit,
* Camphbell and Alexander, op. cit., p. 288.
T Cramer, op. cit.
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The evidence is clear, therefore, that nei-
ther status homophily nor similarity in as-
pirations of friends is close to being ade-
quately explained by school “structural
effects” or school segregation. Yet the latter
factors are important enough that they must
be taken into account in estimating the
impact of peer interaction on the formation
of aspirations, By limiting the inguiry to
a single school (or, alternatively, by look-
ing at average within-school relationships),
one can eliminate these factors from the’
analysis,

There remains the question of how to
estimate the magnitude of peer infiuence, a
problem not tackled directly in the studies
cited, where the authors were content to
stop with the detection of significant rela- .
tionships indicating that a non-spurious
carrelation between aspirations {or plans)
and friend’s aspirations actually exists. The
estimation (as distinct from detection) of
such effects appears to be a particular in-
stance of a generic problem for which ex-
plicit explanatory models have not yet been
proposed. The purpose of this report is to
suggest the possibilities in one kind of
model. The purpose is realized with a pres-
entation of some possible reinterpretations
of the data originally collected and- ana-
Iyzed by Haller and Butterworth in the
paper already cited.

DA'.I.'A

'I‘he original sample consisted of all sev-
enteen-year-old boys in school in Lenawee
County (Michigan) during the spring of
1957, interviews and test data being se-
cured for 442 persons., For 329 of these
boys, data were included in the same sam-
ple for at least one person listed as a best
friend, Whether the friendship was recip-

rocated is not considered in this analysis.

Some of the friends are, of course, included
among the 329 respondents identified by
this procedure, but others are not. It is im-
portant to note that the data on gocial and
psychological characteristics as well as as-
pirations were obtained directly from the



PEER INFLUENCES ON ASPIRATIONS 121

friend and not via the respondent’s report
on his friend.

The five variables to be considered are
briefly enumerated (for lengthier descrip-
tions, see the original publication):® Level

‘of occupational aspiration is the score on

Haller and Miller’s Occupational Aspira-
tion Scale. Level of educatiomel aspiration
i3 2 composite score based on several ques-
tions about the number of years of college
or upiversity training the respondent
planned to complete, Socioeconomic status
{SES) is measured by Sewell’s sociceco-

The intercorrelations of these variables
are presented in Table 1. For comparison,
the same table includes the correlations de-
rived from the complete data on all 442
boys. It appears that the correlations either

for friends or for respondents are fairly

representative of those obtaining within the
whole population.

MODELS

It is eésy to demonstrate that neither
sociosconomic ‘homophily nor friendship
assortment by intelligence, nor the com-

TABLE §

OBSERVED CORRELATIONS FOR 329 RESPONDENTS AND Tmm. BEST FRIENDS (ABOGVE DIAGONAL),
AND “SYNTHETIC” CORRELATIONS, INCLUDING OBSERVED CORRELATIONS
FOR 447 RESPONDENTS (BELOW DIAGONAL) ’ ]

Varisble ¥l |l |nlninu]x] x| njn
Respondent: o .
Int!:lhge.m:e .......... Xo fou... 1839 .2220f .4105| 4043 .3355| .1021| .1861; .2598] .2903
gnun' n. Xy | 16%....., L0489) 21371 2742} 0782 .1147] _0186] .0839] .1124
Farmly SES.......... X, 1 .23% .09* |...... .3240| .4047| .2302; 0031} .2707; ,2736| .3054
Occupauonnlugnrstlon Yy} 45% 22% | 37% ... 6247} . 2995| .0760( 2030 4216 .3269
BesF;:d?nuugm aspiation. | ¥y | .41% 2071 41° ] 64*1...... .2863| 07021 .2407| ,3275| .3669
en - : :
Inteligence. . ........ Xl saloo |t f2al ... 2087 .2050| 5007 5191
Parental ion....| X, 1 .09 .11 | .06 | .08 | .09 | .16%]...... —.0438| .1088| .2784
Family SES.......... Xy | .21 ) .06 § .27 ig 27 1.23* L 00 ). .. 3607] 4105
"33

Occupationalaspiration| ¥, | .28 | .08 | .20
Educationalaspiration.| ¥y | 129 | 09 | 127

dlu;ul a3 explained a 8

" nomic status scale, which includes items ofr

parental educational attainment as well as

- material possessions in the home. Intelli-

gence refers to raw scores on Cattell’s Test
of G Culture Free. Parental aspirations are’
indexed by a composite score from the an-
swers to questions asked about the degree
to which parents “encouraged” the respond-

ent to have high levels of achievement. The
distribution of each of these wviriables was
normalized as a preliminary step to all fur-
ther calculations, ‘

* See alao Archibald O. Haller and Trwin W, Mil-
ler, The Occupotional Aspiration Scale; Theory,
Siructure and Correlotes (Technical Bulletin 288
[East Lansing: Agricultursl Experiment Station,
Michigan State University, 1563]1).

ﬁxmmpondml mmw&m!mobwbynwu carrelntiong above

binatmn- of the two, suffices to ac_count for
the correlation between respondent’s and

. friend’s aspirations. For example, the cor-

relation between the two occupational as-
pirations is given in Table 1 as 42, In a
multiple regression of respondeént’s eccupa-
tional aspiration on friend’s occupational
aspiration, with the intelligence, parental
aspiration, and SES of both boys included
as additional independent variables, the
standardized net regression coefficient (8
coefficient) is a highly significant 26, If the
regression iz turned around, with friend's

‘aspiration as the dependent variable and

respondent’s aspiration as one of the seven
independent variables, its coefficient is .24,
While these results demonstrate that
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there is a net relationship between respond-

ent’s and friend’s aspirations with homophi-

ly taken into account, the method by
which these regression coefficients are esti-
mated is not acceptable if we postulate both
a causa! influence of friend’s on responad-
ent’s aspiration and vice verss. If friend’s
aspiration influences respondent’s, it is il-
logical to use a model in which the latter is
an explanatory variable in accounting for
the former without reckoning with the re-
ciprocal influence of the former upon the
Iatter. Given that only ¢ne observation is
made upon each aspiration, presumably at
a stage when both have become relatively

(zz

9
Fomily SES- (X)

{Friand)

(Friend)

- 37
Inteliigance (Xd)’/
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model. Qur interpretation here is presented
in the framework of path analysis, but
takes advantage of some of the approaches
developed in econometrics. The reader is
referred to a previous discussion of path
analysis in gociological research,!! with the
warning that some of the simplified algo- .
rithms for path diagrams stated there apply
only to simple recursive systems and not to
simultaneous systems. This paper, then,
affords an introduction to and illustration
of the treatment of such systems in a path’
framework. Emphasis is placed on explicit
statement of the equations and specifica- -
tions of the model and the derivations that

inteiligence (X} .29 ' .
ﬁ\ Octupational } xll

Asirgtion  (¥)
-23

Occ;lnpqtll:nqlw )
Aspiration 3
(Friend}) 2‘- X

Fi6, 1.—Mode} I

" crystallized, we must think of the two de-
pendent variables as being simultaneously
determined, each being influenced by the
other as well as by the remaining variables
in the model.

~ Some exposition of simultaneous models,
or models incorporating reciprocal influ-
ences, appears in the literature on path
analysis.® Models of this type have been ex-
,tensively considered in econometrics.® It is
" clear from the discuasion in both these con-
texts that straightforward regression of one
dependent variable upon a set of predictor
variables does not yield the proper estimate
of the effect of a variable which is simul-
taneously being determined within the

* Sewall Wright, “The Treatment of Reclprocsl
Interaction, with or without Lag, in Path Anal-
yais,” Biomstrics, XVI (September, 1960), 423-45.

may be made therefrom to secure equations
from which estimates may be calculated,

1. JYohnston, Ecomometric Methods (New
York: McGraw-Hill Book Co., 1963), chap. ix:
Arthur §. Goldberger, Econometric Theory (New
York: Yohn Wiley & Sons, 1964), chap, vii;
E. Malinvaud, Statistical Methods of Ecomomelrics
{Chicago: Rand McNally & Co., 1966), Part V;

-R. L. Basmann, “An Expository Note on Estima-

tion of Simultaneous Structural Equations,” Bio-
metrics, XV1 {September, 1960), 464-30. For »
more elementary presentation, Mordecai Frekiel
and Kaxl A, Fox, Methods of Correlation and Re-
gression Analysis (3d ed.; New York: John Wiley
& Sons, 1939), chap. xxiv. See also Everett R.
Dempster, “The Question of Stability with Positive
Feedback,” Biometrics, XVI (September 1560},
481-83.

uQOtis Dudley Duncan, “Path Analysis: Sodo-
logical Examples,” dmerican Journal of Socislogy,
LXXII (July, 1966), 1-16.
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A JUST-IDENTIFIED MODEL

Several models will be presented for di-
dactic purposes before we arrive at one that
represents a reasonably firm though tenta-
tive interpretation. Model I (Fig. 1) repre-
sents occupational aspiration as deperding
directly on intelligence, family SES, friend’s
family SES, friend’s occupational aspira-
tion, and unspecified residual factors {or
“disturbance,” in the econometrician’s par-
lance). The crucial assumption of  the
model is that occupational aspiration does
not depend directiy on friend’s intelligence.
Occupational aspiration does, however, de-
pend directly on friend’s family SES, an
assumption that seems plausible enough if
we consider the possibility that members of
the friend’s family as well as one’s own may
afford role models.

Three classes of variables are distin-
guished. The variables to the left, denoted

by X's with letter subscripts taken from the -

first part of the alphabet, are “predeter-
mined variables” with respect to this model,
(The same wvariables might, of course,
occur in a different role in some other
model.) The ¥’s, with numerical subscripts,
are the “endogenous variables,” determined
within the model, sometimes also called
“jointly. dependent vayiables,” The X’
with lstter subscripts drawn from the end
of the alphabet are “disturbances,” stang-
ing for the residue of factors imfluencing
aspiration but net explicitly measured.

The essential specification for all models
of this type is that the disturbances are un-
correlated with the predeterinined variables,
though not (of course) with the endoge-
nous variables and not necessarily with each
other. Thus re = roy = 71y = Fgy = Vo =
Fouw = 1o = 7oy = 0. (We use r,, a3 & more
economical notation for rx x,, etc.)

The intercorrelations of the predeter-
mined variables are represented by the
curved lines connecting them; similarly,
there is a correlation between the two dis-
turbances represented by a curved line.
{(The arrowheads at both ends of such
curved lines, which are conventional in path

149

diagrams, are omitted here to suggest that
one must not rely on the usual algorithm for
reading compound paths from the diagram
when the system is non-recursive.}

While the diagram, on the conventions
understood for reading it, specifies -the
mode! adequately, it is essential that the
model also be stated explicitly in equations.

Model I comprises two equations:

V1= prXe + p1cXo + Py X,
¥+ X,

and _
Y= puXa+ puX; 4+ X,
+ pu¥: + prXe-

To these equations must be attached the

{Modei I}

. earlier stipulation that disturbances are un-

correlated with predetermined variables.

To calculate estimates of the path co-
efficients, we must derive equations that
yield a solution for them. To do this, we
take advantage of the condition concerning
the zero correlation of the predetermined
varigbles and disturbances. Consider the
first equation of the Model 1. Multiply both
sides of the equation by X, sum both sides
over sample observations, and divide both
sides by N, the number of sample observa-
tions, This yields

YX. EX.X. EXX
2 Alr p +?lc
V.X
+?UEXIX +Pnz ;, *
XI G
+91-E X

Since we are dealing with standardized vari-
ables (zero mean, umit variance}, an ex-
pression like IV X,/N simplifies im--
mediately to ry, while 2X X./N = 1. Note
especially that ZX. X./N = r.. = 0, on the
specification already stated. We proceed to
multiply the first equation through by each
of the four predetermined variables and to
simplify the results as just indicated, This
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work yields the following set of four equa-
tions: ‘

715 = Pra + Prdfee + Prfas + Prafaey

Tic = Pre¥ae + Pre + Prrer + P10,

ry = Puta + prfes + pu + D1,

Ty = Pifes + Prctes + Prray + Prvvna -
Or, in matrix form,

1 fao far 7ia} [Pra '

tao 1 1y mael | Dre = e
rep o 1 il [Py riy
Tad Ted Tir Tu) LPna Tie

It will be noted that the square matrix on
the left is not symmetric, unlike the case of
the normal equations in conventioral re-
gressfon. Nevertheless, it will almost al-
ways be possible to invert this matrix (bar-
ring excessive collinearity among the pre-
determined variables) and thus to solve the
four equations for the four unknown path
coefficients, all the correlations on both the
left- and right-hand sides of the equations
being given in the data.

That we have exactly four equations to
“solve for four unknowns is essentially what
is meant by saying that the model, or, more
particularly, the relation in which ¥ figures
as the dependent variable, is “just identi-
fied.” (The same holds, in this model, for the
relation in which ¥ is the dependent vari-
.able, but it need not always be the case that
the situation in regard to identifiability is
the same with respect to all relations in the
model.) The econometricians have much
‘more elegant ways of analyzing identifiabil-
ity, but what it comes down to in cases like
the one at hand is this; ¥, depends on four
variables' explicitly (leaving aside the dis-
turbance term), and there is just the same
number of predetermined variables in the
model. If there were four explanatory vari-
ables for ¥, but fewer predetermined vari-
ables in the model, then the relation for ¥,
would be “underidentified”; that is, we
comld not derive a sufficient number of

THE AMERICAN JOURNAL OF SOCIOLOGY

equations to yield a unique solution for the
estimated paths leading to Y, (at least, not
without some alteration in the specification
of the model). On the other hand, if there
are more predetermined variables than
there are explanatory variables occurring in
the model’s equation for ¥, this relation
would be ‘“gveridentified” (examples of
overidentification are given below).

The same procedure can be followed to
secure equations from which we may solve
for the paths leading to ¥,; that is, the
second equation of the model is multiplied
through, in turn, by each of the four prede-
termined variables, and the results are sim-
plified to yield four equations in known
correlations and - four unknown path co-
efficients, '

The method just presented yields exactly
the same results as does the method of “in-
direct least squares,” which is applicable to
just-identified relations in a model, Compu-
tationally, however, it is a considerable
simplification over indirect least squares, as
has been noted in at least one textbook of
econometrics 2
- Sorae tedious but straightforward work
remains if we are to calculate residual paths
and the correlation between disturbances.
We now mualtiply through each of the
model equations by each of the endogenous
variables -and by each of the disturbance
variables. This yields eight equations, which
take the following form upon simplification;

ru = 1 = pur, + P -+ iy
+ pufria + P
ru = pure + profic + prry + fu
Pt} o
= 1= Py -+ Dityy + prtic

Tt paria -+ Pt

1 = Paria + Pty + pacric + Pu
+ Pwtiv;
fin = P + o

— PrsPrurse;
M Goldberger, op. cit., p. 348.

hence 1’ = Prtia
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Fiw = P3f1n -+ Pae; hem__:e Pal = Prfre

= PuPsntiv;
fau = Pll’lu + P&’w;
T = P17 50 F Prufum -

A convenient solution routine is to compute
P from the first equation (all other
terms in it now being known), #1.rw from
the second, pirs, from the third, and pary,
from the fourth. The values thus obtained
can be substituted into the fifth and sixth

equations to compute pi, and pow, and it is

then possible to obtain riv, rie, fau, 80d riy
by a back solution. Either of the last two
equations can then be used to obtain 7, if
both are used, one has a partlal check on the
arithmetic.

Although it is advisable to retain a gen-
erous number of decimal places in the ini-
tial correlations and all intermediate caleu-
lations, the results are not likely to be
meaningful for more. than two places; the
rounded estimates are shown in Figure 1,

Model I was also used with educational
aspiration in place of occupational aspira~
tion; that is, ¥’y replaced ¥, and ¥, replaced
¥,, with -the predetermined varigbles and
specifications remaining unchanged. For
comparison, the results are as follows;

b1 = 27, Pre= 04, P, = B4,
Pre= .26, py=.22, pu= .19
Prr =02, pu=.36, f.=—38
pu=.25, pa=.29,

where X and X, are the dlsturba.nces for
Y1 and Y, respectively. _
The two sets of results are similar in most

respects. Intelligence and family SES are

appreciable influences on aspiratior, while
the influence of friend’s family SES is bare-
ly detectable. The reciprocal paths of in-
fluence of friend’s aspiration on respond.
" ent’s aspiration, and vice versa, are around
.2 or .3, by no means a negligible value, In
both sets of results, consistent estimates
-are obtained only by acknowledging a
rather substantial negative correlation be-

tween the disturbances of the two aspira-
tion variables. If the analyst feels uncom-
fortable with the size of this correlation, as
one may well feel in the absence of any evi-
dent rationalization of it, he may be in-
clined to réject the model even though the
remaining estimates are reasonable.

Several things could be awry, Perhaps it
is mistaken to argue that friend’s intelli-
gence can have no direct influence on one’s
aspiration. (even though insertion of an
additional path for this variable in Model I
will render it underidentified). Perhaps
there is a variable {such as “ambition,” in-
troduced into- Model IV) omitted from the
model with respect to which there is pro-
nounced homophily and which is a sig-
nificant cause of aspiration. In this event,
the paths between the aspiration vanables
are probably overestimated, and the resid-
ual correlation is forced to compensate for
this, In the present state of theory in social
psychology, we are not likely to have firm
grounds for asserting the validity of a
model on grounds completely independent
of the data for a given problem. Hence, it
would seem that the best we can do is pro-
pose reasonable models, consider their
plausibility, and, where mdlcated under-
take the construction of alternative ones (or
await the work of a critic whe may do so).
Several alternatives to Model T were in fact
attempted which yielded even less satisfac-
tory results, but this does not prove that
still another alternative could not be plau-
sibly proposed.

' AN OVERIDENTIFIED MODEL

One such alternative is instructive, both
as an example of estimation procedure when
one is confronted with overidentification
and as an indication of the sensitivity of the
results to what may appear to be minor
modifications of the model. In Model II
{Fig. 2), we delete the path from friend’s
family SES to aspiration (and vice versa),
suspecting on the basis of results with Mod-
el I that this variable is not very conse-
quential. With this deletion, the equations
are: '

125
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Vy= puXot+ X, + Pu¥,

+ Pluxu
and

¥i= pauaXa+ puX; + pu ¥,
+ tmXe .

As before, the predetermined varisbles are
specified to be uncorrelated with the dis~
turbances, but the latter two variables may
be correlated with each other.

The identification problem is now clear.
If we use all our predetermined variables
as before, we obtain four equations (for
P, "1, 71, and 1) in three unknowns
(#10, f10, 804 p1.). The solution obtained

(Model II)

2

) 3

Fomily SES (X¢)

rily SES {Xg)
{Friend)
3¢

inteliigance (X 4
{ Friend} .

intelligence (g} 27
. \?\L Oceupationat

\‘:{;‘
1/
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where X, is the residual for this regression.
Now, let ¥} stand for the sum of the first
four terms on the right, after that sum has
been expressed in units of its own standard
deviation, so that

Y“"* rrly:},: + th. .

If we multiply this equation through by
¥, end simplify, we obtaln riy= 1 =
r} vt -+ 7}, which is the usual partitioning
of total variance into “explained” and
“unexplained,” with s} ,v being the coeffi-
cient of determination, R}, 0.

The two-term expression for Y obtained
from this first-stage regression is now sub-

%
Aspirgtion ) .

34 -88]

C)iml:tlpmmmzl‘Y ,
Aspiration 3 ,
(Friand} \Q X,

Fi6, 2,—Model IT

from any three of these equations will, in
general, mot satisfy the fourth. Indirect
least squares, or the equivalent procedure
described above, is not available as a meth-
od of estimation. We resort to a procedure
suggested by the econometrician’s method
of “two-stage least squares.” The modifica-
tions of that method introduced here are
required by the facts that we are working
with standardized wvariables and that the
correlation matrix of the observed variables
constitutes the initial data of the problem,

We first compute a “first-stage regres-
sion” of ¥, on all the predetermined vari-

ables; since we are working from correla--

tions, the regression coefficients come out as
- £ coefficients:

¥i = PrewaXs + BicateX s + PrgecaXy
+ BrraerXa + 1,X, ,

‘stituted ihw the second equation of Model

II in place of ¥;:
1”. - ?ded + ?IIX! + ?ufr,ﬂy‘:
+ Pil’hxo + ﬁleu .

In the second stage, we work with the cor-
relations of ¥, with X, X4, and ¥}, in
effect, carrying out an ordinary regression
of ¥, on the latter set of variables. As be-

- fore, the equation is multiplied through by

the relevant variable and simplified. How-
ever, we now take advantage not only of
the zero correlation of predetermined vari-
ables with the disturbances of the model, but -
also of the following property of least-
squares regression: rs, ®= ry, = 0, since X,
and X, wete predictor variables in the re-
gression for which X, is the residual. More.
over, ry,yt = 0, likewise as a property of
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least-squares regression. Finally, since ¥3
is a linear combination of X, X., X;, and
X3, all of which are uncorrelated with the
disturbance X, we have rx y¢ = 0. From

all this it follows that we can ignore the last -

two terms in the equation for ¥, when we
rultiply through by each of the three vari-
ables in turn. Hence, we obtain:

T = P2+ Pates + Pty pxrt
ry = pugar t part Pty px
fryl ™ Psfx‘r: + Putxrs + Pary,rt .

A further simplification follows from the
fact (casily proved) that ry yory,pt = re ot
{or 7,4 in the more economical notation) and
Tr,y¥xt = ry. The third equation is
simplified by muitiplying both sides by
7y.v%, 50 that the equations to be solved can
be fewritten

T3 = pa + patar + Putie;
ry = dury + pu + pury;
and
7y T, rt = Paria + Paryy + PRl ;

it only is necessary to compute rr.yifr.rl
2 Bletdfia T Bleardie + Biroeary +
Bia.aesrsa before solving these three equations
for the unknowns, pu, piy, and fy1. The
first two of these equations, of course, could
have been cobtained in a less roundabout
way, but it was desirable to indicate their
connection with the two-stage method,
The same procedure, with appropriate
interchanges of variables, is next used to
estimate Py, P1., aid poain the first equation
" of Model II, after executing a first-stage
regression of ¥, on all the predetermined
variables. We now have estimates of all
the path coefficients in the model save those
for the disturbance variables. At this point
we may consider the correlations of the
endogenoys with the prédetermined wari-
ables that are implied by these estimates,
- gince the method of estimation did not
constrain these correlations to equal their

observed values. If we multiply the first .
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equation of thé model through by X, a.nd
simplify the result, we obtain

fla = pra + Prefac + Para,

where the prime distinguishes the implied
from the observed correlation, ry,. Similarly,
the remaining seven implied correlations are
obtained by multiplying through the model
equations by each predetermined variable
in turn. We show below the implied cor-
relations computed from such formulas
(with their deviations from the observed
correlations in parentheses):

Fie = A235(0130), rha = 5120(0113),
#io = 3032(—.0208), ry = .3385(—.0222),
¥l = 2281(— 0649), r}, = .2271(—.0515),
Fia = 3327(.0332), 1l = .2921(,0323) .

It will be noted that the largest deviations

are for ryy and r;,, while it was 1y and ps,
that we deleted from Model I to construct
Mode! II. That this deletion was perhaps '
inadvisable is suggested, as well, by the
implausibly high values for p,; and gy (.40
and .34, respectively), compensated by the
substantial negative correlation between
disturbances, £y, = —.48.

The calculation of that correlation, as-
well as the paths for the disturbances, is
effected in the same way that was illus~

-trated for Model I. Here, however, for con-

sistency we must be careful to use the
implied correlations of the model in calcu-
lating the residual paths.

A PARTIALLY RECURSIVE MODEL

Both models discussed thus far are
‘‘gimuitaneous” models in that the endoge-
nous variables are jointly determined by
the model within a single period of observa-
tion., In simple recursive models, by con-
trast, we dssume that the endogenous
variables are successively determined, and
the ppecification is altered to exclude cor-
relation of the disturbances among them-
setves. The latter specification (zero inter-
correlation of disturbances) is common to
the Simon-Blalock procedure of causal
analysis and to the examples of stratifica-
tion models given in a previcus publication
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on path analysis,'* There is no apparent
reason, however, why features of both types
of model cannot be combined in a single
construction. (The term “‘construction”
might well be preferred to “model” in
contexts like the present one, to emphasize
that we are indeed “construing” the data
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fication is exactly the same as for Model I.
We then assume that with respect to edu-
cational aspiration (¥ and ¥,) the pre-
determined variables include not only X,,
X., X;, and X, but also ¥, and V. Hence -
the specification ry, = ry = r,, = 7, = 0;
but fu., fvu, Tuw, *esy Fis, and ry, are not

v } . '
intel. {Xg} .25 : %
-23 [r———— "0 "'.!4
( {6 __ »-Educ. Asp- _ (YZ
SES ‘xc, y Va
(27 -:59(
\__ xz
SES (X4} » Educ.Asp  {Yq)
(Friand) | (Friend) '
intel. IX g} |
(Friend)

Oce. Asp. (Yg)
{Friend) \Xw

r

Fio. 3.—Model 111

to mean what our interpretation via a dia-
- gram or system of equations represents
- them to mean.) .
In Model HT (Fig. 3), we reason as

though respondents and their friends “first”

make up their minds what oceupations they
would like to pursue, and ‘‘then,” on the
basis of the occupationzl chéice and other
considerations, “decide” what educational
preparation they may need. That such a
construction is at best an oversimplification
may be evident from introspection. - This
model, like the preceding ones, serves
primarily a didactic purpose.
© In the first sector of the model, occupa-
tional aspirations ¥, and ¥, are simul-
taneous endogencus variables and the speci-

“Hubert M. Blalock, Jr., Causal Inferences in

, Nom-experimental Rerearch (Chapel Hill: Univer-

sity of North Carolina Press, 1964) ; Herbert A,

Simon, Models of Man (New York: John Wiley &
Sons, 1957), chap. ii; Duncan, op. ¢,

necessarily zero. The equa.tmns of the
model are

Yl b Pth + Ploxc + PUX!

+ ?IBYI + PI-XM
Y= puXa+ puX,+ psX.

+ pu ¥+ paXe,

Yt = ?kxc + p!exc + ?uX; @io‘iﬂl Im

+ ¥+ Vi + 92X,

Yi= puXa+ puXs + prX.

+ pa¥i+ pals + puX, .

In estimating the parameters of this
model, we have engaged in a preliminary
manipulation of the data which has nothing
to do with the. properties of the model but
which is suggested by the somewhat artifi-

cial design of the data matrix. From the
original correlation matrix in Table 1, we
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constructed a “synthetic” correlation ma-
trix which was forced to be symmetrical
in variables pertaining to respondent and
friend. The intercorrelations of educational
aspiration, occupational aspiration, family
SES, and intelligence were assumed to be
the same for respondents and friends, and
the wvalues thereof were assumed to be
those observed in the entire original sample
of 442 boys. The correlation between friend
and respondent on each of these variables

was retained from the data on the 329
pairs. The ‘“cross-correlations” between |

friend and respondents were averaged;
thus, for example, in the synthetic cor-
relation matrix r, = 3¢ and each is the
average of ry, and ryg as initially computed.
The synthetic matrix is shown below the
diagonal in Tablé 1. Given the symmetry of
the data and the model, it is necessary to
cafry out computations for estimating only

the path coefficients in the first and third

equations. :

Estimates for the first equation are ob-
tained in the same way as described for
Model I, and, indeed, the results differ
from those in Model I only slightly. The
third equation (for ¥,) is just identified,
in virtue of the specification ry, = 0, Thus,
we can multiply this equation through by
Y1, X, X, X;, and X, in turn and simplify
to obtain five equations in the five un-
known path coeflicients and known cor-
relations. The calculation of residual paths
for all equations proceeds along the lines
already illustrated for Model I. -

From the perspective of the hypothesis
that orients this study, the most Interesting
estimates are those for the reciprocal paths
for agpirations: p1; = pu = .25 and pu =
$a = .24. The paths from predetermined to
endogenous variables seem reasonable, ex-
cept perhaps for the negative though small
value of P:!(E p‘g), —.03. That fa.mily
SES has an apparently larger influence on
educational aspiration than does intelligence
may be explained by two considerations:
intelligence has a sizable influence on oc-
cypational aspiration, which, in this model,
intervenes between the latter and educa-
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tional aspiration; and the family SES scale
is heavily weighted by parental educational
attainment, )
In short, the model gives satisfactory
estimates on the whole, if we are prepared
to accept the excessively rationalistic as-
sumption that occupational decisions pre-
cede educational decisions (both being
meastured well before the actual decision
point}, and if we are prepared to overlook
the substantial negative correlations be-
tween disturbances, ru, = —.25 and r,, =
—.39. Dissatisfaction with our ability to
rationalize the latter motivated one more
alternative construction on these data,

- A COMPOSITE MODEL -

The approach taken in Model IV (Fig. 4)
was suggested by a remark of Turner and -
Stevens, who called attention to the pos-
sibility of constructions including aspects
of both factor analysis and causal model-
ing.! The analogy with factor analysis here
consists in the postulation of an unobserved
variable, called “ambition” for lack of a
better term, that underlies both educational
and occupational aspiration. There are per-
haps two justifications for such a postulate.
First, both aspiration variables are probably
rather unreliable relative to the other vari-
ables in the model, and it might be advisable
to follow a procedure that reduces the at-
tenuation introduced by measurement error
before proceeding to a causal interpretation.
Second, on a purely introspective basis it
seems likely that many boys do not make a
neat conceptual separation of educational
and occupational aspirations, nor do they
make plans for schooling and job choices in
any fixed order. The argument here is just
the opposite of the one that would have to
be used to justify the precedence of occu-
pational aspiration with respect to educa-
tional aspiration in Model III. If the reader
likes, he may identify “ambition” with
general level of aspiration, as the latter was
conceptualized in the classic literature on

¥ Malcolm E. Turner and Charles D, Stevené.
“The Regression Analysis of Causal Paths,” Bio-
metrics, XV (June, 1959}, 236-58.
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suggest that level of aspiration can only be
manifested in and recognized by ortenta-
tions toward particular goals, such as
educational attainment or occupational
achievement, We are, in effect, using
verbalized educational and occupational
aspirations as imdicafors of the construct,
level of aspiration or “ambition.”
Although the approach taken to the
construction of hypothetical “ambition”
variables is suggested by factor analysis,
the actual procedure is an ad hec one that
depends on various heuristic considerations
rather than on one of the standard factor
models. Lest this arouse undue anxiety, we
observe that the classic factor models, in

their time, were similarly motivated by -
beuristic concerns. That they have become

frozen into a canonical procedure taken
over by investigators of problems whose
structures are quite different from those of
the pioneers is perhaps a commentary on the
relative potence of propensities to imitate
and to innovate in research. Certainly, after
Wright’s illuminating contrast between the
interpretive and the purely mathematical
approaches to factor analysis,'* we need no
longer feel constrained to follow a single

K. Lewin, Tamara Dembo, L. Festinger, and
Pauline 5. Sears, “Level of Aspiration,” in J. McV.

Hunt (ed.), Personality and ike Behavior Disor-
ders (New York: Ronald Press, 1944), I, 333-78.
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routine that someone has ventured to dub
“ob;ecuve” or “optimal.” :

We begin, as usual, by writing the‘cntlre
set of eguations which are graphically
represented in the path diagram of Model
Iv: '

¥y = p1oG + prX.,

¥y = p20G 4+ $1.X,,

¥y= leH + I’MXW

Vi=pul + puX,,

G = panXy + pgsXe + po.X,
+ porXs + ponH + po.X.,

B = ppX, + puaXa + pueX;
+ paXo+ pacG + puX,.

The last two equations contain the sub-
stance of the model. G and H are the simul-
taneous endogenous variables, X,, ..., X,
are the predeteérmined variables, and X, and

. X are the disturbances, which need not be

uncorrelated with each other although both
are uncorrelated with all predetermined
variables. Each relation is overidentified,

¥ Sewall Wright, “The Interpretation of Multi-
variste Systems.” in O, Kempthorne et al. (eds.),
Statistics ond Moathematics in Biology (Ames:
Iowa7Stnte College Press, 1954), chap. i, especially
pp. 27-32

r Por. Asp. (Xp)
\ }’OCG v r‘..s_x“
. ' "“.l {XQ !
mm ﬁ E / mT“m . Q . M
k] 1 ‘\\~ :
e Educ. 3
L s sss {X¢) X, ASp. (Yzl‘—%?_t,
é *-075& -0
X
S (X¢) t : \
2 Edue.
: E Y X}' Asp. {Yar x5 %
Priend a |m| (x4) “Ambition" T .
; / ')J‘ ’
Por. Awp. X, Au. (73}‘-.56""

(rﬂr S6)

F16. 4—Model IV

(Model 1V)
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since each includes only five explanatory
variables while there are six predetermined
variables in the model. We shall again
employ the version of two-stage least
squares illustrated for Model II when we
come to the estimation of the path co-
efficients in these two equations.

. Before proceeding to this task, we must

fitst construct the two hypothetical endoge-

nous variables by deriving their correlations
with the predetermined variables, making
use of the intercorrelations of the aspiration
scores, Hence, attention will be focused
first on the right-hand portion of the dia-
gram.

The factor model employed here says
that the correlation between a boy’s edu-
cational and occupational aspirations is
complétely accounted for by his “ambition.”
The correlation between the aspirations of
friends is substantially accounted for by
the correlation of their respective values on
“‘ambition,” but the model allows for some
between-friend correlation of specific ele-
ments in the two aspiration scores. Hence,
the specifications r,, = r,, = 0; but r,,,
Frw, For, a0d 1, are not necessarily zero.
There are six known correlations among the
agpiration variables, ¥1,..., ¥y, and we
have four equations of complete determina-
tion, stlpulaung that each aspiration vari-
able is completely. determined by the ap-
propriate “ambition” variable and the re-
sidual. These ter conditions, however, do
not suffice to estimate the paths in the first

" four equations of Model IV, inasmuch as

we must estimate the four paths from “am-
bition” to aspiration, the four residual
paths, four intercorrelations of residuals,
and the unknown correlation between the
two “ambition” variables, to wit, rou, for
a total of thirteen unknowns. This portion
of the model, by itzelf, is underidentified.
Underidentification is, of course, the typical
situation in factor amalysis, which the
analyst gets around by imposing various
mathematical constraints on the solution.
Here we invoke, instead, the -“external”

information provided by the predetermined
variables as a constraint on the solution,

We begin by noting that the six correla-
tions among the aspiration variables can be:
written as follows (obtained by “multi-
plying through” each of the first four equa-
tions in the model by the other aspiration
variables):

riz = PGP = fiefa,

T = P = rufan,

ru = pupuren + PrudsTue,

Y = ppusren + Prputen

r10 = pataron + PruPatu,

722 = Praprarten + Prodrmtvm -

Bringing the ﬁredetermined variables in-

to the picture, we note that ri. = figrac and
f1.= Pigreg. From these it would follow

that pig/pss = r1a/7s; but we can equally
well compute pm/p;g = rip/72, and 50 on.

‘As a compromise among the six poss1b1e

estxmates of this ratio, we take
Pl pre= z '11’/ 2 raio

where i = g, ..., f. Given this ratio ¢/
g and the previously noted ri; = piapse,
we can solve at once for gy and paw. A
similar procedure yields puy and pun.

Now, if we disregard correlations among
the residual factors of the F’s, we may
compute the implied correlations,

riv = Proputon,

rys = pacpinton,

ra = pupwtan,

rg’z_; = dagPunrton .
Letd; = ria — f;'; By = Faq4 1y, By = 114 —
fie, 34 = r13 = rq;, and S = ZF, We wish to
select rop so that § is at its minimum, Find-

ing dS/dran, setting it equal to zero, and
rearranging, we obtain :

-4 f:ofaafuz + rupiopin + rudropin

l'ugmell
rom™ (tsotam) '+ (fsa?m)"i" (propa )+ (Propa)Y
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The path coefficients in this expression have
already been estimated and the correlations
are known; hence 74 is easily calculated as
.56, which is the hypothetical correlation
between ‘‘ambition” of respondent and
“ambition’ of friend. It is a materially
higher value than any of the observed cor-
relations between aspiration scores. This
is the most important result of the work
done to this point, We complete this phase
of the calculations by computing residual

paths for the aspiration varjables, using:

formulas like p}, =1 — p’a, which are
obvious from the model equations. Finally,
we may return to the identities stated for
the intercorrelations among the ¥'s with
enough information in hand to solve the
last four equations for ru,, far, Tus, and
f e, rEspectively,

One more step is necessary before we can
begin the estimation of the last two model
equations. As already noted, ri. = piefs
and ry, = Pegr.c. Since r1, and i are known
and we now have estimates of py¢ and pu,
we obtain two solutions for r,s. These are
not the same, so we strike a simple average
of the two and follow an analogous pro-
cedure to secure correlations of G and H
with all the predetermined variables,

" By this sequence of estirnates and ap-
proximations, we have arrived at a com-
plete correlation matrix for variables G, H,
and X,, ..., X;. Coefficients in the Jast
two equations of Model IV are now esti-
mated by thé two-stage least-squares pro-
cedure already illustrated for Model IL. As
noted in that illustration, when we come to
calculate the paths involving the disturb-
ances pg, and P, and the correlation be-
tween the disturbances, r,,, we must base

- _our calculations on the correlations implied

by the model rather than on the correla-
tions with which we began to estimate the
coefficients of the model. To cbtain the
implied correlations involves more calcula-
tions. We have, for example,

rés = Pos+ poctas + Pactsc + Posty
+ ponrm

and _
iy = Paerse + puarsa + Prsres
+ Prerse + Pueres .

These are of the form rgy = &y + ponrm
and rgs'= ky -+ prarée. Hence we may
solve for the {wo implied correlations, ob-
taining

r iy = kit panks
: t~ponpra
and : :
r i ks Pk .
1~ panpre

Since two of the ;iredetermined variables
appear in both model equatmns (while four
appear in only one equatmn ea.ch) four of

-the implied correlations (rd., ray, fire, and

r ) are constrained to equal the correspond-
ing initial values. For the remainder, the
discrepancies are mostly minor. The tabula-
tion below shows. the implied correlations
(with their deviations from iritial correla.-
tions in parentheses): ~

rép = 3096  {.0016), ryy, = ;3059 (.0104),
Ta = .5145(—.0011), rgy = .6333(—.0045),
ré4 = .3498(~.0210), rg, = .3380(—.0052),

fG, = 1418 {.0492), ryy = .1296 (.0079).

The modest values of these discrepancies
suggest that the model adequately takes
account of the configuration of the data,
Moreover, the reasonableness of the esti-
mated paths and the small size of the cor-
relation between disturbances (r,; = —.075)
reinforce our satisfaction with the results.
We may, finally, consider what correlations
among all the observed variables are implied
by the model as a2 whole. Formulas like
Tio = Profse are used to compute correla-
tions between aspiration variables and pre-
determined variables; formulas for the im-
plied “intercorrelations of the aspiration
variables, neglecting correlations of their
residuals, have already been given. A
presentation of all implied correlations and
their deviations from chserved cotrelations
is made in Table 2, These deviations are
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analogous to the “‘residual correlations” ob-
tsined after extracting the ‘“‘meaningful”
factors in a factor analysis. They may be
attributed to sampling error, if this seems
reasonable. If not, they afford material for
an investigator who wishes to essay a more
convincing interpretation than that afforded
by Meodel IV,

CONCERNING THE REDUCED FORM

In all the discussion thus far we have
considered only what the econometricians
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H= ﬁaXa + ﬂth + BcX: + ﬂdXd )
+ ﬂlxs + ﬁ!X! + ABch + ﬁ:Xt .

Let ¥ = 1/(1 — poupus). Then the con-
stants in the two foregoing reduced-form
equations are defined as follows:

s = Pgav , = PgvY ,
a: = (pac + ?m{ﬁm)‘? v @a = Pompudy,
a. = parprsy, ap = (Pas + poupusr)y,

@=Pary, o= PeupPusy ’

TABLE 2

CORBELATIONS IMPLIED BY MGDEL IV BETWEEN ASPIRATION VARIABLES
* AND OTHER VARIABLES IN THE MoDEL

Vasnasre (Sex Syum)
Vnm.u -
1 £ b ¥y

Respondent:

Parental aspiration (X4).. L2401 .0264) | .2495(— .0247) | .1107(—.0017) | .0972( .0133)

Tntelligence (X,) .......... J30R9(— . 0116) | .4146( .0103; | .2887(—.0016) | .2535(—.0063)

v Fa.réuly SES (X,) .......... J3567( .0327) | .3707(—.0340) | .3114( .0060) | .2734(—.0052)

riend: :

Family SES{X).......... L2623(— 0307 | .2726( .0319) | .4106( .000%1) ; _3505(—.0002)

Inteiigence (Xg)........... L2712(— 0283} | .2819(— .0044) 5409{ [0218) | .4749(—.0258)
RPuren{}al aspiration (X,)....| .1100{ .0340) | .1143( .0441) | .2613(—.0171) | .2204( .0306)

espondent: . 3

Occupational aspiration (Ya){................ 6247* L3738( .0469) | . 3283(— .0933)

Educationsl asplra.t!cn [0 29 2 T S J3885( .0216) | .3412( .0137)
Friend: : ' :

Educational agpiration Fod .o 6404

Occupatmna.l agpiration (Fa)|. ...

Nm —Deviaticns from obeerved correlations are [n parentheses.
Model permits no deviation of lmplwd from oblm;ed correlation, (Devistions from the other observed mu:n:omluwns among

the Y’Iou:urﬁ idusl interoos :

call the “structural form™ of the models. .

For some purposes, it is instructive also to
pay attention to the “reduced form.” Re-

turning to the last two equations of Model

IV, which constitute the substance of that
model, let us substitute the expression for
H given in the last equation into the next-
to-last equation. We obtain a result that
can be put into the form

G = a. X, + e Xy + a X, 4+ asXy
+ e X, 4 e/ X+ e X, + X,

Similarly, substituting thé¢ fifth equation
into the sixth, we obtain ‘

B = PHGﬁq.ﬂ y Bv= Pnafan‘ ,

Bo = (pu. + puopse)y, Ba = Puay , ‘
Bs = prsr, Br= (prs + Prcpas)y,
Bs = puadayy, Bi= pury.

Each reduced-form equation represents one
endogenous variable as a linear combination
of sl the predetermined variables and the
disturbances, The coefficients in this linear
combination are not, however, linear com-
binations of the coeﬁ':cients of the structural
form.

Since X, and X, are spec:ﬁed te be un-
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correlated with the predetermined vari-
ables, the coefficients a.,..., a; can be
cstunated by the ordinary regresaion of G
on X,,...,Xs and the 8's from the re-
gression of H on the same six variables.
(These regressions have already been com-
puted for the first stage of the two-stage
estimation procedure.)

It may be observed that a4/Bs = pop;
but a./B, = pgu, also. If we use our first-
stage regression estimates of the a's and
&’s, the former implies pgg == .2801 while
the second yielde —.0838. Similarly, esti-
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that the reduced-form coefficients do not
yield unique estimates of the structural
coefficients, we may still be interested in the
reduced form of the model. To begin with,
having obtained the structural coeflicients
by the two-stage procedure, we may com-
pute the implied values of the reduced-form
coefficients from them. Table 3 shows the
reduced-form coefficients of Model IV, both
" as estimated from the first-stage regressions
and as computed from the structural co-
efficients, For the most part, the dis-
crepancies appear small, although it is these

TABLE 3 _
REDUCED-FORM COEFFICIENTS FOR MODEL IV
‘ Derzxpent VaRIADLE
InpRPEpINT VARIABLE SvusoL  Set (A) Set (B)
é g G 7
Respondent
Intelligence. ......... X. .3378 .0790 3418 0725
Parentzl ration X -219% .0379 .2169 0460
Family SES_......... X, .3056 . 1426 .2919 .13%6
Beat Friend :
Intelligence. ......... X, 1201 4464 0913 4399
Patental tion . . X, ~.0159 1900 0418 .2016
Family SES.......... X; .1499 3034 .1585 . 2942

Note—Set {A), as estimated In first-stage regression; set (B), as computed !rom structuiul coefficients
regresion.

atimated in two-stage

‘mating pae from 8./a, and 8i/a; yields two
inconsistent answers, .2338 and .1722, re-
spectively. These inconsisténcies present
the problem of overidentification in an

especially striking fashion. Ha.d the equa-
tions in Model IV both been just identified,
such inconsistencies would not have arisen.
Indeed, the method of “indirect least
squares,” alluded to esrlier as a technique
for estimating coefficients in a just-identified
system, consists precisely in estimating the
reduced-form coefficients first and then de-
riving therefrom the estimates of coeffi-
cients in the structural equations of the

- model.

Although the overidentification means

very d:screpa.nm&s that preclude the mdn'ect
least-squares approach.
Apart from computation and estzmatmn,; .

the reduced-form coefficients, as defined in.

terms of the structural coefficients, have
some conceptual or interpretive significance,
for their definitions indicate something of
the “mechanisms” through which the pre-
determined variables influence the endoge-
nous variables. Consider -

P 6a - .3267
1 — Portuo 9560
The form of this expression indica.tes that

X, influences G directly, via pa,, and that
this influence is slightly amplified, to the

= .34,
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extent of 1/(.956) = 1.046, by the recipro-
cal action of respondent’s and friend’s
“ambition.” A more complex mechanism is
suggested by

o n-?aa‘i' Poupn.

1 —panpue
2749+ (.2074) (. 0785)
956 :

In this case, there is not only the direct
effect, pg., but also a compound or indirect
effect of X, on G, via H, as represented by

panpu. = 0163, while the sum of the two -

is amplified by the reciprocation. The third
type of mechanism is exemplified by

PorpPad
%= T
. Poubne
- (.2074)(.4205)
956

- Here the influence of X; on G is entirely
indirect, vis H, with the same factor of
amplification as in the previous examples.
" Indeed, it is the assumption that some of
the predetermined variables influence the
endogenous variables only indirectly- that
permits the model to be identified in the
first place. (Econometricians somewhat con-
fusingly call both just-identified and over-
identified models or equations “identified.”)

The formulas for the reduced-form co-
efficients, of course, merely reflect the as-
sumptions built into the model. But if the
assumptions are accepted, it is of interest to
include in the interpretation some evalua-
tion of the relative importance of the various
mechanizms that the model implicitly postu-
lates.

=.09.

EVALUATION AND DISCUSSION

Closing remarks sre confined to com-
ments on the rationale and results of Model
IV. Some deficiencies of the earlier models
have already been mentioned, and others
that merit emphasis are shared by them
with Model IV.

To recapitulate, the study was concerned
with the hypothesis that adolescent boys
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influence each other in forming their occu-
pational and educational aspirations. The '
earlier analysis of Haller and Butterworth
had demonstrated that some correlation be-
tween the aspirations of boys in a peer -
group remained even if the groups were
confined to those homogeneous on back-
ground factors presumed to give rise to
aspifations. The present znalysis accepts
a different task: not that of hypothesis
testing, but that of estimation in the con-
text of an explicit causal interpretation of
the influences on aspiration, The estimates
are meaningful only to the extent that the
initial study design is adequate to the pur-
poses of identifying determinants of aspira-
tion and of ascertaining the patterns of
homophily operative in a relevant popula- -
tion.

The first question, then is posed by a
limitation on the design noted by the au-

- thors of the original study: with these data

we_canpot-rule-out the possibility that
friendships are formed partially on tllg
BASis_ o Common_interests i edug
and occupational goals IT This be the case, .
then all the estlmaia attempted here are
beside the point, because we have treated
aspirations as outcomes of the background
characteristics of the respondent and his
friend (treated as “predetermined varia-
bles”) and of their respective influences on
each cther. As was also noted in the earlier
paper, a longitudinal design would be re-
quired to eliminate the possibility of assort-
ment on the basis of aspirations (although
it is not entirely clear how the requisite
causal inferences would be made, even if
the design were longitudinal). The resuits
here are, therefore, in the same provisional
status as those of the predecessor study,
If assortment on the basis of aspirations
proves to be important, our estimates of
the mutual influence of friends on each
other’s aspirations are not merely wrong;
they become irrelevant.

Supposing, however, that friendship as-
sortment occurs primarily on the basis of
social and personal characteristics other
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than aspirations (though possibly, as the
models suggest, on the basis ¢f factors af-
fecting aspirations); then we must reckon
with the further question of whether the
effects of such characteristics are ade-
quately accounted for. Percentages of ‘“ex-
plained” variance in the jointly dependent
variables of simultaneous models are not
readily computed as they are for ordipary
multiple regressions. From the size of the
path coefficients for the disturbances; how-
.ever, we might be prone to assume that
some relevant background characteristics
are omitted, Still, it is not obvious what
" they might be, since most studies of status
achievement and aspirations have focused
.on variables much like those used here.
Strictly speaking, the disturbance in a
model represents all variables that operate
“accidentally” or randomly with respect to
the influence of predetermined variables.
Retrospective introspection certamly stig-
gests that many dccidental expenences, not
necessarily shared with one’s best friend,

may have an impact on the formation of

aspirations. Again, the results must be left
in provisional form: if further investigation
discloses major background factors includ-
ing high or low aspirations, and if there is
significant homophily with respect to these
factors, incorporation of such factors into
constructions like Model IV may well re-
sult in drastic reduction of the paths rep-
resenting reciprocal influence of respond-
ent’s and friend’s aspirations.

" Looking more specifically at the resuits
with Model IV, we may note that some of
the asymmetry between respondent and
{friend that seemed implausible in Models
1 and IT has disappeared in the more elabo-
rate model. Except that friend’s “ambi-
tion” seems to be more heavily influenced
by his intelligence than is the case for re-
spondent’s “ambition,” the results for the
two boys are much alike. It is only a co-
incidence that pew = pre when the results
are rounded to two decimal places. But ei-
ther of these coefficients at a value of
roughly .2 seems like a reasonable estimate
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of the influence of a friend’s aspirations
upon one’s own. This estimate does not
differ greatly from those for Models I and
11, but is on the conservative side by com-
parison with them. Recalling that the cor-
relation between H and G, the two con-
structed “ambition” variables, came out as
56, the .21 value for poy and pre suggests
that a significant part of the explanation

for resemblance between aspirations of
.peers is due to mutual influence, but a

goodly part of it is also due to the way in
which peers come to associate (assortative-
ly with respect to background character-
istics) in the first place—bearing in mind
the reservation already stated concerning
the cogency of this interpretation,
The result that pgm is very nearly the
same a8 pgg May be regarded as somewhat
anomalous. In Model 1I{ the two reciprocal
paths were forced to be equal, but in Mod-
els I and II, where this was not the case,
the influence of friend on ego appeared to-
be somewhat stronger than that of ego on
friend. This is perhaps what we should ex-
pect, given that the friendship pairs ana-
Iyzed here are not defined by mutual choices
but by the unilateral choice of the respond-
ent, We know (or can presume) that friend
is a significant other for ego, but we cannot
be sure that the converse is true, Clearly,
the whole matter of the extent to- which .
an individual’s dispositions are influenced
by significant others should be further ex-
plored in research designed to include
measures of degree of significance of those
others, estimated independently of the de-
pendent variable under study.
- Of the discrepancies between observed
correlations and those implied by the mod- -
¢l, only the one of —.09 for ri;, between
the two friends’ occupational ' aspirations,
Segs mterestmg (this discrepancy appears
in a different guise as £,u = .22). The mod-
el may seem to fail to represent quite ade-
quately some specific aspect of similarity
of friends’ occupational choices. It need not
be argued, however, that the model under-
estimates mutual influence of friends’ occu-
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than aspirations (though . possibly, as the
models suggest, on the basis of factors af-
~ fecting aspirations); then we must reckon
with the further question of whether the
effects of such characteristics are ade-
quately accounted for. Percentages of “ex-
plained™ variance in the jointly dependent
variables of simultaneous models are not
readily computed as they are for ordinary
multiple regressions. From the size of the
-path coefficients for the disturbances; how-
.ever, we might be prone to assume that
some relevant background characteristics
are omitted. Still, it is not obvious what
" they might be, since most studies of status
achievement and aspirations have focused
-on variables much like those used here,
Strictly speaking, the disturbance in a
mode] represents all variables that operate
“accidentally” or randomly with respect to
the influence of predetermined variables.
Retrospective introspection certainly sug-
gests that many accidental experiences, not
necessarily shared with one’s best friend,
may have an impact on the formation of
" aspirations. Again, the results must be left
in provisional form: if further investigation
discloses major background factors includ-
ing high or low aspirations, and if there is
significant homophily with respect to these
factors, incorporation of such factors into
constructions like Model IV may well re-
sult in drastic reduction of the paths rep-
resenting reciprocal influence of respond-
_ent’s and friend’s aspirations.
* Looking more specifically at the results
with Model IV, we may note that some of
the asymmetry between respondent and
friend that seemed implausible in Models
1 and IT has disappeared in the more elabo-
rate model. Except that friend’s
tion” seems to be more heavily influenced
by his intelligence than is the case for re-
spondent’s “ambition,” the results for the
two boys are much alike. It is only a co-
incidence that powr = g when the results
are rounded to two decimal places. But ei-
ther of these coefficients at a value of
roughly .2 seems like a reasonable estimate

“ambi- -
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of the influence of a friend’s aspirations
upon one’s own. This estimate does not
differ greatly from those for Models I and
III, but is on the conservative side by com-
parison with them. Recalling that the cor-
relation between H and G, the two con-
structed “ambition” variables, came out as
.56, the .21 value for pey and pae suggests
that a significant part of the explanation
for resemblance between aspirations of
peers is due to mutual influence, but a
goodly part of it is also due to the way in-
which peers come to associate {assortative-
ly with respect to background character-
istics) in the first place—hearing in mind
the reservation already stated concerning
the cogency of this interpretation.
The result that pgm is very nearly the
same as pgy may be regarded as somewhat
anomalous. In Mode! IIT the two reciprocal
paths were forced to be equal, but in Mod-
els I and II, where this was not the case,
the influence of friend on ego appeared to
beé somewhat stronger than that of ego on
friend. This is perbaps what we should ex-
pect, given that the friendship pairs ana-
lyzed here are not defined by mutual choices
but by the unilateral choice of the respond-
ent. We know (or can presume) that friend
is a significant other for ego, but we cannot
be sure that the converse is true. Clearly,
the whole matter of the extent to which .
an individual’s dispositions are infiuenced
by significant others should be further ex-
plored in research designed to include
measures of degree of significance of those
others, estimated independently of the de--
pendent variable under study. :
Of the discrepancies between observed
correlations and those implied by the mod-
el, only the one of —.09 for rii, between
the two friends’ occupational aspirations,
seems interesting (this discrepancy appears
in-a different guise as r.,, = .22). The mod-
el may seem to fail to represent quite ade-
quately some specific aspect of similarity
of friends’ occupational choices. It need not
be argued, however, that the model under-
estimates mutual influence of friends’ occu-
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pational aspirations, If friends encounter
the same role models, apart from their
families, this could induce some similarity
in their cognitive and affective orientations
to the world of work. _ _

A final reservation will be stated, al-
though others may well occur to the redder,
The parental aspiration variable is based
on the respondents’ reports of their par-
ents’ attitudes. Hence this variable may
well be contaminated to some degree by

the dependent variables which it supposed- -

ly helps to explain. Fortunately, the study
design precludes a similar contamination of
* the data on friend’s aspirations.

The reader may well be appalled at all
the apparatus brought into play in an at-
tempt to demonstrate the reasonableness of
what he already knew—even though he has
_been privileged to witness only a small part
of the trial and error going into the con-
struction of Model IV. The rejoinder to
such a possible criticism would surely be
that if a hypothesis is worth considering at
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all, it should be worthwhile to do some
hard work to estimate its significance. On
the purely conceptual level, it may suffice
to recognize peer-group influence on aspira-
tion as an actual process and to reason
from that in a qualitative way to some of
its consequences. Ultimately, however, we
shall want to know, of the factors and proc-'
esseg that operate in the real world, which
ones do how much of the work. Construc-
tions like those exhibited in this paper mot
only offer one approach to the rendering of
relevant estimates, but also present inter-
pretations in such a form that their weak-
nesses—and those of the theories giving
rise to them—are fairly evident. If the re-
sults of more of our research could be cast
into this form, we would begin to under-
stand better how much we do and do not
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