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RESPONSE ERRORS OF NONBLACK MALES IN MODELS

OF THE STRATIFICATION PROCESS

Structural equation models have provided the foundation .for re-

search in social stratification for nearly a decade (Blau and Duncan,

1967; Duncan, Featherman and Duncan, 1972; Sewell and Hauser, 1975) •
.,.

These models specify socioeconomic statuses· as functions of social origins

and intervening events and achievements. With the cumulation of data

and findings researchers have become increasingly concerned with precision

and validity in measurement and parameter estimation. Some types of

measurement error have been incorporated into substantive analyses of

the achievement process using structural equation models which include

unobserved variables (Siegel and Hodge, 1968; Jencks, et aI., 1972; Bowles,

1972; Bowles· and Nelson, 1974; Mason, etal., 1976, Treiman and Hauser, 1976).

Precision is not the central issue in the treatment of measurement

error and data quality in socioeconomic achievement models. Incorrect

specification of measurement error (e~B., ignoring it) can·resu1t in

systematic bias in parameter estimates. The·size and importance of such

biases remain points of controversy. Jencks, et a1., conclude that "ran-

dom measurement error is of relatively little. importance in research of

the kind described here" (1972:336). Bowles (1972:S222) asserts that

"social class background is considerably more important as .a determinant

of both educational attainment and economic success than has been indica-

ted in recent analogous statistical treatments by Duncan and others."

Bowles argues that retrospective reports of parental statuses are much

less reliable than respondents' reports of their o~TU··attainments and that

the effects of origin variables are consequently· underestimated.
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Patterns of response error have been built into models of the

achievement process by obtaining multiple indicators of background and

achievement variables and specifying models in which the covariation

among the indicators is generated by unobserved "true scores." Figure

1 presents a path diagram of such a model with two measures of each of

four variables. The model:specifies that the jth measure of the ith

variable, x .. , is generated by the true score of that variable,· T.,
~ 1

plus a response error, e .. , which is independent ·of T.. That is, the
~ 1

measurement structure is:

(1) x .. = :>t •• T. + e .. , (i = 1, ••• ,4; j = 1,2)
1J 1J 1 1J

The model also specifies a fully recursive causal structure among the

true scores:

The method most often used to estimate the parameters of such models

has been: first, to estimate (or borrow) the parameters of the error

structure; second, to estimate the covariance matrix of true scores; and

then to estimate the structural coefficients relating the true scores.

To complete the model, the pattern of covariation among response
I

errors must be specified. When multiple responses are obtained from the

same individuals, three types of covariation among response errors appear

particularly plausible. First, response errors in the report of a vari-

able may covary with the respondent's true score on that variable. For

example, individuals of high status may tend to understate their status

while those of law status overstate their status. The implication for
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the measurement structure would be a nonunit slope of the population re-

gression relating the observed ,measure, x .. ,
~J

to the true score, T.•
~

This

type of correlated error is captured py the slope coefficient, A.. , while
~J

maintaining the lack of correlation between T. and e .. ~ A second source
~ ~J

of covariation in response error would be a tendency for respondents to

overstate the consistency between different variables ascertained on a

single occasion. This "within-occasion between-variable correlated error"

is represented in Figure 1 by the dotted lines showing correlations among

the eil , and among the e i2 , for i = 1, ... ,4. A third source of correlated

response error would be contamination of the respondent's second report

of a given variable by his recollection of the earlier report of that vari-

able. This "within-variable between-occasion correlated errors eil and

e.
2

for i = 1, ... ,4.
~ ,

Unfortunately, attempts to apply models like that in Figure 1 to the

achievement process have been limited by a lack of appropriate data, by

inadequate specifications, and by crude estimation procedures. Siegel and

Hodge (1968), Jencks, et ale (1972), Bowles and Nelson (1974), and Treiman

and Hauser (1976) relied on between-occasion correlations of educational

attainment, occupational status, and income computed from Census tabula-

tions. To these data, Bowles (1972; Bowles and Nelson, 1974) added find-

ings from matched Census and retrospective reports which were obtained

for part of the Chica~o pretest sample of the 1962 Occupational Changes

in a Generation (OCG) survey (Blau and Duncan, 1967: 457-462). However,

none of these data included covariances of measures of different variables

ascertained on different occasions" Le., no correlations between x .. and
~J
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X.,." where i I i ' and j I j', were obtained. This lack of complete
1 J

covariance information precluded estimation of within-occasion correl-

ated error, and thus the resulting estimates were dependent upon untest-

able assumptions. Further, these researchers had to rely on tenuous assump-

tions about relationships between reporting errors in Censuses and in

other social surveys.

Bowles (1972) specified within-variable correlated error in his

models, but assumed an arbitrary value for these correlations, e.g.,

P = .5, rather than estimating them. The size of the error correla-e
il

e i2

tions is important, because ignoring positive within-variable correlated

errors decreases estimated true score correlations, while positive within-

occasion correlated errors have the opposite effect. Bowles did not have

enough information to identify either within-variable or within-occasion

correlated error; it seems arbitrary that he specified a high level of

correlation among errors between measurement occasions, but no such cor-

relations within a single occasion. That is, Bowles's assumptions guaran-

teed he would obtain upper-bound estimates of intergenerational true score

correlations.

The specification of models with variables in standard deviation

units rather than in their natural metric has resulted in additional prob-

lems in the research of Bowles, Treiman and Hauser, Jencks, et al., and

Siegel and Hodge. Data quality assumptions stated in terms of error

variances by Bowles and by Siegel and Hodge have been implemented in

terms of standardized parameters o Yet these assumptions are not in-

variant to standardization. Moreover, the identifying information implied
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by unit slope coefficients in the measurement equations is lost under

standardization. In addition, standardized measurement parameters

(reliability coefficients) have been applied to heterogeneous populations

(Bowles, 1972; Treiman and Hauser, 1976; Jencks, et a1., 1972; Featherman,

1972; Kelley, 1973), but the unstandardized parameters (error variances)

are'more likely to be invariant (Wiley and Wiley, 1970). Finally,

measurement parameters have been applied across studies where measure

ment techniques as well as populations differ. For example, Siegel and

Hodge recognized differences in the quality of Census and CPS (Current

Pop1-11ation Survey) measurement procedures, but such differences have not

always been considered in the lIborrowing" of reliability coefficients'.

In summary, while strong statements about the effects of measure

ment error can be found in the existing literature, these statements

have been based on inadequate data and models. The issues have been we1l

stated: Failure to incorporate response error structures into models

of the achievement process may lead to underestimates of the effects of

social background on schooling and achievement or to overestimates of

the effects of schooling on later achievements. Without estimates based

upon more comprehensive data and a less restricted specification of

error structures, we can accept neither the position of ,Jencks, et a1.

(1972) and Siegel and Hodge (1968) that the biases are negligible, nor

the position of Bowles (1972) that they are substantial.

1973 OCG Data

Data from the remeasurement program of the 1971 Occupational Changes

in a Generation-II study allow us to estimate and test less restrictive

____ J



6

models of response error and to assess the effects of plausible error

structures on parameters of the achievement process. The 1973 OCG

study (Featherman and Hauser, 1975) was designed to achieve a strict

replication of the 1962 study conducted by Blau and Duncan (1967).

The 1973 survey, executed in conjunction with the March 1973 Current

Population Survey, represents appro~imately 53 million males in the

civilian noninstitutional population between the ages of 20 and 65 in

March 1973. Educational and labor force data were obtained from the

March 1973 CPS household interviews; in about three fourths of the cases

the CPS respondent was the spouse of the designated male. These data

were supplemented in the fall of 1973 with social background and occupa-·

tional career data from themail-out.mail-back nCG questionnaire (OCGQ);

in about three fourths of the cases the OCGQ respondent was the designated

male. Responses to OCGQ were obtained from this questionnaire or subse

quent telephone or personal follow-ups for more than 27,000 members of

the experienced civilian labor force; the overall response rate was

greater than 88 percent. A random subsample of about 1000 OCGQ respondents

(600 nonblacks and 400 blacks) was selected far inclusion in the OCG re

measurement program (OGGR). Approximately three weeks after the mail

return of their OCG questionnaires, telephone (and in a few cases personal)

interviews were conducted with these respondents to obtain a second re

port of selected items on the OCG questionnaire.

Table 1 shows which variables were measured on each of the three

occasions: CPS, OCGQ, and OCGR. Educational attainment (x
43

), current

(March) occupation (x63), and age of the designated male (AGE) were as

certained in the March CPS interview. Reports of the three social
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background variabies, father's (or other head of household's), occupa-

tion (xII) and educational attainment (x
2l

) and parental family income

(x3l ) , were obtained from the fall OCG questionnaire. Also, the fall

questionnaire ascertained the man's first full-time, civilian job after

completing schooling (x4l) and a second measurement of educational attain

ment (xSl )' Thus, the CPS and OCGQ measurements provide two reports

of educational attainment and one report of six other variables for

each male in the full CPS~OCGQ sample. (The second measure ment of ED

was not intended to supplant the CPS item, but rather to improve the

respondent" s recall of the timing of schooling and labor force entry.)

Within the OCGR subsample', each of the variables except age was measured

again. For technical reasons we were not able to ascertain March 1973

occupation in the OCGR interviews, and instead a report of current (Fall

1973) occupation (x
62

) was obtained. While some job mobility occurreo

between the spring and fall surveys, we disregard it here on the argu-

ment that occupational status changes were negligible over the six or

seven month period. Consequently, our estimates of unreliability in the

reporting of current occupational status include effects of job mobility

as well as response error. In summary, for OCGR respondents we have

tvlO measures of each of the social background variables (FO, FE, and PI) ,

three reports of educational attainment (ED), two reports of both 'first

and current occupation (01 and OC), and a single report of age (AGE).

Each of the occupation reports was scaled using Duncan SEI scores

for detailed 1960 Census occupation, industry, and class of worker cate-

gories (Duncan, 1961). Thus, our estimates of the quality of occupation

reports do not pertain to description of occupations per se» but to a

~~------------ .. -
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particular transformation of detailed job descriptions into a status

metric (Feathe~an and Hauser, 1973). Educational attainment is coded

in exact years of schooling completed, and parental income is coded

as the logarithm of price adjusted dollars. l Age is expressed in

years divided by ten, and a quadratic age variable, AGE 2 , is defined

as (years-40)2/ l0 .

Model $pecification

Our strategy is to specify and estimate a measurement model for

the OCGR subsample, and then to apply the estimated measurement model

to the full CPS-OCGQ sample. In this way we estimate substantive para-

meters in the full sample which have been corrected for response error.

It is instructive to compare the corrected estimates with naive estimates

for the full sample, i.e., estimates assuming perfect measurement o ' This

paper reports our findings for nonblack men in the experienced civilian

labor force. The pattern of measurement error for blacks is substantially

more complex than the pattern for nonblacks. Comparisons of black and

nonblack error structures and their implications for racial differences

in the achievement process are presented in Bielby, Hauser, and Featherman

(1976). There are 578 nonblacks in the remeasurement program subsample,

and 25,201 nonblacks in the full sample.

Our structural model is presented in the path diagram of Figure 2.2

The variables enclosed in boxes (Fa, FE, PI, ED, 01, OC) are unobserved

true scores. Linear and quadratic age terms (AGE and AGE2) are assumed

to be measured without error in the CPS interviews. The term x .. refers
J.J

to the jth report of the ith variable, as indicated in Table 1.
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The substantive portion of Figure 2 is' a fully recursive model

among true scores, represented by the following structural equations:

(3.2) 01 (;t2 + S6(AGE) + S7(AGE2) + S8(FO) + Sg(FE) + SlO(PI) +

13
11

(ED)

(3.3) OC = (;t3 + S12(AGE) + S13(AGE2) + S14(FO) + SlS(FE) +

S16(PI) + Slj(ED) + 1318 (01)

where the disturbances are independent of each other and. of the explan-

atory variables in their respective equations. These substantive equa-

tions will be just-identified in terms of the true score variances and

covariances; thus the fully recursive structure does not constrain

estimates of parameters of the measurement model.

In algebraic form, the measurement portion of Figure 2 is:

(4.1a) Xu AU(FO)
+e

ll ,
(4.1b) x12 1.12 (FO) +e12 ,
(4.2a) x21 = 1. 21 (FE) . +e21 ,

(4.2b) x22 = 1. 22 (FE) +e27.,

(4.3a) x31
A31 (PI) +e31 ,

(4 ~ 3b) x32 = A32 (PI) +e32 ,

(4.4a) x
41

= A41 (ED) +e41 ,
(4.4b) x42

1.42 (ED) +e
42 ,

(4.4c) x43
1. 43 (ED) +e43 ,

(4. Sa) x
Sl

= AS1 (01) +eS1 ,

(4.5b) xS2 = AS2 (01) +eS2 ,

(4.6a) x62 = A62 (OC) +e62 ,

(4. 6b) x63 = A6/OC) +e63 •

- - ------~~---- ~~~
!,

--_._---~--_..--~--- --------
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The model allows both within-occasion and within-v.ariable correlated

response error. Response errors of reports obtained from the Fall OC~

questionnaire (ell' e
2l

, e3l , e4l and e5l) may be intercorrelated, as

may be errors of reports obtained from the Fall OCG telephone reinterview

(e12~ e 22 , e 32 , e42 , e52 , and e62 ) and the errors of the two reports ob

tained from the March CPS household interview (e
43

and e
63

). We allow

within-variable correlated errors in the reports of variables obtained

from the Fall nCG questionnaire and the Fall OCG telephone reinterview,

that is, correlations between e
il

and ei2 for i = 1, ... ,5. It seems

plausible that recall contamination might occur in these responses ob

tained, on the average, about 24 days apart. However, we assume that such

contamination does not occur between March Cl'S reports and Fall OCG re

ports of educational attainment and occupational status; these were ob

tained more than five months apart and usually from different respondents.

We establish a metric for the true scores by fixing All = A21 =

A3l = A
43

= ASI = A63 = 1.0. That is, we fix the metric of the true

scores to be the same as that of the observed reports which are used in

models for the full CPS-OCGQ sample: the metrics of FO, FE, PI, and 01

are identical to those of the corresponding OCGQ reports, and the CPS reports

define the metrics for ED and OC. Normalization of this kind is neces-

sary because the metric of an unobserved variable is arbitrary, and con

sequently the slope coefficients with respect to indicators are identifi

able only relative to each other. For example, given our normalization,

a coefficient A
i2

greater (smaller) than unity indicates a conditional

expectation slope of the OCGR report on the correspondinp, true score
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which is steeper (flatter) than the slope of the OCGQ report on the true

score. However, the absolute values of the two slopes are indeterminate. 3

This normalization is imposed on all of our models.

Our measurement models are all based on equation 4 and differ only

in the specification of the covariances among the e
ij

and the restric

tions imposed upon the AiJo Our most restrictive specification, Model

A, permits only random measurement errors, so the e .. are assumed to be
1J

mutually uncorrelated. It corresponds to the random measurement error

models of Siegel and Hodge (1968: 51-52), Jencks et al., (1972: 330-

336), Treiman and Hauser '(1976), and the one implicitly used by other re-

searchers applying "corrections for attenuation" (cf. Bohrnstedt, 1970) •.

Thus, in Model A the 91 variances and covariances among the thirteen

reports (ignoring age) are to be reproduced by 41 .free parameters.': 7

slope coefficients, 13 error variances, 6 true score variances, and 15

true score covariances.

After assessing Mode1·A, we consider more complex measurement

models. Model B corresp~nds to the model specified by Bowles (1972).

It differs from Model A only in that within-variable error correlations

(p , for i = 1, ••• ,5) are fixed to beG.S instead of fixed to be
en e i2

zero. Model C allows both within-variable and within-occasion error cor-

relations. To identify these additional parameters, we must impose some

other constraints. We constrain the within-variable error correlations

to be equal across the five variables measured both in the OCG ques-

tionnaire and the remeasurement interviews:

. . .

I

I

I
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Within-occasion correlated errors are constrained to be equal when they

involve the same pair of variables. That is, we have 10 constraints of

the form

= p (i, k = 1, ••• ,5; i ~ k)e i2ek2

and, also,

p = pe
43

e 63 e42e62 '

The other four within-occasion correlated errors,.p (i - 1,2,3,5)
ei2e 62

are unconstrained. Model C adds 16 free parameters for the measure~ent

error correlations: one for the within-variable correlation, and 15 for

the within-occasion correlations.

We estimate other models but these are variations of Models A,

B, and C. Then we take the most appropriate or best fitting model, and

re-estimate it after eli~inating statistically and substantively insig-

nificant coefficients and constraining to unity those estimated slope

coefficients which appear statistically indistinguishable from 1.0.

The measurement model parameter estimates for the OCGR subpopulation

provide a true score variance-covariance matrix from which we could

solve for the substantive parameters of equations 1. However, we can

obtain more stable estimates of the substantive parameters by using

the measurement error variances and error correlations from the OCGR

subpopulation to correct the observed variance-covariance matrix for the

full CPS-OCGQ sample. In doing so, we assume that our OCGR-based estimates of

of equations 4~la, 4.2a, 4.3a, 4.4c, 4.5a, and 4.6b. apply to the CPS re-

ports of ED and OC and OCGQ reports of FO, FE, PI, and 01 in the full

4CPS-OCGQ sample. We can than compare substantive parameters estimated

from the corrected and uncorrected full sample variance-covariance matrices. 5
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Estimation of Measurement Models

Assuming the joint distribution of the thirteen reports of status

variables is multivariate normal, we obtain maximum likelihood estimates

. "of parameters of the l3-equation measurement model uSlng Joreskog's

(1970) "general method for the analysis of covariance structures." The

estimates have been computed from pairwise present correlations for non-

black males 20 to 65 years old in the experienced civilian labor force

in March 1973. 6 The correlations among the thirteen reports are given

in Table 2 and means and standard deviations appear in the first two

columns of Table 3. There is a slight tendency for respondents to re-

I

port higher statuses in the remeasurement telephone interviews for three

variables, FO, PI, and ED. 1Yhile this may indicate a social desirability
I

effect in the interview situation which is not elicited by the question~

naire (Couch and Keniston, 1960; Campbell, et al., 1967), it may be due

in part to lower response rates for some items among lower status persons

in the telephone interview. There is a more pronounced tendency for the

OCGQ items to vary less than the same OCGQ items. Thus, we might expect

to find smaller error variances in the OCGR items.

Goodness-of-fit tests for the various measurement models are reported

in Table 4. The likelihood-ratio test statistic contrasts the null hypo-

thesis that constraints on the observed variance-covariance matrix are

satisfied in the population with the alternative that the variance-

covariance matrix is unrestricted. In large samples this statistic has

a chi-square distribution with degrees of freedem equal to the difference

between the number of variances and covariances and the number of inde-

pendent parameters estimated under the hypothesized model. Moreover,
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when two measurement models are "nested," that is, when on~ model can

be obtained by constraining the parameters of a more general model,

the difference in chi-square values provides a likelihood-ratio test of

the constrained parameters.

Model A, the random measurement error model, f~ts remarkably well

(p= .718). In contrast,' the "Bowles" model, Model B,' differing only in

that within-variable correlated error is fixed at 0.5 instead of zero,

provides a much worse fit (p= .003). Model C adds the 16 parameters for

within-occasion and within-variable correlated error to the random measure

ment error model, but the fit does not significantly improve over Model A.

The difference in chi-square values of 12.8 with 16 degrees of freed()m is

not statistically significant (compare lines A and C). Lines D and E

of Table 4, respectively pertain to models with within-occasion correlated

error, but not within-variable correlated error, and vice versa. Con

trasting line D with line C, we see that the chi-square value for the

within-variable correlated error parameter is not statistically signifi

cant. Comparing lines E and C, the chi-square value for the within

occasion correlated error parameters is 12.22 with 15 degrees of freedom,

which is again less than its expected value on the null hypothesis. The

point estimate of within-variable correlated error is 0.1 with an approxi

mate standard error of 0.1 (not shpwn in the table). The largest point

estimate of within-occasion correlated error is 0.07 with an approximate

standard error of 0.07 0 Thus, neither in a global test, in separate tests

for within-occasion and within-variable error correlations, nor in our ex

amination of the several estimated within-occasion error correlations, do

we find substantial evidence of correlated error.
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The evidence that reporting errors are random for nonb1ack men

is almost, but not quite, complete. Model F, the final measurement

model, was constructed by imposing unit slopes on those free A.. which
1J

were within approximately Qne standard error of 1.0. Under Model A

there were 7 free slope parmneters (A •• ), but only the estimates of. 1J

A62 , A4l , and A
42

were significantly different from 1.0. Further,

the latter two estimated did not differ significantly from one another.

Thus, in Model F we estimate only 2 free nonunit slope parameters,

A4l = A
42

and A
62

• The five additional constraints in Model Fraise

chi-square by only 1.45 relative to Model A, and thus the 36 free para-

meters of Model F (2 slope coefficients, 13 error variances, 6 true-score

variances, 15 true score covariances) provide a quite good representa-'

tion of the 91 variances and covariances of the observed reports (x
2

.=

45.27 with 55 df; p = .822).

Parameter estimates for this final measurement model appear

in columns 3 through 5 of Table 3. Several features of these estj~ates

are noteworthy. The OCGR reports uniformly have smaller error variances

than the OCGQ reports. The three variables measured in the Duncan SEI

metric (FO, 01, and ac) have error standard deviations ranging from 8

to 12, ~.;rith those for Fa and 01 somewhat smaller than those for ac. It

may be that the retrospective reports are less detailed, or that respond"'"-

ents are ignoring transient components of their fathers', and their own

. first, occupations which are not ignored in describing their own current

occupations. The error standard deviation of the aCGQ report of educa-

tional attainment is anomalously large, nearly three times that obtained

with the same item in the aCGR telephone interview.
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As noted above, only two slope coefficients depart from th~ norma1-

ized valu~ of 1.0. The CPS household interview report of educational

attainment has a flatter $lope than the other two reports, while the

CPS report of occupational status has a steeper slope than the OCGR

telephone interview report. Reliability coefficients (the squared

true score-ob~erved score correlations estimated from the measUrement

model) appear in column 6. It is striking that r~trospective reports of

social background variables are no less accurate than cont~mporaneQus

reports of status variables.

Correlations betw~en the first and second reports of each of t4~

variables appear in column 7. These observed "test-retest" corre1a-
. ,

tions correspond to the 17e1iabUity coefficients that W041d be obtained

under a classical test theory model with congeneric forms in the measure-

ment of each variable. For most variables these correlations are close

to the mean Of the estimated reliability coefficients of the indicators

presented in column 6.

Column 8 presents external evidence of data quality: correlations

between two independent codings of the OCGQ questionn.aire responses for

the variables FO, FE, PI, ED and 01. (The Bureau of the Census recoded

oeG questionnaire responses after they were transcribed to telephone

interview forms. Telephone interviewers used the transcribed responses

to reconcile discrepancies after a second report was obtained~) These

correlations reflect unreliability due to transcription, coding and key-

punching error, but are free of unreliability due to response error.

Thus, they provide an upper bound to the re1iabilities attainable from the
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aCG questionnaire. We find very little coding unreliability in the pre

coded FE and PI variables. The coding reliability is .94 for Fa and 01,

which were coded into detailed Census codes from questions on occupation,

industry, and class of worker and then transformed into the status metric.

The correlation between codings of the education item in the aCG ques

tionnaire is an unusually low .95. Thus, the relatively high error vari

ance of the aCG questionnaire report of education may be due to unusually

high coding or keypunch errors for that item.

Estimation of Substantive Parameters in the Full CPS~aCGQ Sample

In this section we assess the effects of measurement error on sub

stantive interpretations of the achievement process. Tables 5 and 6

present observed (uncorrected) and corrected correlations, means, and

standard deviations for nonblacks in the full CPS-aCGQ sample. Com

parisons of means and standard deviations with corresponding quantities

in the remeasurement program subsample reveal no large or systematic

biases in the composition of the subsample.

Table 7 presents corrected estimates of structural and reduced form

parameters. Metric and standardized coefficients are presented for the

structural equations (lines 1, 3, and 6) and reduced form equations

(lines 1, 2, 4 and 5) of our recursive model. The model is now over

identified because certain coefficients are constrained to equal zero in

the structural equations. The constrained coefficients are effects of"

father's education and parental income on first and current occupation

net of schooling, which were originally estimated to be quite small and

in some cases (implausibly) negative. 7
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In Table 7 the reduced form equations (1, 2, and 4) reveal that the

background variables (FO, FE, and PI) all affect each aspect of socio

economic achievement. together with the age variables, they account for

about two-fifths of the variance in educational attainment and more than

one fourth of the variance in statuses of first and current occupations.

The standardized reduced form coefficients reveal that parental income

(PI) has the strongest relative impact on educational attainment (ED),

while father's occupational status (FO) has the largest effect on the

two occupational statuses (01 and OC).

Educational attainment (ED) completely mediates net advantages in

occupational status due to FE and PI (compare equations 2 with 3 and 4

with 5). That is, educational advantages (or disadvantages) account for.

the influence of father's education and parental income on a man's occu

pational standing. In contrast, the effect of father's occupational status

on schooling accounts for less than half of its influence on the status

of son's first or current occupation. The direct influence of father's

occupational status (Fa) on son's status is about a fifth of an SEI point

for each point of Fa in the 01 equation (3) and about a seventh of a

point for each point of Fa in the OC equation (5). The effects of a

year of schooling are about 5.2 SEI points in status of first job and

about 4.9 SEI points in status of 1973 job. Adding educational attainment

nearly doubles the proportion of variance explained (R2) in both the 01

and OC equations.

Entering status of first job into the equation for current occupa

tional status reduces the effect of educational attainment on current
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occupational status by a factor of one half (compare equations 5 and 6).

That is, about half the effect of schooling on current occupational stand-

ing reflects the payoff to schooling in selection of the first job, but

schooling also directly affects one's standing later in the occupational

career. The stability of occupational status is about one half SET point

of current status for each SET point of first job status.. None of the

.
social background factors appears to affect current occupational standing

except by way of schooling and first jobs. Overall, background and educa-

tional attainment account for about 60 percent of the variance in status

of first job and about 50 percent of the variance in status of current job.

Table 8 presents an analogous set of estimated coefficients which

are based on direct application of least squares to the observed full CPS-

OCGQ sample moments, ignoring response error. First we compare the varia-

tion in each dependent variable in Tables 7 and 8. The confounding of

measurement error with true variation results in a 5 percent overstate-

ment of the total variation, cr , in educational attainment and a 9 percent
t

overstatement of the variation in first and current job status. Residual.

variation, cr , which includes measurement errors in the dependent varia
u

bles in Table 8, is overestimated by 10 percent in the ED equation and 15

to 27 percent in the 01 and OC equations. Explained variation in the de-

pendent variables, cr A
, is underestimated by 3 to 8 percent in each equa

t

tion in Table 8. Thus, if we ignore measurement error, we slightly over-

state the total amount of socioeconomic inequality and we slightly urider~

state the inequality which is attributable to variation in socioeconomic

background and educational attainment. The naive estimates substantially

--~~--~---------~
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overestimate the amount of unexplained, or conditional, socioeconomic

inequality. In all there is a 15 percent underestimate of the proportion

of variance explained (~?) in ED, and there are 23 to 2Cl percent under

estimates of the proportions of variance explained in 01 and OC.

The ~stimated effects of paternal education (FE) are almost unaf

fected by correction for measurement error, but there appear to be sub

stantial downward biases in the estimated reduced form coefficients of

the other social background variables. The reduced form effects of father's

occupational status (FO) are underestimated 12 to 16 percent and those of

parental income (PI) are underestimated 10 to 19 percent. Father's oc

cupational status is the only social background variable to have nontrivial

effects on first and current job status net of education (equations 3 and

5), and the estimates of these effects are barely affected by measurement

error.

The uncorrected estimates understate the effect of a year of school

ing (ED) on status ~f first job (01) by 10 percent. The schooling co

efficient is biased by about the same amount in the case of current oc

cupational status (equations 5 in Tables 7 and 8). In equation 6, the

effect of status of first job on current occupational status is under

estimated by 22 percent, while the effect of schooling is overestimated

by 11 percent.

To summarize, ignoring measurement errQrs in models for nonb1acks

males results in modest biases (10 to 19 percent) in the reduced form

effects of two of the three background variables: father's occupa

tional status and parental family income. That is, we understate the
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effects of these two variables on educational attainment and their

effects on first and current job status as transmitted by years of

schooling. Though not to the same degree, measurement error also

reduces estimated returns to schooling net of social background.

Note that downward bias in the schooling coefficient contributes to the

downward bias in the reduced form effects of background variables. The

largest single difference between the corrected and uncorrected structural

coefficients involves neither status inheritance nor returns to schooling,

but is a substantial (22 percent) downward bias in stability of occupa

tional status within the son's career. The other major difference be

tween the corrected and uncorrected models is the overstatement in the

latter model of the degree to which variation in socioeconomic achieve

ments is not determined by social background and education. After the

effects of schooling and social background are taken into account, about

a quarter of the remaining variation, which is sometimes ascribed to

luck or chance, is actually random response error.

Conclusion

Several sociologists and economists have noted possible biases in

effects of social background and schooling when intergenerationa1 models

of the achievement process are based on retrospective survey reports of

status variables. The prevailing view has been that effects of social

background are biased downward by errors in retrospective reports; con

sequently, effects of schooling are biased upward, at least relative to

those of social background. But research on these biases has been incon

clusive because appropriate data and statistical models have not been
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available. Using data from the remeasurement program of the 1973

Occupational Changes in a Generation Survey, we have overcome some

of these shortcomings by estimating and testing comprehensive struc~

tural models which incorporate both random and nonramdon response errors.

We think there is persuasive evidence that reports of socia~ back

ground and achieven~nt variables by nonblacks are subject only to random

response error. Moreover, we find no evidence that social background

variables are measured substantially less reliably than are contemporane

ous achievement variables. Contrary to some previous expectations, re

sponse error leads to downward biases in estimated returns to schooling,

and downward biases in estimated effects of social background variables

are neither pervasive nor very large. Ignoring response error, we under~

estimate occupational returns to schooling by about 10 percent and the

effects of father's occupational status and parental income on son's

statuses by as much as 19 percent. Yet downward biases in estimated

effects of father's educational attainment are negligible. Measurement

error does have a substantial effect on estimates of status persistence

within the occupational career. Also, by ignoring response errors, we

overstate the total amount of variation in achievement variables by 5

to 9 percent, and we overstate the variation in achievement variables

which is independent of social background by 10 to 16 percent.

We think that our research has produced new and powerful evidence

about the effects of survey response errors on models of the stratifi

cation process. However, a cautionary note is in order. Our data were

collected as part of a carefully designed and instrumented study which

uses the resources, personnel, and procedures of the United States Bureau
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of the Census. It may be inappropriate to apply our estimates of measure

ment param~ters to data obtained using instruments and procedures which

differ from those.of the OCG-II survey. Further, the pres~nt results

apply only to nonb1ack males. We have no· data for females, and research

we have reported elsewhere (Bielby, Hauser and Featherman, 1976) suggests

that survey response errors among black males differ in pattern and in

magnitude from those among nonblack males.
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NOTES

1The oeG parental income item was: "When you were about ;16 years

old, what was your family's annual income?" The fourteen possible re-

sponses were:

No income (or loss),
$1-499,
$500-999,
$1,000-1,999,
$2,000-2,999,
$3,000-3,999,
$4,000-4,999,
$5,000-5,999,
$6,000-6,999,
$7,000-7,999,
$8,000-8,999,

·$9,000-9.999.
$10,000-14,999
$15,000 or more

After examining plots of occupational status of first and current job and

educational attainment by parental income category we determined that a

logarithmic function of parental income was the appropriate functional

form relating it to the achievement variables. The first two categories

were collapsed and midpoints of intervals were used. A value of $19,750

was assigned to the open-ended category on the basis of a canonical

analysis with ED, 01 and OC as criterion variables. Responses to

pretest probes and plots of achievement variables by parental income

categories by ten-year age cohorts clearly indicated that respondents

tended not to adjust their responses to current dollars. Therefore, the

dollar midpoint responses were adjusted by a four-year moving average of

the Consumer Price Index, with the four years weighted to reflect the

uncertainty in determining exact year of birth from age in March 1973.
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The final scale was computed ~s the logarithm (base. 10) of the price

adjusted dollar cate~o.ry midpoints. Our scaling procedure explicitly

attempted to maximize correlations between parental income and statuses

of th~ respondent. As a consequence" intergenerationa1 (father-son)

correlations ~etween PI and ED are larger than intr~generationa1 (father's

generation) correlations between PI and both FO and FE (see Tables 2,

5 and 6).

2Figure 2 shows, the most gen,era1 (least restricted) model which we

estimat~d. Ultimately, we eliminated all ~orre1ations among reporting

errors and certain paths from background variables to occupational

stqttlses •

3Another way of st&ting this normalization is that only the ratio

of the slopes is identifiable. A more common normalization is to assume

unit variances of true scores. However, this normalization does not

allow the computation of metric coefficients relating unobservab1es.

Error vari&,pces and reliabilities (squared true score-observed score cor-

rel&tions) are i.nvariant with respect to norm?lization, although true

score variances (and structural coefficients) do depend on which A..
1J

are fixed to unity.

4A · h . d . . h 1 f h di' 1. ga1n we . ave an 1n, eterm1nacy 1n t e s ope 0 t e con t10na

expectation function of the o~served score given true score, and we assume

that the measures included in the full sample models define the true

score metrics. That is, in our models for the full CPS-OCGQ sample we

assume all such slopes to be unity. Since all of our metrices, except
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perhaps that of educational attainment, are to some degree arbitrary, it

seems reasoIL3.ble to normalize by taking the observed metrics as the

standard. While our findings do suggest some relative differences in

slope coefficients, there is no empirical way to choose which slope

coefficients correspond to "true" metrics.

5S ' h . . d b h d 1 h 1lnce t e mean vector lS not restrlcte y t e mo e , t e samp e

means provide the maximum likelihood estimates of the true score means.

6
The Bureau of the Census uses the "hot deck" technique to allocate

nonresponses in CPS reports of education and occupation, and we treat

these allocations as responses. Allocated nonresponses are assigned the

observed value of the last case processed with the same age, sex and race.

Thus, allocated responses have both systematic an~ random components.

Elsewhere, of course, we assume that the pairwise correlations accurately

represent the correlations that would have been obtained were complete

data available. While this is an untestable assumption, the alternatives

are more problematic. Replacement with means restricts variances and

would result in underestimates of error variances. Random allocation

would reduce the ability to detect nonrandom response error structure,

while systematic allocation would have the opposite effect. Omitting all

cases that have missing data would. reduce the sample size by about 40

percent and probably eliminate many of the cases with less accurate

responses. Models of the achievement process are almost always estimated

from pairwise present correlations, and it is the response error structure

in these analyses that we are attempting to assess.
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7Using the LIS~L program!of JHreskog and van Thillo (1972),

we estimated structur~land measur~ment parameters simultaneously within

the OCGR subsample. The e,~~imated measurement para~eters of Model F

were virtually unaffected by the constraints ~9 = SlO = ~15 = S16 = 0

(see e,quations 3.2 and 3.3). These four restrictiol:\s raised the chi-

square in the LISREL model from 58.5 with 69 df to 66.7 with 73 df, an

increase not statistically significant at the .05 level. (The degrees
'"

of freedom and chi-square values differ from those in Table 4 because

AGE and AGE2 were included in the LISREL model; estimated measurement

parameters were unaffected by inclusion of th~ two age variables.) With

this evidence in hand we dropped the negligible paths and estimated the

structural coefficients in the full sample by l~ast squar~s regression

Reduced form coefficients were obtained algebraically from the structural

equations.
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TABLE 1. Timing of measurements in the 1973 CPS and OCG surveys.

2. Father's educational attainment (FE)

1. Father's occupational status (FO)

(CPS)

Harch 1973 CPS
household inter
view

Measurement

Fall 1973 OCG Fall 1973 OCG re-
questionnaire measurement inter-

view
(OCGQ) (OCGR)

xII x12

x2l x22

x3l x32

x4l x42

xSl xS2 w
w

x62x 63

AGE, AGE2

X43

6. Current occupational status (March or
fall) (OC)

7. Age

S. Occupational status of first job after
completing schooling (01)

4. Educational attainment (ED)

3. Parental income (PI)

Variable





TABLE 3. Observed moments and measurement model parameter estimates: nonb lack males in the experience(l ei d.l:lan labor
force, March 1973 (N = 578)

(1) (2) (3) (4) (5) (6) (7) (8) (9)
Variable Std. dev. Std. dev. of Relative Re1iabi1itYb Test-retest Coding Re- No.

Mean Std. dev. of Errora True Score Slopea Coefficient Correlations liability of'Cases
True Observed

T. x'.. ]l •• a a aT. \j (0'2 /0'2 )A~. p. p
~ ~J ~J x .. e .. T. x.. ~J Xi1 'Xi2 Xi1 'Xi1 '

~J ~J ~ ~ ~J

FI) XII 32.96 24.27 9.37 (.54) 22.37 1.00 .85 .87 .94 556
x12 33.62 23.73 7.97 (.59) . 1.00. .89 551

FE x21 8.97 4.19 1.12 (.09) 4.04 1.00. .93 .94 .99 548
x22 8.96 4.14 0.93 (.10) 1.00 .95 541

w
PI 3.78 0.41 0.14 (.01) 0.38 1.00 .86 .91 .99 517 I.rI

x31x32 3.81 0.39 0.09 (.01) 1.00 ~95 520

ED x41 11.98 3.42 1.78 (.06) 1.06 (.02) .70 .84c . .95 535
x42

12.12 2.93 0.61 (.06) 2.71 1.06 (.02) .96 545
x43

12.18 2.87 0.97 (.04) 1.00 .89 578e

01 xS1 34.61 24.71 9.86 (.52) 22.47 1.00 .87 .85 .94 514
x

52
. 32.10 24.15 9.26 (.54) 1.00 .87 541

OC x62 39.57 24.81 12.25 (.65) 23.11 0.93 (.04) .76 .80d -- 578
e, x63

41.34 25.21 10.08 (.80) 1.00 .84 578e

aStandard errors of parameter estimates appear in parentheses.

bThese coefficients are squared "validity coefficients." They have approximate standard errors on the order of 0.03.

c
p = .80, p = .92.x41 ,x43 x42 ,x43

dThis quantity is p , the correlation between SEI scores of reports of March 1973 occupation and Fall 1973 occupation.
. x62 ,x63

eMissing values have been allocated for NA cases.



TABLE 4.

Model

36

Chi-square goo~ness-of-fit tests for measurement models: nonb1ack
males in the experienced civilian labor force, March 1973. a

df p

A. Random Measurement Error--No Con- 43.82 50 .718
strained Slopes

B. "Bowles" ~1ode1--Within-Variab1e 81.61 50 .003
Correlated Error Fixed at 0.5

C. Within-Occasion and Within-Variable 31.06 34 .612
Correlated Error

D. Hithin-Occasion Correlated Error 31.95 35 .616

E. Within-Variable Correlated Error 43.28 49 .703

F. Random Measurement Error--Constrained 45.27 55 .822
Slopes

~1aximum likelihood estimates were computed wl.th the ACOVSF program described
in Jl:lreskog, Gruvaeus and van Thi110 (1970).
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TABLE 5. Uncorrected correlations, means, and standard deviations: CPS-OCGQ
nonb1ack males in the experienced civilian labor force, March 1973
(N = 25,223).a

Variable 1 2 3 4 5 6 7 8

l. xII
,"

2. xZ1 .537

3. x31 .400 .466

4. x43 .411 .470 .483

5. x51 .392 .330 .293 .636

6. x63 .326 .275 .257 .571 .617

7. AGE -.174 -.297 -.248 -.210 -.067 .025 --

8. AGE2 .014 .026 -.027 -.095 -.114 - .142 , .144

Mean 31'.09 8.78 3.77 12.07 33.81 41.11 3.97 16.04

Std. dev. 22.90 4.04 0.42 3.07 24.55 24.91 1.25 14.63

·a definitions of variables.. See· Table 1 for



TABLE 6.

38

Corrected correlations, means, and standard deviations: CPS~OCGQ

nonb1ack males in the experienced civilian labor force, March 1973
(N = 25,223).a

Variable 1 2 3 4 5 6 7 8

1. FO

2. FE .612

3. PI .464 .514

4. ED .475 .516 .539

5. 01 .469 .375 .339 .732

6. DC .391 .313 .298 .658 .737

7. AGE -.191 -.309 ..... 264 .... 221 .... 073 .027

8. AGE2 .015 .003 ..... 028 .... 100 .... 124 ..... 155 .144

Mean 31.09 8.78 3.77 12.07 33.81 41.11 3.97 16.04

Std. dev. 20.90 3.88 0.40 2.91 22.48 22.78 1.25 14.63

aSee table 1 fbr definitions 6f variables.
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'TABLE 8. Uncorrected estimates of parameters of the achievement process: nonb1ack males in the experienced
civilian labor force, March 1973 (N = 25,223)a

~redete~minedVariables Components ofVariationb

Dependent AGE AGE2 FO FE PI ED 01 R2 Residual Explained Total
Variable 0 0" 0

u t t

'1. ED -.058 -.019 .021 .183 2.18 -- -- .337 2.50 1.78 3.07
(-.024) (-. 092) (.160) (.241) (.299)

2. 01 1.60 -.214 .281 .845 10.07 -- -- .216 21.74 11.41 24.55
( .081) (-.128) (.264) (.139) (.173)

3. 01 1.87 -.126 .184 -- -- 4.62 -- .437 18.42 16.23 24.55
(.095) (-.075) (.172) (.578)

-I:'-

·4. DC 3.32 -.285 .241 .804 9.58 -- -- .180 22.56 10.57 24.91 0

(.167) (- .168) (.223) (.131) (.162)

5 •. OC 3.58 ,....201 .148 -- -- 4.39 -- .375 19.69 15.25 24.91
(.179) (-~118) (.136) (.541)

6. DC 2.84 -.15'2 .076 -- -- 2.58 .393 .459 18.32 16.88 24.91
(.143) (-.089) (.070) (.318) (.387)

aStandardized coefficients appear in parentheses.

bcomponents are expressed as standard deviations. The additive decomposition is 0 2 = ·o~ + 0 2 •
t t u



~ ~ ~

Figure 1: A Fully Recursive Structural Equation Model with
Measurement Errors
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Figure 2: A Structural Equation Model of the Socioeconomic Achievement Process with
Measurement Errors
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NOTE: Variables are defined in Table 1.




