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Auxiliary Theory and Multitrait-Multimethod
Validation: A Review of Two Approaches
William R. Avison
The University of Western Ontario

Althauser and Heberlein (1970) and Costner and
Schoenberg (1973) have developed path analytic
techniques for assessing the validity of indicators in
multitrait-multimethod matrices. Both procedures
involve the application of Costner’s (1969) auxiliary
theory. These approaches represent improvements
on Campbell and Fiske’s early procedures for test-
ing for validity. This article examines these tech-

niques and demonstrates their applications. It is ar-
gued that the diagnosis of indicator ills by means of
confirmatory factor analysis is especially useful:
This technique not only tests the adequacy of a
measurement model, but also estimates the para-
meters of the specified model. An empirical
example of these techniques is presented.

Concern with the validity of measures has long been a central concern of psychologists and so-
ciologists (Curtis & Jackson, 1962; Bohrnstedt, 1970; Althauser & Rubin, 1971). Of special interest is
the evaluation of validity when indicators exist as measures of the same underlying concept or trait. In
such instances, assessments of convergent and discriminant validity have been of major importance.

Campbell and Fiske (1959) proposed the use of a multitrait-multimethod (MTMM) correlation
matrix as a means to assess systematically the discriminant and convergent validity of a set of meas-
ures. In a recent article in this journal, Schmitt (1978) noted several problems with the Campbell-
Fiske method. He argued that a more powerful, objective technique for assessing validity is the appli-
cation of confirmatory factor analysis to such correlation matrices. Since the MTMM matrix is
analyzable by the set of factor analytic models described by Werts and Linn (1970), maximum like-
lihood estimates of the parameters in such models may be generated using techniques described by
Joreskog (1969, 1970).

In addition to Campbell and Fiske’s technique and Schmitt’s application of confirmatory factor
analysis, Althauser and Heberlein (1970) and Costner and Schoenberg (1973) have proposed methods
based on Costner’s (1969) auxiliary theory approach that assess the validity of indicators. Althauser
and Heberlein’s procedure represents a self-contained validation technique, while Costner and
Schoenberg’s demonstrates how Costner’s approach may be used in conjunction with confirmatory
factor analysis to diagnose indicator ills. The objectives of the present paper are to describe these
techniques and to compare them with the confirmatory factor analysis method described by Schmitt.
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Costner’s Auxiliary Theory Approach

Costner (1969) has argued for the provision of statements that describe the connection between
constructs and their empirical indicators. The development of these &dquo;rules of correspondence&dquo; is re-
ferred to as an auxiliary theory. If these relational statements are treated as any other propositions in
a theoretical formulation, then their construction will allow for the estimation of epistemic correla-
tions.

Assuming a measurement model similar to Figure 1, differential constant error (also known as
differential bias, systematic measurement error, or correlated measurement error) may occur when
errors in the measurement of a construct or indicator are associated with measurement errors of
another concept or indicator. According to Costner, differential bias, unlike random error, does not
necessarily result in an underestimation of the relationship between the abstract variables.

Figure 1
A Measurement Model That

Satisfies the Consistency Criterion

Using the auxiliary theory, three aspects of this measurement model can be ascertained. An esti-
mate of each unknown coefficient can be derived. Differential bias (if any) can be identified; this
would suggest either that certain indicators may be inadequate or that a new model must be specified.
Third, the implications of the connections among variables on an abstract level can be tested. These
three items of information can only be acquired if the model is just- or over-identified.

In Figure 1, six correlations will be generated from the data correponding to the model. This
model provides the simplest demonstration of the use of consistency criterion equations for the iden-
tification of differential bias.

For this model, six equations can be derived:
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Assuming non-zero correlations, we find that:

Equation 7 is the consistency criterion equation. When equality exists, this fulfills a necessary, but
not sufficient, condition for the assumed absence of differential bias.

If, however, there is an error term, w, that affects both X; and Y, (as might be the case with a
methods factor), then the model will take the form of Figure 2. This specification alters only Equation
3 such that:

In this case, an inequality condition exists for the consistency criterion expressed in Equation 7.
Under these circumstances, the presence of differential bias is confirmed.
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Figure 2
A Measurement Model

With a Specified Error Term

If the consistency criterion holds for Figure 1, unique estimates of each of the five path coeffi-
cients in the model can be calculated. For each path, two estimates will be derived; each pair will be
equivalent if the consistency criterion holds. For example:

Similar calculations provide solutions for the other epistemic paths and for the relationship between
the two constructs. The procedures for doing so have been described by Hauser and Goldberger
(1971).

Costner’s approach to validation is somewhat different from that of Campbell and Fiske. Cost-
ner’s analysis is not limited to multitrait-multimethod problems; rather, it is applicable to any multi-
ple indicator measurement model. Figure 1 can be construed to represent a multitrait-multimethod
model with two traits (X and Y) and two methods (subscripts on the indicators). Thus, the correlation
between X ; and X 2represents a monotrait-heteromethod (MTHM) association, while the relationship
between X and Y Z is a heterotrait-monomethod (HTMM) correlation. The association between X,
and Y, is a heterotrait-heteromethod (HTHM) correlation.

According to Campbell and Fiske, evidence of discriminant validity exists if MTHM correlations
are greater than HTMM or HTHM correlations. Algebraically, this may be expressed as
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where X and Y are traits and i and j are methods. With this as a given, there is no reason why
HTMM correlations could not be zero. On the other hand, Costner has explicitly stated that such
correlations must be non-zero if the consistency criterion is to hold. Indeed, if this were not the case,
differential bias could not be identified using the Costner method.

Althauser and Heberlein’s Application

Althauser and Heberlein have assessed the tenability of the Campbell-Fiske criteria for evaluat-
ing convergent and discriminant validity by restating these principles in path analytic terms. Figure 3
represents a path model where X and Y are traits; F’s are methods factors; and X;, X’, Y~, YZ are
indicators whose subscripts indicate which method was used. Path coefficients are indicated by a, b,
c, and so forth; S is the substantive relationship between X and Y; and q is the correlation between
the methods factors. This model represents a reduced multitrait-multimethod matrix.

Figure 3
A Reduced MTMM Measurement Model
With Two Correlated Methods Factors

For this model, an example of a MTHM correlation expressed in path analytic terms is

An HTHM correlation takes the form,

An HTMM correlation can be expressed as

Downloaded from the Digital Conservancy at the University of Minnesota, http://purl.umn.edu/93227.  
May be reproduced with no cost by students and faculty for academic use.  Non-academic reproduction  

requires payment of royalties through the Copyright Clearance Center, http://www.copyright.com/ 



438

According to Campbell and Fiske, convergent validity obtains when MTHM correlations are
strong. In terms of Equation 14, this assumes that all six epistemic paths are relatively large and that
the methods are independent (q = 0). While the first assumption is reasonable, the second is difficult
to accept a priori. If the latter assumption cannot be made with assurance, it is possible that strong
MTHM correlations may be due to correlated methods factors (the nqm component).

There are three comparisons to make for assessing discriminant validity. First, MTHM correla-
tions should exceed HTHM correlations:

This difference can be decomposed into two parts. The first is a function of the epistemic path coeffi-
cients and the substantive relationship. The second is due solely to methods paths and correlations.
Any correlational difference that exists should therefore be due to this first component. Thus, S must
be fairly small. This is a reasonable condition to expect, for a large S would question the existence of
separate and distinguishable traits. Two conditions can result in a negligible value for the second
component: Methods effects could be small or they could be of any magnitude but equal. This inde-
terminacy casts doubt on the efficacy of the first criterion for assessing discriminant validity.

The second desideratum requires that MTHM correlations be greater than HTMM correlations.
This is represented by

Assuming that b = c, the first component will represent a term roughly equivalent to (1 - S). Assum-
ing positive epistemic path coefficients, this component will be positive in sign. The second term will
be a function of the methods paths and the intercorrelation of methods. Assuming that all methods
coefficients are of the same sign, this component will typically be a negative quantity. Thus, the
magnitude of the correlational difference is dependent on the negative second component. Althauser
and Heberlein have argued that the interpretation of large HTMM correlations as symptomatic of the
presence of methods factors is dangerous where underidentified models are concerned; nevertheless,
they found this particular criterion of Campbell and Fiske to be basically sound.

Campbell and Fiske’s last criterion used to assess discriminant validity involves comparing
correlations of corresponding position in the monomethod and heteromethod blocks. To demonstrate
this, a third construct, Z, must be added; and it must be assumed that all path coefficients from Z
can be expressed as primes (’) of the coefficients for Y. Thus,

Substituting Equations 15 and 16,
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Thus,

As before, the lefthand term on each side of the equation is a function of the epistemic paths,
while those on the right of each side are dependent upon values of the methods path coefficients.
According to Althauser and Heberlein, the problem that afflicted the first Campbell-Fiske criterion
arises again. They, therefore, have concluded that the comparison of correlations in a multitrait-
multimethod matrix does not provide a sufficiently rigorous assessment of convergent and discrimi-
nant validity; they argued that the Campbell-Fiske criteria for validation are tenuous to the extent
that they must be underwritten by various assumptions, many of which require methodological
bravado.

In response to the deficiencies of the Campbell-Fiske criteria, Althauser and Heberlein have pre-
sented an alternative approach to validation that involves an application of Costner’s consistency
criterion. Their procedure entails comparing one model (such as in Figure 1) with a specified alterna-
tive (such as in Figure 3). Assuming uncorrelated methods factors (q = 0) and substituting path coeffi-
cients into the consistency criterion (Equation 7),

Simplifying,

It is apparent that the consistency criterion will be met only where npbsd + moasc + npmo = 0. That
is, if alternative models that specify methods factors are proposed (such as in Figure 3), m, n, o, and p
will be greater than zero, hence the inequality in the consistency equation. If the consistency criterion
holds, then Althauser and Heberlein argue that alternative models can be rejected.

If the tetrad difference in the consistency criterion is not zero, Althauser and Heberlein suggest
that the standard error of this difference should be computed by

where r is the average of the four correlations in the tetrad difference and N is the sample size. A cau-
tionary note is warranted: This test is powerful only where r exceeds .30.

Costner and Schoenberg’s Method for Diagnosing Indicator Ills

Costner and Schoenberg (1973) have made use of both Joreskog’s confirmatory factor analysis
technique (J6reskog, 1969; Joreskog, 1970; Joreskog, Gruvaeus, & van Thillo, 1970; Joreskog & van

Thillo, 1972; Joreskog & Sorbom, 1976) and Costner’s consistency criterion approach to identify
sources of invalidity in path models. While confirmatory factor analysis may indicate that &dquo;indicator
flaws&dquo; exist within a given model, Costner and Schoenberg have argued that this technique provides

Downloaded from the Digital Conservancy at the University of Minnesota, http://purl.umn.edu/93227.  
May be reproduced with no cost by students and faculty for academic use.  Non-academic reproduction  

requires payment of royalties through the Copyright Clearance Center, http://www.copyright.com/ 



440

few clues for pinpointing the exact nature of these difficulties. Their solution to this is the application
of Costner’s consistency criterion to submodels within the overall structural equation model.

Costner and Schoenberg have assumed an extremely simple measurement model (e.g., uncorre-
lated disturbance terms, no methods factors) and then used confirmatory factor analysis to estimate
the parameters. They tested the adequacy of their model by comparing the observed correlation
matrix to that which would be expected, given the parameters generated from the model’s structure.
If the hypothesized model is inaccurate, Costner and Schoenberg apply Costner’s technique to
examine the sources of poor fit within submodels.

Costner and Schoenberg (1973, p. 172) argued that
a large discrepancy between the observed and implied correlations for any given pair of varia-
bles ... suggests that between those two variables there are sources of covariation that have
been omitted from the initial model. This, in turn, suggests an examination of the residuals
matrix to locate the largest discrepancies, a redesign of the model to provide for additional
paths, and an estimate and &dquo;goodness of fit&dquo; test for the redesigned model. But this approach
can be very misleading. The clues provided by the residuals matrix are highly fallible under cer-
tain circumstances.
Costner and Schoenberg have demonstrated that the specification of a correlated disturbance

term between two indicators may reduce the residual correlation so that it becomes insignificant.
They warned, however, that such a specification may result in a reconstructed model that does not
resemble the one hypothesized. Thus, they have expressed concern for the development of measure-
ment models that are in accord with the researcher’s theoretical notions.

The Costner-Schoenberg technique involves taking all possible submodels of the form illustrated
in Figure 2 and computing estimates of the substantive path between unmeasured traits from the
indicator correlations. Thus, for a model such as in Figure 4, 27 such two-indicator submodels may be
derived. For each submodel, two estimates of the substantive path coefficient can be calculated from
Equation 7. These two estimates will be identical unless some unspecified correlated disturbance or
methods factor exists between indicators of different traits.

Figure 4
A MTMM Measurement Model With

Three Traits and No Methods Factors a

a For this and subsequent models,
disturbance terms have heen deleted to

simplify the presentation of the models.
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Using this procedure, indicators that exhibit the most serious flaws can be identified. Thus, the
nature of the measurement error in the structural equation model can be specified. Correlated errors
between indicators of different traits measured by the same method are indicative of some type of
methods factor. Correlated errors of indicators of different traits measured by different methods may
signal the existence of a confounding effect of a trait on an indicator of another construct. Such a
correlation may also suggest that the indicator is actually measuring a different trait &dquo;embedded&dquo; in
the model.

An Empirical Example

The MTMM matrix presented in Table 1 is derived from data collected from 148 subjects (white,
male Americans) who were part of the sample in Almond and Verba’s Five Nation Civil Culture Study
(1963). The three traits were the subjects’ sense of participation in decision-making in the home (as a
child), in the school (as a student), and on the job (as an employee). Each trait was measured by three
methods: perceived freedom to participate, perceived impact of participation, and actual frequency
of participation. While the data differed somewhat from more standard examples of MTMM situa-
tions, the three traits (participation as a child, as a student, and as an employee) have each been
measured by three different questions (treated as measures).

An examination of MTHM (validity) diagonals indicated that the correlations were not high
enough to conclude that there was convergent validity. Regarding discriminant validity, the data
satisfied the minimal criteria suggested by Campbell and Fiske. Validity (MTHM) values were greater
than HMHT correlations. Second, MTHM correlations were greater than corresponding HTMM
ones. Third, there were distinguishable patterns of trait interrelationships in most of the heterotrait
triangles for both mono- and hetero-method blocks. Thus, it could be concluded that there was sufl=i-

Table 1

Multitrait-Multimethod Correlations

aX, Y, and Z refer to traits; 1, 2, and 3 refer to methods.
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cient (although weak) evidence to infer discriminant validity. Nevertheless, the data left some doubt
about the strength of these inferences.

Application of Costner’s Approach

Using Costner’s approach, the model implied by the MTMM matrix is first specified. That
model is portrayed in Figure 4. It consists of three traits and three indicators per trait. No differential
bias is hypothesized. For this model, 27 separate consistency checks may be computed using the cri-
terion expressed in Equation 7. These consistency checks may be classified into three groups of nine,
corresponding to those for the correlations amongX and Y, Y and Z, and X and Z, respectively.

It should be recalled that Costner has also specified an algebraically similar test for consistency
that entails the derivation of substantive paths between the unmeasured traits. For the model in
Figure 4, this involves the computation of estimates of paths d, h, and n, using the generalized form of
Equation 11. It should be noted that Equation 11 provides the formula for computing the square of
the path; therefore, the square root of the equation must be taken to calculate the path itself.

With three indicators per construct, nine pairs of estimates of each substantive path (d, h, and n,
respectively) may be derived. Thus, there will be a total of 54 estimates generated. These estimates,
which are indicative of measurement error, are presented in Table 2. An examination of these data re-
veals substantial differences among the estimates of each path. In addition, some paths could not be
computed (the squares of the paths being negative in sign). Although we have been made aware that
there must be indicator flaws (and, therefore, some invalidity), this procedure provided little informa-
tion about its specific location. That is, an inspection of Table 2 gives no indication of which indica-
tors may be invalid. Rather, this method allows only for a test of the adequacy of the model. Obvious-
ly, the hypothesized model in Figure 4 cannot be accurate, given the variation in path estimates and
the inequalities in the consistency criteria. It was, therefore, necessary to specify an alternative
hypothetical model.

At this point, Costner and Schoenberg’s method becomes useful. For purposes of clarity and
simplicity, construct Z and its indicators have been deleted. In so doing, the number of possible two-
indicator submodels was reduced to nine, thus making the example more manageable.

The first step in diagnosing indicator ills involves testing the model specified in Figure 4 (remem-
bering that construct Z and its indicators have now been deleted). By specifying the structure of the
model and inputting the correlation matrix into a confirmatory factor analysis program, such a test is
accomplished. Several similar software packages (Joreskog & Sorbom, 1976; Joreskog & van Thillo,
1972; Joreskog et al., 1970) are available for such analyses. The present analysis made use of ACOVS
(Joreskog et al., 1970). Using this technique, path coefficients are estimated from the correlation
matrix, given the particular hypothesized structure of the model. Then, a matrix of expected correla-
tions is derived from the path estimates. The differences between the observed and expected correla-
tion matrices results in a residual correlation matrix. A chi-square goodness of fit test can then be
computed to test whether there is a significant difference between the expected and observed
matrices.

Table 3 displays the residual correlation matrix corresponding to Figure 4 (with Z deleted). The
chi-square (17.3212) is significant, indicating that the data does not fit the hypothesized model. This
inference is in accord with the conclusions previously made after subjecting the data to Costner’s con-
sistency criteria in the manner of Althauser and Heberlein.

Given the lack of fit, Costner and Schoenberg have asserted that all nine possible submodels that
take the form of Figure 1 should be examined so that the locus of error can be isolated. This entails
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Table 2

Consistency Checks Using Estimates of Substantive Paths

aFor each combination of four indicators, two estimates
of the path coefficient are possible as in Equation [11].

bThe indicators listed are used in estimating d. For

estimating h, the reader should substitute Z’s for X’s.
To estimate n, Z’s should be substituted for Y’s.

cValues in parentheses are squares of path estimates
whose roots could not be computed because of the negative
sign.
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Table 3
Residual Correlation Matrix for Figure 4a

aWith construct Z deleted.

the computation of the discrepancies between the two estimates of the substantive path, n, for each of
the nine submodels. This discrepancy is given by

These differences for each submodel are reported in Table 4. An examination of these discrepancies
leads to the tentative hypothesis of the existence of a methods factor operating on X and Y,. It is ob-
served that the two largest discrepancies (.2270 and .0252) occur in submodels that have these two
indicators present. Thus, the model to be tested would now take the form illustrated in Figure 5.

Table 4

Estimate Discrepancies for Two-Indicator Submodelsa

aDiscrep ancies are computed using Equation [25].
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Figure 5
The MTMM Measurement Model

With Onc Mcthods Factor Specified

When this model is tested by confirmatory factor analysis, the residual correlations in Table 5
were reduced considerably. Indeed, the chi-square goodness of fit (11.69) is statistically insignificant.
This indicates that there is an adequate fit of the data to the model. Substantively, this methods fac-
tor is interpretable if the referents of the traits and methods are recalled. Trait X referred to sense of
participation as a child; Trait Z corresponded to sense of participation as an employee. The second
method consisted of asking respondents to indicate whether or not they perceived their participation
to have any impact. It is conceivable that respondents’ present perceptions (as employees) may be
inextricably related to their perceptions of their childhood experiences, thus contributing to

systematic error in these indicators.
There may be other sources of systematic error that flaw the indicators, since relatively high

residual correlations in Table 5 are observed between Y, and each of the indicators of construct X. No
other residual correlation is sufficiently large to be problematic. Referring back to the discrepancies
between estimates for the submodels in Table 4, it can be noted that no observable pattern exists that

justifies the hypothesis of a correlated error term between Y, and any one indicator of construct X.

Table 5

Residual Correlation Matrix for Figure 5
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Rather, it appears that all three indicators of X are confounded with Y3. Thus, it may be that there is
a direct effect of construct X on Y3. Substantively, there is also reason to justify this hypothesized
path. It seems possible that an individual’s sense of participation in decision-making as a child may
affect his/her behavior as an adult or as an employee; that is, there may be a direct relationship be-
tween childhood socialization experiences and current behavior as reported to an interviewer. Thus,
there may be some nature of an inhibitory-disinhibitory effect operating. If childhood experiences
have led an individual to perceive that participation in decision-making makes a difference, then
he/she may be more likely to participate in decision-making on the job as an employee. In other
words, indicator Y, is related more closely to childhood experiences than to present perceptions of the
situation.

While this theoretical rationale is rather tentative, it is meant only to convey the notion that Cost-
ner and Schoenberg have stressed: The specification of new models must take into account both the
data and whatever body of theory exists on the subject. Again, emphasis must be placed on the notion
that Costner and Schoenberg’s method attempts to integrate existing theory with this particular
statistical technique. They have argued that a danger of ignoring theory is the development of models
that do not resemble the model originally hypothesized.

Given the data and these theoretical notions, the second hypothesized model would take the
form of Figure 6. The results of the confirmatory factor analysis of this model indicate that the
specification of the path from X to Y, greatly reduces the residual correlation (Table 6). The chi-
square value (6.63) demonstrates that the observed and expected correlation matrices are not signifi-
cantly different. An examination of the residual correlation matrix shows that the only remaining
residual that is at all large is that between X, and Y,,. However, there is some doubt whether the
specification of a methods factor would reduce this residual, since the discrepancies in estimates in
Table 4 are not consistently large for all submodels that include both X, and Y.,. Indeed, further
analysis reveals that the specification of a methods factor does not reduce the residual correlation to
any appreciable extent. Thus, it can be concluded that the model hypothesized in Figure 6 has been
tested and accepted as adequate.

Figure 6
The MTMM Measurement Model
With One Methods Factor and a

Confounding Path Specified
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Table 6
Residual Correlation Matrix for Figure 6

Given that a model which is a reasonable fit of the data has been specified, its parameters can
now be estimated. Again, this is accomplished by the maximum likelihood technique of confirmatory
factor analysis. The estimated path coefficients for each parameter are entered in Figure 6. These
estimates suggest that X; may be the only valid indicator of construct X, while construct Y may be
validly measured by indicators Y; and Y,. Furthermore, from observing the path linking X with Y,.
there is some indication that this indicator is confounded with construct X and may, therefore, be a
poor measure.

A Comparison with Schmitt’s Application
of Confirmatory Factor Analysis

Schmitt’s application of confirmatory factor analysis appears to focus primarily on testing the
goodness of fit of alternative models. In so doing, emphasis is placed on finding the path analytic
model that best reproduces the MTMM matrix. To the extent that models with trait and trait-method
correlations fit the data, there is a lack of discriminant validity.

Althauser and Heberlein’s use of Costner’s consistency criterion provides a similar test for dis-
criminant validity. They have argued that a hypothesized model which assumes uncorrelated methods
can be compared with alternative models that imply methods correlations or trait-methods correla-
tions. If Costner’s consistency criterion holds, these alternative models can be rejected. It can then be
concluded that the original model exhibits some satisfactory degree of discriminant validity.

While Althauser and Heberlein have accurately pointed to the flaws in the Campbell-Fiske
method, their application of Costner’s auxiliary theory has its own limitations. There is the possibility
of conceptual and mathematical confusion in going beyond three constructs and three indicators per
construct. The number of possible alternative models that would have to be tested increases rapidly as
the model becomes more complex. Accordingly, the mapping of methods paths and interrelationships
becomes more difficult. This method, then, seems to be restricted to relatively simple measurement
models.

Further, this method appears to be less powerful as a test of discriminant validity than the
method proposed by Schmitt. Although it seems that the Althauser-Heberlein approach and the
application of confirmatory factor analysis may often lead to similar conclusions (as in the case of our
empirical example), confirmatory factor analysis enables the researcher to take into account a greater
number of alternative models (Mayer & Younger, 1974).
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These limitations suggest that the Althauser and Heberlein approach may provide only a rough
test of the validity of a specific measurement model. This, however, may be useful to many re-
searchers, especially those who do not have access to confirmatory factor analysis programs. In such
cases, the use of the Costner criterion provides the only means for estimating path coefficients in the
measurement model.

A more useful application of Costner’s technique has been demonstrated by Costner and
Schoenberg. Their use of confirmatory factor analysis has objectives that appear to be somewhat dif-
ferent from Schmitt’s. While Schmitt appears to be more interested in assessing discriminant validity,
Costner and Schoenberg emphasize the specification of a model that fits the data and the estimation
of path coefficients in the specified model. In specifying the model, Costner and Schoenberg seek the
most parsimonious one, which also complements whatever theory and research is available:

Substantive knowledge of indicator characteristics may also provide valuable leads to correlated
errors among indicators. There is no intent here to propose that such substantive leads be disre-

garded. Rather, our search has been for a general, codifiable procedure that may be used to
supplement such substantive leads or provide independent support for their plausibility. (Cost-
ner & Schoenberg, 1973, p. 199)
Costner and Schoenberg begin with the simplest measurement model and specify sources of sys-

tematic variation. Their approach involves the application of Costner’s consistency criterion to iden-
tify these flaws in the original model. On the other hand, Schmitt appears to test various &dquo;nested&dquo;
models by making successive chi-square comparisons. He has admitted that this procedure is a
speculative and exploratory one. The procedures advocated by Costner and Schoenberg appear to
provide a more systematic method for identifying measurement error.

Perhaps the most important contribution of Costner and Schoenberg relates to the improvement
of causal analysis. The specification of measurement error in structural equation models provides a
more accurate quantitative estimate of the relationship between unmeasured constructs and of the
epistemic path coefficients between constructs and their indicators. Costner and Schoenberg’s
diagnostic approach protects the researcher from inferring some causal link between constructs that,
on closer inspection, may be a function of systematic measurement error.

The procedures outlined by Schmitt and by Costner and Schoenberg should not be construed to
be competitive. Schmitt has correctly noted the advantages of confirmatory factor analysis over the
criteria proposed by Campbell and Fiske. Costner and Schoenberg have advocated a method that
complements Schmitt’s, making it possible for researchers to estimate specific paths with greater
accuracy and to identify indicators that are flawed.

The statistical advantages of confirmatory factor analysis have been noted by Costner and
Schoenberg and by Schmitt. Tests of goodness of fit enable the researcher to ascertain immediately
whether measurement error affects the model. Additionally, a large number of models may be speci-
fied and tested with considerable ease. Last, the confirmatory factor analysis procedure subsumes
both the Campbell-Fiske approach and the Althauser-Heberlein technique (Alwin, 1974, p. 102).
Thus, one need not subject oneself to the tedious task of calculating consistency checks. These need
only be computed if one wishes to diagnose the inadequate model in the interests of estimating path
coefficients at some later point.

Thus, there are distinct advantages of the method suggested by Costner and Schoenberg. Their
technique provides a procedure that complements the use of confirmatory factor analysis suggested
by Schmitt. If researchers are concerned with specifying the nature and locus of measurement errors
in multiple indicator measurement models, they may find this technique useful.
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