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A new approach for the evaluation of convergent and discrimi-
nant validity

KLAUS D. KUBINGER

A novel procedure to evaluate convergent and discriminant validity of a test’s or questionnaire’s items is
proposed. It works, in particular, for the case that the Rasch-model turns out not to conform the item-pool’s
apodictic content-validity. In addition, the procedure evaluates the effect of hypothesized moderator variables.
All for this, non-parametric discriminant analysis must apply. The question is whether groups of subjects dif-
fering with respect to the given response to any item of the pool may be discriminated or not by their responses
to the remaining items, and whether some dissimilar-construct variables or moderator variables do as well or
even better. A given example serves for demonstration of the procedure. Though Kubinger’s discriminant
analysis was used in this paper, it is pointed out that the suggested approach is not restricted in this respect.

Although psychometrics yielded a fundamentally re-
orientation re the standards of psychological test-
calibration in the last three decades, validation of a test is
to claim the point of question, after all. Since Rasch’s and,
perhaps, Birnbaum’s revolutionary discoveries of IRT
(item-response-theory) the question of validity has almost
been forgotten, at least depreciated. Of course, as for in-
stance the Rasch-model must hold if a subject’s score of
solved items is to have any meaning (see e.g. Fischer,
1995), psychometric questions are of primary interest.
However, even a Rasch-homogenous test means nothing
unless is validity - it's whatever respect - is guaranteed.
More than ever, a just claimed content-validity gains
scepticism if a test does not fit the Rasch-model. Either
just some of the items do not fit or the entire item-pool
does not, even after some of the items have been deleted:
While the first case reduces validity due to chance, the
second case places doubt on the construct-validity of the
item-pool as a whole.

This paper deals with these problems. It is based on
Campbell and Fiske (1959) who combined, meritoriously,
the concept of discriminant validity to the concept of con-
vergent validity. The given paper is also based on some
moderator effect concept. As a matter of fact, our appro-
ach is not based on the correlations of any test-scores, that
is on the test in question as a fixed pool but is based on
every singular item. As a matter of fact, the suggested
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procedure is not at all restricted to test calibrations ac-
cording to the Rasch-model; the paper contributes to
methods how to validate a test.

Rasch-model-supported content-validity

Fortunately, the following method for developing a
psychological test has already been established: First,
items are to be generated according to some content-
validity criteria, i.e. according to some authorities’ ratings.
Sometimes even certain generative rules are used, that is
content-validity is implicitly defined by all combinations
of material-components and cognitive operations, respec-
tively. For instance, Formann and Piswanger (1979) of-
fered an infinite pool of matrices test items by combining
rules like variating, superimposing, and sequencing some
symbols. Second, this (intuitively) stated content-validity
is to be proven empirically by means of the Rasch-model.
If the model holds, the items measure unidimensionally,
indeed, they refer to a single trait. Keep in mind that,
given a dichotomous response format, the Rasch-model is
a sufficient condition for items measuring unidimension-
ally. - Keep also in mind that Birnbaum’s 2- and 3-PL
model are two further probabilistic models which deter-
mine a unidimensional item-pool in case they hold. How-
ever, for both latter models no substantial model-check
exists (cf. Kubinger, 1989). Therefore, they will not be
taken into detailed consideration in this paper.

The way of developing a test, as described above, is
conclusive and of tempting simplicity. Yet, the Rasch-mo-
del almost never holds initially; some items almost always
have to be deleted. And - again almost always - chance ef-
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fects are made responsible for model-contradictions.
Hence, test authors being psychometricians usually try
some kind of cross-validation by testing another sample
with the reduced test and finaily analyzing such data again
according to the Rasch-model. However, admittedly,
cross-validation does not always succeed. And even if it
does, what is the flaw in those items which do not fit into
the framework of the others, though content-validity
originally seemed reasonable regarding them all?

Just Gittler (1986) demonstrated how the non-homo-
geneity of an item-pool may be explored: According to
content analysis he tried an a-posteriori classification of
the items of the German WISC subtest ,Information* in
order to re-analyze every subset of them by the Rasch-
model - that is, after in another paper the item-pool as a
whole has proven not at all to fit the Rasch-model. In this
way the pool resulted so as to be partitioned into
_knowledge of facts and book learning™ and Leveryday
knowledge*: When separated, each part suits the Rasch-
mode] rather well, indeed!

Unfortunately, Gittler’s approach can not be consid-
ered a panacea.

It should also be mentioned that Wottawa (1979) tried
to pool items according to the Rasch-model by starting
from pairwise homogeneous ones and adding one by one
successively. However, this approach only delays the
problems. So does a hierarchical analysis of dimensional-
ity, that is, successive re-analyses of only those items
which had to be deleted in the previous Rasch-model
analysis. Finally, the concept of clustering the subjects be-
fore Rasch-model analysis take place in order to measure
(different) traits group-specifically (cf. Rost, 1990), or the
concept of evaluating any testee’s appropriateness index
in order to unmask its, the testee’s instead of any item’s
contradiction to the Rasch-model (cf. Klauer, 1995), do
not completely solve the problem in question.

That is, the Rasch-model is no method of validation,
of course. At best, it gives colour to apodictically stated
content-validity.

The basic idea of convergent and discriminant validity

According to Campbell and Fiske, a test not only
needs a high affinity to other tests measuring the same or a
similar construct but needs also a high diversity to such
tests measuring some other construct. So far the test under
consideration has to correlate with the former and, simul-
taneously, must not correlate with the latter. However, as
just a single not fitting item diminishes (at least) conver-
gent validity, their so-called ,,multitrait-multimethod ma-
trix* means not really a proper starting point - this matrix
consists of all intercorrelations of several traits or con-
structs, each measured by several (test-) methods. Neither
are all revisions and generalizations of their original
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evaluation strategy proper. Ostendorf, Angleitner and
Ruch (1986) give a review.

For instance, factor analysis fails to determine conver-
gent and discriminant validity. No doubt, we expect that
the test under consideration constitutes a common factor
with all tests examining a similar construct; and we expect
that all tests examining dissimilar constructs load different
factors. However, the statistical problems with factor
analysis are well-known and serious. There is no une-
quivocal criterion for the number of sufficient factors and
there is no established statistical test which evaluates the
loadings. And there is the problem with qualitative vari-
ables which might be of decisive importance - unless all
variables are dichotomous (cf. Muthén & Christoffersson,
1981) qualitative variables cannot be included. That is, at
least in case that interval-scaled, ordinal-scaled, and
(multicategorical) qualitative data are intermixed, factor
analysis does not work.

Probably, the unsatisfactory inventory of methods is
the reason that the concept of convergent and, in particu-
lar, the concept of discriminant validity has not really
taken hold. Of late, just the German edition of Jackson’s
,Personality Research Form“ (PRF; Stumpf, Angleitner,
Wieck, Jackson & Beloch-Till, 1985) is deliberately
based on this approach.

Since, on the other side, statistical methods are en-
riched by non-parametric discriminant analyses, conver-
gent and discriminant validity should now be investi-
gatable in a proper way.

Kubinger’s non-parametric discriminant analysis

With reference to Kendall (1966), a non-parametric

discriminant analysis was suggested by Kubinger (1983)1.
This algorithm now handles interval- and ordinal-scaled
as well as (multicategorical) qualitative data, simultane-
ously. Stepwise as well as overall procedure does work
and significance tests apply with respect to any variable’s
contribution to discrimination. This test is based on a kind
of cross-validation technique, that is, the percentage of
correct group-allocations in one half of the sample is as-
certained according to the allocation rules deduced from
the other half. The algorithm has already stood the test in
numerous empirical studies, though it is not very powerful
because of its non-parametric conceptualization. Keep in
mind that there are many alternative algorithms which,
however, all refer to a less general data situation, but are
consequently often more powerful. Maybe logistic regres-
sion (cf. Cox, 1970) as being implemented in SPSS is the

1A WINDOWS-version of the former FORTRAN-program by
Kubinger is in preparation to be made available via internet by

Kubinger & Alexandrowicz.
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most attractive alternative. Of course, all of the following
considerations also apply to any alternative.

The new approach

Let us now, actually, generalize the concept of con-
vergent and the concept of discriminant validity to every
item of a test or questionnaire.

Denote the £ Items X, X5, ... X; ... X;; and suppose
their realizations within a validation sample =1, 2, ... nto
be x;=0 and x;=1, respectively. If all items measure one
single and, above all, the same trait, then every one of
them must be explained by the other. That is the meaning
of convergent validity. If an item X] is neither explained
by one single item nor by all others, this item is not suit-
able within the framework of content-validity, contrary to
contention. ,,Explaining” means discriminating the sub-
jects with x;=0 and the subjects with x;=1 by realizations
inX, =1, 2, ... -1),(j+1), ... k.

Take into account some potential moderator variables
M), M,, ... M,, ... M,. That is, variables with an interaction
effect on the test or some of its items, in particular with
different interaction effects on different subgroups of the
items. A typical example is gender as moderating certain
intelligence-test items. Usually such moderator variables
are ordinal-scaled or even (multicategorical) qualitative
ones. Note that within the original ,,multitrait-multimethod
matrix®, moderator effects are neglected. If any M, con-
tributes significantly to discrimination with respect to
x;=0 an x;=1 or even explains JX; better than all the other
items of the test, it proves to be a moderator variable; oth-
erwise it proves not to be.

Denote some, however-scaled, dissimilar-construct
tests or items Z,;, Z,, ... Z,, ... Z,. If X; qualifies within the
framework of claimed content-validity it must not be ex-
plained by any of these variables.

That is, we look for an arbitrary function F so that
/\G-ZF()(/, Xg, X(/-l)» X(,w]), Xk,' M[, Mz, Mh, Mp,'
Z, Z,, ... Z,, ... Z,). The question is, firstly, whether such a
function exists, secondly, what type of variable effects
mostly on X, and, thirdly, what type of variable contrib-
utes at all. After answering these questions with respect to
every item X, there might be a remaining pool of items
which constitute a final test insofar as those items prove
mutual convergent validity, while they do not depend on
any hypothesized moderator variable or any dissimilar-
construct variable. Remember, using Kubinger’s discrimi-
nant analysis, F prescribes some allocation rules. And
keep in mind that a stepwise procedure like Kubinger’s is
important for evaluating the multivariate hierarchical
structure of dependencies.

An example

In a pilot-study, Kubinger (1978) developed a ques-
tionnaire for satisfaction of dwelling. Starting with 31
items, 19 finally proved to be Rasch-homogeneous, based
on 166 subjects (see Figure 1). However, in the recently
attempted cross-validation, based on 585 other subjects,
unidimensionality could not be confirmed. There is not
only a significant Likelihood-Ratio-Test when all 19 items
are under consideration, but also when, in a second analy-
sis, the worst three items have been deleted: x2=34.48,
df<15. As a result, the questionnaire does not fit the
Rasch-model at the end. Its items are not compatible con-
cerning the score attained, that is, the number of agreeing
responses means nothing: Interpretation of agreement de-
pends on the individual item presented.

The reason might be, on the one hand, that content-
validity of the item-pool was originally not estimated by
raters but just stated by the author. On the other hand, the
reason for misfit might be based on the general problem of
quantifying attitudes and personal attributes because of
adulterations, that is at most according to social desirabil-
ity. As a consequence of the latter reason Rasch-model
analysis there does notseem to be worthwhile - keep in
mind that adulterations almost never occur in achieve-
ment-tests.

1. I have no nice view from my residence.

2. The heating facilities in my residence are comfortable.

3. Inhabitants not belonging to the family-proper get on my nerves.

4. The electrical and hygienic installations in my dwelling are satis-

fying.

5. The flooring is as I like it.

6. There is some need of repair and renovation before our dwelling

can come up to my standards for comfort.

7. The number and arrangement of the windows is well-done.

8. It bothers me that not all rooms are accessible from the hallway.

9. The arrangement of the equipment in the kitchen is well planned.

0. My residence offers no possibilities for personal privacy or pur-

suing hobbies.

11. There are enough walls free for cabinets and built-in furniture.

12. I would like a larger bath-room.

13. A connecting door between two certain rooms would certainly
make life in this dwelling easier!

14. I’'m satisfied by size and number of secondary rooms (cabinet,
storage-room, cellar, and so forth).

15. I miss shower facilities.

16. It bothers me that not every family-member has his own separate
room.

17. The arrangement of the rooms is not convenient (e.g. children’s
room not accessible from parents’ bedroom, kitchen not from
dining-room).

18. Some of our rooms are either too small or too big.

19. The legal status of our habitation (property, condominium, rental)

* satisfies me.

Figure I: Questionnaire for satisfaction of dwelling by
Kubinger (1978). For every statement subjects are asked
either to agree or not.
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also not being significant. Subjects with a high score or
subjects who refuse to answer turn out to be proportion-
ally more satisfied than the others. Suppose that a refuser
refuses in order to hide his tendency towards ,,justification
of expenditure* or does so in order to hide a habit of vac-
illation in opinion - the latter refuser would also not admit
dissatisfaction as response to the questionnaire; then the
items under discussion refer to a personality trait and fail
to have discriminant validity.

Metaphorically speaking, the questionnaire vaporises.
It has no meaning for any construct of satisfaction. As a
measure of subjective quality of dwellings it is absolutely
unfit. The hope that at least a subpool of items will prove
to be valid cannot be confirmed.

DISCUSSION

Further research is needed before the cause can be
identified: Are the destructive results specific to the ex-
ample of dwelling satisfaction or does Kubinger’s dis-
criminant analysis share the responsibility? The low
power of this algorithm has already been stated. Further-
more, the algorithm comes close to assuming deterministic
dependencies of the items, that is Gutfman-scaled ones;
so, even if the Rasch-model holds, items of medium
Hdifficulties” would, perhaps, show no mutual convergent
validity. However, keep in mind that any other pertinent
discriminant analysis may be applied, as well. Shortcom-
ings of the algorithm under discussion therefore do not
necessarily mean that the entire approach undertaken in
this paper is wholly inappropriate. On the other hand, this
approach for evaluation convergent and discriminant va-
lidity will not apply to achievement tests very often be-
cause studies on this topic very seldom include a greater
number of hypothesized moderator and dissimilar-
construct variables - though such an application would
settle the question of whether Kubinger’s algorithm stands
the test or not. Initial research on the ,,3D-Cubes of Git-
tler (1990) seems to speak for it. Most of the items prove
there to be explainable.

The title of the paper suggests a new approach. Indeed,
Campbell’s and Fiske’s idea was generalized from tests to
test-items. But, of course, the approach remains extremely
dependent on the actual sample like correlation and, in
particular, factor analysis. And the well-known criticism
of classical test theory mainly refers to correlations as to
be the fundamental criteria of a test’s quality. In this re-
spect the given approach is not, strictly speaking, a new
one, though, to be sure, a more elaborated one.

Concerning the criticism of correlations see also Kiin-
zel and Wottawa (1985). These authors point out the
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problem of traditional analyses not being able to distin-
guish between correlative relations, necessary, and suffi-
cient conditions. Take in mind, that Kubinger’s algorithm
is able to do so. And as Kiinzel and Wottawa use Wor-
tawa’s HYPAG (,,hypotheses agglutination®) in order to
make an item-pool maximally supportive to some hy-
pothesized path-model, their paper indicates that at least
HYPAG is an alternative algorithm to Kubinger’s dis-
criminant analysis.
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