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Several measurement problems were identified in
the literature concerning the fidelity with which the
Minnesota Multiphasic Personality Inventory
(MMPI) assesses psychopathology. A straightfor-
ward solution to some of these problems is to devel-
op an orthogonal basis in the MMPI; however,
there are 550 items, and this is a cumbersome task
even for modern computers. The method of al-
ternating least squares was employed to yield a
singular value decomposition of these measures on
682 prison inmates. Unsystematic or sample-specif-
ic error variance was minimized through a two-
stage least squares split thirds replication design.
The relative explanatory power of models of psy-
chopathology based on external, internal, naive,
and construct-oriented measurement strategies is
discussed.

Most of the MMPI clinical scales were devel-

oped by the empirical approach, with items
selected and keyed on the basis of their ability to
distinguish diagnostic groups. There are numer-
ous problems with the empirical approach: (1)
the measures developed tend to be heterogen-
eous ; (2) the measures overlap, since the predic-
tion is usually bivariate and the criteria are us-
ually correlated; (3) spurious item keying is in-
troduced by using small samples for item selec-
tion, and this is further exacerbated by not

cross-validating the item analysis; (4) there is lit-

tie or no theoretical basis for scale keys and in-
terpretations ; (5) the reliability and validity of
the criterion measures is usually suspect; (6) the
contrasted groups procedure implies dichoto-
mous measurement, but the scores are usually
interpreted as representing an underlying con-
tinuum ; and (7) there is no attempt to control for
stylistic variance (e.g., Bentler, Jackson, & Mes-

sick, 1971; Block, 1965, p. 117-129; Edwards,
1970; Goldberg, 1974; Holden & Jackson, 1979,
1981; Horn, Wanberg, & Appel, 1973; Jackson,
1970, 1971, 1973, 1979; Jackson & Messick,
1958, 1961; Jackson & Paunonen, 1980; Nor-
man, 1972; Nunnally, 1978; Rogers, 1971;
Voyce & Jackson, 1977; Wiggins, 1973).
The purpose of the present study was to identi-

fy relatively homogeneous, independent dimen-
sions in the MMPI item pool through factor
analytic procedures and to develop scales from
this factor analysis with item analytic proce-
dures. Spurious correlations between scales due
to heterogeneity, redundancy of item content,
and item overlap can be ameliorated through
the construction of scales by item factor analytic
procedures, but the problem of stylistic respond-
ing is more fundamental in that it cannot be

easily resolved by a posteriori methods. Stylistic
responding is a lurking variable that is best con-
trolled by prior item development and selection
(Jackson, 1967; Voyce & Jackson, 1977).
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Method

Subjects and Procedure

Subjects were 682 male prison inmates from
the Canadian Penetentiary System. Subjects
were administered the booklet form of the

MMPI (cf. Dahlstrom, Welsh, & Dahlstrom,
1972) in the first few months of their incarcera-
tion. They responded on machine scoreable an-
swer sheets which did not allow for &dquo;?&dquo; re-

sponses. Those included in the sample had no
missing data.

Method of Analysis
The 16 repeated items were deleted from the

data matrix so that there was an equal number
of first and second occurrences of these items
deleted. The current thinking in numerical

analysis is that the most appropriate method for
computing principal components is the singular
value decomposition algorithm (cf. Chambers,
1977; Kennedy & Gentle, 1980). This procedure
does not require the computation of the matrix
of phi coefficients, since the data matrix can be
decomposed directly, and with appropriate pre-
liminary scaling yields the same solution as fac-
tor analyzing the matrix of phi coefficients.

In the present study the singular value decom-
position was accomplished by the PARAFAC
statistical package developed by Harshman (cf.
Carroll & Arabie, 1980; Harshman, 1970;
Harshman & Berenbaum, 1981; Harshman &
Lundy, 1981). Unlike most orthogonal decom-
position algorithms, PARAFAC has the advan-
tage of extracting the number of dimensions re-
quested rather than extracting all dimensions.
This is particularly useful in factor analyses of
large data matrices where an n-dimensional so-
lution can be hypothesized that is substantially
less than the number of variables. PARAFAC is
an iterative procedure designed for three-mode
factor analysis or metric multidimensional scal-
ing. The algorithm iterates simultaneously for
all dimensions using alternating least squares
(cf. Kroonenberg & De Leeuw, 1980; Wold,

1966) and converges to an n-dimensional least
squares fit of the data matrix. For two-mode

data, when the factors for both modes (subjects
and variables) are constrained to be orthogonal,
alternating least squares algorithms converge on
the singular value decomposition orientation.
To ensure that a robust solution had been ob-

tained, the sample was split into thirds and sep-
arate decompositions were done in each of the
three samples. Thus, one data matrix of
228 x 550 and two data matrices of 227 x 550
were decomposed into the singular value decom-
position orientation with the PARAFAC proce-
dure. The dimensionality of the orthonormal ba-
sis in the item space was determined by decom-
posing three independently generated random
data matrices of size 228 x 550. The intersection
of the eigenvalues from the random data sets
and the real data sets was used as an upper
bound for the dimensionality of the 550 MMPI
items (cf. Horn, 1965).
The structure common to the three samples

was determined through Meredith’s (1964)
&dquo;method two&dquo; technique for factorial invari-
ance. Please (1973) has provided a proof for
Meredith’s solution in the context of maximum
likelihood factor analysis. This replication de-
sign increases the confidence in the general-
izability of the results and reduces the likelihood
of, and minimizes to some extent, unsystematic
or sample-specific error variance.

Results

The eigenvalues from the real and random
data sets crossed at 15 dimensions (Figure 1).
This indicates an upper bound of 15 dimensions
for the MMPI I item space. The plot of

eigenvalues for the three random data sets are
essentially collinear. The random eigenvalue dis-
tributions are distinctly separate from the eigen-
values for the three real data sets up to six di-
mensions. At the seventh dimension the random
and real eigenvalue plots approach equality,
suggesting a strong six-dimensional subspace
underlying the 550 MMPI items. The six-dimen-
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Figure 1
MMPI Eigenvalues with Real and Random Data

sional solution is consistent with the number of
dimensions that would be retained through the
application of Cattell’s scree test (Cattell, 1966;
Cattell & Vogelman, 1977), since at six dimen-
sions the slopes of the real eigenvalue distribu-
tions approach zero and are equivalent to ran-
dom or chance eigenvalue distributions. The de-
cision in favor of the six-dimensional solution is
further supported by the fact that after an

orthogonal procrustes rotation (Schoncmann,
1966) of the three real data sets to the common
underlying structure, the coefficients of congru-

ence (cf. Mulaik, 1972) were all in excess of .80
for all six dimensions, for all three samples.
Also, when more than six dimensions were ro-
tated to simple structure, poorly defined factors
appeared suggesting that too many factors had
been extracted.

Six dimensions were rotated orthogonally to a
varimax criterion (Kaiser, 1958). The loadings of
the MMPI clinical scales on these dimensions
were computed through a factor extension pro-
cedure (Dwyer, 1937) and are presented in Table
1 along with the correlations with the scales de-
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Table 1

Loadings of the MMPI Clinical Scales on Six MMPI Item Factors

Rotated to Varimax Criterion, and Correlations With Six Scales

Derived By Item Analytic Procedures

---- --------------- ~-- - - -- -

Note. L-Lie, F-Frequency, K-Correction, HS-Hypochondriasis,’~7-Depression,
HY-Conversion Hysteria, PD-Psychopathic Deviate, MF-Masculinity Feminity,
PA-Paranoia, PT-Psychasthenia, SC-Schizophrenia, MA-Hypomania, 51-Social
Introvers ion.

rived from these factors by item analytic proce-
dures. The loadings of Wiggin’s (1966) content
scales were also computed and are reported in
Table 2 along with the correlations with the
scales derived from these factors by item

analytic procedures.
The interpretation of the factors was based on

the varimax loadings, the extension loadings
and correlations in Tables 1 and 2, factor analy-
ses of the entire MMPI item pool with psychi-
atric patients (Johnson, Butcher, & Null, 1981)
and college students (Lushene, 1977; Stewart,
1974), factor and cluster analyses of MMPI item
subsets (cf. Dahlstrom, Welsh, & Dahlstrom,
1975), and factor analyses of items on MMPI
scales (cf. Dahlstrom et al., 1975). The factors
derived in this study can be tentatively labelled
as follows: 1-general maladjustment; II-

somatic complaints; III-impulse expression;
IV-cynical outlook; V-religiosity; and VI-
severe mal adj ustment.
The one highest and the one lowest salient

loading for each of the six MMPI item factors
are presented in Table 3. The number of items
with factor loadings greater than or equal to .30

in absolute value were 145, 49, 35, 38, 28, and
92, respectively, for Factors I through VI. All
factors except Factor V were bipolar, although
for the bipolar factors only one pole was well de-
fined for each factor. A good many of the MMPI
clinical scales and Wiggins’ (1966) content scales
have salient loadings on each of the six factors,
and the interpretations are quite clear. However,
the interpretations are equivocal with respect to
a response style versus content interpretation.
That all factors are essentially unipolar reflects
the general nature of the MMPI item pool and
invokes an interpretation based on stylistic re-
sponding. The largest unrotated factor score

(the largest source of variance, see Figure 1) is
highly laden with a desirability component. The
Jackson and Messick (1961) extreme undesir-
ability scale (DY5) and extreme desirability scale
(DY1) correlated .96 and -.68, respectively, with
the first unrotated factor score. The social desir-

ability scale values for the MMPI items (Messick
& Jackson, 1961) correlated -.74 with the load-
ings for the first unrotated factor. Also, Factor
VI has an extension loading of .71 from the F
scale of the MMPI. This indicates that Factor
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Table 2

Loadings of Wiggins’ (1966) Content Scales on Six 14MPI Item Factors
Rotated to Varimax Criterion, and Correlations With Six Scales

Derived By Item Analytic Procedures

Notea REL-Religious Fundamentalisrn&reg; SOC°Social Adjustment, DEP-Depression,
MOR-Poor Morale, AUT-Authority Conflict, PHO-Phobias, HOS-Manifest
Hostility, ORG-Organic Symptoms, PSY-Psychotocism, HYP-Hypomania, HEA-Poor
Health, FEM-Feminine Interests.

VI may be either interpreted as severe psycho-
pathology, as random or careless responding, or
some combination of the two (cf. Sechrest &

Jackson, 1963).
None of the MMPI clinical scales have any

salient loadings on the religiosity factor. There is
a serious question about the appropriateness of
the inclusion of items dealing with religion on
personality questionnaires. The religious items
on the MMPI decrease rapport through appar-
ent lack of face validity and perceived invasion
of privacy. This suggests that clinicians or re-
searchers that are only scoring the standard
clinical scales could delete the religious items
from the test administration with little or no loss
of generality.
The factor reliabilities were not computed di-

rectly, since factor reliability is attenuated by
loadings that are trivial (Gorsuch, 1980). Also
the major purpose of factor analysis of an item
pool is to indicate dimensions that may then be
measured more succinctly by constructing new
scales. But even if it is desired to retain the
MMPI item pool, the factor results may be used
to construct new scales. This can be accom-

plished by using the factor results as a starting
point for an item analysis, since there is a chose
correspondence between item factor analysis
and item analysis (cf. Henrysson, 1971).
In the present study items were selected and

keyed on scales that had factor loadings of at
least .30 and corrected item-total correlations of

at least .30. Then, items were selected that had

higher correlations with the scale on which they
belonged (relevant scale) than with any other
scale (irrelevant scale). In some instances these
relevant-irrelevant item-total correlations dif-

fered only at the second decimal. To ensure that
the scales were minimally redundant, all rele-

vant-irrelevant correlations were tested for

equality at the .05 level with a modification of
Hotteling’s T (cf. Steiger, 1980) and items were
selected that statistically had a higher item-total
correlation with the relevant scale than with any
irrelevant scale. This is a fairly conservative pro-
cedure, given the large sample size in this study,
and is sufficient for an item analysis conducted
on one sample. With new samples a more

stringent criterion for redundancy, such as the
minimum redundancy item analysis algorithm
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Table 3

Highest and Lowest Salient Loadings For
Each of the Six MMPI Item Factors

proposed by Neill and Jackson (1976), will be

employed.
In order to evaluate the role of desirability re-

sponding, the equality of the item-total correla--
tion with the relevant scale was tested against
the item-total correlation with the extreme un-

desirability scale of Jackson and Messick (1961).

For Scales 1 and 6 all but a few items had
an equivalent item-total correlation with desir-
ability. It was thus not possible to select items
for Scales I and 6 on the basis of their differ-

entiating specific content from general desirabil-
ity. For Scales 2 through 5 only a small propor-
tion of the items had equivalent item total cor-
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relations with desirability. This smaller propor-
tion of items contaminated with a general factor
permitted their elimination.
The correlations of these scales with the ro-

tated factor scores were .93, .73, .84, .71, .73,
and .78; and the coefficient alpha reliabilities of
these scales were .95, .84, .83, .85, .86, and .95.
Thus, the item analysis was quite successful in
producing a homogeneous set of scales that

putatively assess the content in the factor scores.

Discussion

Factor analysis of an item pool represents the
internal approach to personality scale construc-
tion, as distinguished from the use of external
criterion groups characterizing the construction
of most of the MMPI clinical and validity scales
(cf. Koss, 1979). The internal approach to scale
construction, in contrast to the external ap-

proach, ensures a reasonably high degree of

scale homogeneity and independence. The inter-
nal approach, however, is similar to the naive

approach (cf. Ashton & Goldberg, 1973; Gold-
berg, 1978; Hase & Goldberg, 1967; Jackson,
1975) in that content is not differentiated from
style, as it is in the construct-oriented strategy of
test construction (cf. Jackson, 1970, 1971, 1973,
1979; Jackson & Paunonen, 1980).
In personality inventories constructed by the

empirical, internal, or naive approaches the

largest unrotated factor has been interpreted as
primarily stylistic in nature. This interpretation
has not achieved unanimity (Block, 19659 Rorer,
1965), but the presence of this large, pervasive
general factor has never been in dispute. Simple
structure rotation, unfortunately, distributes
this intrusive, pervasive method variance over all
dimensions.
A possible remedy to this problem, given the

fixed nature of the MMPI item pool, is to partial
out the variance associated with the first dimen-

sion (Paulhus, 1981). This will minimize the pro-
portion of sylistic variance on the remaining di-
mensions. However, in personality inventories
constructed by the empirical approach, stylistic

processes are inevitably confounded with con-
tent in determining responses (Bramble &
Wiley, 1974; Voyce & Jackson, 1977). Eliminat-
ing the first unrotated item factor would discard
most of the reliable variance in the MMPI.

Therefore, it would be best to control for stylistic
variance by a priori methods. This control of
stylistic variance should be part of a test blue-
print which clearly distinguishes between con-
tent and style, and between generalized and
more differentiated dimensions of psycho-
pathology.
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