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Establishing Behavioral Correlates:
The MMPI as a Case Study
samuel B. Green
Auburn University

Two methods have been used to determine MMPI
behavioral correlates: the whole-sample and split-
sample techniques. The latter technique, which
splits a sample into half samples, is currently in use
because it ostensibly controls more adequately for
Type I errors by requiring significance in both half
samples. By simply adjusting the level of signifi-
cance for the whole-sample approach, however, it
can control for Type I errors as well as the split-
sample technique. Furthermore, the whole-sample
approach appears to control more adequately for
Type II errors than the split-sample technique. Fi-
nally, data are presented suggesting that as an indi-
cator of the average result obtained by repeated
random splittings of a sample, results from the
whole-sample approach are preferable to those
from a single split of a sample. The whole-sample
method was thus recommended; however, the prob-
ability of a Type I error for each correlate tested
should be set at values smaller than those currently
used.

Derivation of empirical correlates of Minneso-
ta Multiphasic Personality Inventory (MMPI)
codetypes has typically involved the comparison
of individuals with similar MMPI profiles
against the remainder of the sample on a large
number of behaviors. However, some re-

searchers have made these comparisons with
split samples (e.g., Gynther, Alt~~~a.9 ~ Sletten,
1973j Lewandowski & Graham, I9’~~y Marks,

~~e~~.~9 ~ Haller, 1974), whereas others have
made them within the total sample (e.g., Gilber-
stadt & Duker, 1965; Marks & Seeman, 1963).
The split-sample technique assumes a replica-
tion-like approach. It requires that a sample be
split into two half samples and that significance
be found in both half samples before a behavi-
oral correlate is identified. In contrast to this ap-
proach, the whole-sample technique requires
significance for only the entire sample. The
split-sample technique is believed to be superior
to the whole-sample method in controlling for
Type I errors (the false rejection of a null hy-
pothesis). The replication-like feature of the

split-sample approach is perceived as a means to
identify the true relationships between code-

types and behaviors among the many that are
tested (Gynther et ~,1.9 1973; Marks et ~1.9 1974).
The purpose of the paper is to show that the

superiority of the split-sample approach is illu-
sory.

Comparison of Type I Error Rates

Researchers have split the sample into two
half samples in two ways. First, subjects may be
randomly assigned to one of the two subsamples
(e.g., Marks et aL, 1974). Within each of these
subsamples, the probability of committing a
Type I error (a) is set equal to .10 so that the
probability of falsely rejecting the null hypothe-
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sis in both subsamples for any potential behav-
ioral correlate is .01 (.10 x .10 = .01). Alterna-
tively, a sample may be nonrandomly divided
into two subsamples on the basis of such vari-
ables as date when patient was admitted

(Gynther et al., 1973). When a- is set equal to .10
within each half sample, the probability of a
Type I error occurring in both subsamples may
be as small as .01, but as large as the a (.10) for
each half sample. On the other hand, with the
whole-sample method, the probability of a Type
I error for any potential profile-behavior cor-
relate is simply set for the total sample.
Consequently, a researcher who sets a equal to

.01 using the whole-sample approach is being at
least as conservative in terms of Type I errors as
one who uses the split-sample method with a
equal to .10 for each half sample. However,
when the whole-sample approach has been ap-
plied, researchers (e.g., Gilberstadt & Duker,
1965; Marks & Seeman, 1963; Marks et al.,
1974) have chosen higher levels of or, most typi-
cally .05. In contrast, when the split-sample ap-
proach has been chosen, researchers (Gynther et
al., 1973; Lewandowski & Graham, 1972;
Marks et al., 1974) have set a equal to .10 for
each split sample, yielding an overall a as low as
.01. Therefore, the perceived conservatism of the
split-sample approach may be attributable to
the a levels chosen by researchers, rather than to
any inherent characteristic associated with these

techniques.

~&reg;~~~.~I~~~ c~~ Type H Error Rates

A second explanation exists for the view that
the split-sample technique controls more ade-
quately for Type I errors. Because the cause of
nonsignificanee for any test can not be known,
the fewer significant behavioral correlates found
by this approach may have been erroneously at-
tributed to only a greater control of Type I errors
rather than, at least partially, a result of a

poorer control of Type 11 errors (the nonrejec-
tion of a null hypothesis when it should be re-
jected). Since researchers have most frequently

used the chi-square test of association between
two dichotomous variables to establish behavior-
al correlates, this test statistic was chosen to
evaluate the relative power of the split-sample
and whole-sample techniques.
The X2 for the test of association may be ob-

tained by multiplying the sample size, N, by the
degree of association between the two dichoto-
mous variables, <1>2. Because the <p2 in a half

sample is, on the average, approximately the
same value as the <1>2 for the total sample, the X2
for half of a sample is on the average half the
magnitude of the ~2 for the whole sample.
Therefore, if the alphas for the two techniques
are the same, the split-sample technique tends
to be less powerful than the whole-sample ap-
proach because the former not only requires sig-
nificance in both half samples but also yields
much smaller X2 values. Of course, this loss in
power can be offset by setting the alphas associ-
ated with the split-sample approach dispropor-
tionately larger than the alpha for the whole-
sample method. In the following examples, the
split-sample technique clearly leads to a loss of
power, even when the two methods are equated
in terms of Type I error.
Based on Hedlund’s (1977) findings, it is hy-

pothesized that the relationship between a code-
type and a behavior is weak, e.g., ~ _ .20. In
order that the two techniques control equally for
Type I errors, a is set at .01 for the whole-sample
technique and at .10 for each of the subsamples
for the split-sample approach, assuming inde-
pendence between the subsamples. Based on
Cohen’s (1977) power tables, if the total sample
size is 400, the power, 1 - {3, for the whole-

sample method is .92 and, consequently, 0 (the
probability of a Type II error) is equal to .08. For
half the sample and a = .10, the power is .88.
Since significance must be found in both half
samples, the power for the split-sample tech-
taique is the product of the powers for each,
.88 x .88 = .77. Consequently, the probability of
a Type II error for the split-sample technique is
.23 (1 - .77 = .23), considerably larger than the
{3 found for the whole-sample method, .08. If + is

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/ 



221

.10 rather than .20, the betas for the two meth-
ods are much larger: .83 and .72 for the split-
sample and the whole-sample techniques, re-

spectively. However, the advantage of the whole-
sample approach in terms of control of Type II
error remains.

Sampling Error Due to Sample Splitting
The split-sample technique has another disad-

vantage. With both the whole- and the split-
sample approaches, sampling error results to the
degree that the sample does not represent the
population. However, with the latter technique,
sampling error also occurs in the process of

splitting the sample. Therefore, the researcher
should not rest his/her conclusions on a single
arbitrary split of the sample. If the split-sample
technique is to be used, multiple splits of the
sample should be taken. Ideally, to reduce this
second type of error to zero, all possible splits
should be made. However, it is likely that the
whole-sample result reflects the average finding
from all possible split samples. Consequently,
only the whole-sample approach need be applied
on a set of data.

In order to demonstrate this phenomenon,
data collected by Kelley and King (1979) were
reanalyzed. They used both the whole-sample
and split-sample approaches to establish which
of 175 dichotomous behaviors were related to
the 2-7-8 MMPI profile. With the whole-sample
technique, they set a equal to .01 for each behav-
ior tested. For the split-sample approach, they
randomly split the sample into two half samples
with the restriction that each half sample have
the same number (±1) of 2-7-8 profiles and the
same number (±1) of other profiles. Given this
procedure, the control over Type I error was

comparable with the two approaches. Kelley and
King found that the MMPI profile variable was
significantly related to 22 behaviors with both
methods, to 16 behaviors with only the whole-
sample approach, and to 7 behaviors with only
the split-sample approach. As expected, the

split-sample technique obtained fewer signifi-
cant results.

Rather than reanalyzing all 175 behaviors,
four behaviors were randomly selected from
each of the following four categories: (1) corre-
lates found significant using both methods, (2)
correlates found significant using only the

whole-sample method, (3) correlates found sig-
nificant using only the split-sample method, and
(4) nonsignificant correlates using both meth-
ods. For each of the 16 behaviors, the following
steps were performed.
1. A whole-sample chi-square was calculated

on a 2 x 2 contingency table defined by the
profile and behavior dimensions.

2. Each of the splits of this table that yielded a
unique set of cell frequencies was identified.
Following the method outlined by Kelley
and King (1979), an equal number of indi-
viduals with 2-7-8 profiles and an equal
number with other profiles were in each half
sample. Given a 2 x 2 table such as the one
shown in Figure 1, with the letters repre-
senting frequencies based on the whole

sample, the number of unique tables pro-
duced by splitting the sample in this fashion
is equal to (~4 + 1) or (~ -+- 1), whichever is
smaller, times (C + 1) or (D + 1), whichever
is smaller.

3. The probability of each of these splits was
calculated. The number of ways of splitting
the total sample into two halves is the prod-
uct of two combinatorials:

Given that the same letters represent the
cell frequencies in a split sample as in a
whole sample except that they are noncapi-
talized, the number of ways of obtaining a
particular split is equal to
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Figure I
Tabular Presentation of Profile-Behavior Relationship

with Letters Representing Frequencies

The probability of each possible split is ob-
tained by dividing Equation 2 by Equation
1.

4. For each split with a unique set of cell fre-
quencies, chi-squares were calculated for
both half samples. It was noted whether
both of these chi-squares were significant
with o’equal to .f0.

5. The denominators for some of the chi-

squares obtained in Step 4 were equal to
zero. The splits that produced these results
were eliminated and the probabilities of the
other splits were rescaled, so that the sum of
the probabilities of the reduced set of splits
equaled one,

6. The probability of obtaining a significant
split-sample correlate was found by sum-
ming the probabilities associated with the
splits that yielded significance in both half
samples.

The results confirmed that the split-sample
technique tends to be less powerful. For five of,
the eight behaviors that were found related to
the profile type using the whole-sample ap-

proach, the probability of rejecting the null hy-
pothesis with the split-sample technique was less
than .40.

The zero-order correlation between the chi-

square for the whole sample and the probability
of obtaining a significant result for the split-
sample technique over the 16 behaviors was .96.
The correlation did not increase by adding a
squared chi-square term to the nonsquared term
in predicting the probability of significance with
the split-sample approach; however, a cubic

term increased the multiple correlation coeffi-
cient to .99. An inspection of the bivariate scat-
terplot suggested the relationship between the
chi-square values and the probabilities may best
be described by an ogive curve. For small chi-
square values (X’ < 5.0), the probabilities were
all close to zero; for large chi-square values
(none of the X’ reached these values) the proba-
bilities would approach one; and, as the whole-
sample chi-squares increased in magnitude from
small to large values (5 < y2 , < 22), the pr&reg;b~biii-
ty of a significant split-sample result increased
in magnitude.
The practical implication of this relationship

may be better understood by comparing the
mean probabilities of rejecting the null hypothe-
sis with the split-sample method for the four cat-
egories of behaviors. The mean probabilities
were the same (.03) for the four behaviors that
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were found significant by Kelley and King (1979)
using only the split-sample approach and for the
four behaviors that were found nonsignificant
using both approaches. In contrast, the mean
probabilities for those behaviors that were sig-
nificant using only the whole-sample technique
and using both techniques were .38 and .62, re-
spectively. Clearly, if given the choice as to

which behaviors to choose as related to the 2-7-8

profile, the ones that are identified as significant
with only the whole-sample approach should be
chosen over those that are significant using only
the split-sample technique.
Three of the four behaviors that were signifi-

cantly related to the profile variable with only
the split-sample method were substantially simi-
tar. The three dealt with emotional difficulties of

family members including specifically (1) aunts,
(2) siblings, and (3) at least one relative.

Although the data had been recorded in such a
fashion that the relationship between these may
not be determined, it is highly likely that these
measures are at least moderately related. Any
particular split of the sample that produced sig-
nificance in both half samples for a particular
behavior when the probability of significance in
both subsamples is small is likely to produce
comparable results for related behaviors. In

other words, some splits of a sample may pro-
duce a relatively large number of identified cor-
relates even if the likelihood for significance in
both half samples for each of these behaviors is
low because the behaviors are correlated.

Conclusions and ~~~~ ~~~~t~~~~

The conclusion from comparing the two tech-
niques appears evident. If the two are equated in
terms of committing a Type error, the whole-
sample approach is more powerful and a better
indicator of results from the split-sample meth-
od than a single application of the method itself.
This conclusion does not imply rejecting the
methods of replication and/or cross-validation,
but rather is in line with these methods.

Rosenthal (1978) has reviewed a number of ways

to combine results of replicate studies. These
methods could be applied to the results from the
split-sample technique in order to combine the
information obtained from the half samples;
they would offer an alternative to the standard
combining rule of identifying a behavioral corre-
late only if the null hypothesis is rejected in both
half samples. From this perspective, the author
has argued that the X’ value from the whole
sample is a better indicator of the results from
the half samples than this standard rule used
with the split-sample technique.
A comprehensive recommendation against the

split-sample method is inappropriate. For ex-
ample, if stepwise regression analysis is used to
derive an equation containing only a subset of
potential predictor variables, no formulas are

available to estimate the cross-validated multi-

ple correlation coefficient. Consequently, a large
sample might be randomly split in order to esti-
mate the regression weights in one-half of the
sample and to apply the weights to determine
the cross-validated correlation coefficient in the
other half of the sample (Cattin, 1980). Applica-
tion of the split-sample technique may be used
in general when attempting to estimate cross-
validated strength-of-relationship indices when
no formulas are appropriate to estimate their
magnitude.
The intent of this presentation was to compare

the two methods. Within this context, the origi-
nal purpose for introducing the split-sample ap-
proach by researchers has likely been obscured:
to minimize the number of spurious behavioral
correlates obtained from multiple significance
tests. Larzelere and Mulaik (1977) have con-
sidered a number of methods to control for Type
I errors due to multiple testing. However, if an
MMPI researcher wishes to make a statement
about particular profile-behavior correlates,
only two approaches are relevant: the Bonfer-
roni and the modified Bonferroni methods. Be-

cause the latter is a variation of the former and
offers nothing conceptually to the discussion,
only the former method is considered.
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With the Bonferroni approach, a family of sig-
nificance tests is defined a priori. The familywise
error rate (the probability of falsely rejecting one
or more null hypotheses associated with a family
of tests) is equal to, or greater than, the sum of
the alphas of the separate tests. Therefore, if the
desired familywise error rate is .05, the cr for
each test within a family should be set equal to
.05 divided by the number of tests.
An MMPI researcher might define a family to

include only those tests that evaluate the rela-
tionships between a particular profile and those
behaviors that should relate to it on the basis of
the scale content associated with that profile.
Assuming a familywise error rate of .05, and
that five behaviors have been identified a priori
to be associated with a profile, the cr for each of
the tests should be set equal to .01. The restric-
tion of a family to include only five tests would
be seen by most MMPI researchers as inappro-
priate in that the resulting profile interpretation
would offer the clinician a very limited descrip-
tive picture of his/her client. However, to con-
trol for familywise error rate with a larger num-
ber of tests would require the a for the separate
tests to be quite small, certainly less than .01.
Under these conditions, large sample sizes
would be required in order to assure the re-

searchers sufficient power to establish valid cor-
relates. None of the researchers who have pub-
lished MMPI codetype systems have set the

alphas to be less than .01 for the separate behav-
iors, probably because they believed their

sample sizes to be too small to identify behaviors
that are truly related to the codetypes of interest.

In summary, the researcher who wishes to es-
tablish behavioral correlates should obtain

larger samples and make significance tests using
the whole sample at reduced a values. Although
the split-sample approach may initially be seen
as a reasonable method to reduce the number of

spurious behavioral correlates, as it has been ap-
plied with raised alphas for the half samples, the
whole-sample procedure with reduced alphas

actually should generate fewer of them. Conse-
quently, no justification exists for the use of the
split-sample technique, given its other undesired
properties.
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