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POLICY STATEMENT 
The primary aim of Multivariate Experimental Clinical Research is to provide 

a publication outlet for research in the areas covered and indicated currently by 
the terms personality study, clinical diagnosis and therapy, extending into the 
learning, social, physiological, applied and developmental aspects of these. 
Although due representation is given to theoretical articles which may have a 
methodological basis, the journal is not one of multivariate statistical methods. 
Although multivariate in outlook, both manipulative and non-manipulative 
research is accepted. In fact preference is given to dynamic, manipulative and 
time-sequential studies. Particular encouragement is provided for pioneer experi
mental attacks on what is designated personality dynamics and motivation, as · 
well as the natural expansion thereof into structured learning theory. 
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A CROSS-CULTURAL STUDY OF PRIMARY 
PERSONALITY FACTOR STRUCTURE 

IN THE PREPARATION OF THE HAWAIIAN 
HIGH SCHOOL PERSONALITY QUESTIONNAIRE* 

Raymond B. Cattell, George Danko 
Heather Cattell and Johnathan S. Raymond 

University of Hawaii 

ABSTRACT 

The items of the High School Personality Questionnaire were adapted into the 
Hawaiian idiom for use with native Hawaiians. On two groups (550 boys and 
girls ages 12-14 and 580 of ages 15-17), factor analyses were done using the 26 
variables created by odd/even splitting of the 13 scales (the 14th, intelligence, 
being omitted). Component analyses to check on number off actors were also done 
on the 26 plus 58 items used as possible replacement material. The scree test on 
both indicated slightly more than the number offactors existing in the scales, as 
is usual, and 15 were taken out and rotated to simple structure. Two proved to be 
uninterpretable error factors, different in the junior and senior groups, but the 
remaining 13 had (with few exceptions) the expected markers, and did match 
across ages. Source traits O - guilt proneness, Q4 - ergic tension (and perhaps 
Q3 - self-sentiment), however, were of small variance compared to the original 
U.S. Mainland version, which might be due either to poor "translation" or to their 
genuinely being of small variance in Hawaiians. 

*This research was supported in its entirety by the Salvation Army Pail-Booth Institute, 
Honolulu, Hawaii, through a grant from its parent organization, The Salvation Army 
Western United States Headquarters, Rancho Palos Verdes, California. 

Copies of the two original correlation matrices and the unrotated factor matrices and 
transformation matrices have been deposited for research availability with the American 
Documentation Institute, Library of Congress. 

The writers wish to express their thanks to Gayle Fujimoto and John Campbell for work 
in scoring and calculating correlations. We also wish to express profound appreciation for 
the excellent cooperation received from all the schools in Hawaii and from the students who 
participated in the research. 
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MULTIVARIATE EXPERIMENTAL CLINICAL RESEARCH 

Most can be covered by reading Anderson (Australia) 1960; de Andrade et al 
(Brazil); Cattell & Warburton (Britain) 1961; Butt & Signori ·(Canada) 1965; 
Kapoor (India) 1963; Cusin & Novaga (Italy) 1962; Tsujioka & Cattell (Japan) 
1965; Vidal (Phillippines) 1966; Schroder (Germany) 1970; Spreen (Germany) 
1961; Hassey (Mexico) 1970; Vaughan & Cattell (New Zealand) 1968. A majority 
of these studies can be conveniently looked over in the Handbook of the 16 
Personality Factor Questionnaire (Cattell, Eber, & Tatsuoka, 1970) . 

. Studies in which the actual factor structures in a well-translatea version are 
compared are decidedly more rare, and can be briefly listed to include Adcock 
(New Zealand) 1967; Cattell & Beloff, 1956; Cattell, Seitz & Rausche (Germany) 
1971; Cattell, Schmidt& Pawlik(Austria, U.S.A.&Japan) 1973; Cattell, Schroder 
& Wagner (Germany) 1969; Cattell, Pichot & Rennes (France) 1961; Cattell, 
Wagner & Cattell (Germany) 1968; Fertilio & Calderon (Spain) 1969; Gibb 

. (Australia) 1961; Karson & Haupt, 1968; Jalota (India) 1957; Jaspers & Hecht 
(Holland) 1965; Saville & Blinkhorn (England) 1976; Tsujioka & Cattell (Japan) 
1965; Schumacher & Cattell (Germany) 1974; Undheim (Norway) 1976; Vanden
berg (China) 1959, 1967; Van de Geer (Holland) 1964. Thus there are several 
technically adequate factor analytic studies either of the High School Personality 
Questionnaire (HSPQ), the Sixteen Personality Factor Questionnaire (16 PF), or 
the Objective-Analytic- Personality Battery now published, originating from 
Australia, Germany, France, Italy, New Zeaiand, Spain, United Kingdom, 
U.S.A., Japan, and with somewhat less technical quality, from one or two other 
countries. 

The upshot of the above studies - and it is a unanimous one across these 
researches - is that essentially the same number and natlfre of personality 
factors exist in these pools of translated items, and in the objective factors, across 
the cultures studied. The levels on these factors are, however, significantly 
different, as are a few loading differences on items. Both have provided a basis for 
some interesting hypotheses on interaction between population, personality, and 
culture (Lynn, 1971). Interest in these differences, however, should not obscure 
the main point that essentially"human nature seems the same the world over" -
at least in the cultures so far studied. The studies have been most thorough in 
Australia, Britain, Germany, France, Italy, U.S.A. and Japan. 

Inspection of the factor patterns and variances on U.S .. subject pools shows 
that at the adolescent age level(12 to 18), two of the factors present in the 16 PF in 
adults are not so clear at the earlier age. Therefore, the HSPQ has been 
constructed with 14 factors, one of them, incidentally, being intelligence. It has 
been the research strategy with these primary source traits to see how well they 
hold up not only across cultures but also across ages, for a priori developmental 
theories have expected fewer factors at an earlier age. General evidence suggests 
that the number of factors tends to be slightly increased with age .. Thus the Early 
School Personality Questionnaire (ESPQ) and the Child Personality Question
naire ( CPQ) have one or two factors fewer than the HSPQ, and the HSPQ possibly 
two fewer than the 16 PF. However, it is by no means certain that these 
differences are significant, since it may be that certain areas were not sufficiently 
represented by items to bring out certain factors at earlier ages. 

It is also relevant to the overview of cross-cultural personality dimensions to 
consider, as mentioned introductorily, that Cattell, Pawlik, Schmidt, Hacker, 
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Undheim and others have begun to investigate cross-cultural differences on 
objective personality factor measures. For here again, as far as the main study
comparing the U.S.A., Japan, and Austria - is concerned, the same factors have 
been recognizable and matched across the cultures ( Cattell, Schmidt and Pawlik, 
1973). In the case of Germany, a factor-by-factor matching test battery has been 
constructed for the objective test factors by Schmidt and Hacker (1975). The 
results now available in clinical and other situations definitely support the 
identities as inferred from the translated test content itself. For example, factor C 
measures are found low in pathological (relative to normal) cases in other 
countries just as in the U.S.A., and the same primaries appear in second order 
factors in these other countries. 

It is in this framework of theoretical interest in cultural constancy, as well as 
the intention of providing a personality measurement instrument useful in 
practical work in Hawaii, that the present study was undertaken. It aims to 
measure young people of Hawaiian culture, on the "translated" High School 
Personality Questionniare (Cattell & Cattell, 1960). Translated is in quotes 
because it is not a fully translingual situation in the sense of a completely foreign 
language change, but rather a shift into a local idiom of English that has grown 
up, sufficiently different to require cultural adaptation. The primary goal of the 
study was to check the primary personality structure itself in the revised test. 
These results are reported below. A second aim was to improve the item validities 
in the translation, by what has been called progressive rectification (Cattell, 
1973), to maximize the social usefulness of the HSPQ in psychological work with 
Hawaiians. A third aim was to investigate cross-cultural differences in level, if 
the structure should prove the same, and a fourth was to look at the higher order 
structures among the primaries. These later findings are due to appear in other 
articles. 

METHOD 

SUBJECTS 

The aim here was to gain data exclusively on Hawaiian children. We use the 
term Hawaiian in the sense recommended by Gallimore, Boggs and Jorden 
(1974). These investigators note that Americans of Hawaiian descent are best 
considered part-Hawaiian, as virtually all so called have some Hawaiian 
ancestry, but few can be considered biologically pure Hawaiian. Consequently, 
the term Hawaiian should be interpreted in its socio-cultural, ethnic meaning. 

The children were taken from all parts of the Island of Oahu and from both 
urban and rural districts. In the interests of a satisfactory check, the data 
gathering for the analysis was planned at two ages, namely that of the junior 
high school and the senior high school. In both age groups there were 
approximately 300 boys and approximately 300 girls, and i'n the analysis, as far 
as is reported in this article, the boys and girls were brought into a single group. 

PROCEDURE 

The testing was done in single sessions under classroom conditions and took 
about 50 minutes. The answers were collected on answer sheets which were 
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carefully sorted for any signs of incorrect treatment in manner ofresponse, which 
reduced the number ultimately processed slightly. The final numbers going into 
the analysis were about 550 at the junior high level of 12 to 14 years, and 580 at the 
senior high school level of 16 to 18 years. 

In the preparation of the items for the Hawaiian group as little alteration as 
possible was made in the items ·used in the ordinary American edition. The reason 
for this was that if we were to identify factors we must have dependably similar 
items. However, a good deal of thought was given to adaptation to·the particular 
pidgin English, which is fairly prevalent in this group. In addition to the items 
already in the HSPQ, an "extension questionnaire" of65 items was developed to 
act as substitution material in the progressive rectification, if certain items in the 
present test should prove oflow factor validity in the Hawaiian setting. Thus the 
total number of items involved in the testing sessions was 185. 

This preliminary procedure for adapting the HSPQ for use with Hawaiian 
adolescents required seven steps delineated below. 

Step 1. The HSPQ in its original form was shown to a selected sample of 
12-year-old Hawaiians. Twelve-year-olds were chosen as logic dictated that it 
would be necessary to establish a "floor" for the linguistic and conceptual ability 
of Hawaiian adolescents. 

Trained interviewers worked with the youngsters in a one-to-one discussion to 
identify which HSPQ items posed difficulties in (1) reading comprehension and 
(2) conceptual equivalency, i.e., whether the intended meaning of the items was 
transferred from one idiom to the other (Hawaiians have a distinct dialect which 
differs considerably from standard American English). 

Step 2. Those items which were identified in Step 1 as failing in conceptual 
equivalence were reworded and refined by adults who 

I 

were themselves 
Hawaiians. These persons were bi-cultural in the sense that they were equally 
conversant with both the HSPQ .idiom and the local, Hawaiian colloquial 
language. Psychologists trained in interpreting the HSPQ factors also collabo
rated in this step. 

Step 3. Next, the newly constructed items were shown to a second group of 
12-year-old Hawaiians. These youngsters were asked to translate the "altered" 
items back into the general language of the original forms so that their 
equivalence to those in the standard version of the HSPQ co_uld be assessed. This 
procedure is known as "back translation" and is fully described in Brislin, 
Lonner & Thorndike (1973). 

Step 4. The back translation was next shown to the group of bi-cultural 
Hawaiians and psychologists described in Step 2. These persons, as a panel of 
experts, decided that the new items were indeed equivalent in meaning to the 
origiI;1al HSPQ items from which they were adapted. If correspondence between 
both sets of items had been uncertain, fresh items would have b~en constructed 
and Steps 2, 3, and 4 repeated until it was reasonably certain that equivalency 
existed. 

In addition to the translated HSPQ i_tems the "extension questionnaire" of 65 
items mentioned above was also put in Hawaiian terms. 

Step 6. Having at last constructed items which fit well with those in the. 
original HSPQ test, temporary booklets for the Hawaiian HSPQ were constructed 
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and the test .given to approximately 20 subjects in order to eliminate items that 
might have such extreme cuts (say 90/10 for the two alternatives) since these 
would contribute little variance to the scales. This eliminated a few items. 

Step 7. The revised version of the Hawaiian HSPQ was administered to 
approximately 1200 Hawaiian youngsters of junior and senior high school age. 
As stated ab~ve this reduced, to 1130, after "combing out" unreliable cases. A 
very important concern was to make sure that the sample of subjects was 
representative of Hawaiians throughout Hawaii. Accordingly, our sample 
reflected the number of adolescent Hawaiians of both sexes found in each 
regional subculture and social class on the main island of Oahu. 

THE FACTOR ANALYSES 

The research planned to compare not only the factor analyses of the junior and 
senior levels, but also the outcomes by different methods of factor analysis. The 
first method was to split the HSPQ scale for each factor into odd-even parts of the 
scale with five items in each, which we will henceforth call "parcels." This would 
yield 26 variables ( each the summed score of a parcel of 5 i terns). The intelligence 
factor was left out from the HSPQ in the present experiment, as something 
needing special, separate attention in this cross-cultural situation. The second 
method of analysis is that~hich was proposed by Cattell (197 4) and utilized also 
by Burdsal (1978), called the radial parcel factoring. This is an arrangement of 
putting items together in homogeneous clusters, which is considered superior for 
this purpose to the ordinary correlation cluster segregation. 

In the radial method items are put together which have the same profiles, in 
terms of common factors on an initial item factoring. Thus a double factor 
anaylsis is necessary, in which one first factors items, and then puts them 
together in radially homogeneous clusters and proceeds to factor the cluster 
scores. Both the split half parcel and the radial parcel procedures are superior to 
the factoring of items as such. Single items tend to be unstable and also to have 
low communality compared with that of parcels. This is often an insuperable 
difficulty in the subsequent attempt to rotate for simple structure, because items 
tend then to cluster around the origin without sufficient communality to put them 
far enough out to guide rotation. These matters have been discussed in the Cattell 
(1978) book on factor analysis. 

To gain an ultimate check on the agreement of these two approaches to 
analysis, it is necessary to use the Dwyer extension or other method of ultimately 
obtaining the loading of items on the factors that have been loc.ated by parcels or 
split scales. A second article is proposed which will set out the radial parcel 
results and show the degree of agreement of the two methods on items found 
loaded on the factors, as obtained by the Dwyer extension. However, even at this 
stage we can report on a larger 84 by 84 parcel and item base factoring designed to 
check on the number of factors, but carried no further. This took 84 instead of26 
parcels, the new items being put together on a basis simply of correlation clusters. 
As Figure 1 shows, the scree test on the 26 parcels centers between 15 and 17 
factors for the juniors, and between 13 or 14 for the seniors. 
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Figure l(A) Number of Facters (Scree) Test for Junior Population (26 Parcels) 
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Figure l(B) Number of Factors (Scree) Test for Senior Population (26 Parcels) 
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The analysis with the 84 variable solution gave the scree results shown in 
Figure 2, namely, the slightly larger estimate of19 for juniors and possibly up to 
25 or 26 for seniors. It has been shown algebraically el sew here (Cattell, 1973) that 
when the same set of items is factored (a) as items, (b) as smaller homogeneous 
parcels, and (c) as larger homogeneous parcels, the number of factors found 
should be essentially the same in all three, but that, due to a slight probability of 
cancellation in parcels, the number should slightly decrease from (a) items, 
through (c) larger homogeneous parcels. 
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Figure 2(A) Number of Factors (Scree) Test oh 84 Parcel Breakdown for 
Senior Population 

1.5 

1.0 

0.5 

• • 
•• 

5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 

Figure 2(B) Number of Factors (Scree) Test on 84 Parcel Breakdown for 
Junior Population 
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Although Guilford, Thurstone and Cattell have agreed roughly (in the 12 to 18 
range) on the number of personality factors in questionnaire and/or ratings 
covering the personality sphere, some investigators have arrived at a much lower 
number(Digman, 1978, to five, and Eysenck, in the EPI, to three). For this reason 
we have given special attention to the tests for the number of factors. The 
Kaiser-Guttman latent root of one here gives six from Figure 1, and 28 and 29 
from Figure 2. It has repeatedly been shown to be erratic (on real plasmodes) 
relative to the scree, whereas the most recent and comprehensive studies 
(Hakstian, Rogers & Cattell, 1982; Zwick & Velicer, 1982) show that with all 
except studies with small communalities, the scree is correct where the Kaiser
Guttman, Bartlett's test, and even the maximum likelihood ratio have been in 
error. Consequently, in view of the relative constancy across the 26 and the 84 
variable analyses we conclude the number is in the 15 to 25 range, and have 
conservatively taken 15 for the 26 variable matrix here examined. 

In recognizing that a central tendency for the four graphs would be about 21 or 
22, we would call to the reader's attention that the several reported factorings of 
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the total normal personality sphere of items underlying the 16 PF have 
commonly indicated a full, normal personality sphere complement of about 23. 
But since practitioners have little time for the small "seven missing factors" (as 
th.ey have been called) at the end of the line, the 16 PF cut off at that number, and 
the HSPQ, as we have seen, at 14. In taking out here 15 factors, we expect the two 
last to be either rough representations of the two real (but weak) factors, or else 
sheer error factors. They are labelled x and yin the final rotations, and it may be 
said- right here that their inconstancy across the two studies suggests they are 
largely error factors (Cattell, 1978). 

The factor analysis in the present article followed the usual procedures and 
standards for an exploratory (i.e., not an hypothesis-testing) study. That is to say, 
we did not consider it safe, in view of the item alterations, to hypothesize the same 
structure as in the original U.S. Mainland HSPQ, as a maximum likelihood or 
Procrustes target. The analysis thus began with a principal component extraction 
of factors and a plotting of the sizes of the latent roots, as in Figures 1 and 2. The 
factor analysis was then re-entered and the communalities iterated to those 
appropriate to 15 factors, as indicated by the above analysis. After this rotation 
process began and in this case the ordinary automatic program, consisting 
initially of equimax, resulted in a factor degenerate matrix, which perhaps is to be 
expected for two reasons: (l) equimax gives equal variance to all the factors 
whereas the psychological nature of personality structure is such that the size of 
the factors (variances) actually decreases continuously, for .socio-psychological 
reasons, from factor A through factor Q4, and (2) as pointed out elsewhere 
(Cattell, 1978, Ch. 10), when the number of factors exceeds half the number of 
variables and finally approaches the latter, an automatic rota~ion tends to yield a 
degenerate matrix. (See Appendix 1 for complete list of HSPQ factors). Indeed, 
the matrix becomes completely so when the number of factors climbs actually to 
the number of variables, for there is then a complete loss of any common factors; 
one variable only has a loading on each.factor. About half were in that condition 
here and plainly this was no longer a common factor rotation. In the final 
automatic rotation to simple structure of such a matrix with as many factors as 
variables, the correlations among the factors become the same as the original 
correlations among the variables, and that also was approached with equimax. 
Accordingly a breakout was made from this artificial pattern by returning to 
basic visual rotation, first directed to a random position and then in all 
subsequent steps progressively toward simple structure with retention of common 
factors. 

Blind visual ~otation (blind in the sense of freedom from preconceived 
positions, and directed only by repeated search for maximum simple structure) 

) 

makes heavy demands on time, not to mention skill, since each rotation cycle 
takes two or three days and appreciable computer time, but its superiority to 
push-button machine processes based on crude or theoretically inapt formula 
has repeatedly been demonstrated. After nine over-all rotations for the juniors 
and 14 for the seniors, as shown1 in Figure 3, a fairly steady rise to a statistically 
significant hyperplane count was reached and the rotations were stopped. Of 
course, it is probable that slight improvements could go on being made in 
hyperplane count with further rotations, but this laborious process had to be 
concluded at some point. 
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Figure 3: Evidence of Hyperplane Approach to Maximum Simple Structure 
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The evaluation of the significance of simple structure is of course made in the 
reference vector values, as in Bargmann' s (1950) original solution to the problem. 
However, the width of the band of correlation values that should properly be 
called "within the hyperplane" ought ideally to be adjusted to the size of the 
sample. As Finkbeiner (1971) and Cattell (1978) have shown, the unusual ±.10 
width for testing (for which existing tables are made) is rather too wide when the 
size of the sample is 400 or more, as here. This follows also from Gorsuch's (1974) 
definition of the standard error of a zero loading. If we enter the ta bMs of Sine and 
Kameoka in Cattell (1978) at a ±.10 width we get significances here on the whole 
factoring (mean of 15) for seniors of p <.05 arid significance for the juniors2 of 
p<.025. However, if we consider that with sample of 600, ±.05 is much closer to the 
true width, then we must argue (in the absence of prepared tables at this width) 
that it is approximately correct to expect that in a random distribution of points 

. in hyperspace the number in a ±.05 width should be about half that in a ±.10 
width. If we enter the ±.10 tables (Sine & Kameoka, 1978) with double our ±.05 
width values, an overall significance of simple structure for both groups is at 
p<.01 level. The relative significance of fit for different factors can be taken into 
account later in evaluating their positions and therefore their patterns. 

-RESULTS AND DISCUSSION 

The factor patterns which give us the initial basis for factor indentification 
are shown in Table 1. It is immediately evident that at the best simple structural 
position virtually all factors are well marked by the identifying "parcel" 
variables entered as markers for that purpose. That is to say, with one exception 
among 26 (namely the second marker for Q3 on both juniors and se~iors) all r~ach 
a statistical significance of loading at p<.01 by Gorsuch's (1974) criterion. 

1lt will be noted that in both the juniors' and seniors' plots the first steps in the breakout 
from the falsely high count of the degenerate rotation led naturally to an initial decline 
(Figure 3). The ·situation in which "it has to get worse before it gets better" is well known 
in transit from a dubious mechanical high count position to the inherent true structure. 
Thus not until the 4th rotation in the juniors and the 5th in the seniors did the true climb 
begin. One or two positions of higher count than the final in Figure 3 were encountered, 
but they represented what Cattell (1978) has warned against as due to an artifact. A factor 
with a poor hyperplane can gain by approaching the position of a factor possessing a very 
good hyperplane (i.e., it begins to share the hyperplane). This is recognizable by quite 
excessive correlation among the factors, which latter observation caused us to reject the 
position. 

2 Although the junior results are also a shade better on factor patterns, at· least on the weak 
factor, Q4 (no. 13), no inference will be made here on relative fit. The question of a trivially 
better structure for juniors is best left for re-examination in the article (Danko, Cattell, & 
Raymond, in press) dealing with second order factors from these studies. 
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TABLE 1 

LOADINGS OF FACTORS ON MARKER VARIABLES 
(a) JUNIOR POPULATION SAMPLE 

FACTORS 

Scale Parcel A C D E F G H I J 0 Q2 Q3 Q4 X y 
~ 

A 1 0.15 0.01 0.33 -0.04 0.02 0.01 0.45 0.41 -0.03 -0.08 -0.03 0.05 0.09 -0.03 0.03 t_%j 

2 0.77 0.03 -0.04 -0.00 0.05 0.02 -0.06 0.02 -0.03 0.02 0.00 0.01 0.01 -0.00 0.02 ::0 

C 1 -0.04 0.69 -0.03 0.04 0.02 0.01 0.03 0.05 -0.08 0.03 0.02 -0.04 -0.07 0.04 0.08 
00 
0 

2 -0.06 0.24 0.04 -0.02 0.01 0.06 0.18 -0.13 -0.02 -0.49 0.08 -0.03 -0.04 0.01 0.01 z 
D 1 0.11 -0.05 0.43 0.15 -0.04 0.09 -0.03 -0.09 0.06 -0.05 -0.04 0.10 0.26 0.00 0.05 > t'"4 

2 0.06 -0.25 0.37 0.08 0.10 -0.01 0.05 -0.10 0.04 -0.17 0.08 -0.03 0.21 0.03 0.02 
~ E 1 0.03 0.03 -0.07 0.24 -0.01 -0.14 0.09 0.03 0.07 -0.02 0.04 -0.05 0.50 -0.03 0.02 

2 -0.05 0.00 0.03 0.83 0.02 0.18 0.08 -0.00 -0.01 -0.02 -0.03 -0.04 -0.46 0.03 0.01 "%j 

1--' F 1 -0.00 -0.02 -0.01 -0.02 0.58 0.01 -0.01 -0.02 0.02 0.04 0.00 0.02 0.02 0.46 0.02 > 
(j 

1--' 2 0.01 0.03 -0.02 -0.01 0.75 O.Ql 0.01 0.00 -0.01 0.02 -0.04 0.02 -0.00 -0.58 -0.00 i-3 

G 1 0.09 0.12 0.34 -0 .. 07 -0.06 0.22 0.04 0.10 0.07 -0.41 0.10 0.16 -0.08 -0.06 0.01 0 
::0 

2 -0.01 -0.02 -0.04 -0.01 0.02 0.90 0.01 -0.02 0.02 0.05 0.00 0.03 0.19 0.02 0.00 00 
H 1 0.26 0.25 0.10 0.10 0.004 0.02 0.45 0.08 0.08 -0.03 0.01 0.00 0.05 0.05 -0.04 i-3 

2 0.12 0.13 -0.13 0.07 O.Ql -0.03 0.30 -0.18 0.01 -0.04 -0.03 -0.05 -0.08 0.02 -0.04 ::0 c:: 
I 1 0.11 -0.07 -0.01 0.02 -0.02 -0.03 0.18 0.69 -0.00 0.17 0.09 -0.01 -0.10 -0.01 -0.00 (j 

2 0.07 -0.07 -0.10 -0.01 0.00 -0.02 -0.21 0.69 -0.03 -0.08 -0.11 -0.09 0.01 0.01 0.02 i-3 c:: 
J 1 -0.05 -0.08 0.12 0.19 0.05 -0.02 -0.17 -0.03 0.21 -0.06 0.47 -0.03 0.24 0.02 0.04 ~ 

2 -0.01 -0.01 -0.03 0.00 0.02 0.02 0.03 0.04 0.93 0.01 -0.05 -0.03 -0.02 0.03 -0.01 t_%j 

0 1 0.11 -0.10 0.11 -0.02 -0.01 -0.06 -0.05 -0.01 0.02 0.49 0.13 -0.10 0.01 -0.03 -0.03 
2 -0.11 -0.34 0.17 -0.03 0.04 -0.04 0.15 0.04 -0.00 0.29 0.04 -0.01 -0.02 0.02 0.03 

Q2 1 0.02 0.05 0.07 -0.05 -0.02 0.06 0.10 0.05 0.04 0.27 0.65 -0.03 -0.17 -0.02 0.07 
2 -0.00 -0.02 0.16 0.04 -0.02 0.02 0.07 -0.01 -0.01 0.04 0.45 0.04 -0.03 -0.05 -0.88 

Q3 1 -0.00 -0.02 0.03 0.03 0.02 0.04 -0.03 -0.04 -0.00 -0.05 0.01 0.84 0.10 0.05 0.02 
2 -0.02 0.19 0.14 0.02 -0.06 0.22 0.03 0.06 0.07 -0.51 0.07 0.10 -0.02 0.01 -0.03 

Q4 1 0.03 -0.46 0.07 -0.02 -0.07 -0.09 -0.02 0.03 0.06 -0.02 0.06 0.02 0.23 0.02 0.01 
2 0.09 -0.05 0.57 -0.03 -0.08 0.07 -0.07 0.02 0.03 0.04 -0.07 0.24 0.25 -0.02 -0.03 



TABLE 1 

LOADINGS OF FACTORS ON MARKER VARIABLES 
(b) SENIOR POPULATION SAMPLE 

FACTORS == C: 

0 Q2 Q3 Q4 X y t"1 
Scale Parcel A C D E F G H I J ~ -A 1 0.68 0.07 0.02 0.01 -0.05 0.02 0.01 0.00 0.07 -0.12 -0.01 -0.01 -0.00 0.38 -0.01 <! 

2 0:10 -0.04 0.02 0.02 0.01 -0.00 0.01 0.01 -0.09 -0.03 0.00 0.00 0.06 -0.70 -0.02 > 
~ 

C 1 0.00 0.28 -0.18 -0.03 0.01 0.04 0.50 -0.01 0.15 -0.10 -0.02 0.04 -0.02 0.05 -0.01 -~ 
2 0.01 0.58 0.08 -0.15 -0.01 0.06 0.17 -0.20 -0.07 -0.31 -0.05 0.01 0.00 0.03 -0.00 t.:z:.l 

D 1 0.01 -0.22 0.21 0.01 -0.01 -0.01 -0.35 -0.17 -0.07 0.02 0.05 -0.08 0.19 -0.04 0.08 t.:z:.l 

2 -0.04 -0.06 0.76 -0.01 -0.06 0.07 0.02 -0.01 0.06 -0.05 0.03 -0.07 0.08 -0.03 -0.02 I >< 
"'1:::1 

E 1 -0.04 -0.40 0.02 0.78 -0.02 -0.03 -0.08 -0.05 -0.03 -0.56 -0.07 -0.00 -0.13 -0.01 0.02 t.:z:.l 

2 0.06 0.19 0.04 0.57 0.03 -0.01 0.06 -0.03 -0.00 0.62 0.06 -0.03 0.06 -0.01 0.29 ~ -
F 1 -0.04 0.04 -0.02 -0.06 1.00 0.01 0.03 -0.05 0.06 -0.08 0.14 0.02 -0.10 0.02 0.01 == t.:z:.l 

..... 2 -0.05 -0.10 -0.03 0.05 0.16 0.05 -0.06 0.01 -0.01 -0.53 -0.08 . 0.13 0.76 0.03 0.08 z 
t,:) ~ 

G 1 0.02 0.46 0.02 -0.03 -0.00 0.16 -0.12 0.05 0.06 -0.12 0.02 0.01 -0.04 0.01 -0.05 > 
2 -0.00 0.12 -0.03 0.02 -0.01 0.94 0.01 -0.06 0.02 0.03 0.02 -0.02 0.15 -0.04 -0.04 t"1 

H 1 0.15 0.23 0.02 -0.01 0.02 -0.02 0.42 -0.08 -0.07 -0.27 -0.01 -0.02 0.09 0.06 -0.03 0 
t"1 -

2 0.14 0.30 -0.13 -0.07 0.06 -0.09 0.33 -0.27 0.02 -0.17 0.00 0.01 0.01 0.03 0.08 -z 
. I 1 -0.00 0.02 -0.01 -0.07 0.04 0.04 0.01 0.65 -0.02 -0.05 0.02 -0.01 -0.04 0.07 -0.04 -0 

2 0.19 -0.13 0.01 0.04 . -0.02 -0.00 -0.06 0.78 -0.01 -0.02 0.02 0.04 0.01 -0.03 0.04 > 
J 1 -0.02 -0.10 -0.00 0.06 0.03 0.04 0.01 0.02 0.50 0.35 0.00 -0.03 -0.06 -0.02 0.56 

t"1 
~ 

2 0.02 0.08 0.02 0.02 0.02 -0.03 0.03 -0.03 0.69 -0.07 0.02 -0.03 0.00 0.01 -0.60 t.:z:.l 

0 1 -0.03 -0.44 0.03 -0.00 -0.02 -0.03 -0.10 0.04 0.07 0.34 0.06 -0.08 -0.02 0.04 -0.03 
00 
t.:z:.l 

2 0.05 -0.29 0.08 0.05 0.05 0.01- -0.42 -0.01 0.09 0.25 -0.00 0.01 0.02 -0.02 0.04 ~ 
Q2 1 0.07 0.02 -0.08 -0.02 -0.06 0.04 -0.06 0.07 0.16 -0.36 0.16 0.04 -0.30 · 0.04 -0.01 0 

2 0.03 0.01 0.02 0.02 0.00 -0.01 0.03 0.01 -0.02 -0.05 0.90 -0.01 0.03 ! -0.01 0.03 ::x= 

Q3 1 -0.02 -0.02 0.01 0.02 0.01 -0.04 -0.03 -0.03 0.01 -0.09 0.03 0.94 -0.01 -0.04 0.01 
2 -0.06 0.64 0.09 0.03 0.05 0.15 0.02 -0.02 0.02 -0.28 -0.01 -0.01 -0.12 0.10 -0.00 

Q4 1 -0.06 -0.32 0~20 0.05 -0.01 0.06 -0.26 0.05 0.06 0.01 -0.04 0.02 0.19 -0.01 0.03 
2 0.00 -0.24 0.26 -0.01 0.00 0.06 -0.43 -0.05 0.02 0.05 0.02 0.05 0.16 -0.07 -0.03 



TABLE 1 

LOADINGS OF FACTORS ON MARKER VARIABLES 
(c) MEAN JUNIOR-SENIOR POPULATION SAMPLE 

FACTORS 

Scale Parcel A C D E F G H I J 0 Q2 Q3 Q4 X y 

A 1 0.42 0.04 0.18 -0.02 -0.02 0.02 0.23 0.21 0.02 -0.10 -0.02 0.02 0.02. 0.18 0.01 

2 0.74 -0.01 -0.01 0.01 0.03 0.01 -0.03 0.02 -0.06 -0.01 0.00 0.01 0.01 -0.35 0.00 

C 1 -0.02 0.49 -0.11 0.01 0.01 0.03 0.27 -0.03 0.13 -0.04 0.00 0.00 0.00 0.05 0.04 

2 -0.03 0.41 0.06 -0.09 0.00 0.06 0.18 -0.17 -0.05 -0.40 0.02 -0.01 -0.01 0.02 0.01 '"ti 
t_%j 

D 1 0.06 -0.14 0.32 0.08 -0.03 0.04 -0.19 -0.13 -0.01 -0.02 0.01 0.01 0.01 -0.02 0.07 ~ 
) 00 

2 0.01 -0.16 0.57 0.04 0.02 0.03 0.04 -0.06 0.05 -0.11 0.06 -0.05 -0.05 0.00 0.00 0 z 
E · 1 -0.01 -0.19 -0.03 0.51 -0.02 -0.09 -0.01 -0.01 0.02 -0.29 -0.02 -0.03 -0.03 -0.02 0.20 ~ 2 0.01 0.10 0.04 0.70 0.03 0.09 0.07 -0.02 -0.01 0.30 0.02 -0.04 -0.04 0.01 0.15 

F 1 -0.02 0.01 -0.02 -0.04 0.79 0.01 0.01 -0.04 0.04 -0.02 0.07 0.02 0.02 0.24 0.02 ~ 

I-' 2 -0.02 -0.04 -0.03 0.02 0.46 0.03 -0.03 0.01 -0.01 -0.26 -0.06 0.08 0.08 -0.28 0.04 ~ 
0 

c:.,.:, 
G 1 0.06 0.29 0.18 -0.05 -0.03 0.19 -0.04 0.08 0.07 -0.27 0.06 0.09 0.09 -0.03 -0.02 ""3 

0 
2 -0.01 0.05 -0.04 0.01 0.01 0.92 0.01 -0.04 0.02 0.04 0.01 0.01 0.01 -0.01 -0.02 ~ 

H 1 0.21 0.24 0.06 0.05 -0.01 0.00 0.44 0.00 0.01 -0.15 0.00 -0.01 -0.01 0.06 -0.04 00 
""3 

2 0.13 0.22 0.00 0.00 0.04 -0.06 0.32 -0.23 0.02 0.11 -0.02 -0.02 -0.02 0.03 0.02 ~ 
C: 

I 1 0.06 -0.03 -0.01 -0.03 0.01 0.01 0.10 0.67 -0.01 0.06 0.06 -0.01 -0.01 0.03 -0.02 0 
""3 

2 0.13 -0.10 -0.05 0.02 -0.01 -0.01 -0.14 0.74 -0.02 -0.05 -0.05 -0.03 -0.03 -0.01 0.03 C: 
~ 

J 1 -0.04 -0.09 0.06 0.13 0.04 0.01 -0.08 -0.01 0.36 0.16 0.24 -0.03 -0.03 0.00 0.30 t_%j 

2 0.01 0.04 -0.01 0.01 0.02 -0.01 0.03 0.01 0.81 -0.03 -0.02 -0.03 -0.03 0.02 -0.31 

0 1 0.04 -0.27 0.07 -0.01 -0.02 -0.05 . -0.08 0.02 0.05 0.42 0.10 -0.09 -0.09 0.01 -0.03 

2 -0.03 -0.32 0.13 0.01 0.05 -0.02 -0.14 0.02 0.05 0.27 0.02 0.00 0.00 0.00 0.04 

Q2 1 0.05 0.04 -0.01 -0.04 -0.04 0.05 0.02 0.06 0.10 -0.05 0.41 0.01 0.01 0~01 0.03 

2 0.02 -0.01 0.09 0.03 -0.01 0.01 0.05 0.00 -0.02 -0.01 0.68 0.02 0.02 -0.03 -0.43 

Q3 1 -0.01 -0.02 0.02 0.03 0.02 0.00 -0.03 -0.04 0.01 -0.07 0.02 0.89 0.89 0.01 0.02 

2 -0.04 0.42 0.12 0.03 -0.01 0.19 0.03 0.02 0.05 -0.40 0.03 0.05 0.05 0.06 -0.02 

Q4 1 -0.02 -0.39 0.14 0.02 -0.04 -0.02 -0.14 0.04 0.06 0.01 0.01 0.02 0.02 0.01 0.02 

2 0.05 -0.15 0.42 -0.02 -0.04 0.07 -0.25 -0.02 0.03 0.05 -0.03 0.15 0.15 -0.05 -0.03 



MULTIVARIATE EXPERIMENTAL CLINICAL RESEARCH 

After noting the essentialstatistical significance of the structure and its 
overall agreement at that position with that expected - from the U.S. Mainland 
HSPQ - we must turn also to some discrepancies. For ease of comparison, the 
factors ultimately reached were arranged by their high loadings in the usual 
order- A, B, C, D, etc. (with B not used). First we see (a) instances of appreciably 
poorer loading on one marker than the other, e.g., source traits A, E, and Jin 
juniors, and D, F, G, and Q2 in seniors (besides the extreme case of Q3 just 
mentioned), and (b) a few instances where other variables in the- study load 
higher than the weaker of the legitimate markers. However, such "intruders" go 
higher than the higher marker only in factors Q3 and Q4 in juniors, and C, H, 0, 
and Q4 in seniors. A degree of similarity here between the two samples suggests a 
systematic effect in the Hawaiian group, either from poor translation of some 
items or through systematic cultural differences. 

To help distinguish between systematic effects and those due to the vagaries 
of a rotation naturally never perfect, we have added together and averaged the 
junior and senior matrices in matrix (c) of Table 1. This shows, as would be 
suspected, that most slight deviations from the hyperplane are accidental in the 
sense of being peculiar to one of the two samples. Thus simple structure in (c) rises 
to 80.64 in the ±.10 and 63.37 in the ±.05 hyperplane, giving significance values of 
p<.01 and p<.001, respectively. It also shows, however, that the weakness of 
parcel 2 in Q3 is systematic, and that the parcels for Q4 indubitably load also on 
C-, and D, and H-. With only five items per parcel the usual incidence of even one 
or two deadwood or mixed factor items in the parcel can disturb its loadings 
appreciably, and in the translation it looks as if such contamination has been 
increased. 

Now, in the perspective of our present-day knowledge of second order factors it 
is to be noted that these errant loadings all concern the second order anxiety 
factor, loading C-, H-, 0, Q4 and D, when present. There are true systematic 
correlations among them and this can be seen also in the present case in Table 1, 
(a) and (b). This means that unless the possibility of confusing their superficially 
psychologically similar natures - ego weakness, shyness, guilt, and ergic 
tension - are well grasped by the translators, it is likely that one will turn out to 
have loadings on the others.3 

We raised the question above whether factors 14 and 15 are to be considered 
common error factors, i.e., factors such as are obtained from correlations of 
random numbers. The alternative is that they could represent two factors in the 
16 PF that have never been picked up in the HSPQ before. We ask first whether 
the loadings show stability between juniors and seniors, as well as, later, with 
whatever factor shall appear in the radial parcel analysis. However, the marked 

3In this case one translator, Heather Cattell, has had considerable practical experience as a 
therapist working with the psychological meaning of the traits (see Cattell, 1973, p. 143 et 
seq.), but the other had not, being primarily statistical in interest. 

14 



PERSONALITY FACTOR STRUCTURE 

dissimilarity ofloadings in (a) and (b) and the collapse off actor loadings in ( c) to 
quite low values, suggest they are error factors of trivial variance not justifying 
attempts at interpretation. 

Before "zeroing in" on final conclusions, some qualitative and relatively 
discursive observations need to be made. First, we note that both Q3 and O have 
relatively small variance on their loadings and that Chas the poorest hyperplane 
compared to other factors. Since the mean inter-factor correlation in Table 1 is at 
the usual moderate value, so that the whole system has some approximation to an 
orthogonal framework, it is hard to doubt that these factors are not essentially in 
their right general quadrants. That is to say, they are in oblique positions but 
undoubtedly in "new space" orthogonal to the other factors, as they should be. 
Conceivably some persistence toward better simple structure might elevate these 
markers, but they are at a sufficient level for identification. Explanations of low 
loadings could be (a) poor validity of some items in the original, (b) loss of validity 
in translation, and (c) actual smaller variance than usual in O and Q4 in the 
Hawaiian population. Everything considered, we are most inclined to accept the 
last. As for ego strength, C, one recognizes that it is one of the most influential of 
personality factors, and its breadth may therefore account for its affecting items 
in parcels intended for other factors concerned mainly with anxiety. As regards 
the small variance of guilt proneness, 0, and ergic tension, Q4, one must 
recognize that it could be statistically due to (a) an ordinary mean but low 
variance, 'or (b) an unusually high or low mean for the Hawaiian population, 
restricting range by a ceiling or floor effect in the scale. Not until later results 
show the distribution means and sigmas can we decide this, but one suspects 
cultural anthropologists would consider qualitative observations of the Hawaiian 
culture consistent with lower guilt proneness and ergic tension, from reduced 
competitive stress. 

Since the ultimate best simple structure reached here is oblique (as is found in 
other studies of personality primaries), it is of interest to look at the trait 
intercorrelations, in Table 2. These are the basis for the second order analysis 
(Danko, Cattell, & Raymond, in press). 4 In that analysis we have already found 
appreciably cross-cultural constancy of patterns. Meanwhile, at a glance, at least 
a general similarity in signs of correlations is evident between junior and senior 
matrices. 

4Though moderate, these correlations work out slightly larger than usual. It is possible that 
the pseudo-break in scree Figures 1 and 2 (as anyone familiar with the scree will recognize) 
tells us that rather large second stratum factors will be found back of the primaries. A 
similar tendency to almost equally good fit to the number of first and second orders has been 
noted in maximum likelihood estimates. 

15 



TABLE2 a= 
c:: 

CORRELATIONS AMONG PRIMARY PERSONALITY FACTORS ~ 
""3 

(a) JUNIOR POPULATION SAMPLE -<: 
> 

FACTORS ~ -
Factors A C D E F G H I J 0 Q2 Q3 Q4 X y ~ 

t:r:l 

A 1.00 0.23 -0.39 0.19 0.27 -0.24 0.14 -0.12 -0.07 -0.22 -0.37 0.07 0.13 0.00 -0.12 t:r:l 
>< 

C 
I 'ij 

0.23 1.00 -0.52 0.11 0.16 -0.15 0.47 -0.10 -0.05 -0.31 0.02 0.22 -0.03 0.06 -0.24 t:r:l 

D -0.39 -0.52 1.00 0.05 -0.03 0.05 -0.57 · -0.07 0.13 0.51 -0.02 -0.31 0.04 0.00 0.12 ~ -
E 0.19 0.11 0.05 1.00 0.37 -0.15 -0.12 -0.50 -0.17 0.06 -0.18 -0.06 0.24 0.15 -0.11 a= 

.... t:r:l 
. c,) 

F 0.27 0.16 -0.03 0.37 1.00 -0.08 0.16 -0.22 -0.06 -0.00 -0.31 0.03 0.33 -0.00 -0.14 z 
""3 

G -0.24 -0.16 0.05 -0.15 -0.08 0.00 0.05 -0.20 0.08 0.06 0.13 -0.05 0.06 · 0.04 0.02 > 
~ 

H 0.14 0.47 -0.57 -0.12 0.16 0.05 0.00 -0.04 -0.03 -0.53 -0.05 0.29 -0.06 -0.07 -0.17 0 
~ 

I -0.16 -0.12 -0.10 -0.07 -0.50 -0.22 0.20 -0.04 1.00 0.13 0.07 -0.07 -0,14· -0.09 0.04 -z 
J -0.07 -0.05 0.13 -0.17 -0.06 0.08 -0.03 0.13 1.00 0.07 -0.02 0.01 -0.15 -0.04 -0.17 -0 

0 -0.22 -0.31 0.51 0.06 -0.00 0.06 -0.53 -0.16 0.07 1.00 0.08 -0.20 0.08 0.07 0.08 > 
~ 

Q2 -0.37 0.02 ·-0.02 -0.18 -0.31 0.13 -0.05 0.07 -0.02 0.08 1.00· 0.04 -0.17 0.05 0.12 ~ 
t:r:l 

Q3 0.07 0.22 -0.31. -0.06 0.03 -0.05 0.29 -0.07 . 0.01 -0.20 0.04 · 1.00 -0.24 0.05 -0.10 00 
t:r:l 

Q4 0.13 -0.03 0.04 0.24 0.33 0.06 -0~06 · -0.14 -0.15 0.08 -0.17 -0.24 1.00 -0.01 0.01 ~ 
X 0.00 0.06 0.00 0.15 -0.00 0.04 -0.07 -0.09 -0.04 0.07 0.05 0.05 -0.01 1.00 -0.12 0 

::r: 
y -0.12 -0.24 0.12 -0.11 -0.14 0.02 -0.07 0.04 -0.17 0.08 0.12 -0.10 0.01 -0.12 1.00 



TABLE 2 

CORRELATIONS AMONG PRIMARY PERSONALITY FACTQRS 
(b) SENIOR POPULATION SAMPLE 

FACTORS "'d 
~ 

) J ~ 

Factors A C D E F G H I 0 Q2 Q3 Q4 X y 00 
0 

A 1.00 0.13 0.11 0.14 0.20 0.01 0.13 -0.09 -0.18 -0.26 -0.21 0.14 0.12 0.20 -0.04 z 
> 

C 0.13 1.00 -0.25 0.26 0.01 -0.10 0.13 0.12 -0.22 0.02 -0.05 0.19 0.19 0.01 -0.32 t"'4 -D 0.11 -0.25 1.00 0.06 0.24 0.08 -0.07 -0.06 0.11 0.04 -0.27 0.12 0.09 0.05 0.13 ~ 
E o.i4 0.26 0.06 1.00 0.23 -0.14 0.31 -0.25 -0.23 0.08 -0.00 0.14 0.30 0.017 -0.19 "%j 

..... > 
-l F 0.20 0.01 0.24 0.23 1.00 -0.02 0.15 -0.21 -0.17 0.09 -0.16 0.04 0.19 0.07 -0.01 0 

i-3 
G 0.01 -0.10 0.08 -0.14 -0.02 1.00 -0.08 0.18 0.03 -0.12 -0.02 -0.03 -0.23 0.06 0.05 0 

~ 
H 0.13 0.13 -0.07 0.31 0.15 -0.08 1.00 -0.27 -0.18 0.03 0.14 0.13 0.25 0.06 -0.08 00 

I 0.09 0.12 -0.06 -0.25 -0.21 0.18 -0.27 1.00 -0.03 -0.07 -0.09 -0.12 -0.11 0.06 -0.23 
i-3 
~ 

J -0.18 -0.22 0.11 -0.23 -0.17 0.03 -0.18 -0.03 1.00 -0.22 0.23 -0.14 -0.15 -0.07 0.15 
C: 
0 

0 -0.26 0.02 0.04 0.08 0.09 -0.12 0.03 -0.07 -0.22 1.00 -0.01 0.08 0.37 0.02 -0.26 
i-3 
C: 

Q2 -0.21 -0.05 -0.27 -0 .00 -0.16 -0.02 0.14 -0.09 0.23 -0.01 1.00 -0.07 -0.05 -0.03 0.07 ~ 
~ 

Q3 0.14 0.19 0.12 0.14 0.04 -0.03 0.13 -0.12 -0.14 0.08 -.0.07 1.00 0.03 0.09 -0.07 
Q4 0.12 0.19 0.09 0.30 0.19 -0.23 · 0.25 -0.11 -0.15 0.37 -0.05 0.03 1.00 -0.02 -0.25 

X 0.20 0.01 0.05 0.07 0.07 0.06 0.06 0.06 -0.07 0.02 -0.03 0.09 -0.02 1.00 -0.03 
y -0.04 -0.32 0.13 -0.19 -0.01 0.05 -0.08 -0.23 0.15 -0.26 0.07 -0.07 -0.25 -0.03 1.00 



MULTIVARIATE EXPERIMENTAL CLINICAL RESEARCH 

GONCLUSIONS 

The essential conclusions here may be briefly stated as follows: 
The agreement on the tests for number of factors from the upper and lower age 
levels converges on 15. However, in rotation to simple structure only 13 of these 
are ultimately recognizable psychological primary source traits found in earlier 
researches, and similar in the two analyses, so x and y are contingently deemed 
error factors. • .. 

As to interpretation when rotated to maximum possible obtainable simple 
structure: (a) the markers that were set for the -original HSPQ factors fall in 
pairs of significant loadings as expected on 12 of 13 factors and (b) the same 
markers appear substantially loaded simultaneously in the upper and lower age 
level populations. 

By the available tables for signficance of simple structure ~onstructed by Sine 
and Kameoka (more recently than Bargmann's but on the same principle), the 
factors have here reached a significance of simple structure between p<.05 and 
p<.001 if the ±.10 band is counted as the expected hyperplane width. But with this 
large sample we consider that the hyperplane properly has a width ±.05 and on 
this basis the overall significance of resolution for both juniors and seniors is a 
p<.01. 

Congruence coefficients between these factor patterns and earlier ones have 
not been presented in tabular form here because it is quite obvious by visual 
inspection that these congruences are satisfactory. 

Results here will be compared with those by an ulterior approach, through 
radial parcels, but as far as usual standards and procedures are concerned these 
factor patterns on Hawaiians support the general theoretical position, fro~ 
widespread earlier experimentation, that the primary personality factors are 
essentially similar in number and structure across culturally different 
populations. 

Looking nevertheless for what may be real instances of deviation from the 
general high similarity of juniors and seniors, and of both from previous studies 
we note, however, a suggested finding that the ergic tension factor, Q4, and to 

· some extent the.guilt proneness factor, 0, in the Hawaiian group are markedly 
less emphatic (smaller variance) than has previously been found. Also we note 
that C, ego strength/ego weakness, is wider in influence than has been found 
elsewhere. As stated, the 0, Q4 (and perhaps Q3) results could be due to (a) 
comparative failure in the item translation for the real meaning of the factor, (b) a 
floor or ceiling effect indicating a large mean difference from the Mainland 
groups, or ( c) less actual variance in the personality factor itself in the population. 
All that can be said at the present is that the personality differences here have 
received some comment from anthropologists, to the effect that due to simpler, 
less long-circuited expression of ergic needs in the · Hawaiian family cultures, 
there is less build-up of autonomic tension, such as characterizes American 
culture. This assumes that the low variance in Q4 and O is due to generally low 
mean endowment, but the low variance per se could have other causes and the 
psychological explanation is . tentative until differences in mean level can be 
examined. 
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On this structural outcome the Hawaiian version of HSPQ is being con
structed, including an intelligence scale (which is the 14th scale in all HSPQ 
translations). It is presently planned to do the item rectification by the equity 
modification of the Dwyer extension, using Table 1 (c) for the weights (Cattell, 
1983), since the items are being evaluated simultaneously with respect to use for 
younger and older children. 
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APPENDIX 1. 
TITLES AND SYMBOLS FOR DESIGNATING THE FOURTEEN 

DIMENSIONS OF THE HIGH SCHOOL PERSONALITY QUESTIONNAIRE 

Low Sten Score . Alphabetic High Sten Score 
Description Designation Decription 

(1-3) of Factor (8-10) 

Professional (A-) Sizothymia A Affectothymia 4 ◄ (A+) 
Term 

Popular Reserved, detached, Warmhearted, 
Terms critical, aloof, stiff outgoing, easygoing, 

participating 

Professional(B-)Low intelligence B High intelligence (B+) 
( Crystallized, power ( Crystallized, power 
measure) measure) 

Popular Dull Bright 

Professional ( C-) Lower ego strength C Higher ego strength (C+) 

Popular Affected by feelings, Emotionally stable, 
emotionally less stable, mature, faces reality, 
easily upset, changeable calm 

Professional (D-) Phlegmatic D Excitability D+ 
temperament 

Popular Undemonstrative, Excitable, impatient, 
deliberate, inactive, demanding, overactive, 
stodgy . unrestrained 

Professional (E-) Submissiveness E Dominance (E+) 

Popular Obedient, mild, easily Assertive, aggressive, 
led, docile, competitive, stubborn 
accommodating 

Professional (F-) Des urgency F Surgency (F+) 

Popular Sober, taciturn, serious Enthusiastic, heedless, 
happy-go-lucky 

Professional(G-) Weaker superego G Stronger superego (G+) 
strength strength 

Popular Disregards rules, Conscientious,· 
expedient persistent, moralistic, 

staid 

Professional(H-)Threctia H Parmia (H+) 

Popular Shy, timid, Adventurous, "thick-
threat-sensitive skinned, socially bold 
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Professional (I-) Harria I Premsia (I+) 

Popular Tough-minded, Tender-minded, 
rejects illusions sensitive, dependent, 

overprotected 

Professional (J-) Zeppia J Coasthenia (J+) 

Popular Zestful, Circumspect 
liking group action individualism, 

reflective, internally 
restrained 

Professional ( 0-) Untroubled adequacy 0 Guilt proness 

Popular Self-assured, placid, Apprehensive, self-
secure, complacent, reproaching, insecure, 
serene worrying, troubled 

Professional(Qf)Group dependency Q2 Self-sufficiency (~+) 

Popular Sociably group Self-sufficient, 
dependent, a "joiner" resourceful, prefers own 
and sound follower decisions 

Professional(Qa")Low self-sentiment Q3 High strength of self- (Q3+) 
integration sentiment 

Popular Uncontrolled, lax, Controlled, exacting 
follows own urges, will power, socially 
careless of social rules precise, compulsive, 

following self-image 

Professional(Q4-)Low ergic tension Q4 High ergic tension (Q/) 

Popular Relaxed, tranquil, Tense, driven, 
torpid, unfrustrated, overwrought, fretful 
composed 
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ABSTRACT 

Two of the moiJt widely-used diagnostic personality inventories, the Minnesota 
Multiphasic Personality Inventory (MMPI) and the Clinical Analysis Question
naire (CAQ), differ importantly in their scoring of the "neutral" or "uncertain" 
response option. The MMPI aggregates all such responses into a separate 
validity index while the CAQ incorporates them into substantive scale scores. An 
empirical analysis was made of the impact on reliability and validity when the 
neutral component is included in or excluded from substantive scale scores. 
Scores on the 12 pathological scales of the CAQ were partitioned into one part due 
to endorsement of the keyed (i.e., "true" or "false") alternative and a part due to 
endorsement of the neutral (i.e., "uncertain") response choice. With respect to 
discriminating between 150 psychiatrically diagnosed and 150 normal adults, 
regression analyses showed that addition of the neutral component to the keyed 
component significantly improved the validity of the scales 75% of the time, with 
an average gain of 7% in variance explained. Improvement was greatest for the 
most severe diagnostic category. Alpha coefficients computed for each scoring 
method further revealed that including the neutral component in the total score 
resulted in an average improvement of 10% in scale reliability. 

Despite a tendency on the part of many to think of all structured personality 
inventories as a homogeneous class of measurement techniques, the reality is 
that self-report instruments are published in a wide variety of formats. In some 
cases forced-choice designs simultaneously present two or more items to the 
examinee. More often, examinees are asked to respond separately to each item in 

We would like to express our appreciation to Ed Diener and Bill Chaplin for their 
valuable comments regarding this manuscript. 

Requests for reprints should be sent to Samuel E. Krug, Institute for Personality and 
Ability Testing, P.O. Box 188, Champaign, Illinois 61820. 
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. the inventory. Instruments can also be differentiated in terms of their treatment 
of the "neutral" or "uncertain" category. In many tests, substantive scale scores 
are ol:,tained only from endorsement of a single alternative (e.g., True= 1, all other 
responses weighted 0). But, in other tests, a Likert format is employed and more 
than one choice is weighted in the scoring key. 

It is in this respect that two of the most widely-used diagnostic personality 
inventories, the Minnesota Multiphasic Personality Inventory (MMPI) and the 
Clinical Analysis Questionnaire (CAQ) differ visibly. The former, a well
documented instrument with more than 40 years 9f research behind it, scores all 
uncertain responses on a separate validity scale ("?"). The latter, a factor
analytically derived pathological extension of Cattell's well-known 16 Person
ality Factor Questionnaire (16 PF), uses a Likert format and weights the neutral 
response in scoring substantive dimensions. For example, the item "I don't feel 
I'm any worse or have more bad health than anybody else" contributes two points 
to the Hypochondriasis (D1) scale if the response if "yes," one point if the 
response is "uncertain," and nothing if the response is "false." One may 
reasonably inquire what impact this particular scoring strategy taken by the 
CAQ authors, which differs from that taken by many other personality test 
constructors, has on reliability and validity. That is, what are the psychometric 
consequences of scoring the neutral response option? 

From the perspective of classical test theory, early work by Remmers and his 
associates (Remmers & Ewart, 1941; Remmers and House, 1941) with cognitive 
tests has shown that reliability increases when additional response categories 
"parallel" existing response options. But, it is not immediately evident that 
psychological processes underlying endorsement of the neutral option parallel 
those involved in endorsing or failing to endorse an item. Moreover, Goldberg 
(1981) suggested that endorsement of the uncertain response category actually 
can have several different meanings: the item may neither accurately nor 
inaccurately describe the person, the person's behavior may not be consistent, the 
item may not be understood, or the person simply · does not have enough 
information about the behavior. 

In the handbook for the Guilford-Zimmerman Temperament Survey, Guilford 
notes that the inclusion of the question mark or uncertain response option in his 
test was dictated by a study of response category preferences .. More than half of 
adults surveyed resented being forced to answer yes or no to all items. As long as 
the neutral option was provided, there seemed to be little difference in preference 
for three or more options (Guilford, Zimmerman & Guilford, 1976). However, 
Guilford himself ignores the neutral option in scoring his test: only yes or no 
options are weighted. Although he does not elaborate further, presumably he 
feels that endorsement of the uncertain category represents an equivocal source 
of variance from the perspective of personality test construction. . 

Judging from its absence in the published literature, little research has been 
done to evaluate the relative reliabilities and validities of two- and three-choice 
response formats in personality tests. However, several researchers have 
compared the validity of the two formats on attitude and personal values 
questionnaires. In summary, these studies once again conclude that examinees 
seem more comfortable with greater freedom of choice (Jonea, 1968) and suggest 
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that multicategory response formats result in more sensitive (i.e., more valid) 
scales (Fink, 1971; Madden & Klopfer, 1978; Van der Veen, Howard & Austria, 
1970), at least when scale content involves personal attitudes and values. 
However they are not directly helpful in understanding the reliability and 
validity implications of the item format chosen by the CAQ authors. 

The purpo_se of the present study was to determine what, if any, contribution to 
reliability and validity is made by the neutral or uncertain response in scoring the 
clinical scales of the CAQ. Considering Madden & Klopfer's (1978) conclusion 
that the availability of this option improved the scale by providing examinees 
with a choice that more correctly corresponded to their attitude we hypothesized 
that when we contrasted Likert- versus true-false scoring keys for the CAQ scales, 
the former approach would result in more reliable scales. Considering Goldberg's 
suggestions with regard to the meaning of the uncertain response option, it would 
not be unreasonable to suppose that frequent confusion about the personal 
applicability of items or great inconsistency in behavior might both suggest the 
presence of some underlying psychopathology. That is, consistent uncertainty 
may be diagnostically significant. As a consequence, we took as our second 
hypothesis that inclusion of the neutral category in scoring keys would increase 
the discriminant validity of clinical personality scales (i.e., the degree to which 
those scales distinguish between groups of psychiatric patients and normal 
adults). 

To summarize briefly, the present study was designed to provide an empirical 
check on whether the existing scoring keys for the CAQ - which differ in design 
from those developed by authors of many other clinical inventories - lead to 
more or less reliable and valid substantive scales. 

METHOD 

INSTRUMENTS 

The CAQ was devised by Cattell and his associates to measure 28 factorially 
independent personality dimensions (Krug, 1980). Sixteen scales measure normal 
characteristics previously included in the 16 PF such as warmth, dominance, 
boldness, sensitivity, and self-sufficiency. The other twelve are oriented princi
pally to pathology and were the focus of this investigation. Seven of these twelve 
(Hypochondriasis, Suicidal Depression, Agitation, Boredom, Guilt, Low Energy, 
and Anxious Insecurity) emerged from studies on the dimensionality of 
depression (Cattell & Bjerstedt, 1967). The last five scales (Paranoia, 
Psychopathic Deviation, Schizophrenia, Psychasthenia, and Psychological 
Inadequacy) were discovered in factorings of the MMPI item pool (Cattell & 
Bolton, 1969). 

Each scale is composed of 12 items to which the individual responds by 
selecting one of three alternatives. The typical response choices are "(a) true," "(c) 
false," and "(b) uncertain," "sometimes," or "in between," depending upon the 
content of the item. In the conventional scoring of the test , endorsement of the 
"b" response always contributes one point to the total scale score. Depending on 
the key, the "a" or "c" response option is given a weight of two points. 
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SUBJECTS 

CAQ answer sheets for this study were selected from among 3269 protocols 
collected during the standardization of the CAQ. These tests had been gathered 
at more than 60 sites throughout the United States and Canada. Examinees were 
selected across a broad range oflocations, ages, socioeconomic levels, and races. 
Complete details of the sampling are reported in Krug (1980). From among 950 
adults ~ho had been psychiatrically classified (independent of CAQ.results) as 
psychotics, neurotics, or personality disorders, we randomly selected 25 men and 
25 women in each category. An .additional 75 men and 75 women were randomly 
drawn from among 965 normal adults to serve as a contrast group. 

PROCEDURE 

Examinees complete the CAQ under the usual conditions and instructional 
set. They were free to use the neutral category but were told to select the (a) or (c) 
option "most of the time ... and mark the middle (b) answer only when you feel 
you have to, because neither(a) nor(c) seems to be right for you." For purposes of 
this study we broke down the overall score from each scale into two parts: (1) the 
part due to the use of the keyed ("a" or"c") alternative only(theTF score), and(2) 
the part due to use of the neutral response .( the U score). 

To test the discriminant validity hypothesis we conducted a series of 
regression analyses separately for the three diagnostic categories in which the 
criterion (Y) was dichotomous (clinical/normal). Then, for each of the 12 scales 
we contrasted two regression models. 

and 
A 

Y2= bTFTF + buU + a 

and tested whether the difference between multiple correlation coefficients was 
statistically significant. 

In addition tp the scale-by-scale analyses, we also made a summary analysis 
with respect to each diagnostic category. First, all "b" responses were aggregated 
into a single score (i.e., ~::/~u) for each individual. Then we compared the 
difference in predictability between regression models involving (1) just the 12 TF 
score8 and (2) the 12 TF scores plus the composite uncertain score. 

To compare the reliability of the two response formats, alpha coefficients were 
first computed for ju,st the TF component of each scale, then for the combined TF 
and U components. The latter corresponds to tqe way in which CAQ scales are 
normally scored. 

RESULTS 

The results of the first set of analyses are reported in Table 1. For each scale 
and diagnostic classification Table 1 shows the proportion of criterion variance 
accounted for by the TF score alone and by the TF + U score. With respect to the 
TF scores alone, 35 of the 36 regressions resulted in statistically significant r's . 
The only exception to this rule was the Psychasthenia scale in the neurotic/ 
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TABLE 1 

VARIAN CE EXPLAINED (R2) WITH AND WITHOUT USE 
OF THE UNCERTAIN CATEGORY 

COMPARISON 

Psychotic/ Neurotic/ Persy Disorder/ 
CAQ Scale Normal Normal Normal 

TF TF+U TF TF+U TF TF+U 
Hypochondriasis 14 21 20 22 09 13 
Suicidal Depression 18 27 12 21 10 15 
Agitation 06 07* 03 03* 04 06* 
Anxious Insecurity 10 14 07 11 03 05* 
Low Energy 

Depression 10 12 14 15 13 13* 
Guilt & Resentment 07 13 06 09 06 09 
Boredom & Withdrawal 09 23 07 15 11 14 
Paranoia 16 27 02 06 12 15 
Psychopathic Deviation ~ 09 11* 14 14* 06 07* 
Schizophrenia 07 21 02 03 07 10 

~sychasthenia 03 08 01 01* 02 03 
Psychological Inadequacy 10 23 08 17 11 16 
All 12 scales 34 37 31 32* 25 26* 

TF = Two-choice (True/False scoring only). 
U = Uncertain response score 
Note: Increases in R2 are significant for all comparisons except those marked 

with an asterisk. Decimal points are omitted. 
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normal contrasts. In most instances, the addition of the U component resulted in 
significant increases in multiple correlation coefficients. When differentiating 
psychotics from normals, use of the neutral response failed to increase predict
ability only in the case of the Agitation and Psychopathic Deviation scales. With 
respect to neurotic/normal comparisons, those two scales plus the Psychasthenia 
scale failed to show a significant increase in discriminate validity. In the final set 
of comparisons, personality disorders vs. normals, five scales - Xgitation, 
Psychopathic Deviation, Psychasthenia, Low Energy Depression, and Anxious · 
Insecurity - failed to improve discriminant validity significantly. In seven of the 
36 comparisons, the neutral score was actually the better predictor, although the 
differences were not statistically significant. This was true for the Boredom and 
Withdrawal, Schizophrenia, and Psychological Inadequacy scales when 
psychotics were contrasted with normals and for the Suicidal Depression, 
Boredom and Withdrawal, Paranoia, and Psychological Inadequacy scales when 
neurotics were contrasted with normals. 

Scale-by-scale analyses show that on the average the neutral score explains 
an additional 7% of the variance in discriminating normals from psychotics. 
With respect to separating. neurotics or personality disorders from normals the 
mean increase is 3% in both cases. 

The last row of Table 1 gives the results of the final set of regression analyses 
in which we asked whether the uncertain score added to the discriminant power 
of the full set of 12 clinical scales. With respect to psychotic/normal comparisons 
an additional 3% of the discriminant variance can be explained by endorsement 
of the neutral response (F = 9.88, p < .01). For neurotics and those classified as 

I 

personality disorders, the uncertain scale explains an additional 1 % of variance 
but this increase falls short of statistical significance. 

The second hypothesis of the study, that use of the uncertain response would 
improve reliability, was also confirmed. Results are shown in Table 2. Alpha 
coefficients calculated for each scale under two-choice and three-choice scoring 
conditions show that generalizability is slightly greater in the latter case.Using 
only the two-choice format, scale reliabilities range from .39 to .87 with a median 
coefficient of .68. Using the three-choice format, reliabilities range from .32 to .90 
with a median coefficient of. 75. On the average, this represents a 10% increase in 
reliability attributable to inclusion of the neutral response. Improvement is 
greatest for the Paranoia scale (.55 versus .70), the Anxious Insecurity scale (.63 
versus .74), and the Schizophrenia scale(.65 versus .75). Once again, the behavior 
of the Agitation and Psychopathic Deviation scales contrasts with the general 
trend. Reliability decreases for both scales when the neutral response option is 

I 

included. 
With regard to frequency of use of the middle response th~re are some 

interesting findings as well. Psychotics endorse the middle response nearly twice 
as often as normals (26% of the time versus 14% of the time). Neurotics and those 
classified as personality disorders fall almost exactly in between in their use of 
this alternative (21 % and 20%, respectively). 
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TABLE 2 

RELIABILITY COEFFICIENTS (ALPHA) OF TWO- AND THREE-CHOICE 
SCORING FORMATS OF THE CAQ CLINICAL SCALES 

SCALE TWO-CHOICE THREE-CHOICE 
FORMAT FORMAT 

Hypochondriasis 83 89 

Suicidal Depression 85 90 

Agitation 39 32 

Anxious Insecurity 63 74 

Low Energy Depression 87 90 

Guilt & Resentment 77 82 

Boredom & Withdrawal 66 75 

Paranoia 55 70 

Psychopathic Deviation 69 64 

Schizophrenia 65 75 

Psychasthenia 66 69 

Psychological Inadequacy 78 83 

. Note: Decimal points are omitted. 
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DISCUSSION 

Inclusion of the neutral response accounted for a significant increase in 
discriminant validity on almost all of the 12 scales in the CAQ, but especially 
those designed to measure traits of Psychological Inadequacy, Boredom and 
Withdrawal, and Suicidal Depression. The increment was greatest for psychotic/ 
normal contrasts and decreased when the degree of psychiatric disturbance was 
less. In the case of the Agitation and Psychopathic Deviation scales there was no 
improvement in discrimination and a marked decline in the internal consistency 
of the resulting scales when the uncertain component was added. Correlations of 
these scales with the other ten scales shows that they are relatively distinct, 
structurally. While high scores on the other ten clearly show an unambiguous 
pathological direction, Krug (1980) has pointed out that classification on the 
basis of these two scales is problematic. Both low and high. scores appear to 
represent significant clinical departures from the norm. For example, neurotics, 
alcoholics, and schizophrenics all score abnormally low while substance abusers 
and antisocial classifications score significantly higher than normals. 

With regard to the clinical scales of the CAQ, it appears that inclusion of a 
neutral category in the response format- as the existing keys do - improves the 
reliability and discriminant validity of the resulting scales. The three-choice 
format provides room for additional factors to operate, factors that in most case~ 
improve the clinical sensitivity of the scales. Early work by Johnston (1948) and 
Lorge (1937) reported significant negative correlations between tendency to 
answer"?" and sociability on the Bernreuter Personality Inventory. Hundleby, 
Pawlik and Cattell ( 1965) found use of the neutral response to be one expression of 
a general personality factor they called Wariness. Other manifestations of the 
pattern include high inflexibility of attitudes, rigidity, and some psychomotor 
retardation. Taken together, these characteristics are reasonably descriptive of 
the cognitive and affective distortions that characterize major psychiatric 
disorders. 
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ABSTRACT 

The Sixteen Personality Factor Questionnaire (16PF) was administered to 92 
men arrested for habitually driving under the influence (DUI) of alcohol and 56 
men arrested for reckles~s driving. The reckless driving offenders described 
themselves as more intelligent, bold, rebellious, extroverted, independent, and 
less guilt-prone than the habitual DUI offenders. Both groups' high Motivational 
Distortion scores indicated, however, that they were consciously faking socially 
desirable traits. A modal profile analysis was conducted to determine whether or 
not both samples had attempted to project similar types of motivational 

· distortion. Five between-shape components were identified: (1) shrewd, (2) warm
hearted, (3) conscientious, (4) imaginative, and (5) resourceful. The effectiveness 
of using the 16PF to evaluate the personality characteristics of men arrested for 
DUI and reckless driving was questioned. 

The prevalence of psychopathology in persons arrested for driving under the 
influence (DUI) of alcohol has been estimated as high. For example, using the 
MMPI, Mulligan, Fine and Steer (1978) reported that out of 100 DUI offenders 
referred for alcoholism treatment at a community mental health center, 4% had 
profiles similar to those found in psychotic patients, 55% had profiles that 
suggested neurotic symptomatology, and 41 % had mean profiles which fell 
within normal population limits. The persons had been arrested for the first time 
for DUI offenses, and the prevalence of psychopathology might be even higher in 
habitual DUI offenders. 

The literature concerning individuals requiring the attention of the criminal 
justice system is also overwhelmingly supportive of the idea that the majority of 
offenders are emotionally disturbed and in many instances dependent on drugs 
or alcohol (Poley, Lea, & Vibe, 197). Such findings do not imply simple cause and 
effect phenomena, so far as the antisocial behavior is concerned, but do suggest 
that the association between antisocial behavior and emotional-addictive 

1Requests for reprints should be sent to the second author at Alcohol and Mental Health 
Associates, Inc., 1315 Walnut St., Suite 818, Philadelphia, PA 19107. 
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· illnesses is important. Alcoholism, drug dependency, personality disorders, 
neuroses, and occasionally psychotic illnesses are frequently found in persons 
apprehended for criminal behavior. Any prison population has a high incidence 
of alcoholism and drug abuse; and. more often than not, these phenomena are 
associated with varying degrees of psychological dysfunctioning. 

The purposes of the present study were (1) to assess the personality character
istics Qf habitual DUI and reckless driving offenders, (2) to compare these 
offenders' mean personality traits, and (3) to determine whether or not these 
offenders shared common personality profiles. The habitual DUI offenders were 
defined as persons who had been previously arrested for DUI violations, whereas 
the reckless driving offenders had been arrested for violating Pennsylvania's 
reckless driving statutes. 

METHOD 

The samples of habitual DUI and reckless driving offenders were referred by 
the Probation Department and Municipal Court System of Philadelphia. Ninety
two consecutive male habitual DUI and 56 male reckless driving offenders were 
evaluated during the spring of 1981. None of the offenders was arrested for both 
drunk and reckless driving. The reckless drivers were not intoxicated. 

SUBJECTS 

Habitual. The mean age of the 92 habitual DUI offenders was 40.77 (SD = 
13.21) years. The racial composition was 27.3% white, 60.6% black, and 12.1% 
other. The marital status was 46.5% married, 22.2% single (never married), and 
31.3% widowed, separated or divorced. Employment was claimed by 67 .7%, and 
the mean income was $13,480 (SD= $6,963). Of the sample, 13.1 % reported college 
attendance or above, 33.3% were high school graduates, and the remaining 53.5% 
reported partial high school attendance or below. 

The mean number of prior DUI arrests was 1.92 (SD= 1.48), and the percent of 
confirmed prior arrests which were alcohol-related was 75.8. Surprisingly, 31.3% 
of the habitual DUI offenders did not have current valid drivers' licenses. The 
mean blood alcohol concentration at the time of arrest was .15% (SD= 0.6%). 

Reckless. For the 56 male reckless drivers, the mean age was 38.81 (SD= 11.14) 
years. Of the sample, 33.9% were white, 57 .6% were black, and 8.5% were other. 
The marital status was 57.6% married, 22.0% single (never married), and 20.4% 
widowed, separated or divorced. Employment was described by 88.1 %, and the 
mean income was $19,118 (SD= $14,889). College attendance was claimed by 
33.9%, 42.4% were high school graduates, and the remaining 23.7% "'reported 
partial high school attendance or below. 

Comparison. The habitual DUI and reckless driving offenders presented 
comparable demographic characteristics with respect to race(X2(2) = .91), marital 
status (X2(2) = 2.83), and age ( t (146) = .97). However, the reckless driving offenders 
were more educated (X2(2) = 15 .54, p < .001 ), were more likely to be employed (X2(1) 
= 6.4 7, p < .05), and earned higher incomes (t (68) = 2.66. p < .01) than the habitual 
DUI offenders. 
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INSTRUMENT · 

Cattell's Sixteen Personality Factor Questionnaire (16PF) (Cattell, Eber, & 
Tatsuoka, 1970) was chosen as the psychological test to measure the offenders' 
personality traits. The 16PF has received nearly thirty years of international use 
and is one of the most widely accepted, reliable, and valid personality-assessment 
tools availabie. It has also been employed in a series of important alcoholism 
treatm~nt studies and has been reported to reliably differentiate among specific 
subtypes of alcoholics (Hart, 1979; Zivich, 1981). 

The 16PF, Form A, 1978 Edition R, contains 187 questions- and is scored in 
terms of 16 bipolar dimensions, or primary source traits; a host of additional 
second-order factors can also be derived. The test offers two important additional 
features when used with offender populations, it has (1) a random responding 
scale which can be used to detect persons who are confused or randomly 
answering questions and (2) a motivational distortion scale which can be 
employed to detect persons who are either faking" good" or faking "bad." Finally, 
it can be read by someone with as little as a third grade education. 
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TABLE 1 

MEANS AND STANDARD DEVIATIONS OF 16PF SOURCE TRAITS 
AND SECOND-ORDER FACTORS FOR MALE HABITUAL DUI 

AND RECKLESS DRIVING OFFENDERS 

Factor High Score Description 

A Warmth 
B' Intelligence 
C Ego Strength 
E Dominance 
F lmpulsivity 
G Group Conformity 
H Boldness 
I Tender-mindedness 
L Suspiciousness 
M Imagination 
N Shrewdness 
0 Guilt Proneness 
Q, Rebelliousness 
Q2 Self-sufficiency 
Q3 Compulsivity 
Q4 Free-floating Anxiety 
QI Extroversion 
QII Anxiety 
QIII Tough Poise 
QIV Independence 

Habitual 
(N= 92). 
M SD 

5.3 1.8 
4.5 2.0 
5.4 2.2 
5.2 1.8 
5.2 1.5 
5.8 2.0 
5.4 1.5 
6.2 1.6 
5.9 1.9 
4.7 1.9 
6.6 2.0 
5.8 2.0 
5.4 1.8 
5.8 1.8 
5.9 2.0 
5.5 2.1 
4.2 2.2 
4.9 2.8 
4.0 2.5 
4.2 2.1 

Note. - Wilks 'J\ = .79 x2(16) = 32.8** for source traits, and 
Wilks 'J\ = .81, x2(4) = 30.1 *** for second-order factors . 

• p < .05 •• p < .01 ••• p < .001 

RESULTS 

Reckless 
(N= 56) 

M SD 

5.6 ~.o 
5.7 1.9 
5.8 1.8 
5.8 1.8 
5.6 1.8 
5.6 1.9 
6.1 1.8 
6.4 1.5 
5.5 1.7 
5.1 2.0 
6.0 2.0 
5.1 1.5 
6.2 1.9 
6.1 1.7 
6.1 1.8 
4.9 1.8 
5.3 1.8 
4.8 1.6 
4.6 1.7 
5.9 1.6 

t(146) 

.8 
3.5** 
1.3 
1.8 
1.3 

.8 
2.8** 

.9 
1.4 
1.3 
1.9 
2.2* 
2.6* 

.9 

.7 
1.8 
3.2** 

.1 
1.7 
5.3*** 

The mean 16PF scores of the habitual DUI and reckless driving offenders are 
presented in Table 1, and Figure 1 displays the mean 16PF profiles for each 
sample. The multivariate analysis ofvariance(Table 1) indicated that the mean 
profiles were significantly different for the source traits (p < .01) and second-order 
factor (p < .001). The reckless drivers were more intelligent, bold, rebellious, and 
les guilt-prone than the habitual offenders. The t te ts (Table 1) for the second
order factors revealed that the reckle s driving offenders were more extroverted 
and independent than the habitual DUI offenders. 
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As Figure 1 indicates, the ypean 16PF profiles for the offenders were relatively 
undifferentiated. The average 16PF score for the adult normal population is 5.5 
stens with a standard deviation of 2. The mean 16PF scores in both samples had 
all ranged between stens of 4 through 7. 

The generally flat profiles (Figures 1 and 2) suggested that the offenders might 
have been ~ttempting to distort their scores to appear more normal, and 
inspection of their motivational distortion (MD) scores supported this contention. 
Winder, O'Dell, and Karson (1975) have reported that a raw score of6 or more on 
the MD scale s·uggests the 16PF profile be evaluated cautipusly; the mean score on 
the MD scale for the general adult population is 4. When one encounters an MD 
score higher than 6, there is almost certain faking. Using scores of 6 or above, 
58.6% of the habitual and 72.9% of the reckless driving offenders were found to be 
consciously distorting their personality traits, and the random responding (RD) 
scale scores of 6 or higher indicated that 49.5% of the habitual and 45.8% of the 
reckless driving offenders were also having difficulty in completing the question
naire; the offenders were either randomly answering the 16PF or unable to 
maintain the type of motivational distortion that they were attempting to project. 
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Rather than reject the profiles ofrespondents with scores> 6, it was decided to 
focus on the types of motivational distortion that were being presented. Clearly, 
the offenders were under scrutiny by the court and were likely to be distorting 
their answers. The impact of motivational distortion could also be gauged from 
the 16PF scores for Factors C (Ego Strength), G (Group Conformity), L 
(Suspiciousness), 0 (Guilt Proneness), Q3 (Ability to bind anxiety), and Q 4 (Free
floating anxiety); these scales measure forms of anxiety and have beep reported 
by Kars·on and O'Dell (1976) to be particularly sensitive to faking. Since the 
current mean levels hovered around 5.5, it can be assumed that the respondents 
were attempting to present themselves in socially desirable ways. 

The high random responding scores were interpreted as indicating that the 
respondents were having difficulty in maintaining sets to present themselves in 
socially desirable ways throughout the 16PF. Additional a:r;ialyses were next 
performed to identify the specific types of motivational distortion that the 
habitual DUI and reckless offenders were trying to present and to ascertain 
whether or not these types were comparable. Only the source traits were analyzed 
bec&,use the second-order factors are derived from them. 

TYPES OF MOTIVATIONAL DISTORTION 

Since the extent of motivational distortion was so prevalent within these 
offenders, it was important to evaluate whether or not they attempted to present 
themselves as having different personality profiles and isolate the types of 
personality which were considered to be socially desirable. A profile analysis, 
however, needs to weigh the contributions of elevation, scatter, and shape 
represented in the profiles of the offenders' 16PF scores (Skinner, 1978). Shap·e 
describes the actual pattern of ups and downs across scores in a diagnostic 
profile; scatter reflects how dispersed such scores are from their mean across the 
profile; and elevation represents the mean score of the offender over all variables 
constituting the profile. As can clearly be seen in Figure 1, the profiles' means 
were comparable to those of the normal adult population and demonstrated little 
scatter. 

MODAL PROFILE ANALYSIS 

Modal Profile Analysis (MPA) (Skinner, 1978) was used to investigate the shapes 
of the 16PF profiles described by the habitual DUI and reckless driving offenders. A 
shape's clinical syndrome can be expressed as a linear function of 16PF scores, and 
Skinner and Lei (1980) have written a FORTRAN computer program (Modal Profile 
Analysis) which isolates the shape component by applying an ordination algorithm 
to the transposed intercorrelation matrix of the offenders' 16PF tes~ scores. A within
sample principal-component analysis is performed by using a univocal principal
components analysis among the persons representing a tentative hypothesis matrix 
of 1 's and O's derived from the initial varimax loadings of the persons on the common 
shapecomponents2:..50; a least-squares solution of the original component matrix to 
the hypothesis matrix is then calculated. The univocal varimax rotation of the 
transposed matrix to the hypothesis target matrix ends by the assignment of each 
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person to an "ideal person" component according to their having a salient loading on 
that component. The reliability of the shape components can then be estimated by the 
success with which the persons in the sample have been classified to each of the 
resultant types. The percentages of the variance explained in assigning the 
respondents to the "ideal person" shape components are also estimated. 

Another uniy-ocal principal-component analysis is next performed in the between 
phase on the intercorrelations among the resultant component scores to determine 
whether or not a reduced set of modal components can be used to explain the common 
shapes existing across diagnostic groups. The effectiveness of the reduced set of 
shape components is estimated by calculating linear classification estimates for 
assigning each person in the sample to the shape components. 

Within. Table 2 presents the within mean-16PF-profile score of the five shape 
components which were found for the 92 male habitual DUI offenders, and Table 3 
shows the seven shape components for the reckless driving offenders. The high score 
descriptions of the 16PF traits and factors follow those given by Karson and O'Dell 
(1976). The scores have been calculated as stens with means of 5.5 and standard 
deviations of 2.0 to ease interpretation. The labels of the traits differ from those 
presented by Cattell, Eber, and Tatsuoka (1970) and were chosen to reflect more 
clinically useful descriptions of the source traits and second-order factors. 

The shapes were labeled and identified by inspecting the highest and lowest trait 
descriptions presented by each type. Traits with stens <3.5 and >7 .5 were considered to 
be salient. Generally, the trait with the highest score was ultimately chosen for 
naming the shape. 

Habitual. The first within-shape component for the habitual DUI offenders (Table 
2) had four high loadings for I+, N+, O+, and~. and two low loadings for C-and H-. 
Since the highest score for this particular component reflected Shrewdness, it was 
called Shrewd. The habitual DUI offenders using this type of motivational distortion 
were trying to present themselves as shrewd and cunning. 

The second type of motivational distortion had four high loadings for G+, N+, ~. 
'fa, with two low loadings for B- and E-. This shape seemed to suggest the presei;itation 
of an extremely controlled person and was, therefore, described as Controlled. 

The third factor had two high loadings for A+ and N+ and the two low loadings for 
Q 1- and Q 2-. The component suggested an attempt to present the trait of 
Warmheartedness. 
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TABLE 2 

WITHIN MEAN 16PF SOURCE TRAITS BY TYPES OF MOTIVATIONAL 
DISTORTION FOR MALE HABITUAL DUI OFFENDERS 

4 ◄ 

Types 
High Score Description I II III IV 

Warmth 5.5 6.7 8.7 1.1 
Intelligence 4.5 2.5 6.5 8.5 

· Ego Strength 2.7 5.7 6.9 6.9 
Dominance 3.5 3.1 4.3 4.5 
Impulsivity 3.5 5.3 5.5 4.9 
Group Conformity 4.5 8.1 4.3 8.7 
Boldness 3.3 5.9 6.1 4.5 
Tender-mindedness 7.7 4.9 6.9 6.3 
Suspiciousness 7.1 5.7 3.7 4.1 
Imagination 5.7 1.1 7.1 4.7 
Shrewdness 9.3 7.5 8.3 7.5 
Guilt Proneness 7.7 5.9 3.5 4.3 
Rebelliousness 3.7 8.1 1.9 4.3 
Self-sufficiency 6.9 3.9 2.7 8.1 
Compulsivity 4.5 8.3 7.9 6.3 
Free-floating Anxiety 8.3 5.1 4.3 3.5 

Note. - Stens <3.5 and >7.5 are underlined. 

V 

5.5 
_:Q 
8.1 
6.5 
4.3 
4.9 
5.9 
8.3 
6.3 
6.7 
5.7 
3.9 
5.5 
8.? 
4.9 
2.9 

The type of motivational distortion described by the habitual DUI offenders' in 
shape IV suggested Conscientiousness, with high loadings for B+, G+, and~. with a 
low loading for A-. 

The fifth factor had high loadings for C+, I+, and ~ and two low loadings for 
B-and Q

4
-. The social~y desirable trait here seemed to reflect stability, and this factor 

was called the Stable component. 
I 

Reckless. The reckless driving offenders' first within-shape component (Table 3) 
had three high loadings for B+, C+, and I+ and four low loadings for G-, L-, 0-, and Q4- . 

Since the highest score for this particular component reflected Intelligence, it was 
called Intelligent. The offenders using this type of motivational distortion were trying 
to prP~~!!t themselves as intelligent. 

The second type of motivational distortion had three high loadings for F+, N +, and 
~. with three low loadings for A-, G-, and Qa". This shape seemed to suggest the 
presentation of an extremely shrewd and impulsive person and was, therefore, 
described as Shrewd-Impulsive. 
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TABLE3 

WITHIN MEAN 16PF SOURCE TRAITS BY TYPES OF DISTORTION 
FOR MALE RECKLESS DRIVING OFFENDERS 

Types 
High Score Description I II III IV V 

Warmth 4.5 2.7 3.5 9.5 9.9 
Intelligence 8.7 4.3 5.3 4.5 3.9 
Ego Strength 7.7 5.1 7.9 5.9 5.3 
Dominance 6.7 5.5 4.1 6.3 2.9 
lmpulsivity 6.7 7.9 6.3 6.5 6.1 
Group Conformity 2.5 2.7 8.1 3.5 5.7 
Boldness 6.9 5.7 7.3 5.5 7.7 
Tender-mindedness 8.5 6.1 3.1 5.9 7.3 
Suspiciousness 2.7 6.1 4.5 7.3 4.5 
Imagination 6.5 6.1 3.1 _;Q. 7.5 
Shrewdness 4.7 10.0 9.3 6.1 6.7 
Guilt Proneness 2.9 6.3 3.1 4.7 4.9 
Rebelliousness 5.9 5.3 5.9 5.1 2.5 
Self-sufficiency 5.7 5.7 5.1 7.9 2.1 
Compulsivity 4.5 2.5 7.7 4.5 6.3 
Free-floating Anxiety 2.7 7.9 3.5 4.5 4.9 

Note. - Stens <3.5 and >7.5 are underlined. 

VI VII 

4.7 5.9 
_J 4.3 
5.3 6.3 
8.1 2.7 
5.9 1.5 
3.9 3.7 
7.7 3.7 
5.1 7.3 
7.1 4.1 
7.7 7.1 
4.7 7.9 
5.1 5.7 
7.9 6.9 
5.5 9.1 
6.3 6.9 
2.9 5.1 

The third factor, however, had four high loadings for C+, G+, N + and <t:; along with 
three low loadings for 1-, M- and 0-. The component suggested an attempt to present 
the trait of Shrewd-Controlled. 

The type of motivational distortion described by the offenders in shape IV 
suggested Warmhearted-Resourceful, with high loadings for A+ and ~. with a low 
loading for M-. 

The fifth factor had high loadings for A+ and H + and three low loadings for E-, Q 1-, 
and Q

2
-. The socially desirable trait here seemed to reflect warmhearted adventurous

ness, and this factor was called the Warmhearted-Adventurous component. 
In the sixth type of motivational distortion, there were high loadings for E+, H+, 

M+, and~ and low ones for B- and Q4-. It was called Assertive. 
Finally, the seventh shape was identified by two high loadings for N +,and~ and 

two low loadings for E- and F-. Since its highest loading was for~. it was termed as 
Resourceful. 
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TABLE4 

BETWEEN MEAN 16PF SOURCE TRAITS BY TYPES OF MOTIVATIONAL 
DISTORTION FOR MALE. HABITUAL DUI OFFENDERS AND 

RECKLESS DRIVING OFFENDERS 

Trait High Score Description I II 
Types 

III IV 

A Warmth 4.7 9.7 2.5 3.5 --,-

B Intelligence 4.3 5.3 7.1 8.9 
C Ego Strength 4.5 6.3 8.1 6.9 
E Dominance 3.3 3.5 3.9 7.5 
F lmpulsivity 3.3 5.9 4.7 6.1 
G Group Conformity 3.7 4.7 8.1 2.9 
H Boldness 3.3 7.1 5.5 5.7 
I Tender-mindedness 7.9 7.1 5.3 7.7 
L Suspiciousness 6.1 3.9 3.5 3.5 
M Imagination 6.7 6.7 3.7 9.3 
N Shrewdness 9.7 7.7 8.3 3.9 
0 Guilt Proneness 6.9 3.9 3.3 4.1 
Ql Rebelliousness 3.7 2.5 5.9 { 4.1 
Q2 Self-sufficiency 8.5 2.3 7.1 6.3 
Q3 Compulsivity 4.3 7.1 7.7 3.5 
Q4 Free-floating Anxiety 7.5 4.5 3.1 4.3 

Note. - Stens <3.5 and >7.5 are underlined. 

V 

6.1 
.3 

7.5 
7.1 
4.7 
3.7 
6.7 
6.9 
6.3 
6.1 
5.1 
4.1 
7.5 
7.7 
5.9 
2.3 

Between. An univocal principal-component analysis was next calculated on the 
intercorrelations among the five component scores that were found for the habitual 
DUI offenders and the seven component scores which had emerged for the reckless 
driving offenders. A five shape (Table 4) solution was revealed that explained 56.6% of 
the reckless and 61.3% of the habitual drivers' variance. The reduced set of between 
modal components was able to assign 79.4% of ~he habitual DUI offenders to the 
shape components and 69.6% of the reckless driving offenders to them. The profiles 
are shown graphically in Figure 3. 

The first between component had high loadings for I+, N+, and ~. and low 
loadings for E-, F-, and H-. It was called Shrewd. 

The high loadings for the second shape component were for A+ and N+, and the 
low ones were for Qi" and Q2-. The shape's primary trait suggested Warmheartedness. 

The third component's four high loadings were forC+, G+, N +, and (fa; the low ones 
were A-, 0-, and Q

4
-. The offenders using this type of description were trying to convey 

Conscientiousness. 
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The labeling of the fourth profile was problematic. It had two high loadings for B+ 
and M+ and one low one for G-. Since Imagination was the highest loading, it was 
considered to be an Imaginative shape. 

Finally, the fifth component had a single high loading for~ and two low ones for 
B- and Q

4
-. The high score for~ was interpreted as indicating Resourcefulness. 

FIGURE 3. Types of Motivational Distortion 
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DISCUSSION 

The overall pattern of results indicated that the 16PF was readily distorted by 
these offenders. They were able to fake their responses in socially desirable ways, and 
the modal profile analysis suggested that both the habitual DUI a~d reckless driving 
offenders attempted to present themselves as (1) shrewd, (2) warmhearted, (3) 
conscientious, (4) imaginative, and (5) resourceful. However, the reckless drivers 
described themselves as more intelligent, bold, rebellious, extroverted, independent, 
and less guilt-prone than the habitual offenders. The difference in intelligence was 
not surprising since the reckless drivers had significantly more education. 

Since the majority of the offenders had high MD scores, one can only question the 
16PF's utility for detecting personality disturbance within this court mandated 
_population. Previous research with the MMPI in a treatment referred DUI population 
(Mulligan, Steer,& Fine, 1978) and with the Eysenck Personality Inventory(Eysenck 
& Eysenck, 1968) for screening recently arrested DUI offenders (Steer, Fine, & Scoles, 
1979) have not indicated such high levels of distortion. Apparently, the 16PF is far too 
open to motivational distortion by these offenders to permit making effective 
diagnoses for designing clinical rehabilitation programs. However, it is important to 
note the types of socially desirable traits which the DUI offenders attempted to 
present here; and perhaps it might prove fruitful as part of a diagnostic screening, if 
the 16PF must be used with such offenders, to notice whether or not persons differ 
markedly from the five types of modal distortion found here. Persons who are unable 
to project these types of socially desirable traits might be displaying aspects of 
cognitive impairment. 

Operationally, a clinician could visually compare the plotted 16PF profiles of the 
offenders with MD or RD raw scores,~ 6 against the five modal profiles reported here. 
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Profiles with similar shapes, levels, and scatters may indicate motivational distortion, 
whereas profiles that do not display similar characteristics would require closer clinical 
scrutiny to determine whether or not the offenders had been confused in taking the 
16PF or had cognitive deficits that interfered with answering the questionnaire. The 
presence of diffuse organic brain syndromes in the habitual DUI offenders would 
probably be one of the most prevalent conditions that the clinicians should screen for. 
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A NOT·E ON TESTING THE SPHERICITY 
HYPOTHESIS WITH BARTLETT'S TEST 
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and 

Douglas N. Jackson 
The University of Western Ontario 

ABSTRACT 

This study employs computer simulations of correlation matrices to evaluate 
sample size requirements with different numbers of variables for testing 
departures from sphericity, implying the presence of group factors. Inductive 
approximations of average off-diagonal correlations due to Lawley (1940) and to 
Baggaley (1982) were found to be biased for correlation matrices with homo
geneous elements. This bias led to some error in estimation by Baggaley of the 
appropriate sample size for evaluating departures from sphericity. Lawley's 
approximation was clearly inferior to Baggaley's approximation. 

INTRODUCTION 

In a recent issue in this journal Baggaley (1982) used the formula for Bartlett's 
(1954) sphericity test for a correlation matrix to estimate the average absolute 
off-diagonal correlation. This estimate was derived inductively from an an~lysis 
of seven empirical correlation matrices. This estimate was then used to solve for 
the ratio of observations to variables required to reject the sphericity hypothesis 
with the number of variables ranging from 20 through 100, and the estimated 
average absolute off-diagonal correlation ranging from 0.10 to 0.50. 

Baggaley's estimate of the average absolute correlation was based on the 
natural logarithm of the determinant of the correlation 

Q = [-1n det(R)]/p, 
where p is the number of variables. Another related approach of estimating the 
average correlation from -ln det(R) would be to use Lawley's (1940) estimate of 
this quantity from the sum of squared lower off-diagonal correlations. The 
resulting estimate of the average absolute off-diagonal correlation is the square 
root of minus one times the natural logarithm of the determinant after dividing 

We thank the referees for their helpful comments. This study was supported by a Social 
Sciences and Humanities Research Council of Canada Doctoral Fellowship to John R. 
Reddon, and Research Grant No. 410-80-0576, Douglas N. Jackson, principal investigator. 
Send requests for reprints to Douglas N. Jackson, Department of Psychology, The 
University of Western Ontario, London, Ontario, N6A 5C2, Canada. 
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by the number oflower off-diagonal correlations (i.e., the degrees of freedom for 
Bartlett's test) 

L =✓ [-hi det(R)]/p(p-1)/2. 
Both Baggaley's and Lawley's ~st1mates of the average absolute off-diagonal 
correlations are approximations. The accuracy of these approximations will 
depend on the number of variables and the size and pattern of the off-diagonal 
correlations. 

In the present study, rather than determine the average absolute off-diagonal 
correlation from the determinant of the correlation matrix, the problem was 
approached in the reverse direction. The determinant of the correlation matrix 
was calculated from the off-diagonal correlations. The _analysis employs a 
patterned matrix that yields an exact expression of the determinant from the 
average absolute off-diagonal correlation. In addition to revealing the ratio of 
sample size to number of variables required to reject the sphericity hypothesis for 
the matrices studied, the present study also gives some indication of the amount 
of bias to be expected in employing Baggaley's and Lawley's approximations. 

METHOD 

Following Baggaley (1982), correlation matrices were analyzed with average 
absolute off-diagonal correlations of 0.10, 0.15, 0.20, 0.30, 0.40, and 0.50, and 
number of variables investigated of 20, 30, 50, 70, and 100. All matrices analyzed 
were equi-correlation matrices (i.e., all off-diagonal correlations were equal). The_ 
largest eigenvalue of an equi-correlation matrix is equal to 1 + (p - l)r, where pis 
the number of variables and r is the constant off-diagonal correlation. All the 
other eigenvalues are equal to 1 - r. The determinant for Bartlett's sphericity test 
was obtained from the product of the eigenvalues. For each matrix analyzed the 
sample size required to reject the sphericity hypothesis was obtained iteratively 
by using subroutines from the International Mathematical and Statistical 
Libraries (1982) for the percentage points of the chi square distribution, and for 
the chi square value for a given degrees of freedom and percentage points. A test 
size of 0.05 was employed in the analysis. All computations ·were done on a 
CYBER 170/835 with a 60 bit word length. 

RESULTS AND DISCUSSION 

The results are reported in Table 1 organized by size of off-diagonal correla
tion. The amount of bias across all levels of off-diagonal correlations and number 
of variables for Baggaley's and for Lawley's approximations are rep_orted at the 
bottom of Table 1 in terms of root mean square error (RMSE). Lawley's 
approximation is clearly inferior to Baggaley's approximation since the RMSE 
associated with Lawley's approximation is more than three times as large as the 
RMSE associated with Baggaley's approximation. The bias in terms of RMSE 
across the equi-correlation ma trice with off-diagonal correlations of 0.10, 0.15, 
0.20, 0.30, 0.40, and 0.50 for Baggaley's approximation wa 0.04, 0.05, 0.04, 0.03, 
0.05, and 0.11, and for Lawley's approximation wa 0.05, 0.08, 0.12, 0.19, 0.26, and 
0.33. The amount of bias associated with Lawley's approximation increased 
monotonically with the size of the off-diagonal correlation, whereas the bias 
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associated with Baggaley's approximation was generally quite acceptable for all 
equi-correlation matrices except the ones with off-diagonal correlations equal to 
0.50. The bias across the equi-correlation matrices with 20, 30, 50, 70, and 100 · 
variates was 0.15, 0.18, 0.20, 0.22, and 0.23 for Lawley's approximation and 0.06, 
0.05, 0.06, 0.06, and 0.07 for Baggaley's approximation. This result suggests that 
the bias associated with Lawley's approximation increases monotonically with 
the number of variates but that Baggaley's approximation is not particularly 
influenced by the number of variates. 

Overall, the amount of bias present for the matrices investigated suggests that 
Lawley's approximation is clearly inferior to Baggaley's approximation. The 
bias associated with Baggaley's approximation suggests that this approx
imation should be viewed with some caution especially when the variates are 
highly correlated. In general, the larger of the two sample sizes required to reject 
the sphericity hypothesis suggested by Bagagley's study and the present study 
should be used for research purposes. 
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TABLE 1 

RATIO OF OBSERVATIONS (N) TO VARIATES (P) 
REQUIRED TO REJECT THE SPHERICITY HYPOTHESIS 

WITH BARTLETT'S.TEST (a= 0.05) 

r Q L p Nip 

.50 .54 .24 20 ,. 1.50 

.50 .58 .20 30 1.33 

.50 .62 .16 50 1.24 

.50 .63 .14 70 1.19 

.50 .65 .11 100 1.15 

.40 .38 .20 20 1.95 

.40 .41 .17 30 1.73 

.40 .44 .13 50 1.56 

.40 .46 .12 70 1.50 

.40 .47 .10 100 1.45 

.30 .24 .16 20 2.75 

.30 .27 .14 30 2.40 

.30 .29 .11 50 2.16 

.30 .31 .09 70 2.04 

.30 .32 .08 100 1.96 

.20 .13 .12 ·20 4.65 

.20 .15 .10 30 3.97 

.20 .17 .08 50 3.44 

.20 .18 .07 .70 3.21 

.20 .19 .06 100 3.04 

.15 .07 .10 20 6.85 

.15 .10 .08 30 5.73 

.15 .12 .07 50 4.86 

.15 .13 .06 70 4.49 

.15 .13 .05 100 4.19 

.10 .05 .07 20 12.35 

.10 .06 .06 30 9.93 

.10 .07 .05 50 8.10 

.10 .07 .05 70 7.31 

.10 .08 .04 100 6.72 

RMSE .06 .20 

Note: Q-Baggaley's and L-Lawley's approximations of the auerage, absolute off-diagonal 

correlation, RMSE-root mean square error. 
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