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ABSTRACT 

A mapping sentence is provided for defining the universe of observations of 
personality. Data on the 16 PF quefijrinaire, derived from American and Israeli 
student samples and data on a comTined administration of the 16 PF, EPQ and 
MMPI were analyzed through the SSA. The findings showed the structure of the 
interrelationships among the primary personality factors to be that of a radex, in 
an SSA space of two dimensions. Area of life - corresponding to most of the 
seco~d-order personality factors of the 16 PF plus two pathological secondaries 
played the role of a polarizing. facet. The same circular order was repeated in all 
samples. The modulating facet in the radex suggest.ed a new dimension in the 

. personality space, a dimension of strength or primacy of traits. A cylindrical 
configuration with repeated radexes is proposed to account for other modalities of 

· observational techniques. 

INTRODUCTION 

Although the concept of personality is widespread, different technical defini~ 
tions are used. One of the best known operational definitions is Cattell's 16 PF. 
Yet, the debate concerning the validity of Catt.ell's definition is still unsolved. 
Some critiques are questioning the validity of the first-order factors (i.e., 
Levonian, 1961; Howarth& Browne, 1971; Adcock& Adcock, 1977), while others' 

. concern is the second-order structure (Comrey, 1970; Eysenck et al, 1969; Rorer, 
1975). 

Successful attemP.ts to reconfirm the structure of the 16 PF were conducted by 
Cattell and his associates (Cattell, 1973, p. 363; ·Burdsal & Vaughn, i974; Zak, 
1976; Krug & Laughlin, 1977, to mention just a few). Yet the major painstaking 
discussion concerns the legitimacy of the number of discovered factors and/ or 
rotational procedures. 

In one variant or another, factor analysis has been the most extensively 
employed technique in the analysis of structural or order relationships among 
variables. It continues to be refined and extended (Joresgok and Sorbom, 1977). 
But in the last decade an intense amount of theoretical and applied explorations 
has been developed into more parsimonious and non-metric techniques for the 
identification of order relations in intercorrelation matrices (Guttman, 1966, 
1968; Kruskal, 1964). These methodologies are generally of a multidimensional 
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scaling type that represent variables as points in an Euclidean space with 
interpoint distances corresponding to the proximities of variables as provided by 
their ·intercorrelations. Thus geometric representation of order relations are 
provided. 

One possible approach to avoid part of t~e discus~ions concerning the 16 PF is 
·· to abandon factor analysis and rotational procedures altogether and to attempt 

to confirm Cattell's structural theory of personality through the use of a different 
analytical approach. What follows is the first report of a series of studies on the 16 _ 
PF, EPQ, MMPI, and other personality instruments using the smallest space 
analysis as an analytical tool. This report provides also an excursion to the 
dimensionland (to borrow Weisberg's 1974 expression) in the manner of possible 
different interpretations when different analytical tools ~re used. 

The SSA procedure allows the investigator to reveal the structure of the 
mutual relationships among variables and to discover the laws that bound their 
statistical structure with their semantic definition (Guttman, note 1). This 
analysis, then, defines a special configuration of the interrelationships between 

· variables in a Euclidian space such t~at the stronger the interrelation between a 
pair of variables, the closer they appear in the configuration. The coefficient of 
alienation (COA) indicates whether a given number of dimensions of the 
configuration is sufficient to account for the interrelationships. 

This study presents partial results for the structure of intercorrelations among 
the 16 perS'Onality traits. In this sense, it may add some evidence in.bridging the 
existing gap between psychometrics and personality theory. As obse~ved by 
Taylor(1977) "personality psychometrics, as a research discipline, has not been 
characterized by much traffic with the larger issue of personality theory (p. 350)." 

· (See also Fisk, 1971, and Cattell and Kline, l 977~. We do not aim to introduce a · 
new personality theory but rather to find the correspondence between a theory of 
personality and its empirical evidences. We adopt for this study Guttman's 
definition of a theory as "an hypothesis of a correspondence between a 
definitional system for a universe of observations and an aspect of the e~pirical 
structure of those observations, together with a rationale for such an hypothesis 
(Gratch, 1973, p. 35)~"· 

The aspect of the empirical observation, in this case, is the correlation 
matrices for the personality factors (not individual items) at a single point in time 
for three samples. The definitional system for the universe of observations 

.follows: 
Definition of the Personality Space. The definitional system for personality 

observation which is adopted here is in terms of facets. 
The Structure of Personality. Operationally, personality is defined by its· 

measuring instruments. Different modalities are usually used (i.e., life observa
tions, questionnaires, obiective techniques, etc.) to assess one's characteristic 
traits. 

The assessment of individ·ual's feelings, preferences and activities, i.e., the 
totality of an individual's behavior, provides the assessor with information 
concerning these traits, their strength and stability in the different dimensions of 
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the· individual's personality; that is, in his different areas of life. Second-order 
factors such as extraversion-introversion, neuroticism, anxiety, psychoticism, 
etc., form areas in the life space, where their elements are the primary (source) 
traits. The strength, or the stability of a trait, forms another dimension in the 
space. The modality of inquiry may form a third dimension. 

In order to express the universe of observations in an empirical design, it is 
required to specify both the universe of content (i.e., items and factors) and the 
population to be observed. A mapping sentence has. been found useful in 
incorporating both the universe of content ·and the population studied. (For 
general discussion of mapping sentences see Levi, 1976). 

The mapping sentence for the observations of personality is as follows: 

The 

A 
feelings 

preferences assessment by respondent (x) of the 
activities 

B 

16 
PF 

source 

traits with respect to its 
C 

internal 
to 

external 

strength of his behavior in 

D 

life observation modality with respect to 
questionnaire 
objective test 

E 
exvia 

anxiety .. 
cortertia 

independence 
discreetness 
subjectivity 
intelligence 
super ego 

areas of life 

and the range is ordered from very true to very not true in relation to 
that behavior. 

Facet A belongs to the item-definition. In Facet B, only the 16 PF are 
mentioned, which delimit the universe of personality source traits sampled for 
the first two presented studies. In Facet D only the questionnaire modality has 
been used. This facet is held then constant. Facet C classifies the intensity of the 
assessment, while Facet E contains the areas of life which are to be expected by 
Cattell's theory. It is to be expected, however, that a more rigorous mapping 
sentence will be developed after the above "first generation" model would receive 
an empirical support. 
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The General Hypothesis. The hypothesis proposed for a correspondence 
between the personality mapping sentence and the SSA is that of a cylindrex. A 
cylindrex is defined in terms of two concepts: a two-dimensional radex and an 
axis orthogonal to it. 

A radex (GuttJD.an, _1954) is a circular arrangement in the plane. When such 
circular arrangements are repeated at each segment along the axis, a cylindrical 
configuration is defined. 

Two roles are needed fortheradex: polarizing and modulating. The polarizer's 
elements correspond to different directions from an origin in the plane, while the 
modulator's elements correspond to the relative distance froin this origin. In a 
cy lindrex~ there is a third role which specifies some repeated order along the axis 
of the cylinder. Facet D (the modality of observation) plays this role. Since Facet 
Din the present stu'dy is held constant, a full cylindrex is not expected to be found . 
here. We do mention it for the sake of completeness only. 

Data and Analyses 

Three ·data sources were used for this study: 
a)An American sa~ple of 423 male and 535 female students, responding to 

the 16 PF Forms A & B. . 
b)An Israeli sample of 224 male and 254 female students, responding to the , 

Hebrew version of the 16 PF Form A. (For details about the saml)le, see Zak, 
1976).2 • . . 

c)An Israeli sample of 163 males responding to the 16 PF, the EPQ, and the 
MMPI. (For 'details, see note 3.) 

The correlation matrices of the above samples were subjected to the smallest 
space analysis technique (SSA-1). (For details see Guttman, 1968; Lingoes, 1973; 
Loether & McTavish, 1974.) 

Results 

We start with a detailed description of the radex for the American sample. . 
· Following that, a cross-cultural comparison with the Israeli sample is presented. 
A preliminary analysis for the third sample concludes the results section. 

The Radex for the Stratum of Personality. Great variations in size occur 
among the correlations. For example, in Cattell's male sample (Cattel et al, 1970, 
p. 113) the absolute largest coefficient is. 75 and the smallest is apparently zero. A 
par~imonious geometrical portrayal of the data, provided by the smallest sp.ace 
analysis, may explicate the location of the correlations coefficent matrix. 

For the 16 personality source traits we start with the facet of second-order 
factors. Yet, we had no a priori theory of order amongst the elements of this facet. 
In his discussion on the use and meaning of higher strata traits, Cattell (1973) has 

. argued that "the conceptual status and mutual relations of factors of different . 
. strata can be handled by two alternative models - the strata model (not 

necessarily hierarchial) and the reticular model. The appearance of a second
order factors is compatible with either (p. 139)." 
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A non-ordered facet is often hypothesized to be polarizing, since each element 
may be hypothesized to correspond to a different direction in the empirical space. 

A two dimensional space gives a rather good fit of the data in the American 
sample (COA of .18 for both male and female samples). The approximate space 
for the two dimensions is shown in Figure la as for Cattell's male sample and in 
Figure 1 b for the female sample. Each of the 16 personality trait variables is 
represented as a point in the space. 

100 

F. 

100 

Figure la: The Radex Configuration of the 16PF: American Male Sample 
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100 

Figure 1 b: The Radex Configuration of the 16PF: American Female Sample 
Circular Order of Regions: Areas of Life. Figure la is partitioned into regions 

eman�ting from an origin, where each region corresponds to an element from 
Facet E, namely, some life area. There is a circular order of regions. As can be 
seen, the female portray (Figure lb) is an almost perfect mirror-image of the 
male's. It confirms the assertion th�t the personality space is almost the same for. 
both sexes, though differences in assessments by eJlch sex is expected. 

The circular ordering 9f the elements of Facet E in Figure la is as follows 
(beginning at the upper part of the c;:ircle and moving clockwise): the first region, 
Et, contains the cluster of traits found in most of the factor analytical studies of 
the 16 PF (for ten different studies see Cattell & Nichols, 1972; see also Karson & 
O'Dell, 1976; Bolton, 1977) and referred to as exvia; that is, primaries A, F, H, Q2 
(Q2 had been reversed in its sign).3 The second region, E2, contains B, the 
intelligence factor. The_ E3 is clearly an independence second-order, which is 
composed of E, M, and Q1. (There is no way to consider Q2 as part of this area.) 
The E4 region i� the anxiety region, where C, L, 0, and Q4 primaries defining it( C 
being reversed in its sign, i.e., affected by feelings as(+)). In the next region, E5, 
only I is presented, following by N in probably a separate region (E6), or a 
combined region -�f sensitivity and primary naivete (e:g.,_ Howarth & Cattell,

100 

• 



ON THE MULTIDIMENSIONAL STRUCTURE OF PERSONALITY 

1973). The last region, E7, is clearly a super-ego region, composed of G and Q3, 
and back to exvia. 

A~l together we have detected 6 to 7 regions of personality out of Cattell's 8 
second-order factors. The only striking departure, though, from the usual finding 
is the missing of the pathemia vs. cortertia second-order factor, which is 
generally composed of A, I and M. 

Modulation of Distance from the Origin: Strength. If variables are not ~qually 
distant from the origin, then the sheer knowledge of the region they fall in is not 
sufficient for reproducing the relative sizes of their correlation coefficients. 
Information is needed also about the distance of each variable from the origin. 
Such an information corresponds to · a modulating facet. This was from the 
technical point of view. Substantively, the circular regions around the origin 
depict what has been referred to as Facet C. The strength ( or perhaps the 
primacy) of the behaviors which serve"'to partition Figure 1 into those circular 
regions. As can be seen, the most inner variable ~s B, the intelligence factor. From 
the vast literature on this construct we know that its hereditary component is 
large, relative to its environmental one. Put it differently, even without taking 
sides with the long yet unresolved debate on this problem, it is clear that at least 
compared to any other factor, Factor B is less influenced by, or changed 
according to, some situation~! factors in a test situation. (No faking-good has 
been ever detected on it!) Thus, either strength, or primacy is detected by its 
central location in the circular order. 

The second circle is designated by A,·M, and I, a cluster of traits known as 
pathmia vs. cortertia, (coupled with Q1 in the male sample only). To follow the 
previous line of thought, these are the most consistent personality traits which 
might have been formed very early in life, as an outcome of child rearing practices 
and some constitutional influences. . 

Adjacent to this circle we find a circle of source traits (in increasing order) of L, 
E, Q4, C, F, H, 0, and Q2. A secondary level of strength, less internal than the 
previous one, yet well-defined and relatively stable in the personality space. 
These traits are probably perceptual behaviors, acquired later in life and had 
been built up through the ju~ction with one's secondary social group. Yet, the 
.crystalization of these traits was done early enough in one's life-cycle to remain 
relatively stable throughout life. 

The circumface (the fourth circle) is built up by the super-ego (or conformity) 
second-order factor, together with N. We may consider these traits as those which 
are built up or crystalize in a later stage of life, or to follow our stability 
hypothesis, traits which are more liable to distortion in test situations. Put 
differently, ·this is a self-criticism circle, changing by mood and situation. The 
location of the less stable traits ( exactly on the circumfac~) of G and Q3 supports 
this line of reasoning. 

Thus, the transition from more internal, primary, stable and consistent 
personality traits through less primary traits, and up to external, liable traits ( or 
are they already states?) modulates the distance from the origin in the space of 
personality. · 
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There is no need to repeat the interpretation for the female sample. As can be 
seen in Figure 1 b, the configuration is repeated in similar manner, though in a 
mirror image or' the male configuration. It seems, then, that only one analysis 
could have been performed on a combined sample of both sexes without losing 
any important information on the personality space. The only difference between 
sexes is the location of Factor B. It could be suggested that the intelligence factor 
does not belong to the personality areas of life as detected by the circular order. 
Either another dimension is needed in or~er to account for the intelligence factor 
or more components of intelligence are needed in order to successfully locate this 
area in its proper circular order. No data were available at this point to support 
either hypothesis. 

A CROSS-CULTURAL VALIDATION 

Figure 2 presents the geometrical configuration of the 16 PF in an Israeli 
random sample of 476 university applicants. (Only 15 factors were analyzed, 
since the_ B factor in the Hebrew version of the 16 PF is separated from the 
questionnaire, and was not adminrstered to this sample.) The analysis was done 
separately for male and female and for both sexes together. Since no differences 
were detected between sexes, the presentation is given for the entire sample. As 
can be seen in the figure, the circular order ( the areas of life, or the second-order 
strata) are jp. a good agreement with those delineated in Figures· 1 a and 1 b, 
although the sample is different (dissimilarities ·in culture and language), the 
absen~e of Factor B may change the location of other factors, and only Form A 
was used. 

100 

100 

Figure 2: The Radex Configuration of the 16PF: An Israeli Sample 
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The similarites located are as follows: exuia contains exactly the same factors 
as in Cattell' s samples: that is, A., F, H, and Q2. The next region is composed of the 
primaries E, M, and Q1, - · the same independence second-order factor. As in the 
American female sample, Factor L in the Israeli sample is a borderline factor 
with the broad anxiety region. Factor I follows the anxiety region by itself. 
Adjacent to it is Factor N, which is followed by the super-ego (G and Q3) second 
order. Thus, albeit differences in samples and in test format, the circular order of 
regions and the content of each area are strikingly similar in both analyses. 

The modulation of distances from the origin are not less encouraging. Factors 
A, M, and I built up the inner circle (since Bis missing), while Q3, C, 0, Q4, and N 
form the circumface. With ~o other supporting evidence, the findfogs suggest 
that adjustment (vs. anxiety) related factors are more liable to changing 
situations, while cortertia-related primaries are less susceptible to situational 
influences. 

Although the inner circle has the same factors in different samples, it seems 
that there are some interchangeable factors in the outer circle; namely, different 
primaries of the same secondaries have a different "strength" or "stability" in 
different samples. Yet, the overall pattern repeats itself in both analyses. Table 1 
presents the intercorrelations for the 15 source traits (excluding Factor B) for the 
American (males) and Israeli samples, in a Radex form. 

As can be se~n in the table, the Radex hypothesis is generally supported for 
both samples .. Although the third (circumface) circle in the Israeli sample 
contains variables from the second circle of the American sample, the order of the 
variables has not been changed. 

A Multitrait-multimethod Analysis 

· A preliminary analysis for the combined Eysenck's EPQ, the MMPI and the 
16 PF scales on a restricted ~ale sample (N = 163) suggested a structural 
improvement over the 16 PF considered alone: it filled the chasms in both sides of 
the anxiety region. A new area ofpsychoticism emerged, combining Eysenck's P, 
Cattell's Land the Ma of the MMPI. The psychoticism region is located between 
the anxiety and the independence regions. On the other side, between the anxiety 
and the sensitivity areas, a depression region has been fo:rmed, where the MMPI' s 
D, Mf and Pa clustered together. 

The other regions we.re strengthened by factors of the additional two 
instruments: Eysenck's E and the MMPI's Si (reversed) entered the exuia region; 
Eysenck's N and the MMPl's He, Pd, Sc, and Pt were interwoven within the 
anxiety region; the MMPI's Hy combined with Cattell's I and Nin the sensitivity 
region, and both Lie factors entered the conformity region. The independence 
region~ however, did not recieve ~ny additional support. Taken together, two 
pathological regions (i.e., psychoticism and depression) were added to the 16 PF's 
personality space. 

The modulation of distances from the origin, however, were less stable. The 
inner circle contained Factor I alone, surrounded by A, by the depression region, 
and by Hs, Pd ·and L. The circumface, though was built up again as an adjustment 
vs. anxiety related traits and strengthen by comparable factors from t_he EPQ 
and the MMPI instruments. 
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A 

A --
M 06 

I 17 

Q2 
H 

F 
E 

Q1 
L -----
Q4 
C 

0 

N 
G 

Q3 

TABLE I 

Intercorrelations among the 15 source traits 

in the Radex configuration* 

II III 

M 111 Q2 H F E Q1 L Q4 C ollN 
04 24 

- 39 

24 --
-- 45 52 08 13 11 -03 -14 -15 

30 -- 66 54 23 00 -16 -31 -37 

31 50 - 53 25 16 11 -09 -12 

09 41 34 -- 48 38 14 02 -09 

-09 14 14 29 -- 21 -02 -03 -11 

-01 01 18 12 11 -- 55 51 40 ----·--------. 
. -10 -35 -02 ·04 -05 361 - 69 75 

05 -41 -11 -14 -11 31 r 66 - 69 
00 -41 -12 -15 -12 25 I 60 55 --

I 
-04 -10 -17 -33 -15 -111-06 04 02 --
15 -22 -01 -10 -07 

. I . 
001-23 -18 -18 14 

06 20 31 09 04 -19 l-46 -42 -38 11 
i 

IV 

G · Q3 

26 25 

-- 56 

48 --

• American male sample above diagonal; Israeli combined a.ample below diagonal. Decimals 
are omitt.ed. · 

**Roman numerals denote the circular order for each sample ( excluding factor B). 

DISCUSSION 

The purpose of the study was to provide another stone in the bridge connecting 
existing l.mowledge ef personality -theory and personality psychometrics. This 
goal was approached through the use of the SSA 'whose purpose is to bind the 
statistical structure of relations among variables with their semantic defi~ition. 

It was hypothesized (with the u'se of a mapping sentence) that in addition to 
the areas of life (i.e., Cattell's second-order factors), the SSA will provide evidence 
for another facet - the strength, or the primacy of the traits in the personality 
domain. 

It was hypothesized (with the use of a mapping sentence) that in addition to 
the areas oflife(i.e., Cattell's second-order factors), the SSA will provide evidence 
for another facet - · the strength, or the primacy .of the traits in the personalty 
domain. 
· Overall, the results lend support to Cattell's definition of the second-order 
factors. Specifically, a replicable circular order of areas of life were found, 
corresponding to exvia, intelligence, independence, anxiety, sensitivity and 
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super-ego secondaries. The introduction of both EPQ and MMPI added two new 
areas - psychoticism and depression - to the personality ,space, without 
blurring the already established areas. 

In addition to the circular order of factors, a second dimension, or a 
modulating facet (i.e., the distance from the origin) also showed a rather 
consistent pattern. This pattern was interpreted as a facet of strength. That is, 
the more primary and stable the trait, the closer its location to the center of the 
radex; and the more secondary·or socially related is the trait, the closer its 
location to the circumface. Through this modulating facet the pathemia vs. 
cortertia second-order factor was found to play a modulating role instead of a� 
area of life. It is located closer to the center (intelligence was the most centrally 
located). The broader adjustment and conformity factors were closer · to the 
periphery. Thus, the second dimension in the radex introduced a new concept into 
the definition of the personality structur..e, namely, the strength ( or the primacy or 
stability) of the traits. This is an advantage of the SSA as a two-facet method over 
a one-facet method like Factor Analysis. However, while the circular order of the 
areas of life was clearly repeatable across cultures (at least in the present 
·analyses), the modulating distances of stability were, in part, distinct for each
culture. It is possible then that while accepting the universality of the human
character, there are some cultural differences in the manner in which those traits
are developed and stabilized. The modulating function may serve to facilitate
understanding of developmental stages in personality as well as of group
differences.

Data subjected to different analyiical methods which result in similar
findings validate an underlying model far in ore than replica of different samples
with the same analytical tool. In this sense, the problem of method's artifact
which has been one subject in criticizing the 16 PF is ruled �ut.

It seems that there is a good agreement between the SSA and the factor
analytical findings. The SSA, however, has a generic virtue: it provides the
opportunity to check upon the completeness of the personality space as covered
by a certain instrument. Provided it is permissible to look. at the dispersion of the
points (i.e., variables) in the Euclidian space as representing traits in the human
personality sphere, could any meaning be attached to the empty areas? That is,
·what does it mean that primary factor I occupies a broad area by itself? Is there
any meaning to the f�ct, besides the statistical one, that Factor L was found in a
great distance from the other anxiety factors? · According to the preliminary
results for the combined three instruments, it is tempting to suggest that empty
areas are meaningful, and may serve as a guide in searching for missing
components, though such hypotheses would be far less accurate and decisive
compared to Mandeliev's Chemical Element Chart.

These preliminary results strengthened also our belief in the proposed general
hypothesis. No matter the number of traits measured, as long as one modality of
observation is analyzed (i.e. questionnaires), only a two dimensional space is
expected to emerge, probably in a radex configuration. By expending the modes
of observations, a cylindrical configuration with repeated radexes is_ to be
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expected. It is hypothesized that the same areas of life will appear in the other 
modalities, though not necessarily with identical primaries. The skeptical view 
concerning the possible match of traits from different modalities, as taken by 
Dreger (1977, chapter 17), is based upon factor analytical procedures. The SSA 
procedure might relax this skepticism. 

FOOTNOTES 

1The study was conducted at the Center for Research and Consultation, the School of 
Education, Tel Aviv University. Thanks are due to the Center's staff·for their assistance. 
The final' writing was done when the author spent his sabbatical at the University of 
California at Santa Barbara. Thanks are due the UCSB Graduate School of Education for 
granting me its valuable assistance. I would like to thank Professors L. Hubert and E. 
Pedhazur for their valuable comments on an earlier draft of this paper. 

2The correlation matrix for the American sample can be found in the Handbook for the 16 
PF (Cattell etal, 1970, p.113, Table 10.1). Thanks to IPAT's permission to use this table for 
reanalysis. 

The matrices of the Israeli sample (male's, female's and the combined correlation 
matrix, as well _as means and standard deviations will be sent upon request (Zak, Note 2). 

3Taking the absolute coefficients, Q2 is closer to A, F, and H (correlation of .43, .52, and .45 
respectively)than toanyothertraitin thematrix(thehighestbeing .16withM). The same is 
applied to C (absolute values of .69 with both Q4 and 0, and .51 with L, all ·of which are 
greater than any other coefficient in the matrix). Moreover in the IP AT special anxiety 
scale, the same procedure has been applied. 
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