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EVIDENCE FOR THE 16PF PRIMARY AND 
SECONDARY FACTORS1 

Brian Bolton 
Arkansas Rehabilitation Research and Training Center 

University of Arkansas 

ABSTRACT 

Brief review,s of the published factorial studies of the 16PF suggest that the 
evidence is divided regarding the existence of the 16 primary factors. There is 
considerable convergence at the secondary level, however. In the present investi
gation factor analyses of 128 items, 32 parcels, 16 scales, and 16 change scores 
derived from the 16PF-E using a heterogeneous sample of rehabilitation clients 
provided strong confirmation of the eight 16PF secondaries and, by implication, 
support for the existence of the 16 primaries. It is concluded that all the available 
evidence, when considered from an objective point of view, does not justify the 
negative conclusions reached by the more severe critics of the 16PF. 

INTRODUCTION 

R.B. Cattell (1946, 1950, 1957, 1965, 1973) has devoted a major segment of his 
prolific career to the development and refinement of his conception of the normal 
personality sphere and the primary instrument for its measurement, the Sixteen 
Personality Factor Questionnaire (16PF). Despite the use of a comprehensive 
plan and meticulous psychometric studies, Cattell's methods and results have 
never been accepted by the mainstream community of personality psychologists. 
Over the past 30 years he has become a true iconoclast, assembling a group of 
dedicated followers and establishing a prosperous test publishing company, 
while expounding his views on the centrality of factor analysis in personality 
research. 

Sporadic attacks on the Cattellian system in the early 1960's have coalesced 
into a major assault in the 1970's. Furthermore, many of the detractors have used 
the same psychometric procedure - factor analysis - to cast doubt on his con
ception of the normal personality that Cattell used to construct it. Very little of the 
evidence regarding Cattell's views in general, and the 16PF in particular, is seen 
to be ambiguous. Relevant investigations either support him unequivocally or 
they find practically no value in the results of his vastly elaborate research pro
gram. There seems to be no middle ground. Invariably, the camps are composed of 
Cattell's students and colleagues on the one hand, and almost everyone else on 
the other.2 This polarization is due in good part to Cattell the man: He has little 
patience with "soft headed" psychologists, whom he has characterized as 
refugees from the natural sciences; he has persisted in recasting everything from 
personality traits to psychometric theory into his own system, with its parti
cularly esoteric vocabulary; and he is generally argumentative and critical of the 
work of other psychologists, especially those who do not support his views (Berg, 
1972; Cattell, 197 4a, 197 4b ). Of course, his own contributions are voluminous and 
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he ranks with his two chief competitors, Guilford and Eysenck, as one of the three 
. most productive psychometric researchers in the relatively short history of the 
specialization. 

The purpose of this article is to briefly review and summarize the available 
evidence and opinions surroupding the 16PF and present the results. of my own 
factor _analyses of the 16PF (Form E). As much as possible I have. attempted 
to incorporate Cattell's requirements for a valid factor analytic study while main
taining my own pragmatic perspective on the use of factorial methods in applied 
psychological research (Bolton, 1975). Furthermore, since I have no ideological 
commitment to CatteH or any of his critics, my review of previous studies and 

· report of the present analyses can be characterized as reasonably objective. 

LITERATURE REVIEW3 

THE CRITICS 

Levonian (1961) is usually recognized as the first to question the psycho
metric adequacy of the 16PF. He demonstrated the lack of homogeneity of the 16 
scales when he found that "While the average item correlates significantly with 
fewer than one other item in its factor, it correlates significantly with nearly 8 
items outside its factor (p. 591)." Cattell subsequently dismissed this and similar 
studies by asserting that high homogeneity was a fetish of misguided itemetric 
psychometricians and arguing that moderate heterogeneity was necessary to 
ensure scale validity (Cattell & Tsujioka, 1964). 

Becker (1961) reported a combined factor analysis of the 16PF and three 
Guilford-Martin inventories. Of the ten interpretable factors, seven were defined 
by 16PF ecales: Anxiety, Extraversion, Hostility, Femininity, Independence, 
Superego Strength, and Intelligence. Becker concluded "The present evidence 
suggests that the 16:eF is at best dealing with eight factors and only two or three 
of these with sufficient reliability for individual prediction (p. 402)." It should be 
noted; however, that at least five of the seven factors listed above are well-replica
ted second-order factors of the 16PF. As will be seen below, this point is a major 
issue in the resolution of what initially appear to be irreconcilable differences of 
opinion. 

In a broader attack on Cattell's normal pel'sonality sphere,-Peterson (1965) 
reviewed personality rating evidence as well as questionnaire data. He found 
little congruence across similar-named factors in several different studies. Even 
though his analyses were not limited to the 16PF, and liis state·ments often refer 
innocuously to "most investigators," there is no doubt that Cattell was the target 
of his general conclusion: "To date, most narrow primary factors in the personal
ity realm have not convincingly passed the tests of efficiency and invariance 
(p. 58)." 

The steadily increasing capacity of modern electronic computers soon 
ushered in the age of the large-scale item factor analysis. The first investigator to 
provide a comprehensive (and generally self-serving) factorial evaluation of the 
three major personality questionnaire systems was Eysenck. He and his col
leagues (Eysenck, White, & Soueif, 1969) separately factor analyzed approximate
ly 100 items from the Guilford, Cattell, and Eysenck questionnaires. The results of 
the item factor analysis of 99 16PF items (that were selected by Cattell) led the 
authors to conclu.de that" .. . Cattell's questionnaires ... should not be used to 
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measure the Cattell primary factors, whose existence receives no support from 
this investigation (p.228)." 

A truly large-scale combined factor analysis of 600 items from the Guilford 
and Cattell inventories was conducted by Sells, Demaree, and Will (1970, 1971). 
Since this study was carried out for the purpose of facilitating a theoretical inte
gration of the two personality systems, the results failed to provide definitive 
ammunition for either the Cattell advocates or opponents. Most of the obtained 
factors were jointly defined by Cattell and Guilford items and were identified and 
named by the authors after a thorough consideration of the item composition. 

Without doubt, the most devastating investigation of the 16PF was the item 
factor analysis reported by Howarth and Browne (1971). A ten-factor rotated solu
tion was judged best and served as the foundation for the authors' conclusion that 
" ... Cattell's questionnaire factor system has been developed on the basis of 
inadequa~ inv_est~_!lti..9n of the_pti_IJ?.ary_ factor~: . _. (p. 138)."4 

Eysenck (1971) seized upon the results and strongly stated conclusions of 
Howarth and Browne's study and used them as the basis for a broad based 
denunciation of the 16PF, including criticisms of the MMPI and other competi
tors of his own EPI for good measure. Regarding the 16PF, he concluded that 
" ... the investigator using this scale is in fact getting 16 measures of doubtful 
meaningfulness, and which are almost certainly non-univocal (p;88)." 

While they are not based on specific empirical studies, the opinions of the 
reviewers of the 16PF that are published in the Seventh Mental Measurements 
Yearbook merit quotation. Bouchard (1975) concluded that "The dimensions 
measured do not appear to be special or fundamental in any 'source trait' sense ... 
(p. 547)" and Rorer (1975) stated that "For all practical purposes, the 16PF is 
composed of 16 scales of indeterminate origin and unknown significance, ... 
(p. 550)." 

THE PROPONENTS 

Cattell's (1972) response to Eysenck's (1971) broadside was immediate and 
predictable, including discussions of the item versus parcel factor analysis 
controversy, the homogeneity "superstition," the seven essential requirements 
for a sound factor analysis, and Eysenck's alleged short-cut to "pseudo" second
order factors. 5 Cattell also presented the results of his own item factor analysis of 
the 16PF; however, the factor pattern does not contain very convincing loadings 
for the hypothesized primaries, as Cattell admitted (p. 176). Nevertheless, after 
weighing a number of theoretical and practical limitations of this type of 
analysis, he concluded that "The pursuit of maximum"simple structure yields 
with a high degree of statistical significance the 16 particular factor patterns 
said to be there ... (p. 184)." 

Two studies reported prior to the article summarized above require brief 
mention. Cattell, Eber, and Delhees (1968) factor analyzed the 64 variables 
resulting from the administration of four forms of the 16PF to a large, hetero
geneous sample of adults. They found support for 12 of the 16 personality factors 
(E, M, N, and O were not clearly defined). In fact, the magnitude of the loadings 
was lower than might be expected for this type of analysis, i.e., each of the 
hypothesized primaries was represented by four supposedly parallel measures, 
each being a composite of six to thirteen items. 
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Cattell's· unique and unfailing ability to adduce support for the primary 
dimensions of his normal personality sphere is nowhere more apparent than in 
his reanalysis of 69 Cattell and Guilford parcels that originated in a dissertation 
project by one of Guilford's students (Cattell & Gibbons, 1968). While the original 
Varimax solution was more consistent with Guilford's system ·(Gibbons, 19661 
the results ofCattell's re-analysis confirmed all 14 of the 16PFfactors represented 
in data set (Cattell & Gibbons, 1968, p. 118). It should be noted, however, that 
Gibbons did not concur in this conclusion: he is quoted by Howarth and Browne 
(1971) as follo\\ a: "I have tried to interpret the results from the Cattell-Gibbons 
oblique rotation and have failed to get a meaningful interpretation (p. 138, 
fovtnote ). " 

One of the more recent studies to appear in the literature was conducted by 
two of Cattell's ~tudents. Burdsal and Vaughn (1974) concluded that the results 
of their item factor analysis of the 16PF " ... was essentially the expected factor 
pattern. The study did, however, indicate that four of the 16 factors (G, M, N, Q1) 
were probably in need of revision and further research (p. 223)." 

Another recently reported item factor analysis of the 16PF (Karson & O'Dell, 
1974) deserves special attention because it was conducted with Cattell's assis
tanc~. Consequently the analysis met his requirements for a sound investigation. 
The authors were moderate in their interpretation of the results: "But generally, 
if we stretch our imagination a bit, there does seem to be a fair match between the 
16PF items ~nd the constructs the test purports to measure. This match, however, 
is not strong and by no means fully supports the framework upon which the 
16PF is based (p. 113)." 

An unpublished item factor analysis by Adcock and Adcock (1975) is note
worthy for the authors' attempt to verify Cattell's 16PF primaries by interpreta
tion of the content of the nonkeyed items that defined the rotated factors. 
Obviously, their conclusion that the factor pattern " ... gives reasonable support 
for twelve factors being regarded as substantially those described in the 16PF 
manual (p. 2)" is not comparable to the strictly psychometric conclusions that 
were reached in the investigations reviewed above.6 In fact, the factor pattern is 
similar to that of Cattell's (1972) study, with the major exceptions being the 
emergence of a large second-order factor labelled Emotionability, defined by C, 
0, and Q4 items, and the failure to confirm the M, N, 0, and Q3 scales. 

Appropriately, the final study to be summarized was reported by Cattell 
(1975). A rather complicated parcel factor analysis led him to the global con
clusion" ... that the 16PF primaries are well confirmed ... (p. 79)." Yet, careful 
examination of the evidence did not warrant such a strong conclusion; at least 
five scales (E, G, M, N, and Qi) were far from "confirmed." 

These, then, are the main studies, pro and con, that have bearing on the 
question of central concern in this article. 7 While this necessarily superficial 
summary would indicate virtually no communality between the critics and pro
ponents of the 16PF, there does seem to me to be definite convergence at the 
second-order factor level. Careful examination of the factor patterns generated by 
Becker (1961), Howarth and Browne (1971), Karson and O'Dell (1974) and Sells, 
et al. (1971) reveals several of the Cattellian secondaries, and not only the two 
universally recognized trait dimensions of Extraversion and Anxiety. It is true 
that the results of the various studies usqally include fragmented secondaries 
mixed with some of the primaries; this is most certainly the effect of choosing to 
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rotate an intermediate number of factors, i.e., more than eight and less than 20. 
It is also true that several of the Cattellian primaries barely emerged as recongiz- . 
able even in the proponents' investigations. Among the favorable studies, 
support for E, G, M, N, 0, Qi, and Q3 has been weakinoneormoreinvestigations. 
Previewing the results of the current study, it is the consistent emergence of 
Cattell's second-order personality factors across analyses at four levels of 
variables (items, parcels, scales, and difference scores) that serves as the basis for 
my own conclusions regarding the factorial validity of the 16PF. 

METHOD 

SAMPLE 

The basic research sample for this study consisted of 449 rehabilitation 
clients who were participants in a nationwide investigation of the rehabilitation 
counseling process. While the sample was smaller for two of the data sets 
described below, the loss of subjects was not systematic, and, therefore, the 
overall description of the 449 clients is sufficient.8 Slightly more than half(55%) 
were males; the mean age was 31 years, with a standard deviation of 12.5 years; 
37% were mentally or emotionally disabled, with the remainder possessing 
various physical disabilities; 83% were white; 53% were high school graduates; 
and 32% were married, 38% single, with the remainder being separated, divorced, 
or widowed. In summary, the research sample was heterogeneous with respect 
to all major demographic variables. 

INSTRUMENT 

The Sixteen Personality Factor Questionnaire - Form E (16PF-E) " ... is a 
special-purpose instrument designed for use with persons of limited educational 
and cultural background (Interim Manual Supplement, 1971, p. l)." In particular, 
the 16PF-E was designed for use with persons who read at the third- or fourth
grade level. While Form E purports to measure the 16 traits that comprise most 
of the variation in the normal personality sphere, it differs from Forms A through 
Din several important respects: (1) a forced-choice format is used rather than 
allowing an "in between" or "uncertain" response to any item, (2) all items are 
phrased as simple questions consisting of two options separated by the conjunc
tion or, and (3) each of the 16 scales is represented by eight items. The third 
characteristic almost certainly reduces the reliability of the 16 scales of the 
16PF-E, and the first and second characteristics may attenuate the scores. 
However, th~ primary effect that these ~implificatio:r{s would be hypothesized to 
have is a restriction of the behavioral complexity or dimen_sicinality of the instru-
1I1ent. The reason for this suggestion is that the simplified item format renders 
subtle verbal discriminations impossible. Yet, the authors (Interim Manual 
Supplement, 1971, p. ,l) .stat~, without qualification, that Form E measures the 
same· personality factors that are measured by Forms A through D and other 
IPAT questionnajres ·~nd refer the reader to the Handbook for the 16PF (Cattell, 
Eber, & Tatsuoka, 1970). Thus, the ' use of Form E in this investigation should 
' not be vi~wed as a limitation on the generalizability of the results. 

ANALYSES 

The 16PF-E was completed by the research subjects in conjunction with a 
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battery of tests administered at the time of acceptance for rehabilitation services 
and again approximatefy one year la tel', although the test/retest interval varied 
considerably for individual clients. Three variable sets were derived from the 
initial administration and the fourth set, the raw difference scores, required both 
the initial and retest data for its derivation. The four variable sets are briefly 
described as follows: 

1) 128 items: each client's 16PF-E protocol was quantified at the most funda
mental level as a vector of 128 binary scores, each score reflecting the 
dichotomous response to one item. 

2) 32 parcels: the eight items comprising each of the 16 scales were divided into 
odd and even parcels of four items each and independently scored by summing 
the keyed response·s. The result was that each protocol was reduced to 32 
scores, two for each of the 16 scales. On many occasions Cattell has employed 
this split-scale procedure and has recommended it as the best compromise 
between item unreliability/uniqueness and the need for multiple representa
tion of experimental variables in factor analytic personality investigations 
(e.g., Delhees & Cattell, 1971, p; 154). 

3) 16 scales: responses to the eight items that comprise each scale were summed 
so that each protocol was condensed to the standard 16-score profile. 

4) 16 change (state) scores: after the test and retest administrations were scored 
for the 16 scales, a vector ofraw difference scores was generated by subtracting 
the initial from the final test scores. Raw difference scores were calculated 
because Cattell (1963) and Nesselroade and Cable (1973) have suggested that 
they are appropriate for incremental R (dR) factor analyses. 

As mentioned previously, every effort was made to conform to Cattell's 
strictures regarding· the proper use offactor analytic methodology (Cattell, 1973, 
pp. 282-287; Vaughn, 1973). In addition to careful selection of the research sample 
and appropriate representation of the major personality variables, the following 
steps were carried out for each of the four data sets: (1) after a principal com
ponents reduction of the correlation matrices, eigenvalue plots were examined to 
determine the correct number of factors using the scree criterion (Cattell, 1966), 
(2) principal axes factor analyses with iterated communalities were used to 
condense the correlation matrices to their major replicable dimensions, (3) 
oblique rotations of the principal axes factors were conducted in order to achieve 
good simple structure, and (4) the oblique factor patterns were summarized by 
tabling loadings and factor correlations of .20 or greater. However, three impor
tant departures from Cattell's procedures should be emphasized: (1) like many 
factor analysts, I do not locate the scree9 nearly as far down the eigenvalue plot 
as does Cattell, (2) I do not engage in either hand rotations or targeted rotations, 
believing that they tend to "fit" the error variance too easily, and (3) I prefer 
visual inspection of the salient loadings to identify factors rather than the 
calculation of congruence coefficients. 

RESULTS 

The seven-factor Promax solution for 128 items of the 16PF-Form E is 
summarized in Table 1. The average loadings in the factor pattern · were 
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Table 1 

Seven-Factor Oblique Solution for 128 Items 
of the Sixteen Personality Factor 

Questionnaire (Form E)* 

I 

A 17 
B 
C 
E 
F 48 
G 
H 11 
I 
L 
M -14 
N 
0 

Q1 
02 -39 
Q3 -10 
04 

I 

I 
II 

III 
IV 

V 
VI 

VII 

II III IV V 

-30 

-39 
19 

-20 
-11 38 

-57 
22 12 

-13 17 10 

32 -19 
34 
20 

-15 17 -19 
50 

Factor Correlations 

II III IV V 

-21 58 
-35 

··,, 

VI · VII 

40 13 

VI 

42 
--

-22 

27 

~18 

15 

VII 

-25 
-24 

-46 
-24 

*The factor pattern coef~icients are the aver~ 
age ~f the eigh~' item loadings for each scale. 
Coefficients less than ·.10 in absolute value 
ar~ ~mitted as are factor correlations less 
than .20. ' 

calculated by _taking the algebraic sum of the loadings of the eight items that 
purport tf> measure each scale and dividing by eight. (Of course, the signs of the 
loadings were first corrected for the direction of the item statement.) To simplify 
the table, average loadings less than .10 in absolute value have been omitted. 

The identification of the seven factors was accomplished visually using a 
summary of second-order analyses of the 16PF presented in Cattell (1973, p. 216). 
In addition to the seven-factor solution for the 128 item set, nine- and 16-factor 
Promax solutions were generated and examined for evidence of Cattell's 
primaries and secondaries. 10 Both solutions produced fragmented secondaries 
much like those of Karson and O'Dell (1974, pp. 108-111) and others; the seven· 
factor solution was clearly the best one. 11 
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Table 2 

Ei·ght-Factor Oblique Solution for 32 Parcels 
of the Sixteen Personality Factor Questionnaire (Form E)* 

lA 
2A 
1B 
2B 
lC 
2C 
lE 
2E 
lF 
2F 
lG 
2G 
lH 
2H 
lI 
2I 
lL 
2L 
lM 
2M 
lN 
2N 
10 
20 

lQ1 
201 
lQ2 
202 
lQ3 
203 
lQ4 
2Q4 

I 
II 

III 
IV 

V 
VI 

v·II 
VIII 

I 

46 
(17) 

51 
76 

44 
43 

-51 
-63 

I 

II 

-65 
-59 

24 
20 

35 
66 

-32 
-24 

84 
70 

II 

III 

-33 
-61 

-78 
-83 

(-04) 
-36 

. 
IV 

(9 8) . 
23 

35 
46 

( 01) 
26 
38 
20 

-43 
(-15) 

(04) 
24 

V 

( 17) 
22 

33 
( 0 7) 

S8 
(-17) 

Factor Correlations 

III IV V 

-25 

VI 

22 
{ 01) 

-37 
(-01) 

-27 
( 0 3) 

33 
60 
27 

( 16) 
-29 
-20 

VI 

VII 

77 
75 

VII 

VIII 

-21 
( 12) 

{00) 
21 

-46 
-35 

36 
61 

-41 
-21 

21 
38 

VIII 

-21 

-23 
-31 

*Factor pattern coefficients and factor correlations 
less than .20 are omitted except in the case of parcel 
pairs which have pattern coefficients less than .20-
these are noted in parentheses. 

Examining the factor pattern in Table 1, there is no problem identifying the 
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following factors: I. Exvia, II. Anxiety, III. Cortertia, VI. Intelligence, and VII. 
Good Upbringing (-E, G, Qa). Factor IV can be seen to be Independence with 0 
loaded instead of E, and Vis a combination of Prodigal Subjectivity (M, Qi) and 
the opposite of Good Upbringing (E, -G, -Q:1), which makes some sense, especially 
considering the substantial correlation (-.46) between V and VII. Discreetness did 
not emerge in the analysis of the item correlations. It can be concluded that the 
seven-factor solution for 128 items is remarkably similar to the well-documented 
second-order structure of the 16PF scales. 

Table 2 presents the ·eight-factor Oblimin solution for 32 parcels. Nine- and 
16-factor solutions were also generated with the same results that were obtained 
with 128 items, i.e., fragmented secondaries. It can be observed that factors I, II, 
III, VII, and VIII are very well-defined 16PF secondaries. Factor IV (Indepen
dence) is reasonably well marked, again with O substituted for E. Factor V 
is recognizable as Discreetness by its major loading on N and Factor VI as 
Prodigal Subjectivity by its major loading on Qi. As with the item factor analysis, 

Table 3 

Eight-Factor Oblique Solution for 16 Scales of 
the Sixteen Personality Factor Questionnaire (Form E) * 

I II III IV V VI VII VIII 

A 40 -54 
B 39 
C -64 
E -63 
F 71 
G 55 
H 58 -22 -23 
I -79 
L q7 
M -30 32 
N 35 
0 68 

01 70 
02 -70 
03 -29 62 
04 85 

Factor Correlations 

I II III IV V VI . VII VIII 

I 30 -20 
II -23 22 

III 
IV 29 -50 

V 
VI -41 

VII -25 
VIII 

*Factor pattern coefficients and factor correlations 
less than . 20 are omitted . 
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Prodigal Subjectivity is merged with "Bad Upbringing" (E, -G, -Q3), and Factors 
VI and VIII are negatively correlated (-.31). Considering the relatively low 
correlations between the pairs of parcels - a median of .40 with a range from 
.62 to -.07 - these results are rather good. 

Table 3 summarizes the eight-factor Oblimin solution· for 16 scales. All 
secondaries except Factor IV are clearly recognizable. Again, Independence 
does not emerge as well as in other 16PF analyses. This could be due to a 
peculiarity of either Form E or the rehabilitation subjeet sample. 

Finally, five-factor Oblimin and Varimax solutions, which are not presented 
due to space limitations, were calculated for the 16 difference scores. While 
.Cattell eschews orthogonal rotations, the Varimax solution (using principal 
components) was generated on the suspicion that the lower reliability of 
difference scores might render an oblique solution too unstable. The first three 
factors of both solutions were easily identified as Exvia, Anxiety, and Cortertia. 
Factor IV of the Varimax solution appeared to be Independence (E, L, M) 
collapsed with Good Upbringing (G, Q 3), and Factor V was Intelligence (B) 
merged with Prodigal Subjectivity (M, Qi) and Discreetness (N). The last two 
factors of the oblique solution were less readily identified. All told, these 
res~lts are not inconsistent with Cattell's programatic research (see Cattell, 
1973, pp. 197-199). 

DISCUSSION 

The results of the current investigation are consistent with previous research 
conducted outside Cattell's sphere of influence in that: (1) the item factor 
analysis of the 16PF-E did not directly verify the primary structure of the normal 
personality sphere, and (2) the parcel and scale factor analyses, as well as the 
item factor analysis, provided substantial support for the second-order factors . 
More specifically, clearly recognizable patterns for each of the eight secondaries 
emerged in one or more of these three analyses. 

I believe that the consistent emergence of the secondaries at all levels of 
analysis can be used as evidence supportive of the existence of the 16 primary 
dimensions. My argument is straight-forward: (1) the oblique factor solutions for 
the 128 items, 32 parcels, and 16 scales are simply convenient (and parsimonious) 
summaries of the respective correlation matrices, (2) hence, it can be inferred that 
the pattern of correlations among the variables (whether items, parcels, or scales) 
reflects a stable underlying structure of relationships, and (3} therefore, that 
the psychometric reality of the hypothesized primaries is supported by the 
pattern of responses to the 128 items, whether they are summed into parcels 
or scales, or analyzed at the most fundamental level. 

. Two important questions must be addressed regarding the validity of this 
argument, which, when restated in brief, says that the replicability of the 16PF 
secondaries implies the existence of the primaries. First, if the primaries do 
possess psychometric reality, why have the item factor analyses produced such 
tenuous support for them? The general answer is that the low communality of 
individual items makes the task of locating simple structure hyperplanes 
extremely difficult. This problem is even more troublesome with the 16PF be
cause, as noted previously, the scales were not constructed to maximize homo
geneity; factor analysis of items can only reproduce or confirm a set of subscales 
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if the intra-scale item correlations are higher on the average (or at least the 
pure-factor correlations are higher) than the inte_r-scale item correlations. 
Furthermore, Peterson (1965) and others have que~tioned the usefulness of factor 
analysis when the number of postulated factors exceeds six or so. 

The second question concerns the logic of the argument, i.e., the validity of 
inferring the existence of the primaries from the replicable pattern of the second
order factors. I believe that this line of reasoning constitutes a necessary, 
although not a sufficient basis, to warrant acceptance of the primary structure 
of Cattell's normal personality sphere. For example, Eysenck, Guilford, 
Comrey, and others have started with different item pools, and using different 
methods, have generated the two major secondaries - Extraversion and 
Adjustment. More-generally, factor analysis is an internal consistency procedure. 
Unless the investigator goes outside the initial factorial domain for confirming 
evidence, the existence of postulated factors can never be unequivocally demon
strated.12 My position regards factor analysis as a technique for organizing data 
into potentially useful constructs that must be verified in subsequent investiga
tions. Thus, the ultimate demonstration of the reality of the 16PF primaries must 
rest on the accumulation of evidence via traditional construct validity studies. I 
believe that if the hundreds of descriptive and predictive studies using the 16PF 
that have been reported in the literature were summarized in the proper form, 
they would most certainly provide substantial support for the construct validity 
of many of the primaries. (See Buros (1975) and previous editions of the Mental 
Measurements Yearbooks for complete 16PF bibliographies.) 

A final comment about the legitimacy of going directly from items or parcels 
to second-order factors is necessary because of the divergence of opinion re- · 
garding this procedure. One of the standard criticisms that Cattell has made of 
the studies by Eysenck, Howarth and Browne, and others is that they underfactor 
and thus go directly to "pseudo" second-order factors. While Cattell (1973, p. 110) 
doubts that good secondaries can be derived from analyses of item or parcel data, 
Eysenck's research (e.g., Eysenck and Eysenck, ·1968) contradicts this position; 
moreover, in a more recent paper Eysenck (1972) argues that there are no 
primaries! By and large the 16PF &econd-order factors align fairly well, regard
less of whether they are obtained directly from item or parcel factor analyses, or 
generated from an analysis of intermediate (primary) factors. The only qualifica
tion to this statement concerns the problems with item factor analysis that were 
discussed above. 

CONCLUSIONS 

1) The second-order personality structure of the 16PF received strong support 
in this investigation. Factor IV (Independence) did not assum~ its previously 
verified pattern in any of the analyses; this could be due to idiosyncracies of 
Form E or the very heterogeneous subject sample. 

2) The consistent replication of the secondaries implies that the structural 
relationships among the primaries are replicable; thus, the 16PF primaries are 
reliably measuring discriminable aspects of personality. To determine exactly 
what they are requires additional evidence in the form of traditional construct 
validity studies. 

3) Form E of the 16PF, which is the :..1ewest and least well-refined of the five forms 
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of the popular questionnaire, appears to be measuring the dimensions of 
Cattell's normal personality sphere as well as the more established forms. 

4) Cattell's repeated and oft-mentioned cavil against "pseudo" secondary factors 
is contradicted by the multiple-variable analyses of the 16PF-E summarized 
in this article. However, Cattell's preference for parcels as opposed to items 
in factor analytic studies is supported logically and empirically. 

5) While the available evidence for the factorial validity of the 16PF is far from 
unanimous, if certainly does not justify the negative conclusions reached by 
some psychologists. When evaluated by reasonable standards, the 16PF 
compares favorably with any other inventory that purports to measure 
variations in normal personality functioning. 

FOOTNOTES 

1. This research was supported by Grant No. 16-P-56812/RT-13 from the Rehabilitation Services 
Administration, Office of Human Development, Department of HEW to the Arkansas Rehabilitation 
·Research and Training Center. A preliminary version of the paper was presented to the Arkansas 
Psychological Association meeting in Heber Springs on December 4, 1976. 

2. However, there have been some notable defections, e.g., Peterson and Howarth, and occasional 
support from fairly neutral observers, e.g., Meehl (1975, p. 303) and Walsh (1975, p. 314). 

3. The studies summarized herein are not reviewed critically nor are details regarding sample, 
v~riables, and method presented. The purpose is simply to illustrate the divergence between the 
critics and supporters of the 16PF by noting their results and quoting their conclusions. For a 
methodologically-oriented organization of the same literature, 88 well as an appraisal of the 16PF as 
an applied assessment instrument, see my review in the Eighth Mental Measurements Yearbook. 

4. In a supplementary article Howarth, Browne, and Marceau (1972) summarized an analysis of the 
16PF item correlations that was similar to Levonian's (1961) study in method as well 88 results. In 
addition, Howarth, et al. conclude that" ... some of the items are so badly worded ... 88 to ... provide 
an unnecessary complication to putative content and directionofitems(pp. 86-88)."N. Adcock(1974) 
also reported an item analysis paralleling the Levonian and Howarth,, et al. studies. 

5. At the same time Cattell's students jumped to his defense by publishing methodological critiques of 
the Howarth and Browne (1971) study and other investigations of the 16PF; see De Young (1972),. 
Dielman (1973) and V!iughn (1973). 

6. In another paper (Adcock, Adcock, & Walkey, 1974) the authors clarify this implied distinction: 
"Certainly all the recent evidence seems to indicate that the items themselves do not define the 
factors to which they are alleged to relate, but one point which appears to have been overlooked is 
that the factors which do emerge are in many cases strikingly similar to the 16PF factors as 
described (p. 132)." However, Karson and O'Dell (1974) l'.eached the opposite conclusion: "Indeed, 
the content of the items seemed rather useless in interpreting the factors throughout (p. 112)." 

7. Two additional investigations that I did not have access to are recorded in the interest of thorough
ness: articles by Grief (1970) and Timm (1968) are cited by Eysenck (1972, p. 269) as failing to support 
the psychometric validity of the 16PF. 

8. The parcel sample includes 308 clients who were selected from the larger sample in order to match 
a data set used in another study; the difference score (state) sample was reduced to 397 clients because 
52 of the original participants did not complete the posttest. 

9. My interpretation of the scree criterion is that it is the "break" or discontinuity in the eigenvalue 
plot, beyond which only error factors exist. Of course, the identification of the discontinuity is to a 
great extent an arbitrary decision. 

10. Cattell typically rotates 20 to 22 factors because of the presence of "error factors" and the recent 
demonstration that there are seven additional primaries beyond the original 16 comprising the 
normal personality sphere (Cattell & Delhees, 1973). 

11. An independent analysis of the 128-item set by a former student of Cattell has produced direct 
support for the 16 primaries: Burdsal, C., & Bolton, B. An item factoring ofl6PF-E: Further evidence 
concerning Cattell's normal personality sphere. 

12. Cattell disagrees with this position, maintaining that factors are more than psychometric constructs 
limited to descriptive purposes: "But - although not all factorists agree - many psychologists, 
including me, assume also the correctness of an underlying scientific model that recognizes the 

· factors to be more than dimensions - in fact determiners, influences, or causes (1973, p. 9)." 
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CANONICAL ANALYSIS OF A JANGLE FALLACY1 

R.S.Dean 
Arizona State University 

ABSTRACT 

This study assessed the degree of redundancy between the WISC-Rand the 
PIAT using a canonical correlation analysis. The test scores for 205 children 
yielded two significant canonical correlations. Taken together, these two Re's 
indicated over 65% of functions measured by the PIAT overlapped with the 
WISC-R, and 37% of the WISC-R subtest variance was shown to be redundant 
with the PIAT. The primary source of this nonsymmetrical redundancy was 
attributed to a verbal-educational overlap between measures. 

INTRODUCTION 

Peopl~ constantly infer that standardized tests of intelligence and achieve
ment measure different constructs. Unfortunately; there is little data to support 
this assumption. To the contrary, numerous researchers have reported redun
dancy between group measures of intelligence and achievement. In one early 
study, Kelley (1927) demonstrated that with age held constant the overlap 
between group intelligence and achievement tests was approximately 90%. He 
argued that the distinction between group intelligence and achievement batteries 
were in name only - a "jangle fallacy." In analyzing the same question, 
Coleman and Cureton (1954) estimated a 95% overlap between the Otis Quick
Scoring Test, Beta and verbal subtests of the Stanford Achievement Test when 
measurement errors were accounted for. More recently, Cronbach (1970) . 
examined the Lorge-Thorndike Verbal and Non-Verbal Intelligence Tests in 
terms of their redundancy with achievement tests. In general, he estimated a 76% 
overlap of the reliable portions of verbal intelligence and achievement measures 
and 15% distinctiveness while the non-verbal measure of intelligence had 5~% 
overlap with achievement and 29% distinctiveness. 

Many educators and psychologists continue to make hard and fast distinc
tions between individual achievement and intelligence data despite solid 
evidence to the contrary. Although past research concentrates on group
administered measures, one would hypothesize a similar relationship for 
individually administered tests. Obviously, interpretation of children's scores on 
individually administered intelligence and achievement tests requires know
ledge of the overlap between the two instruments. 

For example, one is intuitively uncomfortable with measures such as the 
Peabody Individual Achievement Test (PIAT) (Dunn & Markwardt, 1970) which 
purports to measure postinstruction achievement ·exclusively. The PIAT is . 
offered as a screening instrument of present school achievement in spite of the 
fact that many of the subtests are very similar to those comprising the verbal 
scale of the Wechsler Intelligence Scale for Children (WISC, 1949). Likewise, 
Wechsler (1974), in revising the WISC, claims the new version (WISC-R, 1974) to 
be a measure of general intellectual ability and not specific achievement in areas 
apparently analogous to those of the PIA'£. 
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The present study sought to determine the degree of redundancy between 
subtests of the WISC-Rand the PIAT. A canonical analysis was used as a base 
for compari~g linear components of each test which were similar. Basically, a 
canonical 'correlation is a linear combination of two sets of variables in such a 
way that the correlation between the two linear components is maximized 
(Tatsuoka, 1971). Significant canonical correlations indicate that related com
ponents, or canonical variates, are derived to account for the maximum amount 
of overlap between the two sets of variables. Because a canonical correlation 
represents the relation between two composites ratherthan two sets of variables 
themselves, further analysis is necessary to extract the redundant variance for 
each set of variables (Stewart & Love, 1968). 

METHOD 

SUBJECTS 

The subjects were 205 children (120 male. and 85 female) from the Phoenix, 
Arizona, area who h~d been referred for psychological evaluation resulting from 
learning difficulties in the classroom. These children represented an IQ range 
from 78 to 123 on the WISC-Rfull scale. The chronological age (CA) of the subjects 
ranged from 6.1 to 16.3 years, with a mean CA of 10.69 (SD= 2. 73) years. Children 
were predominantly from lower middle and middle-class backgrounds as 
determined by the occupation of the family's major wage earner. 

PROCEDURE 

The PIAT and regular subtests of the WISC-R were administered to each 
subject in a single session. One of five experienced examiners tested subjects on 
an unsystematic rotating basis and scored all subtests in the usual fashion. To 
equate all children for age, raw scores were transformed into scaled scores (after 
Wechsler, 1974, and Dunn & Markwardt, 1970). These scaled scores, on the 
WISC-R subtests, were related to ·those of the PIAT using a canonical correla
tional analysis (Cooley & Lohnes, 1971). When analyzing the resulting canonical 
variates, only weights of±. .3 were considered large enough for interpretation. 
In interpreting the degree of intersection accounted for by the canonical analysis, 
the data was analyzed according to Stewart and Love's (1968) procedure. 

RESULTS 

The analysis yielded two significant canonical correlations between the 
WISC-R subtest composites and those of the PIAT. The correlation between the 
first canonical variates yielded a highly reliable .90, X2 = 414. 76, df = 50,p< .001. 
Analysis of the redundancies for the first pair of canonical composites accounted 
for 62% of the PIAT subtest variance and 37% of the WISC-R subtest variance. 
This ' initial canonical correlation yielded five interpretable weights on the 
WISC-R consisting of the Information (.446), Arithmetic (.524), and Block 
Design (.367) subtests. The PIAT M .thematics (.438) and General Information 
(.66~) subtests produced the corresponding interpretable weights for this 
correlation. 

A second significant canonical correlation of .57 (X2 = 110.67, df = 36, < .001) 
indicated a further set of linear components between the WISC-Rand the PIAT, 
which were responsible for approximately 1 % of the WISC-R subtest variance and 
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2% of the PIAT subtest variance. The interpretable weights involved in the 
second correlation were Similarities (.626), Vocabulary (.502), Arithmetic (l.469), 
and Comprehension (-1.030) subtests on the WISC-R, and General Information 
(-1.669), Spelling (1.288), Mathematics (1.006), and Reading Comprehension 
(-.355) subtests on the PIAT. 

In general, using the two significant canonical correlations, a total of 65% of 
PIAT subtest variance and 41% of the WISC-R subtest variance was redundant. 
This finding was buttressed by the zero order correlations found between the . 
PIAT Total test score and WISC-R Verbal (r = .71), Performance (r = .46), and 
Full scale (r = .64) IQ scores. 

DISCUSSION 

The results suggest that under realistic individual testing conditions, much 
of the information yielded by the PIAT is redundant with subtests of the WISC-R. 
The amount of overlap between the PIAT with WISC-R is especially impressive 
when one examines the sample used. Indeed, compared to normals, children 
referred for learning problems show a significantly greater amount of variability 
within achievement and intelligence measures (cf.Dean, 1976). Therefore, despite 
the fact all children in the present sample were referred for learning problems, 
over 65% of the variance of the PIAT was accounted for by a measure of general 
intelligence. Moreover, a relatively small proportion ofWISC-R subtest variance 
was redundant with that of the PIAT. Such a finding would be expected because 
of the WISC-R's multifactor loading in comparison to the PIAT's ·apparent 
unidimentionality. 

As would be expected, the primary source of commonality be~ween the 
WISC-R and PIAT was attributable to verbal loading. That is to say, a component 
of the PIAT, defined as Mathematics and General Information, was highly 
redundant with a linear component subsumed in the Information, Arithmetic, · 
anq Block Design subtests of the WISC-R. With the exception of the Block Design 
subtest, item content on these tests are so .nearly the same one could hardly 
expect to find differences between scores except, perhaps, due to errors of 
measurement. The Block Design subtest, like the WISC-R General Information 
and Arithmetic, requires mental manipulation of symbols or reasoning which 
seems to account for the majority of the loading in both measures. Thus, with 
respect to this verbal-educational overlap (Vernon, 1965), an individual achieve
ment test appears to yield much the same information about probable success 
as that would be expected by a measure of so-called native verbal intelligence. 

The present results seem to be subsumable under current theoretical thinking 
advanced in favor of a spectrum rather than a discreet approach to test classifi
cation (Cronbach, 1970; Vernon, 1965). What may be identified as a verbal
educational complex appears responsible for a large portion ·of the observed 
overlap between ability and achievement. In essence, the redundancy between 
measures appears related to the child's performance on verbal tasks much like 
those required within the classroom. Canonical weights seem to indicate these 
skills to be primarily toward the "crystallized" end ofCattell's (1963) continuum. 
So too, the present findings are not inconsistent with Cronbach's (1970) data 
showing some 76% overlap between group measures of verbal IQ and achieve
ment. For when one considers the large dependence of such group measures upon 

19 



MULTIVARIATE EXPERIMENT AL CLINICAL RESEARCH 

reading ability, a considerable amount of overlap would be expected due to 
loading on this reading factor alone. Obviously, the finding of over 65% redun
dancy found · in the present study would seem in general agreement with Cron
bach's proposed achievement-ability overlap. On the other hand, the present 
analy.sis indicates a substantial portion of both measures yield orthogonal infor
mation and an unknown amount of inconsistent variance. 

It seems clear from the present data that many of the constructs measured 
by the PIAT are redundant with the verbal scale of the WISC-R. Thus, although 
the PIA T is purported to be a postinstructional achievement measure, it seems 
to yield similar information as that of a verbal IQ test. This overlap of informa
tion appears due to a general factor of verbal-educational development. Hence, 
the assumption that achievement tests, like the PIAT, measure native capacity 
plus instructional effectiveness and motivation to achieve, seems questionable 
by the .present findings. 

NOTES 

1. The com men ta and assistance of Raymond W. Kulhavy and Burke H. Bretzing on an earlier version of 
this article are greatly appreciated. Correspon<ience concerning the article should be sent to Raymond 
S. Dean, 322 Payne Hall, Arizona State University, Tempe, Arizona 85281. 
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INTERFACE OF ALSTON'S CONCEPTUAL ANALYSIS 
OF TRAIT THEORY AND CATTELL'S MULTI-TRAIT 

THEORY OF PERSONALITY 
A. R. Buss 

University of Alberta 

ABSTRACT 

In a recent series of papers and articles, W. P. Alston has taken a close look 
at the conceptual structure of the term "trait." In applying Alston's conceptual 
distinctions to the substantive multi-trait theory of R. B. Cattell, it is argued that 
Alston has too narrow a view as to how the term "trait" is in fact used, and how 
it should be used. Contrary to Alston's point of view, it is argued that trait 
concepts are indeed theoretical constructs rather than simply being terms 
summarizing behavioral regularities. Notwithstanding the case made against 
Alston's characterization of trait concepts, it is pointed out that multi-trait 
theories can be improved by taking seriously some of the distinctions that he has 
made, although not for all the reasons that he has given. 

INTRODUCTION 

As is well known to those interested in personality, trait theory and trait 
concepts have recently been under severe attack from a variety of quarters. A 
somewhat novel, and quite valuable, critique of the usefulness of trait concepts 
has been offered by the philosopher William P. Alston. In a series of articles, 
Alston (1970, 1973, 1975, undated) has addressed himself to what trait theorists 
mean by the term "trait," and he has attempted to subject this concept to a rigor
ous conceptual analysis. In his attempt to lay bare theconceptualstructureoftrait 
concepts, Alston deals a severe blow to the theoretical value of traits - though 
he does not necessarily deny their existence, breadth, or usefulness for making 
predictions in certain practical situations. For those psychologists who are 
interested in traits, and especially those interested in developing theories of 
individual differences in which trait concepts loom large in their basic theoretical 
language and structure, Alston's writings must be read, assimilated, and dealt 
with in a relatively sophisticated manner. 

The purpose of the present article is three fold: (a) to assess and evaluate the 
extent to which R. B. Cattell's (e.g., Cattell, 1957, 1965, 1973; Cattell & Child, 1975) 
multi-trait theory of personality measures up to the criteria of an adequate 
personality theory - theoretical criteria which are implicit, if not explicit, in 
Alston's writings; (b) to use Cattell's multi-trait theory of personality as a . 
framework and a vehicle for criticizing, or, at the very least, modifying and 
extending, some of the distinctions Alston has made with respect to both traits 
and related dispositional concepts; and finally, (c) to follow through on the 
implications of some of the more positive aspects of Alston 's ideas for multi-trait 
theories of personality. 
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ALSTON'S VIEW OF TRAIT CONCEPTS 

Alston says several tlimgs about trait concepts, but it is instructive to first 
note what he is not claiming. He is not denying the existence of traits. Nor is he 
denying the predictive value of traits or that an adequate theory of personality 
should have trait concepts. He has made no statement affirmiiig that present trait 
concepts are either too broad or too specific. And finally, he is not denying that 
traits may be useful for purposes of description. What Alston is saying is that he 
has grave doubts as to the theoretical value of trait concepts - stating that 
their conceptual structure precludes their having any real explanatory power 
with respect to behavioral events. 

After reviewing several definitions of the term "trait" which have been 
offered by various trait psychologists, Alston comes to the conclusion that the 
general consensus would appear to be that a trait is "a tendency to react in a 
certain kind of way to a certain kind of situation" (Alston, undated, p. 2). How
ever, Alston disagrees with the view that it is appropriate to interpret traits as 

· personality dispositions in the sense that a person has a tendency to behave in a 
certain way in certain situations. According to Alston's argument, it is in
appropriate to conceive of a trait as a tendency to behave in a certain way in 
certain situations, since the notion of tendency allows for the possibility of 
interfering forces or "supratendencies" which may override the original tendency 
to behave. Traits are thought by Alston to be dispositions which are defined in 

· terms of observed behavior frequencies which occur within a representative set 
of situations. That is to say, for the trait to exist, certain behaviors must be 
manifested across a representative . set of situations. There is a one-to-one 
correspondence between certain behaviors in certain situations, and the in
ference that a trait does in fact exist. In contrast, a personality disposition which 
is interpreted as a tendency to behave in a certain way in certain situations, 
"presupposes a field or system of other dispositions of the same type such that 
what actually occurs ... is determined not just by this tendency or any other one 
tendency, but by the resultant properties of the system" (Alston, undated, p. 9). 

Personality dispositions in which there is not a simple correspondence 
between the concept and observed behavior, that is, tendency dispositions, ~re, 
of necessity, defined by their place in a theory or their interrelationships with 
like constructs in a nomological net. Initially called desires or D concepts (Alston, 
1973), and later purposive-cognitive or P-C concepts (Alston, 1975), such 
tendency1 dispositional concepts (e.g., abilities, needs, desires, motives, values, 
attitudes) have a conceptual structure such that they may function to explain 
behavior, in contrast to what Alston calls trait or T concepts. Trait or T concepts 
are thought by Alston to be dispositions defined in terms of situation-response 
or S-R frequencies. Thus, inferring the existence of a T concept (e.g., "domi
neering") implies certain S-R frequencies, while P-C concepts, for example, 
"horsemanship" (an ability), or "need for achievement" (a need), or "bigotry" 
(an attitude), may exist, hut, because of other P-C concepts operating in the 
personality system, may not necessarily, though they often do, give rise to their 
behavioral manifestations. One may be a bigot, yet not engage in bigoted type 
behavior. One may be an excellent"rider, yet not engage in equestrian behavior, 
and so on. 

Given the conceptual structure of T concepts, Alston argues that they are. 
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useful for making one-to-one
1 
predictions, or in other words, meet the demands 

of predictive validity. But when it comes to construct validation, P-C concepts 
must be one's choice, since these concepts demand that they be embedded in a 
nomological net. Thus it would · seem that T concepts are mainly descriptive, 
predictive, and theoretically bankrupt - simply summarizing certain behavioral 
regularities in certain situations. One might say that T concepts are intervening 
variables and P-C concepts are hypothetical constructs, in the MacCorquodale 
and Meehl (1948) sense of these two terms. While Alston at one time argued that a 
theory should be constructed in terms of P-C rather than, or including, T concepts 
(Alston, 1973), more recently he seems to have tempered his original position. 
Thus Alston (1975) has stated that there are a small number of stylistic traits 
which cannot be explained in terms of P-C concepts, and that an adequate theory 
of personality will require both T and P-C concepts. 

CATTELL'S VIEW OF TRAITS 

Alston's definition of traits in terms of S-R frequencies is advanced after he 
considers various definitions by leading trait psychologists - including Cattell. 
Over the last 40 some years, R. B. Cattell has developed what many would regard 
as one of the more sophisticated trait theories of personality in existence. Thus 
it would seem to be of value to examine Cattell's notion of a trait within the con
text of the insightful perspective offered by Alston, and assess the extent to which 
Cattell's theory is consistent with Alston's view of traits and theoreticai 
constructs. While Alston at one point simply states that Cattell's definition of a 
trait conforms to his S-R frequency interpretation of T concepts (Alston, 1975, 
p. 20), at another place he attempts to spell out in some detail why this must be so 
(Alston, undated). Cattell defines a trait as "some relatively permanent and 
broad reaction tendency" (Cattell, 1965, p. 28). Most relevant in the present 
context is Alston's (undated) argument that definitions which interpret trait dis
positions as tendencies to behave in a certain way in certain situations, do not 
stand up under close scrutiny, since a "tendency interpretation" is not compatible 
with what Cattell really means by the term "trait.'' As previously noted, Alston's 
argument on this point is that a tendency to behave in a certain way implies that 
there exists the possibility that interfering or conflicting forces or tendencies 
may override the initial tendency. In other words, tendency dispositions are 
embedded within a system, and may thus exist without ever being activated. This 
"tendency interpretation" of traits is thought by Alston to be incompatible with 
what theorists such as Cattell are suppose to actually mean by a trait, namely, 
summarizing behavioral regularities or S-R frequencies -which occur within a 
representative set of situations. 

However, it is just possible that Cattell really meant what he said in defining 
a trait as a tendency disposition, and there is much in his theory of personality 
which would support such a view. Consider first the motivational domain, one 
of three major kinds of 'traits' with which Cattell has dealt. Motivational 
'traits,' or dynamic structures, are thought by Cattell to be of two major types: 
sentiments, which are "dynamic structures, visible as common reaction patterns 
to parents, objects or social institutions, and upon which all people seem to have 
some degree of endowment" (Cattell & Child, 1975, p. 32, original emphasis); 
and ergs, each one of which is "An innate source of reactivity, such as is often 
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described as a drive, directed to a certain goal" (Cattell, 1965, p. 369). Now, in 
measuring sentiments and ergs, Cattell makes use of questionnaire items which, 
for the most part, all begin with either '.'J want" or "I like" (e.g., see Cattell, 1965, 
pp. 189-194; Cattell & Child, 1975, pp. 28-36). Thus identification of the major 
'trait' dimensions in the motivation domain involves 'traits' which are disposi
tional tendencies and which, in principle, may not be activated or lead to the 
behavior in question in a particular individual in a certain situation - even if 
he/she has a high score on such a motivational 'trait.' Such motivational 
concepts must enter into a theoretical structure, field, or system of sorts in order 
to explain their interactions in affecting a particular behavioral outcome. 

Should there still be any doubt as to the kind of concepts Cattell's motiva
tional 'traits' are, one need only consider his somewhat formal model of conflict. 
As Alston (1973) notes, tendency, or P-C dispositions, must deal with the problem 
of conflic.t, since by their very conceptual structure they will give rise to such a 
state in so far as there are inconsistent or conflicting tendencies within a single 
~ndividual. Cattell's conflict model (Cattell, 1965, pp. 218-236; Cattell & Child, 
1975, pp. 88-95) explicitly recognizes that certain tendencies may override others, 
and thus inhibit, for example, a certain course of action. 

Within the motivational domain, the basic factor equation, or what Cattell 
calls the specification equation, specifies an attitude in terms of factor loadings 
and factor scores, where the factors are the various dynamic structures of senti
ment and erg 'traits.' In this way, an attitude, which itself is a tendency dispo
sition, may serve to satisfy, to varying degrees, several motives. The latter 
interpretation of the basic factor equation is also contained in Cattell's dynamic 
lattice, where attitudes are thought to subsidiate to sentiments, which, in turn, 
subsidiate to ergs. If we consider that situation where the motivational factor 
scores and factor loadings are unique for a particular individual, that is, P
technique (e.g., Cattell, 1957) derived motive factors, an index of the conflict 
generated by a particular attitude. involves summing the negative factor 
loadings. To the extent that the sum of the negative factor loadings is greater 
than the sum of the positive factor loadings, then, according to Cattell (1957, 
1965), that particular attitude will not result in overt behavior, since that action 
would, if carried out, have greater negative than positive affect for the individual. 
Thus, it is the particular dynamic structures and their role (weights) considered 
in toto, or as a system, which determines whether particular behavior will or 
will not occur. Admittedly, structural equations such as that used by Cattell have 
certain limitations and assumptions (i.e., compensatory in nature, or assume 
additivity of the components; interpretation of negative weights is not as 
straightforward as one might desire), yet they can still be considered as a field, 
system, or theoretical structure which specifies, or determines, individual 
differences in the behavioral outcome. 

No doubt Alston would agree that Cattell's 'traits' in the motivational 
domain may be interpreted as tendency dispositions, and, as a result, would call 
them P-C concepts, or at the very least, P-C like concepts, rather than trait or T 
concepts. However, what justification does Alston have in saying Cattell's defini
tion of a trait as a "reaction tendency" cannot really be taken at face value, and 
that by the term "trait," Cattell really means a dispositional concept which 
is given an S-R frequency interpretation? In considering what Cattell calls the 
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motive or dynamic 'traits,' it is apparent that they have the conceptual structure 
of tendency dispositions, or what Alston calls P-C concepts. What about the 
remaining two domains which Cattell has explored? Cattell (1971) has discussed 
at some length several cognitive processes as inferred by factor analysis. There 
seems little doubt that 'traits' from the abilities domain would also fall into the 
category of tendency dispositions or P-C concepts. The temperament domain 
would be the only flrea in which one could expect to find what Alston calls S-R 
frequency or T concepts, although even here, Alston admits (personal communi
cation), many of Cattell's temperament traits are really more like P-C rather than 
T dispositions. Thus, in terms of sheer number, most of Cattell's personality 
traits are tendency d_ispositions, and it would seem that his definition of traits 
as "reaction tendencies" is more correct than in error, as opposed to what Alston 
would have one believe. 

What is suggested here is that, while the two major distinctions made by 
Alston with respect to personality dispositional concepts seem extremely useful, 
perhaps he has inadvertently misrepresented what the more sophisticated trait 
theorists (e.g., Cattell) actually do mean by the term "trait" in their theoreti'cal 
practice. The solution to this problem appears to involve two basic steps: first, 
the acceptance of Alston's conceptual distinctions involving two different kinds 
of personality .dispositional constructs, but not his terminology; and, second, 
affirming the use of the term "personality traits" in a broad rather than narrow 
sense, that is, the acceptance of Cattell's position that his personality theory 
deals with, not just the temperament domain or T concepts, but with three 
different trait domains. The latter entails that Cattell's definition of a trait as a 
"reaction tendency" will need to be modified to accommodate some of his traits 
in the temperament domain. 

The result of the above two proposals is that one arrives at a more adequate 
representation as to how major trait theorists such as Cattell are using the term 
"trait," and in fact, takes Cattell's position a step further in terms of clarity. That 
is to say, if one accepts the notion that Cattell's personality theory deals with 
traits from the three domains of abilities, temperament, and motivation, then 
what Alston calls T and P-C concepts become two different kinds of traits. "Trait" 
is thus the generic concept, and S-R frequency dispositions and tendency dis
positions are both traits, but traits of a different conceptual structure. In adopting 
the latter position, it would be necessary to define a trait such that it could 
accommodate the two kinds of personality dispositional concepts as outlined by 
Alston. Thus Cattell's definition of a trait as a "relatively permanent and broad 
reaction tendency" would need to be reformulated so as to accommodate S-R 
frequency dispositions in addition to tendency dispositio~s. Such a definition 
might be that a trait is a dispositional property of the organism, implying that 
such a dispositional property may refer to a value on a dimension of individual 
differences which may be either a S-R frequency disposition, or a tendency 
disposition. 

The above view involves more than a mere arbitrary decision on what to call 
something, since by the term "trait" people such as Cattell do not mean to 
exclusively refer to either low-powered descriptive T concepts, or to theoretically 
potent P-C constructs. Rat~er, by the term "trait," Cattell refers to both of what 
Alston calls T and P-C personality dispositions. Adopting the present refor-
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mulation of trait concepts has the advantage of avoiding what may be a danger 
inherent in Alston's position, namely, erroneously generalizing from the notion 
of theoretically weak T concepts, or in Alston's terminology, trait concepts, to 
the view that, what are called trait theories, such as Cattell's, are really weak 
theories. Such a conclusion is certainly not warranted to the extent that.Alston's 
traits or T concepts play a relatively minor role in Cattell's trait theory in 
comparison to tendency dispositions. One need only be familiar with Cattell's 
structured learning theory, investment theory of trait pattern generation, and 
the theory of conflict, adjustment, and dynamic calculus, to realize how impor
tant tendency dispositions are in Cattell's trait theory of personality. 

It should also be noted that within Cattell's theoretical structure, even his 
T or S-R frequency concepts play a much more important theoretical role 
than one would infer from Alston's description of such concepts. In Alston's 
characterization of T concepts, one gets the strong impression that such traits 
are of value only for predicting on a one-to-one basis, that is, from a specific trait 
to specific kinds of behavior (where by the term "specific" I leave open the 
generality or breadth of the trait). Alston's arguments against the theoretical 
value of T concepts places a heavy burden on the notion that T concepts seem to be 
of value only on an individual basis, and that they cannot be used within any 
system, field, or theoretical structure which is related to behavior. Such a view of 
Tor S-R frequency concepts is by no means necessary, and it certainly is not 
characteristic of Cattell's traits _in the temperament domain. Thus Cattell's 
specification equation, which specifies individual differences in behavior as an 
additive function of weighted factor scores, may make use of traits within a 
particular domain (e.g., temperament), or may involve traits from the three 
domains in its more ambitious form. The important point, then, is that Cattell's 
basic theoretical model, the specification equation, employs what Alston calls 
Tor S-R frequency dispositions in a field or system type model. For Cattell, the 
particular behavior that lines up with a particular temperament trait is probably 
of least interest to him - especially since he employs factorial validation rather 
than empirical or criterion validation procedures. Cattell's entire theory of 
personality pivots around the conceptually important notion that behavior is 
multi-dimensional and multi-determined, that is, a multi-dimensional situation 
(factor loadings), and individual differences in behavior are the outcome of a 
system or field of forces or influences. Cattell's conception of the role of Tor S-R 
frequency dispositions is clearly the antithesis of Alston's view. In Cattell's use 
of Tor S-R frequency concepts, they do meet at least some of the more stringent 
theoretical criteria which Alston states only P-C or tendency concepts can satisfy. 
The generality of Alston's position with respect to the nontheoretical value of 
Tor S-R frequency concepts is seriously in doubt in examining more sophisticated 
substantive trait theory such as that developed by Cattell. 

Cattell's multi-trait theory of personality is a multi-level trait theory. In each 
of the separate trait domains, extensive use is made of higher-order factors. 
Especially in the abilities domain (Cattell, 1971), higher-order factors are 
burdened by carrying much of the theoretical weight. In a recent discussion of 
higher-order factors in the temperament domain, Cattell (1973, pp. 102-142) 
clearly states his position as to the nature of higher-order temperament traits: 
"For the present a second order can best be considered some influence that 
affects several primaries at once" (Cattell, 1973, p. 103). According to this view, 
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higher-order factors are deeper in the nomological net (Royce, 1963), and thus 
further removed from the data or observations. One may then consider the hier
archical structure of the temperament domain as a theoretical structure, network, 
or system of sorts, where, just as observed individual differences in behavior may 
be tipecified in terms of a structural equation involving primary or first-order 
factors, the same can be done for the scores on the primary factors in terms of the 
second-order factors, and so on up the hierarchy. In Alston's terms, only thefirst
order temperament factors could be T or S-R frequency traits, since they are 
directly tied to behavior. The higher-order temperament factors would be 
higher-order dispositional concepts, and, more specificlly, ~ould be dispositions 
to Tor S-R frequency dispositional constructs. Thus, whereas Alston (1973) goes 
to some length to elaborate what essentially is a hierarchical theoretical struc
ture for P-C or tendency dispositions, that is, higher-order dispositions which are 
dispositions to the tendency dispositions, he fails to acknowledge a similar need 
of theoretical complexity for T or S-R dispositions. However, Cattell's hier
archical view of the temperament domain clearly indicates that higher-order 
dispositions to T or S-R frequency dispositions are conceptually possible and 
empirically demonstrable, and clearly place T or S-R frequency dispositions 
within a theoretical structure of sorts. 

CONCLUSION: IMPLICATIONS OF ALSTON'S ANALYSIS FOR 
MULTI-TRAIT THEORIES OF PERSONALITY 

In spite of the previous arguments to the contrary, there remains a residual 
uneasiness related to the notion that Alston's basic point may still be valid, but 
not for all the reasons he would have one believe. Thus, in explaining tempera
ment behavior, Alston appears to be correct when he argues that P-C concepts 
should be employed whenever possible, since T concepts simply summarize 
behavioral regularities. Invoking higher-order T dispositional concepts or 
factors to "explain" primary T concepts or factors, leaves one wanting for 
something more in the way of explanatory "punch." P-C or tendency dispositions 
arranged in a nomological net would seem to be more satisfying in this regard. 
Thus, in terms of multi-trait theories of personality such as Cattell's, the T traits 
should probably serve less as "explainers" and more as "that to be explained." 
In terms of the specification equation, this implies that a T concept would be on 
the left hand side - specified by an additive function of weighted P-C concepts, 
or what I would call P-C traits. 

In light of Alston's position as to the value of P-C concepts arranged in a 
nomological net for explaining some behavior, it is difficult not to conclude that a 
hierarchical model or structure of a particular domain (e.g., Royce, 1973) does not 
provide the best means for generating a nomological net, that is, constructs which 
stand in certain interrelationships the purpose of which is to explain some 
observable. The main point here is that, while a hierarchical structure of traits 
or factors may be of some value in characterizing the major constructs and their 
interrelationship in a particular domain, it becomes apparent that such a model 
will not be adequate for explaining behavior. For the latter, a nomological net 
involving constructs or traits from various domains, and of varying levels or 
orders, is required, where the construct interrelationships are not defined opera
tionally by, say, a factor analysis. Th us, in working through Alston's ideas vis-a
vis multi-trait theories of personality, one comes to a conclusion which has often 
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been stated by factor analysts, but which has also tended to be ignored and 
violated. That is to say, while factor analysis may provide the means for 
identifying useful theoretical constructs, it is not of value in developing theoreti
cal structures or nomological nets which explain behavior. 

It is in the above sense, then, that hierarchical factor structur~s, as opera
tionally derived from a factor analysis, are, at the very best, low-level theoretical 
structures. However, generating hierarchical factor structures not defined 
operationally by a factor analysis, but derived on the basis of some theory to 
explain some behavior, is probably where trait psychologists should begin to 
expend their theoretical efforts. Such hierarchies would differ from traditional 
factor structures in the following ways: They would be inverted, or in other words, 
tree structures, with the apex of the hierarchy, representing the behavior to be 
explained, now at the bottom; they would involve traits from different domains; 
and finally, the levels would be determined according to the level of disposition in 
Alston's sense (e.g., disposition to a disposition) which may or may not corre
spond to the level of a trait defined in higher-order factor analyses. 

In conclusion, it should be noted that Alston has provided multi-trait 
theorists the stimulus and occasion to reflect upon the nature of their basic unit 
of analysis in theory construction. In considering Alston's distinctions in the 
context of Cattell's multi-trait theory of personality, it has been argued that the 
theoretical value of trait concepts remains largely intact. However, multi-trait 
theorists can certainly improve their theoretical practice if they take heed of some 
of the things which Alston has said. 

NOTES 

I would like to thank W. P. Alston for his useful comments on an earlier draft of this article. Requests 
for reprints should be sent to Allan R. Buss, who is now in the Department of Psychology, University of 
Calgary, Calgary, Alberta, Canada T2N 1N4. 

1. It should be noted in passing that Alston's notion of P-C concepts is slightly more complicated than 
simply being a tendency to behave in a certain way. Thus a P-C concept is really a disposition to a 
tendency to behave, or a disposition to dispositions to tendencies to behave, or what may be called a 
seeond-orcier dispositional concept. 
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ROTOPLOT II: 
A Program for Visually Guided Graphical 

Rotation with Procrustes and 
Congruence Coefficients 

Charles Burdsal1 
Wichita State University 

ABSTRACT 

An improved version of ROTOPLOT, ROTOPLOT II, was presented in this 
article. ROTOPLOT described a computer assisted strategy enabling one to 
perform visually guided graphical rotations upon pairwise combinations of 
factors. ROTOPLOT II, expanded upon this routine by adding the options of 
Procrustes and the derivation of congruence coefficients. Step by step instruc
tions for use of the strategy were included, and a source for the computer program 
was discussed, as were its uses and limitations. 

A BRIEF HISTORY 

The basic procedure and program for ROTOPLOT was first developed by 
Cattell and Foster (1963) to provide computer assisted graphical rotations for 
factor matrices. During my year as a research associate in Cattell's lab at the 
University of Illinois, Champaign-Urbana, needless to say, I had considerable 
use for the program. 

I left the lab about the time of its closing. Upon arriving at Wichita State 
University I discovered that I still had a need for the routine, and our computer 
center (as often happens) had no version of the program. Due to the usual com
munication problems ensuing from the shut down of the iab and the discontinuity 
between the lab and the computer center at Illinois, I was unable to obtain a copy 
of the program from Illinois. Being my usual optimistic self I viewed this as 
an opportunity to "tailor make" a ROTOPLOT program for myself- a chance 
to improve upon certain aspects of the original ROTOPLOT program which 
tended to irritate me during my previous experience with the procedure. I'll not. 
list these improvements as they are somewhat minor and do not effect the 
operation of the routine. 

In addition and because it was relatively simple, I chose to include two 
procedures in the program which were not in the original. 1) Procrustes and 2) 
congruence coefficients. I felt these additions valuable ~ecause they are often 
desired procedures for which routines are not readily available. 

I decided to write the program in FORTRAN IV because of the great general
izability between computers. Also, I did everything I could to make the program 
adaptable to other computer systems.2 As it turns out, this was a wise decision 
as I have since discovered that Cattell now has some difficulty in obtaining the 
source coding for ROTOPLOT. I will happily make the source coding available 
to anyone who wants it for my cost in reproducing it plus mailing and handling 
charges. 

To cover printing costs, reprints of this article may be obtained from the 
Multivariate Experimental Clinical Research for $1.00 U.S. and $1.50 out of U.S. 
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I do sincerely hope many of you interested in factor analytic research will 
utilize the graphical rotations rather than rely on inadequate push button 
analytical routines. Finally although great care has been taken in the prepara
tion of ROTOPLOT II and considerable checking has been done as to its accuracy, 
the author and the Journal assume no liability with regards to ROTOPLOT II. 

. WHAT ROTOPLOT II WILL DO FOR YOU 

GRAPHING FACTOR MATRICES 

One of the prime functions of ROTOPLOT II is to graph all pair-wise com
binations of m factors. Each graph occupies an entire sheet of computer paper 
which usually results in considerable printout (m(m-1)/2 pages). However, we 
have found this size of graph necessary for good results. The vector and factor 
cosines (correlations) for the particular pair on each graph are provided. 

The program is designed to execute rotations upon which you have decided 
by inspecting the graphs. The rotations are entered in a shift deck in the form of 
the tangent of the angle of rotation. Why tangents? Each graph is outlined with 
dots. If one draws the angle ofrotation from the origin to one of the border dots, 
it just happens that each dot represents a tangent of approximately .04. Thus if 
the angle falls 4 dots from the origin, the rotation is .16. (The sign of the rotation is 
determined by the quadrant.) The tangents are converted to sines by the 
program. 

GENERATING VARIOUS AND ASSORTED MATRICES 

If perchance all rotations are orthogonal (a highly unlikely event) only one 
factor matrix can be generated. In the more usual oblique case, six different 
factor related matrices can upon request be obtained. They are: 

1. Vrs (reference vector structure): an n x m matrix of the correlations of 
_the variables with the reference vectors. 

2. Vrp (reference vector pattern): an n x m matrix of the projections of the 
variables upon the factors. 

3. Vfs (factor structure): an n x m matrix of the correlations of the variables 
with the factors. 

4. Vfp (factor pattern): an n x m matrices of the projections of the variables 
upon the factors. 

5. Rrv (reference vector correlations): an m x m matrix of the intercorrela
tion of the reference vectors. 

6. Rf (factor correlations): an m x m matrix of the intercorrelations of the 
factors. 

PROCRUSTES SOLUTION 

ROTOPLOT II contains the Procrustes procedure which permits one to enter 
an origmal factor matrix (Vo) and a hypothetical factor matrix (Vbyp). The proce
dure then rotates the Vo as closely as it can to the Vbyp. Congruence coefficients 
are provided to give some indication of closeness of fit. Be warned: always check 
the factor correlations when using this procedure. Procrustes can usually give 
pretty good fit in terms of the Vrs, but often the factor correlations become un
usually high requiring some graphical rotations before an actual estimation of 
goodness of fit can be made. 

32 



CHARLES BURDSAL 

CONGRUENCE COEFFICIENTS 

If you have two factor matrices each with the same variables and the same 
number of factors the only difference being that they were derived from different 
samples, congruence coefficients can be calculated to discover how similar the 
factor matrices are. 

COMBINATIONS OF THE ABOVE 

Generally speaking, one can utilize any logical combinations of the above 
described functions; e.g., one can rotate a matrix and graph the results, or one 
can perform a Procrustes and graph the results, etc. 

LIMITATIONS 

As currently programmed, ROTOPLOT II is limited to 198 variables and 35 
factors. This will vary from computer to computer so one should check with their 
local center for specific limitations. 

HOW TO MAKE ROTOPLOT II DO THE ABOVE 

Before I describe how to set up for any of the _specific functions previously 
described, I will give a general description of the control cards. I am not going 
to cover the systems cards as they vary from computer to computer and installa
tion to installation. 

A General Description of the Control Cards 

The "PROBLM" Card 

One "PROBLM" card must proceed each run. The format for the card is: 

Column No. 

01-06 
08-10 
12-13 
15-17 
19-21 
23-25 
27-29 
31-33 

35-37 
39-41 

43-45 
47 
48 
49 
50 

Contents 

"PROBLM" 
number of variables 
number of factors 
"YES" if a LAMBDA matrix is to be read 
"YES" if a shift matrix is to be read 
"YES" if a new lambda is to be punched 
"YES" if the Vrs is to be plotted 
"YES" if the diagonal of the .shift matrix is set to 
unities 
"YES" for Procrustes option 
"YES" if a lambda for Vhyp for Procrustes or for 
comparison matrix for congruence coefficients is 
to be read 
"YES" for congruence coefficients 
"P" if final lambda is to be printed 
"P" if Vrs is to be printed 
"P" if Vrp is to be printed 
"P" if Vfs is to be printed 



. 
MULTIVARIATE EXPERIMENT AL CLINICAL RESEARCH 

51 
52 
53 
54 

56-57 
59-61 

The "TITLE" Card 

"P" if Vfp is to be printed 
"P" if Rf is to be printed 
"P" is Rrv is to be printed 
"P" if Vhyp is to be printed 
input unit for various matrices. "5" is default 
"YES" if input unit is rewound leave blank for card 
input 

A title card must immediately follow the "PROBLM" card. The purpose of 
this card is simply for job identification. The format for this card is: 

Column No. 

01-05 
07-38 

Description 

"TITLE" 
any identifying information you wish 

THE VARIOUS REQUIRED MATRICES 

Various input matrices are required depending upon the options selected. 
The only matrix which will be present for all options is the Vo. All decks must be 
preceded by a variable format card utilizing E, F, X, and / conversions only. 
NOTE: when inputting a lambda for the Vo which was produced by ROTOPLOT 
II, a format card for that deck is punched by ROTOPLOT II immediately 
preceding the lambda, saving you the effort. 

A brief description of each deck follows. They are presented in the order in 
which they must be placed: 

Vo. This is an orthogonal factor matrix. If you are actually starting from an 
oblique position, what you must do is provide your original Vo from which the 
oblique position was obtained and the Lambda (lambda for Vo) which produces 
the oblique position. This deck will be present for all options. 

Vhyp or Vcom. This is also a factor matrix. In the case of the Procrustes 
option it is the hypothetical target matrix. In the case of the congruence co
efficients option it is the matrix with which the Vo or Vo x Lambda is compared. 
This matrix does not have to be orthogonal. 

Lambda for Vhyp or Vcom. If desired, a lambda matrix for Vhyp or Vcom 
may be read. If this is the case, Vhyp or V com is multiplied by this lambda before 
the Procrustes or congruences are done. 

Lambda for Vo. If this option is chosen, the Vo is multiplied by this matrix 
to produce a Vrs. If a shift matrix is used, the effect of the shift is incorporated 
into the input lambda resulting in a new lambda before the multiplication is done. 
Thus wheh doing graphical rotations the effects of the rotations are compiled in 
the lambda for the Vo requiring that it be punched for succeeding rotations. 

The Shift Deck. The shift deck is am x m deck of signed tangents representing 
the rotations to be carried out. In most cases the diagonal of this deck should 
contain 1 's. 

The Basic ROTOPLOT Procedure 

THE PROCESS CONCEPTUALLY 

The graphical rotation procedure may start with almost any factor matrix. 
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In the oblique case, one does not use the oblique matrix itself as input to ROTO
PLOT, rather an orthogonal matrix is used along with the transformation matrix 
(lambda) which produces the oblique solution. 

In any case, the basic ROTOPLOT process is this: 
1. Graph the factor matrix (ROTOPLOT) 
2. Make the desired rotations on the graphs. 
3. Record the tangents of the shift angles on a "shift" sheet. 
4. Produce a "shift" deck from the "shift" sheet. 
5. Execute the rotations by feeding ROTOPLOT a) the factor matrix (Vo), 

b) a lambda if the Vo is oblique, c) the shift deck. 
6. ROTOPLOT will: 1) do the rotation, b) graph the results, c) provide a 

hyperplane count, d) punch on cards a new lambda deck which will con
tain the results from the rotation compounded with any previous rota
tions. 

7. Repeat steps one thru six until rotation is complete. 

HOW TO CARRY OUT THE PROCESS (Hand Rotations) 

Step la: How to Graph an Orthogonal Factor Matrix 
Decks Needed. Vo 
Set up. 1) system cards 2) ROTOPLOT II control cards and appropriate decks 
a) PROBLM cards: 

Column Number Content 

1-6 "PROBLM" 
8-10 number of variables 
12-13 number of factors 
15-25 blank 
27-29 "YES" 
31-45 blank 

47 blank 
48 "P" 

49-54 blank 
56-57 your option 
59-61 your option 

b) TITLE CARD: (as previously described) 
c) format card for Vo 
d) Vo 

Step 1 b : How to Graph an Oblique Factor Matrix 
Decks Needed. 1) Lambda for rotation to oblique position. 2) Vo: unrotated 

factor matrix. 
Set up. l)systemcards. 2)ROTOPLOTIIcontrolcardsandappropriatedecks: 
a) PROBLM card: same as for la except col. 15-17 should contain "YES." 

One may request any of the options which are indicated in columns 47 
thru 53. 

b) TITLE card 
c) Format for Vo 
d) Vo 
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e) Format for Lambda 
f) LAMBDA 

Step 2: How to Carry Out tne Hand Rotations. 
The Process. The first step in this process is obviously to do the rotations on 

the graphs provided in steps la or lb. The rotations are then recorded upon a 
"shift sheet." This is a form that can be produced by the user. An example of such 
a form may be found in figure 1. 

Figure 1 

A Sampl e Shi f t Shee t 

1 2 3 4 5 6 8 9 10 11 12 13 

1 I/ 
2 I/ 
3 I/ 
4 1/ . 

I/ I 

5 

6 I/ 
I V 

8 V 
9 I/ 

10 V 
11 l7 
12 / 
13 V 

The method of recording the angles varies depending upon the purpose of 
the rotations. The two main purposes are 1) rotation for simple structure and 
2) rotation for meaning. In the first case one actually rotates hyperplanes rather 
than factors. In case 2 the factors are rotated. 

In both cases the signs of the cartesian coordinates are backwards from 
what one would expect. A rotation into quadrants one or three is a negative 
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rotation while rotations into two or four are positive. In the case of the rotation 
of hyperplanes (the most common procedure), the rotation of the x-axis is · 
recorded ABOVE the diagonal on the shift sheet, while the rotation of the y-axis 
is recorded BELOW the diagonal on the shift sheet. For the case of rotating 
factors just the opposite is true. 

The shift sheet is then punched upon cards producing the "shift deck." 
Usually unities are punched in the communality of the shift deck. ROTOPLOT 
II may be instructed to assume unities in the diagonal. 

Cases When Unities are Not Used in the Diagonal of the Shift Deck. Occa
sionally one may wish to change all the signs for a given factor. To do this, one 
need simply place a -1 (rather than a +1) in the diagonal position in the shift deck 
for the given factor; e.g., if factor 3 is to be reflected, then cell 3, 3 of the shift deck 
would contain -1 instead of + 1. 

Occasionally one wishes to alter the order in which factors are printed. For 
example, in one item analysis of the 16PF, it was desired that the factors be 
printed in the order in which they appear on the test. To do this, place the·columns 
of the shift deck in the desired order. If for example you wish factor 3 to become 
factor 2 and factor 2 to become factor 3, simply exchange columns two and three 
in the shift deck. 

Note that both of those procedures have a permanent effect which is incor
porated into the new lambda along with the rotations. 

Decks Needed. 1) Vo, 2) if the starting position is oblique, a previous lambda, 
3) a shift deck. 

Set up. 1) system cards, 2) ROTOPLOT II control cards and appropriate 
decks: 

A) PROBLM card. 

Column No. 

01-06 
08-10 
12-13 
15-17 

19-21 
23-25 

27-29 
31-33 
35-45 
47-53 

54 
56-61 

B) Title card 
C) Format for Vo 
D) Vo 

"PROBLM" 
number of variables 
number of factors 

Contents 

a) "YES" if starting from an oblique position 
b) blank if starting from an orthogonal position 
"YES" 
"YES" in order to obtain a new lambda which will 
be input for your next rotation 
"YES" for new graphs after rotation 
your option 
blank 
your option; usually Vo, Lambda, Rt-, Rrv, and V!p 
are req nested 
blank 
your options 

E) Format for Lambda (if starting from oblique position) 
F) Lambda (if starting from oblique position) 

37 



MULTIVARIATE EXPERIMENTAL CLINICAL RESEARCH 

G) Format for Shift deck 
H) Shift deck 

Some Random Notes on Avoiqing Problems 

The Vo. Remember all phases of hand rotation start with a Vo which is an 
orthogonal factor matrix. If you are starting from an oblique solution, you still 
need the orthogonal Vo but you also need a lambda which rotates the Vo to your 
oblique position. This usually occurs when your starting point for hand rotations 
is the result of an analytic rotation such as OBLIMAX. In such case you do not 
input the rotated matrix, rather the unrotated matrix plus the lambda which 
yields the OBLIMAX solution. 

The New Lambda. The effect of each hand rotation is accumulated into a new 
lambda which you usually order punched on cards. (NOTE: When you request 
the lambda to be punched, a format card for the new lambda is also punched.) 
This means that for successive rotations, the Vo stays the same but the inputed 
lambda is the one produced by the previous rotation. 

The Procrustes Solution 

THE PROCESS CONCEPTUALLY 

This process (Hurley and Cattell, 1962) is derived from the following defining 
equation: 

Vrs = Vol 
Solving for l 

Vo' Vrs = Vo' Vo A 
(Vo'Vo) -l Vo'Vrs = (Vo'Vo) -1 (Vo'Vo)l 
(Vo'Vo) -l VoVrs = 1 

But what happens if instead of the Vrs, one substitutes a hypothetical Vrs 
(Vhyp )? A lambda is produced which rotates the Vo as closely as possible to the 
Vhyp. This is the procedure carried out by the Procrustes Solution section of 
ROTOPLOT II. 

It should be again noted that this is a "power" process, i.e., Procrustes will 
attempt to force a fit even when an actual fit does not exist. Also even when there 
is a relatively good fit, the push for an exact fit can lead to problems. In both 
cases, this difficulty is usually indicated in the factor correlations. Often the 
mean factor correlation will be unusually high. In order to eliminate this problem, 
the best procedure for Procrustes is: 

A) Perform the Procrustes 
B) Carry out hand rotation to 

1. lower the correlations and 
2. improve the hyperplane count 

C) When this is done, do congruence coefficients between the final position 
and the V hyp. 

Although one can provide a lambda with the original Vo for this procedure, 
it is not necessary. As any rotation is a linear transformation, the same result 
should occur whether one starts from the original Vo or from a rotated Vrs. 
Finally one is allowed to provide a lambda for the Vhyp. 
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HOW TO CARRY OUT THE PROCESS (Procrustes) 

Decks Needed 
1) Vo, 2) Vhyp, 3) Lambda for Vhyp if desired. 
Set Up 
1) System cards, 2) ROTOPLOT II control cards and appropriate decks: 

A) PROBLM card 

Column No. 

01-06 
08-10 
12-13 
15-21 
23-25 
27-29 

31-33 
35-37 
39-41 

43-45 

47-54 
56-57 
59-61 

B) Title Card 
C) Format for Vo 
D) Vo 
E) Format for Vhyp 
F) Vhyp 

"PROBLM" 
number of variables 
number of factors 
blanks 
your option 

Contents 

your option but it is a good idea to have the results 
graphed 
blank 
"YES" 
"YES" if there is a lambda for the Vhyp otherwise 
blanks 
blanks (congruence coefficient will be supplied 
between the results and the Vhyp in any case) 
your options 
your option 
your option 

G) Format for Lambda for Vhyp if Col. 39-41 of PROBLM card contains 
"YES" 

H) Lambda for Vhyp if Col. 39-41 of PROBLM card contains "YES" 

Congruence Coefficients 

THE PROCESS CONCEPTUALLY 

Often one has two factor matrices that have the same variables and the same 
number of factors but were computed from different samples. When this occurs, 
one may wish to find the relationship between the factors in the two different 
matrices. Congruence coefficients (Burt, 1940) may be calculated in order to 
measure the relationship. The formula for computing a congruence coefficient 
between any two factors from different studies is as follows: 

re =~Xi Yi/ J'"i:, Xi2 ~ Yi2 

where Xi is the i th loading on the first factor and Yi is the i th loading on the 
second factor. 

The congruence coefficient option of the ROTOPLOT II computes congruence 
coefficient for all pairwise combinations of factors between two factor matrices 
which have the same variables and the same number of factors. 
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HOW TO CARRY OUT THE PROCESS (Congruence Coefficients) 

Decks Needed 
1) Vo 
2) Comparison Factor Matrix 
3) Lambda for Vo (optional) 
4) Lambda for Comparison Matrix (optional) 

Set Up 

1) Systems cards 
2) ROTOPLOT II control cards and appropriate decks. 

A) PROBLM card 

Column No. 

01-06 
08-10 
12-13 
15-17 
19-37 
39-41 

43-45 
47-61 

B) Title Card 
C) Format for Vo 
D) Vo 

"PROBLM" 
number of variables 
number of factors 

Contents 

"YES" if a lambda is to be read for the Vo blank 
blank 
"YES" if a lambda for the comparison matrix is to be 
read 
"YES" 
your option 

E) Format for Comparison matrix 
F) Comparison Matrix 
G) Format for Lambda for Comparison if Col. 39-41 on PROBLM card is 

"YES" 
H) Lambda for Comparison Matrix if Col. 39-41 on PROBLM card is 

"YES" 
I) Format for Lambda for Vo if columns 15-17 on PROBLM card is "YES" 
J) Lambda for Vo if columns 15-17 on PROBLM card is "YES" 

SOME USEFUL HINTS ON HAND ROTATION TO SIMPLE STRUCTURE 

Hand rotation to simple structure is a skill which develops only with practice. 
There are several points which, if followed, will aid in the process. 

Essentially the process involves attempting to get as many "dots" in a hyper
plane (for convenience, on one of the axes) as possible (actually within two points 
of the axis approximately represents the .10 hyperplane). When rotating remem
ber the following: 

(1) Tend to make small shifts (tangents less than .30) unless you are truly 
sure of the shift. Over shifting generally results in two problems: (a) a drop 
in hyperplane count and (b) extremely high correlations between factors. 

(2) When in doubt about a rotation, leave it for the next time around. Often 
other rotations will help clear previously cloudy positions. 

(3) Though one should keep factor correlations from becoming too large (say 
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greater than .8), remember that the factors may actually be correlated. 
Thus, if a rotation clearly improves simple structure, yet also raises the 
factor correlation, it still should be done. 

(4) Because one is actually rotating reference vectors, a rotation with the 
same sign as the factor correlation will reduce it. 

(5) Be patient with the rotations. If one is starting from an orthogonal posi
tion, the first rotation may improve the .10 hyperplane by as much as 
10-15 percent. After the initial rather large improvement, an increase of 
one to three percent per rotation is good. 

(6) The most difficult factor matrices to locate simple structure are those with 
less than 30 variables. 

DEFINING EQUATIONS 

THE ROTATION 
1 c ~c-1 S normalized by columns 

le = lambda for current rotation 

l c-1 = lambda from previous rotation 

S = shift matrix 
Vrs (Reference Vector Structure) 

Vrs = Vole 
Rrv (Reference Vector Correlations 

Rrv (Reference Vector Correlations) l 
'l Rrv= cc 

Rr (Factor Correlations) 
let D = a diagonal matrix containing the reciprocal of the square roots of the 
diagonal in Rrv -1 

Rv = D Rrv -1D 
V,p (Reference Vector Pattern) 

Vr., (Factor Structure) 

VrP (Factor Pattern) 

Vrp = Vrs Rrv -1 

Vrs = Vrp D 

Vrp = Vrs R(l 

FOOTNOTES 

1. A debt of thanks goes to my graduate a88istant Randy Timpe who was crucial in programming the 
graphing phase of the program. 

2. I have a great deal of sympathy for you computer folks (I used to be one myself) who are often faced 
with the task of someone walkinJr in with a huge program written in 370 assembler and are ordered 
to convert the program to 1620 SPS by tomorrow. A brief note on how to make the program run will be 
supplied with the source coding. 

3. Anything between double quotes (" ") goes exactly as is on the card excluding the double quotes. 
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AN EXPERIMENTAL ALTERATION OF MOTIVATION 

LEVELS IN ADOLESCENTS 

Samuel E. Krug t 
Institute for Personality and Ability Testing 

ABSTRACT 

Two experiments were carried out within the framework of Cattell's moti
vation theory. Results demonstrated that dynamic trait factors, each of which 
encompasses a wide spectrum of specific attitudes, are functionally unitary 
entities, since manipulation of only one component attitude (e.g., fear of war) 
results in changes on related attitudes (e.g., fear of illness, fear of parental 
rejection). The experiments further clarified the theoretical nature of drive 
stimulation and drive frustration within the context of this motivational theory. 

INTRODUCTION 

The domain of motivation has provided a rich field of research for psycholo-. 
gists throughout the last half century. While a good deal of this research has 
been directed towards comparative studies of animal behavior (Beach, 1955; 
Hebb, 1949; Young, 1936), a number of other theorists, particularly those in 
personality (Freud, 1949; Allport, 1961; Maslow, 1954), have attempted to con
struct a viable framework for dealing with dynamic human behavior. Although 
these approaches have generated many interesting hypotheses, they have 
usually eluded rigorous experimentation and precise quantification. 

With advancements in multivariate experimental psychology, a more in
tensive examination of these dynamic phenomena was begun. The findings of 
this research have been integrated within a motivational theory that has come 
to be known as the "dynamic calcuh.ts." It is not possible to give a compre
hensive statement of the dynamic calculus here. For this the reader must be 
referred elsewhere (Cattell, 1959; Horn, 1966; Dielman & Krug, 1977). How
ever, a brief overview of the major elements of the theory may help in providing 
an appropriate background for the present research. 

The two main avenues of development within the dynamic calculus have 
been ( 1) identifying the structure underlying various expressions of interest 
strength , and (2) identifying the structure underlying the interests themselves. 
With regard to the former, research has provided us with seven primary factors 
and two secondaries, which seem largely to describe the relationships among 
expressions of interest strength. These factors have been called the motiva
tional components. With regard to the structure of inte·rests themselves , a 
number of distinct factors have been identified and replicated, ranging from 
developmentally primitive needs such as assertiveness, pugnacity, and mating 
(referred to technically as ergs) to more finely articul~ted interest structures 
such as attachment to school, to home, and to country (known. technically as 
sentiments). Collectively, these ergs and sentiments are referred to as dynamic 
structure factors. 
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Theoretically, dynamic structure factors are assumed to extend across a 
broad spectrum of specific attitudes. The fear erg, for example, extends across 
fear of war, fear of disease and illness, fear of parental rejection, etc. Regard
less of how distinctive the various component attitudes might appear on the 
surface, theoretical postulates from the dynamic calculus hold that they are 
functionally interdependent. Stimulating the fear of illness attitude, for 
example, will also tend to stimulate the fear of war attitude, although perhaps 
not so intensely. To some extent the attitudes may be viewed as inter
changeable. One practical corollary of this principle is that we can obtain valid 
measures of the factor as a whole without having to assess every component 
attitude in turn. 

For more than 30 years the dynamic calculus has accepted this proposition 
largely on the strength of the factor-analytic evidence of structure. That is, co
variation among a set of attitudes was taken as evidence of their inter
dependence. Some recent work has aimed at a more direct test of the hypothe
sis (Kawash, Dielman, & Cattell, 1972; De Young, Cattell, Gaborit, & Barton, 
1973; Cattell & Dielman, 1974), but no clear-cut experimental demonstration 
has yet been provided. Consequently this became the first aim of the present 
research. Operationally, the question was: Can we experimentally raise or 
lower the level of one attitude and detect corresponding changes in the level of 
the factor as a whole? 

Experiments designed to study human motive strength have generally 
employed two distinct types of manipulation. In some studies, performance is 
evaluated following stimulation of a particular interest. For example, thirst is 
stimulated by withholding water, hunger by withholding food. We might then 
check to see how quickly a rat learns a maze to reach the desired goal of water 
or food. In other studies, performance is evaluated following frustration of a 
particular interest. Here, the desired reinforcement is withheld. The distinction 
between these two processes, stimulation and frustration, can best be made by 
considering the basic stimulus-response-reinforcement learning sequence. 
Stimulation of a drive is directly concerned with the stimulus aspect of the 
sequence. We can, for example, normally stimulate the sex drive in people by 
exposing them to increased amounts of erotic material. Because of this direct 
focus on specific stimulus characteristics, the effects of stimulation on observ
able measures of motivation strength are apt to be localized and direct. To con
tinue the example, if we stimulate the sex drive we expect to see a rise in 
measured sexual interest, not in thirst or hunger. 

Frustration, on the other hand, relates not to specific stimulus characteris
tics but to the consequences of the behavioral act. The creative drive in writers , 
for example, is frustrated when they receive only rejection slips in response to 
their submissions. 

In terms of the usual paradigms, frustration (as a consequence of behavior) 
leads to eventual extinction of the behavioral act. Furthermore, as others have 
pointed out (Mowrer, 1940; Sears, 1943; Child & Watterhouse, 1952), the 
extinction of one behavioral act may lead to the appearance of earlier learned 
behaviors , a phenomenon termed regression by dynamic psychologists. It 
would seem then , conceptually, that the effects of drive frustration are apt to be 
somewhat more diffuse than the effects of drive stimulation, since the precise 
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sequence of regression would be a function of the learning history of the 
organism. In this context, the distinction between Unintegrated (U) and Inte
grated (I) motivational expres_sion becomes particularly crucial. As was 
outlined earlier, the dimensionality of motivational expression has been ex
plored and · factorially defined in terms of seven primary components and two 
second-order motivational strength factors. These last two are called 
component I (Integrated expression or interest strength arising from conscious, 
reality-tested motivation) and component U (Unintegrated expression or 
interest strength arising from tendencies that have not been consciously 
organized and reality tested). Sweney (1969) has recently attempted to con
struct a theoretic bridge between these motivational concepts and traditional 
learning models by identifying integrated motivational strength ( component I) 
with habit strength and unintegrated motivational strength (component U) with 
drive level. In essential agreement with Sweney's position, Krug and Henry 
(1974) have more recently chosen to describe integrated motivation strength as 
representing satisfaction level. 

Building upon these basic premises, the following hypotheses present 
themselves: (1) that in the stimulation of an erg or sentiment the measurable 
effects will be essentially restricted to that specific erg or sentiment and will not 
readily extend to other ergs or sentiments, and (2) that in the frustration of an 
erg or sentiment the effects will be more diffuse and lead to a general decrease 
in the level of integrated functioning. 

In order to insure congruence across the numerous experiments conducted 
on the dynamic calculus, Cattell has suggested that any attitude which is to be 
studied must be able to be formulated in terms of a common paradigm. Two 
such attitudes were selected for the present study, one known to be an element 
of the basic fear drive, the second involved in the developmentally more refined 
school sentiment. In terms of the paradigm these may be expressed as: (1) "I 
want to avoid war and violence,'' and (2) ' 'I want to do well academically.'' 

The specific experimental expectations were: (1) that subjects exposed to a 
threat-arousing stimulus would show a significant increase in the fear erg, and 
(2) that students given poor reports of their academic achievement levels would 
show a decrease in the strength of the school sentiment. 

In terms of the stimulation-frustration hypothesis, the specific experi
mental expectations were: (1) that under experimental stimulation of a motive, 
the impact will be most noticeable in the unintegrated expression .of interest 
strength, specifically as a rise in drive level; and (2) that under experimental 
frustration of a motive, the impact will be most noticeable in the integrated 
expression of interest strength, specifically as a decrease in satisfaction level. It 
is difficult to anticipate what stimulation will do to integrated motive strength, 
or what frustration will do to unintegrated motivation. A reasonable hypothesis 
is that stimulation will lead to a decrease in integrated strength, and frustration 
will cause drive level to rise. Thus, for example, an individual presented with a 
long series of sexually stimulating pictures might experience a decrease in 
sexual satisfaction. Conversely, an athlete who finishes second or third in one 
tournament might be driven even harder to win first place in the next. . 
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EXPERIMENTAL DESIGN 

Two independent, experimental procedures hereafter identified as the 
achievement experiment and he fear experiment were carried out. Complete 
data were available for 240 seventh- and eighth-grade students from Mounds
Meridian High School in Southern Illinois. 2 

The principal instrument for the study was the School Motivation Analysis 
Test ($MAT: Krug, ,Cattell, & Sweney, 1976). Developed on the basis of 
dynamic calculus theory, this test assesses motivational level in each of ten 
important behavioral areas (assertiveness, mating, fear, narcism, pugnacity, 
protectiveness, self-sentiment, superego, school, and home). Motivation 
strength in each area is expressed in terms of an unintegrated (U) component, 
measuring drive level, and an integrated (I) component, measuring drive satis
faction. The relative excess of unintegrated over integrated motive strength is 
taken as an index of dynamic conflict (Dielman & Krug, 1977). Five derivative 
scores (general information-intelligence, total integration, total autism
optimism, total personal interest, and total conflict) can also be calculated from 
the SMA T protocol. 

Both experiments were conducted on separate days, with a one-day 
interval between testings. 

In the achievement study, 48 seventh-grade students were randomly selec
ted for the experimental group, and 61 seventh-grade students served as 
controls. Before the experiment began, both groups completed Scale 2 of the 
Culture Fair Intelligence Test, a nonve!bal measure of general ability. Students 
were told this test had been devised to predict how well the student would do 
academically later on in school., Subjects were asked to estimate how they 
expected to do on the test, and guidelines were provided for interpreting 
scores. Next, the SMAT was administered. Reports were prepared for each 
student in the study, giving fictitious results of his or her performance on the 
"scholastic achievement" test administered earlier. Control group subjects 
received scores at or slightly above their personal expectation level. Experi
mental group subjects were given scores below their personal expectation 
level. These results were returned immediately before all students were 
retested with the SMA T. 

In the fear experiment, 69 eighth-grade subjects were randomly assigned 
to the experimental condition and 62 served as controls. Immediately before the 
second SMAT testing session, those in the experimental group saw the movie 
"Toys," produced by the Canadian Broadcasting Corporation , which makes a 
dramatically powerful statement against war and violence. Those in the control 
group saw the movie "Pigs," which deals with a day on a pig farm. The films 
were of approximately equal length. Immediately after the films, both groups 
were retested. 

BETWEEN-GROUPS DIFFERENCES 

Initially, two control groups were set up on the assumption that motiva
tional patterns might change dramatically within each age period. When the 
data were analyzed, however, there appeared to be only one ~ignificant differ
ence between the change scores of the two control groups, and this was on a 
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factor (home: I) that was not involved in any of the hypotheses formulated 
earlier. Consequently, it seemed appropriate to pool the two samples into a 
single control group in order to make subsequent comparisons more powerful. 

Means and standard deviations of change scores for each of the groups 
studied are -presented in Table 1. For each dynamic trait, pretest scores were 

Table 1 

MEANS AND STANDARD DEVIATIONS OF CHANGES ON SMAT FACTORS 

Experimental Groups Control Group 

Dynamic Structure Achievement Study Fear Study 

Factors Mean SD Mean so Mean SD 

Assertiveness - .05 .89 -.13 .90 .11 1 .10 

Mating .06 .93 .11 .98 .09 1 .05 

Fear -.04 1.08 .29 .97 - .05 1 .00 

1 Narcism - .10 .86 .00 1.11 -.18 .99 

l! Pugnacity - .02 .99 -.06 .99 -.26 1 .01 
aa • Protectiveness .02 1.10 .03 1 .11 .17 .90 c 
c Self-Sentiment .10 . 93 .12 . .96 .02 1.05 
:, 

Superego .09 .97 -.06 .96 -.12 1.05 

School .11 1.03 .09 .92 .16 1 .04 

Home .09 1.11 -.06 .91 - .07 1 .00 

Assertiveness -.11 1.00 .13 .96 -.14 1.05 

Mating - .10 1.00 .08 .89 .06 1 .07 

Fear -.07 .99 - -.18 .93 .08 1 .05 

1 Narcism - .09 .82 .18 1 .03 .13 1.05 

l! Pugnacity - .07 .86 - .02 .96 .13 1 .13 
aa • Protectiveness - .10 .93 .13 .91 .19 1.08 
~ 

Self-Sentiment - .23 .99 - .18 .96 - .25 1 .04 

Superego - .04 1 .00 -.03 .94 .04 1 .04 

School -.31 .94 .08 .91 .14 1 .07 

Home -.45 1 .12 .00 .90 -.10 .99 

subtracted from posttest scores. Positive values indicate that subjects 
increased, on the average, between testings . Negative values indicate a decline 
in scores. 

Two approaches were taken in the analysis of these differences between 
groups: (1) direct tests of hypotheses established at the outset of this research, 
and (2) a multivariate methodology which permitted an analysis of the totality 
of differences and allowed for the interrelationships among the factors. 

The results of univariate tests of mean difference showed that the experi
mental group in the achievement study had dropped significantly with respect 
to controls on the integrated school sentiment (t = 2.41, p < .05), dropped on 
the total (integrated + unintegrated) protectiveness sentiment (t = 1. 97, p < 
.05), and increased on home conflict (t = 1.96, p < .05). With respect to the 
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SMAT derivative scores, the experimental group showed a significant decline 
in the overall information score (t = 2.14, p < .05) and integration score (t = 
2. 96, p < .01), and a rise in overall conflict (t = 2.59, p < .01). 

In the second experiment the change on unintegrated fear was in the 
expected direction (t = 2.27, p < .05). However, no other scale comparisons 
were significant at conventional levels. 

Next, a more exhaustive multivariate analysis was undertaken. Scores 
reflecting the change from Occasion 1 to Occasion 2 were analyzed by means of 
a step-wise discriminant function analysis in order to identify linear combina
tions of factors that significantly differentiated overall change in the experi
mental group from change in the control group. That is, what linear combina
tion of factors best explained the differential change between the two groups? 

For the achievement experi~ent, the optimum function for differentiating 
the exoerimental from the control group was: 

.08 (Home: U)- .07 (Mating:I) - .08 (Narcism:I) - .18 (School:!) 
- .10 (Protectiveness:!) - .15 (Home:I) . 

In the fear experiment, the optimum function was: 

.13 (Pugnacity: U) + .09 (Fear: U) - .09 (Protectiveness: U) 
+ .07 (Home:U) + .15 (Assertiveness:!) . 

Both functions were significant beyond conventional levels. 

(1) 

(2) 

It should be noted in these equations that the method used here examines 
relative differences between groups and not differences relative to zero. In 
equation (1), for example, the weight of .08 for the unintegrated home senti
ment does not indicate directly that the experimental group increased while the 
control group decreased or remained constant, but that, relative to the overall 
shift of groups between occasions, the experimental group was higher and the 
control group lower. 

In the achievement experiment, the weight assigned to integrated school 
interest is in the direction predicted by the experimental hypothesis established 
at the outset of this research. The role of narcism most probably reflects 
varying levels of egoistic self-concern in the two groups, the experimental 
group having experienced a damaging blow to the ego, the control group 
having experienced an enhancement of self-image. The negative weight 
assigned to protectiveness suggests that the experimental group may have 
become somewhat hardened by this experience. The differences on uninte
grated home interest may be explained, to some extent, as increased 
dependency needs in the experimental group. Taken together with the negative 
weight assigned to the integrated home factor, these probably reflect an 
increase of conflict in this interest area. Perhaps the experimental manipulation 
was sufficiently realistic to stimulate concern about what parents might think 
about their poor performance. 3 The negative weight on integrated mating is 
not immediately interpretable but may be part of a general decline in 
integrated motivation for the experimental group. 

In the second experiment, the increased fear drive is again consistent with 
expectation. To some extent it would appear that the changes here are offset by 
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an increase in the pugnacity and assertiveness ergs and a decrease in the pro
tectiveness drive. The home drive is also stimulated, perhaps once again 
reflecting increased dependency in experimental subjects. 

DISCUSSION AND SUMMARY 

This research was designed and executed to test two major hypotheses: (1) 
that the functionally integrated nature of dynamic structure factors can be 
demonstrated by showing a significant change in the level of the factor as a 
whole when only one component attitude is experimentally manipulated, and 
(2) that the frustration and the stimulation of an erg or sentiment can be shown 
to have differential effects on the level of total integrated motivation strength 
across attitude content. 

Statistical tests of changes on unintegrated fear and integrated school 
interests provided support for the first hypothesis. The fear experiment is 
perhaps the more dramatic illustration, since the specific attitude chosen for 
manipulation was fear of war, while the two attitudes measured by SMAT are 
"I want to avoid painful injuries and frightful diseases" and "I do not want my 
parents to reject me as a failure and disappointment" (Krug, et al., 1976, p. 7). 
This covariation of effect, evident when manipulation of a specific fear results 
in general fear arousal across other fear content areas, underscores the 
functionally unitary nature of the fear erg and, by implication, other ergs and 
sentiments similarly discovered that might have been selected for the demon
stration. 

Earlier, theoretical arguments were developed to suggest that frustration 
and stimulation would ·operate differentially on integrated and unintegrated 
motivation strength. 

Results of the univariate analyses showed that frustration of the school 
sentiment led to significant integrated changes, while stimulation of the fear 
erg led to significant unintegrated changes. Changes in unintegrated school 
level under frustration and integrated fear levels under stimulation were in the 
opposite direction but did not reach statistical significance. Furthermore, tests 
of the composite integration level showed that experimental subjects dropped 
significantly in a frustration but not stimulation condition. · 

Results of the multivariate analyses provide somewhat more dramatic 
evidence in support of this hypothesis. Of the variation in change scores 
explained by the discriminant function, roughly 80% in the frustration 
(achievement) exyeriment is attributable to integrated factors, and about the 
same proportion in the stimulation (fear) experiment .is attributable to uninte
grated factors. 

The magnitude of effect in the two experiments was somewhat less than 
might have been anticipated. However, the design called for these effects to be 
manifested in change scores, which are known to be very unreliable unless 
based on pre- and posttest scales of extremely high reliability. Undoubtedly 
this made it more difficult to' detect hypothesized effects, and future work of 
this type would do well to consider alternative designs using, perhaps, random 
assignment of the subject population to independent contrast groups, each of 
which would be observed under a single condition. 
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In summary, then, the present research: (1) empirically demonstrated what 
had long been supposed-that dynamic structure factors, although extending 
across many component attitudes, are functionally unitary entities; and (2) ex
tended the theoretical framework of an established motivational theory to an 
understanding of the process of frustration. Within the applied domain, the 
results shown here suggest that instruments such as SMAT and equivalent 
tests for other ages can provide insightful measurement of frustration patterns 
which could prove invaluable to clinicians and counselors. 

NOTES 

1 Requests for reprints should be sent to Samuel E. Krug, Test Services Division, IPAT, 1602 Coronado D-:ive, 
Champaign, Illinois 61820. 

2The author wishes to thank administration and staff at Mounds-Meridian for their cooperation in this investi
gation, which required nearly 3,000 student hours of testing. Mr. Don Shaner's help in coordinating the entire 
testing phase deserves special recognition. 

3The manipulation appeared to be unexpectably powerful. The top-ranking student in the class by chance was 
assigned to the experimental group. When the achievement results were returned she became ill and had to leave the 
classroom, unable to complete the experiment. However, she and all subjects were debriefed immediately after the 
testing session in order to forestall any further damage. 
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