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ABSTRACT

ij~~
f.'ighteen objective devices previously validated as interest measures, and

chosen as markers to test the hypothesis that there are seven designatable
a.'. motivation components, were administered to 135undergraduates for each of two

attitude-interests wanting to participate in sports and wanting to get better

grades. Both areas pointed to 8 or 9 factors and eight were taken and rotated

to maximum simple structure on most factors. The agreement of patterns at
these unique independent resolutions was tested by both congruence coefficients,

t gg,

r's, and salient variable similarity indices, s's which showed (a) significant
agreement of the majority of factors with the hypotheses expressing, in patterns,
the previous researches, (b) significant agreement of sports and grades, indica-

tion independence of motivation components with respect to area of interest. till

However, three factors showed some weakness of match in one leg of the three

cornered comparison of grades, sports and pioneer experiments. An alternative

theory is presented here according to which four of the factors are considered

to align themselves with dynamic calculus concepts represented in the specifica-
tion equation for an interest from ergs, sentiments, the arousal adjunct to an

erg, and the activation expression of a sentiment.

INTRODUCTION
f.

Probably the most radical development in motivation study, as a scientific,

experimental topic in the last twenty years, is what has been called the dynamic

calculus. Its chief characteristics are: (1)the measurement ofmotivation strength

in humans as in animals2 by objective devices rather than questionnaire self-

evaluations; (2) the structuring of broad samples of life attitudes and interests

by multivariate experiments, leading to recognition of unitary common dynamic

traits defined as ergs and sentiments (Cattell & Child, 1975); (3) the develop-

ment, on the basis of objective measurement of dynamic traits, of a calculus of
conflict, and new principles of emotional learning and personality integration
learning (Cattell, in press).

This whole structure of concepts can only be as sound, however, as the
validity of the foundation of objective devices of experimental measurement.

Concept vaiidities have been evaluated and supported by correlations against
seven primary and two secondary factors, the latter designated U, unintegrated,

and I, integrated components. Their concrete validities against time and money

spent on interests, (Cattell, Heist; Heist & Stewart, 1950),performances in school

(Cattell & Butcher, 1968), and job relations (Cattell, Horn and Sweney, 1964;
and Lawlis, 1971)have reached effective values in applied psychology.

Up to this point about 100 devices mentioned in psychological literature

as having any signs of validity as motivation strength measures have been
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tried, and have been whittled down to about twenty. Because the basic research 
(Cattell, Radcliffe & Sweney, 1963) showed the pool of test and criterion (time 
and money expenditures) measures to have seven primary motivation com
ponent factors and two secondaries, the calculation of validities has been against 
these factors. The most important factors in clinical and other applied psy
chology fields have turned out to be the secondaries, which seem common to all 
areas of interest expression (see Cattell, Maxwell, Light & Unger, 1949). 

From the standpoint of basic science, however, there remains the riddle 
of what these components mean dynamically. The answer might better be 
achieved if the loading patterns of the devices of the motivation components 
could be sharpened and if certain doubts (due to insufficient followup of the 
original studies) as to the exact number and nature of the secondaries could 
be removed. Although there have been twelve years of research in regard to the 
dynamic structure factors with the Motivation Analysis Test (MAT) (Cattell, 
Hom & Sweney, 1965), and reports are available on the correlations ofits devices, 
it so happens that the devices marking the secondary motivation components 
in the MAT were reduced to only four in number; i.e., projection, autism, 
information, and word association. Thus the primary structure found in the 
larger pool of devices remains unchecked, investigated only in the original 
monograph (Cattell, Hom, Radcliffe & Sweney, 1964). There is, however, some 
recent research (Birkett & Cattell, in press) on component structure in devices 
iri longitudinal, P-technique observations which roughly supports the R
technique·U and I components. In so doing, it also supports the theory, however, 
that some difference of P- and R-technique structures is to be expected, notably 
in the correlations of U and I being significantly negative in the former and zero 
in the latter (see discussion in Birkett & Cattell, 1978). However, in this and 
other developments, conclusions could be more reliably drawn if the basic seven 
primary component structures in the objective devices were more firmly estab
lished. The present _study therefore sets out to repeat the original R-techniquE 
research with identical measures. 

Table 1 

Hypo thesized Marker Variables1 (Devices , Vehicles) fo r the Seven 

Pr imary Motivation Components 

Marker Devi ce labelled and Number Motivation Component or 

1. 

2. 

3. 

4. 

5. 

6. 

desc ribed used in Components mainly represented 
Matrices 

Autism . Tendency to 1 Alpha ("Id") and Gamma ("Super Ego") 
belie ve what fits one 's 
interests (4) 
Fantasy . By choice of 7 Alpha ("I d") a nd Gamma ( "Supe r Ego") 
recreational book titles 
(39) 
Pr eference Sta t ement. 8 Al pha ("Id") and Gamma ("S uper Ego") 
Conscious eval ua t ion, i n 
paired preference form (1) 
Projec t ion. As evaluation 6 Alpha ("Id") 
of streng t h of mo t ives in 
others (43b ) 
Informa t ion. Showing prac - 2 Be t a ("Ego") 
ti cal knowledge of means 
to t he goa l of an i nte r est 
(2) 

Word Associa t ion . Choice 3 Gamma ( " Supe r Ego") 
in word pair i n r es ponse 
to stimul us wo rd (2 3) 
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7. Warm-up Speed. 2nd half to 9 
1st half in distance cov
ered in reading interest 
passage (24) 

8. Super ego projection. 4 
Same as (4), but now 
"People say one should .. . " 

9. Fluency. Words per minute 15 
on given topic. (17) 

10. Perceptual selection. Per- 10 
ception of hidden figures 
corresponding to interest 
(S) 

11. Speed of decision. Recip- 17 
rocal of reaction time in 
word association, adjusted 
for direction of choice2 
(14) 

12. Retroactive Inhibition. 
Reduction of memorizing 
neutral material by inter
polation of stimuli to 
interests (13) 

14 

13. Memory for Cues. Remember- 12 
ing over short standard 
interval interest items 
from general word list (8) 

14. Reminiscence. A measure 13 
of further recall in (13) 
after the initial test is 
finished. (26) 

Beta ("Ego") 

Gamma ("Super Ego") and Alpha, but slightly 

Gamma ("Super Ego") but also Eta 

Beta ("Ego") but also Gamma and 
negatively on Epsilon 

Delta, but also on Zeta 

Delta 

Epsilon. The loading is negative 

Epsilon. The loading is negative 

15. Muscular Decision Strength 18 Zeta 
or Tension. Pressure on 
level on association word 
choice, adjusted for di
rection of choice (34) 

16. Fluency on Cues. Stimuli 
to the attitude are fol-
lowed by 1 minute to write 
of what things cue the 
interest and when con
sequences may follow (16) 

11 

17. Persistence. How far does 16 
the individual read an 
increasingly undecipherable 
passage concerned with the 
interest? (20) 

18. Criterion of time and 
money expenditures on 
interest ("utilities") (60) 

1 

5 

Eta, and Gamma 

Eta. Probably negative somewhat on epsilon. 

Presumably all components 

It has seemed best to arrange these initially in the order of the 
motivational components they represent. A decidely more detailed description 
of (a) the test procedures themselves and (b) the theory of each of the 
seven factors is given in Cattell, Radcliffe & Sweney (1963). The numbers 
in brackets are the test numbers in that monograph. 

2 
The hypothesis in this case is not primarily based on data, but, 

because Epsilon is the "unconscious complex" component, on the theory that 
E should lead to rejection of perceptions that might remind on~ of the interest. 

3 
Unlike the original study, 1963, which rested on records of time and 

money expenditures, this was made at the time of the test by the individual's 
own total estimate at the time of the present research. This measure 18 
in our matrices had no identifying number in the monograph descriptions 
of the devices on which we are check~ng and was assigned No. 60, consecutive 
to the last there, No. 59. 

METHOD 
Because our hypothesis is that there are seven or eight primary factors, it 

was necessary to have at least 14 to 16 independent variables. Accordingly, 
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we ultimately entered on the safe side with 18 variables. They were chosen to 
mark strategically the primary motivation components according to the original 
researches (Cattell, Radcliffe & Sweney, 1963). The tests used are briefly 
described with their main theoretical factor affiliations in Table 1. 

A principle well established in the dynamic calculus is that the motivational 
component patterns among the devices remain essentially the · same despite 
differences in the dynamic content of the attitude-interests measured. This 
law also is to be checked in our present research by taking two very different 
attitude interests and employing the same 18 devices. The subjects were under
graduate men and women, and because the interests measured had to be 
applicable in some degree to all, the following were settled upon: 

1. "I want to follow college sports and athletic events." 
2. "I desire to get the highest possible college grades." 

It will be noted that these take the standard attitude-interest paradigm (Cattell 
and Child, 1975) of a response course of action, and the corresponding stimulus 
situation "As an undergraduate" is left understood . 

. The success of a study such as this depends appreciably on ingenuity and 
skilled judgment in making up the items. A good principle may fail, or give 
anomalous loadings if not intelligently realized in the items. Because there 
was no occasion here for professional test construction involving grooming 
of the items by item analysis, the items were made up by the team of students 
listed at the end of this article on face validity. From a psychometric point of 
view it may be noted that the items took the following five scores forms: 

1. Items with four response steps graded on a continuum as in Autism. 
2. Open-ended items, such as Fluency, scored by responses of a given kind 

per minute. 
3. Four responses with only one right, as in an Information item. 
4. Timed tests measuring performance accomplished, as in Warm-up, 

Persistence, Memory recall. 
5. Paired choices as in Word Association, Fantasy, Preferences, and 

Projection. · 

The subjects were initially 150 undergraduates, but due to attrition we 
finished with 135, of whom 69 were males and 66 females. All completed the 
16 group tests but a sample of 50 was taken for the two individual tests. The group 
testing took 1½ hours and was conducted in one session. In individual testing, 
which projected choice words on a screen and measured "thrust" on a lever by 
distance on a four-point ratchet against a spring pressure, each decision took 
10 minutes. As is necessary in dynamic trait measurements, in which there 
may be function fluctuation with time, the times at which measurements were 
taken as closely together as possible. Indeed, because it was necessary for the 
experimenters to adapt the administration to the dictates of university 
scheduling (the testing was a course requirement), and it was necessary to 
complete the tests in the time allotted, no break was given between tests. This 
procedure seemed acceptable, for similar procedures have proved satisfactory 
in the past (Cattell et al., [MAT manual]). 

The data for the two attitudes were run through precisely parallel analyses. 
A.s the score distributions, no severe departures from normality were observed, 
and the raw scores were used as· they stood. The speed of decision score was 
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1 
. obtained as t = 10, t being the .response time and 10 being a constant which 
produced a more normal distribution. 

Missing data were trivial on the group tests, but, of course, only 50 cases 
were complete on the two individual tests. Accordingly, initial correlation 
matrices were obtained using pairwise deletion, listwise deletion, and giving 
average scores for missing data. The matrices were then examined for a possible 
non-gramian condition. Although all three alternatives were deemed acceptable, 
it was decided to proceed with the most conservative avenue of using average 
score substitutions. This has the effect of attenuating the correlations but 
allows the use of all the data, not possible with listwise deletion, while avoiding 
the distortion of !esults possible when different correlations are based on 
different subjects, as in pairwise deletion. 

The scree test (Cattell & Vogelmann, 1977) for the number of factors gave 
a clear answer of 8 on the "grades" attitude (see Fig. 1), using the R matrix 
with the missing data correlation, but of 9 if the substitution of means was used. 
The "sports" scree (missing data program) indicated 9, but with some doubt on 
the last. 

Size of 
Latent 
Roots 

2 .. 4 

2.2 ' 

1..,6 

1.4 

L.O 

' 

Figure 1 

Scree Test for Number of Factors: Attitude on Grades 
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• 
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• .... ... . 
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......... 
• • • • 

8 9 10 11 12 13 14 15 16 17 18 

Rank Order of Latent Roots 

A study in this domain with a really large sample would probably settle 
on 9 primaries, but on consensus of approaches we took in this case 8 factors 
for both attitude-interests-sports and grades. Communalities were then 
iterated to eight factors. 

In proceeding (Step 3) to a uniquely determined rotation, the two sub
teams (Texas and Hawaii) took independent methodological routes, one by 
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(a) immediat.e search for maximum simple structure by automatic program 
(Harris-Kaiser) and the other by (b) an hypothesis-t.esting rotation by Procrust.es 
to the target reached by simple structure in the previous research, followed by 
Rotoplot pursuit of maximum simple structure in the present case. In both 
grades and sports the convergence of the two methodological approaches on 
the same factor patterns was unmistakable. However, the Rotoplot rotations, 
whose successive improvements are shown in Fig. 2 for both attitudes, reached 
a de:finit.ely higher hyperplane count. The plot of successive shifts for grades 
is quite similar in general form; but as Fig. 2 shows, for some reason the equally 
definite plat.eau reached was at a distinctly lower lever, whether examined 
at the±.05 or the±.10 level. As the t.ests were construct.ed by two different teams, 
we can only assume that the amount of measurement error is greater in the 
grade scales. 

in 
:l\'ner
n i.,1ne 

70 -

60 -

·so -

Fig. 2(a) 

C.~.ADES ATTITUDE 

Within :1- .10 

Within :t.05 

40 - j 
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i ·· 
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70 
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40 

Fig. 2(bl 

Sports Atlitude 
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l 2 3 4 5 6 7 6 9 10 11 12 13 14 ----2 --~ -......,, ----+5----,..(,-.-7---,.:-, -.,--.F---+l ll- U 

Succe Qsive Ro tations Successive Rotations 

The significance of simple structure reached was examined separately for 
each factor in the sports and the grades data, and for an average of the two, as 
shown in Tal?le 3. The recent Sine-Kameoka tables developed on the Bargmann 
formula (Appendix to Catt.ell, 1978[b]) gave the values shown in Table 2. 

In evaluating these one must remember the assumption of the test, that the 
variables are randomly distribut.ed in space. In the case ofY, however, as Table 
4 shows, 9 of the tests are chosen to be markers, i.e., to have non-zero loadings, 
which makes it impossible with even the best rotation to achieve significance, 
because only 9 could be in the hyperplane and 12 to 13 are required for signifi
cance. Accordingly, we do not conclude that Y has failed of significance, 
though we not.e that x, g, E and n have each done so in one study. On the verdict 
of the combined matrices in Table 3(c), however, we find all except Y already 
discussed adequate. 

RESULTS 

The description of the properties of the factor resolutions in and of them
selves has been given, and the ou~omes are present.ed in Table 3. 
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The necessary ancillary tables for checking and extending resolutions -
namely the unrotated matrices, Ve (S x G), the correlation matrices, R (S x G), 
and the transformation matrices, L (S x G) (from which, of course, the Rfs 
[S x G] factor correlations can be calculated) have been made available from 
the authors. 

Table 2 

Significances of SinlJle Structure at 

Final Positions for Factors 

Factors (with Greek letter identification 
of com_oonents) 

Attitud~s a s y 6 E z: n 

Sports NS .001 NS .05 .05 .05 .01 

Grades .05 .05 .01 NS .01 .01 .01 

Combined .10 .05 NS :001 .10 .05 .01 
Matrix 

With the last factor in Table 3 interpreted as ai •~· factor 

(different in the two studies) the significances are calculated 

on a seven factor, eighteen variable basis. Note the calculation 

is on the reference vector correlations, as required, not the 

factor pattern (Table 3). 

DISCUSSION 

Two evaluations ofreplication ("factor invariance") are called for: (1) against 
theory, in the form of the factor patterns believed to exist from previous research 
and (2) between the sports ~nd the grades attitudes, on the principle that 
difference of content should not alter the nature of motivational components. 

Inasmuch as the "target" matrix from the pioneer studies has to take account 
also of indications from minor studies in the interim, with incomplete variables, 
a simple average count was appropriate, and Table 4 is consequently not 
presented as an exact simple average, but has values rounded to one place. 

It was decided to test the factor matches by both the congruence coefficient 
and by the salient variable similarity index, s, as advocated elsewhere (Cattell, 
1978b) because of their supplementary properties. It is part of the matching 
procedure, as advocated (Cattell, 1978c) not only to examine the significance 
of the congruence coefficients but also to ask if they can be diagonalized; i.e., 
if they can be so arranged that each match is the highest simultaneously in 
the row and the column. Table 5 shows that, for grades, diagonalization is 
complete (and parallel) for both Ve ands, with the exception of the hypothesized 
B factor which has one better off-diagonal value. 
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The sports attitude permitted complete diagonalization, except for the 
seventh hypothetical factor, which was essentially equal in match with the 
present 6 and 7. For economy, permitting essential significance evaluation 
Table 6 sets out only the matches accepted. Again, hypothesis 2 is somewhat 
suspect. 

Table 3 

Factor Patterns Reached for Motivation Canponents 

(a) Analysis of Sports Attitude-Interest 

a B y a E s n <p 

Autism 1 06 04 53 -19 03 -01 -02 -04 

Information 2 24 02 35 06 -33 05 -12 -06 

Word Assoc. 3 27 08 35 07 00 08 -15 01 

Super E. P. 4 32 -03 62 03 09 03 -13 -02 

Criterion Utility 5 38 -04 48 04 17 14 00 19 

Projection 6 78 02 -13 03 -13 -32 -11 -05 

Fantasy 7 71 01 28 01 09 -03 -08 07 

Preference 8 72 06 10 -18 06 -08 -07 08 

Warm-up 9 02 95 -02 00 04 02 -02 02 

Hidden figs. 10 -24 12 26 17 -29 -31 00 06 

Fluency on cues 11 -05 03 30 -02 05 -47 -07 09 

Marory on cues 12 09 03 -08 01 -87 07 -04 02 

Reminiscenses 13 02 03 09 10 -80 -04 -08 06 

Retro Inhib. 14 01 05 05 79 -02 03 -06 06 

Fluency 15 06 06 16 13 -10 -43 -07 10 

Persistence 16 01 04 05 00 -03 01 90 01 

Speed Decision 17 02 -01 02 20 -05 19 04 -83 

Decision tension 18 21 -08 17 02 03 43 11 08 
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Table 3 (continued) 

(b) Analysis of Grades Attitude-Interest 

a 8 y 0 E s n cp 

Autism 1 00 07 44 32 -08 11 05 -05 

Information 2 02 77 -00 -04 05 07 -05 -02 

Word Assoc. 3 19 04 53 10 -08 11 -04 -22 

Super E. P. 4 07 -23 79 16 37 10 -03 06 

Criterion Utility 5 27 -07 78 01 56 -12 -03 03 

Projection 6 81 -07 -05 -12 -20 ·01 -15 -03 

Fantasy 7 81 -06 46 00 -02 10 05 -10 

Preference 8 71 -02 33 -33 15 05 -01 05 

Warm-up 9 -05 12 08 -04 -10 -13 25 73 

Hidden figs . 10 00 -07 09 40 -45 -15 25 -15 

Fluency on cues 11 00 . 01 09 -07 -10 05 66 -07 

Marory on cues 12 00 02 05 -16 -67 07 06 01 

Reminiscenses 13 -07 -14 11 -24 -62 04 00 07 

Retro Inhib. 14 13 18 00 47 -17 -01 -08 12 

Fluency_ 15 -02 06 04 -31 00 -16 43 -07 

Persistence 16 00 33 -10 38 -60 -18 07 18 

Speed decision 17 -15 -26 -02 -09 27 05 -08 -17 
~ I 
til 

•ti 

Decision tension 18 -07 -04 -04 -04 02 78 04 01 
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Table 3 (continued) 

(c) Averaged Loadings for Motivation Canponents Acorss the Two Attitude Interests 

Ct e y 0 E s n ¢ 

Autism 1 03 06 49 07 -03 05 02 -05 

Information 2 13 40 18 01 -14 01 -09 -04 

Word Assoc. 3 23 06 44 09 -00 10 -10 -11 

Super E. P. 4 20 -13 71 10 23 07 -08 02 

Criterion Utility 5 33 -06 63 03 37 01 -02 11 

Projection 6 80 -03 -09 -05 -17 -16 -13 -04 

Fantasy 7 76 -02 37 01 04 04 -02 02 

Preference 8 72 02 22 -26 11 -02 -04 07 

Warm-up 9 -02 ~ 03 -02 -03 -01 12 38 

Hidden figs. 10 -12 -03 18 29 -37 -23 13 -05 

F1uency on cues 11 -03 02 20 -05 -03 -21 30 01 

Memory on cues 12 05 03 -02 -08 -77 07 01 02 

Reminiscenses 13 -03 -06 10 -07 -71 00 -04 07 

Retro Inhib. 14 07 12 03 63 -08 01 -07 09 

Fluency 15 02 06 10 -09 -05 -30 18 -09 

Persistence 16 01 19 -03 19 -32 -09 49 10 

Speed decision 17 -07 -14 00 06 11 12 -02 -50 

Decision tension 18 11 -06 -7 -01 03 61 08 05 
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Table 4 

Hypothesis Matrix from Past Researches on Motivational C'.,anponents 

1 Autism 

2 Infonnation 

3 Word Assoc. 

4 S.E. Projection 

5 Utility criterion 

6 Projection 

7 Fantasy 

8 Preference 

!? Warm-up 

10 Hidden Figs. 

11 Fluency consequences 

12 ME!IlOry from cues 

13 Raniniscence 

14 Retro. Inhib. 

15 Fluency 

16 Persistence 

17 Decision speed 

18 Decision tension 

Cl 

.4 

.2 

.3 

.4 

.5 

.5 

8 

• - . 3 

.3 

.4 

.4 

y 

.4 

.4 

.4 

.3 

.3 

.3 

.2 

.3 

.3 

0 

.4 

.3 

E: 

.3 

-.2 

-.4 

-.5 

.2 

.2 

.5 

n 

.2 

.2 

.3 

.3 

The loading values hypothesized in this table are substantially those 

in Cattell & Child (1975, Table 1-2, p. 12), modified slightly by the 

fuller tables in the Cattell, Radcliffe & Sweney (1963) rronograph and 

still rrore slightly by the as yet unpublished Cattell & Birkett (in 

press) P-technique indications, rounded to one place. 

The order of the measured variables in the factor tables is that of 

the correlation and factor matrices, and is necessarily sanewhat 

different from the factor order in Table 1, designed to group in factor 

markers. 
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Table 5 

Agreanent of Motivational Canponent Patterns with Hypotheses: 

Grades Attitude 

(a) By rc 

Hypothesis Factors 

a s y 0 E i;; n 

Grade 1 86 07 46 01 11 -09 -02 

Attitude 2 -11 34 -09 -01 -02 -14 26 

Factors 3 67 30 87 -01 15 -03 04 

4 -05 19 10 32 04 -07 17 

5 14 -04 12 02 88 08 -41 

6 13 -14 09 03 -03 85 -25 

7 -04 28 42 -13 -14 01 78 

8 -4 39 -19 -01 -06 -06 27 

(b) Bys 

Hypothesis Factors 

a B y 0 E i;; n 

Grade 1 62 18 50 00 17 -22 00 

Attitude 2 -15 36 -13 00 00 -22 33 

Factors 3 77 18 75 00 00 00 00 

4 00 14 11 17 00 00 13 

5 25 00 21 00 67 17 -27 

6 00 -36 -13 00 17 22 -50 

7 -18 44 43 00 -20 00 80 

8 00 00 -27 00 00 -25 18 
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Table 6 

Agreanent of Motivational Component Patterns with Hypotheses: 

Sports Attitude 

Hypothesis a s y 0 E ½ n 

Experiment 1 2 3 4 5 6 7 

By re .86 .61 .88 .84 .88 .50 .50 

Bys .67 .40 .78 .57 .80 .50 .33 

Finally, the agreement of the two different interests is shown in Table 7. 
Again the congruences permit diagonalization, except that No. 2 on sports 
best matches (when s is taken into consideration), 7 on grades, whereas 7 on 
grades better matches (inverted) No. 6 on sports. In this case, the best overall 
view seems to give equal weight to the salient and congruence values (because 
they begin to differ in this comparison) in Table 7. 

From tables 5, 6, and 7 we conclude3 that though matching in a majority 
is very good, there is trouble with factors 2 and 7. Hypothesis factor 2 is the only 
one rather weak in match with both sports and grades. But it does not seem 
that we can put this down to weakness of the target hypothesis because they 
are also weak with each other (Table 7). Similarly with 4 and 7, one would have to 
conclude that the factor is well located in one case, No. 4, in sports, and in the 
other, No. 7, in grades. With these exceptions the mean of the two patterns 

Table 7 

Agreement of Motivation Factor Patterns fran Grades and Sports 
Interests 

Grades 1 2 

Sports 1 2 

Mean of re a.no s 75 20 

3 

3 

78 

4 

4 

21 

5 6 

5 6 

68 40 

7 

7 

09 

Ananalies (breaking diagonal): 2 in sports has a value of 46 

with 7 in grades, though 6 in sports also has -48 with 7. 
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tends to present better agreement from mean, (see Table 3[c]) and 3(b) being 
ironed out. Our conclusion that Factor 8 is largely an error factor tends to be 
supported by an r of 2r and an s of .20, between that factor appearing in grades 
and as it appears in sports. 

It does show some resemblance, however, in Table 5(a) to hypothesis factor 
2, and inspection of the 2 x 8 plot shows that a rotation of 8 from 2 by -.20 is an 
acceptable alternative. In the perspective of factor analytic experiment the 
matches reached are among the better replications reported, especially if one 
considers here the brevity of the subtests and the common sense note that they 
were inade up by students constructing tests to these prescriptions for the first 
time. 

AN ALTERNATIVE HYPOTHESIS ON MOTIVATIONAL COMPONENTS 
FROM THE DYNAMIC CALCULUS 

The best delineation of the hypotheses today about the seven motivation 
component factors would naturally be an average of Tables 3(c) and· 4, because 
there is no reason to weight one more than the other. Although a "pioneer" study, 
the first was on a good sample and with good experimental conditions. 

Such an average would nevertheless shift our conceptions slightly. As to 
the alpha factor, it would demand that we lessen the importance of autism and 

. . give some note to word association, both of which accord less well with the 
hypot~esis that X has the psychoanalytic properties of an id "I want" com
ponent in interest. 

The "life realized interest" (or ego component) quality of beta, though still 
sustained by salient loadings on information and rapidity of warming up to a 
task, loses some cognitive facility of expression such as life utilization (5) and 
perceptual integration (10, Hidden figures). 

On gamma, all nine theoretical markers, and only those nine, appear. 
Hidden pictures, fluency on cues and general fluency are, however, less strongly 
involved than before. 

On delta the required markers, retroactive inhibition and decision speed 
appear appropriately and there is some suggestion of new expressions in word 
association, hidden figures, and perhaps negatively on fluency. 

On epsilon all five markers appear as expected, but there are also suggestions 
of negative loadings on warm-up and retroactive inhibition. These, however, 
are further supportive of the interpretation of epsilon as an unconscious complex 

· source of motivation. 
~eta shows a relatively lower loading on speed of decision than formerly, 

though very high on muscle tension at decision. Indications for future research 
are a less than average expression in projection, fluency on cues, and fluency 
generally. 

On eta the novelty is some loading on word association, warm-up and 
hidden figures, with the three original markers (Table 3) remaining substantial. 

The general confirmation and sharpening of values in the present results, 
together with slight retractions and expansions, begin to make the first 
speculative and tentative interpretations of some of these componen~ in 
psychoanalytic terms of id (X), ego (B), etc. less tenable. We propose here 
therefore to entertain a totally different theory based on recently developing 
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concepts in the dynamic calculus. The dynamic calculus (Cattell & Child, 1975; 
Cattell, 1978) states that the strength of interest in an attitude course of action, 
ai, has six sources, as follows: 

a. . = I: bJ. eEi + I: b J. ~i + I: b J. mM1. + I: .b . M. + I: b . E . M. · 1J JID-1 Jem 1 1 

+ I: bjmeMi Ei (1) 

where: 
E is the need strength of any erg 
E is the amount of ergic arousal generated at j 
Mis the strength (cognitive development of any sentiment) 
Mis the amount of cognitive activation of the sentiment at j 
EM is the extent to which the strength of ergs invested in a given sentiment 

produce cognitive readiness in M 
ME is the extent to which the converse action of arousal of an erg by a 

cognitive system, M, occurs. 
The h's are the usual factor loadings -for the attitude j and its situation 

assuming E's and M's would result in six factors. The _ I: 's merely remind us 
that several ergs and sentiments will be involved in each attitude. 

Al thou th E and M structures are now well confirmed in both Rand dR ( or P) 
techniques, showing they exist both as traits, E and Min (1) above, and as 
momentary states of arousal E or activation M (Krug, 1977), psychology un
fortunately still lacks a corresponding check on the X, B_, Y, etc., motivational 
components as states, except for a limited P-technique study (Cattell & Birkett, 
in press). The latter, however, points to factors resembling X and Y as definitely 
existing as patterns also of fluctuant state expression. 

Now the existence of a sentiment as a stable trait connotes that the person 
possesses knowledge in the area, a capacity for quick perception of relevant 
matters, and a tendency to warm up in interest and reading rate as he encounters 
material dealing with his sentiment. Our theory is that the beta component, 
possessing precisely this pattern (Tables 3 and 5) represents the sum of the M 
term contributions in equation (1) above. 

The hypothesis that gamma represents the activation state of a sentiment 
(for the moment we will not dispute whether it is Mor EM) seems to be supported 
by the high increment which occurs from its action in fluency on the topic (both 
as to cues and consequences), in word associations running to the topic, and on 
fantasy, together with augmentation of the perceptual readiness already 
resident in the static cognitive system of the sentiment. 

The most probably hypothesis about the E terms is less clear. The epsilon 
pattern has always had a strong suggestion of interest springing from an 
unconscious source - a "complex" in psychoanalytic terms. It combines a 
large G.S.R. (not used here, but see Cattell, Radcliffe & Sweney, 1963) and real 
life effort for the interest, with various signs of conflict, such as poor memory 
for the relevant stimuli, low reminiscence, interference effects, low persistence 
in reading on the topic, and failure to see associations in pictures. Could this 
be a pure ergic interest, such as often comes into conflict with cognitive
perceptual systems on account of inappropriateness? A definite parallelism of 
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loading of alpha and gamma (Table 5) together with the definite "I want" 
character of alpha expressions suggest that alpha is an ergic arousal pattern 
which springs from the ME term, i.e., the arousal of ergic tension through the 
mediation of cognitive sentiment connections stimulated by the environment. 
But just as we hesitated over whether the activation pattern of the sentiment 
(gamma) is EM or M, so with alpha at present one must wonder whether one deals 
with E, ME or E. 

From the finding of a substantial day-to-day covariation of elements in an 
alpha-like pattern in the Cattell & Birkett (in press) P-technique study we must, 
to take a definite and debatable position, consider that alpha is the ergic arousal 
component, and eta or epsilon the steady need strength of the erg. The justifica
tion for eta as ergic need strength would be its role in persistence and in fluency 
on cues and consequences, though its involvement to this degree with cognitive 
perfomiances might alternatively suggest one of the interaction terms, EM or 
ME. 

It is possible, in terms of the dynamic calculus to think of the six terms 
above as reduced to four qualities - ergic need strength, ergic arousal strength, 
sentiment trait strength and sentiment activation strength. These we are 
suggesting are theoretically equatable respectively with epsilon, alpha (or eta), 
beta and gamma. Delta, recognized early as a largely physiological expression 
of motivation; could, however, also be ergic arousal, and doubt also remains 
about the meaning of zeta, so far a mere doublet, however, of speed of decision 
and muscle tension therein. 

Advance in checking these theories requires (a) factorial experiments in 
both R and dR designs with crucial new variables while retaining these 
markers, (b) examination of higher strata structure and (c) more relating to life 
crit.eria. On the last two we already have past evidence - that will be checked 
by higher order factoring of the present data (Cattell, in preparation) - that 
beta and gamma fall in a second stratum integrated (I) component, and alpha, 
epsilon, eta, and (less clearly) delta fall in a U component, and that alpha, 
gamma, epsilon and, less clearly beta, are significantly related to life criteria 
of interest expression. The former readily supports the sorting here of beta and 
gamma into sentiment expressions and alpha, epsilon, eta and delta into 
ergic expressions. The latter shows one anomalous value in that a fixed senti
ment strength, M, should be at least as strongly related to life criteria of interest 
as the other three, but this is not so in the present ·loadings. 

SUMMARY 

(1) Eighteen objective devices previously validated as interest measures, 
and chosen as markers to test the hypothesis that there are seven designatable 
motivation components, were administered to 135 undergraduates for each of 
two attitude-interests-wanting to participate in sports and wanting to get better 
grades. 

(2) Both areas pointed to 8 or 9 factors and eight were taken and rotated to 
maximum simple structure by independent research teams, yielding significant 
simple structure on most factors. · 

(3) The agreement of patterns at these unique independent resolutions was 
tested by both congruence coefficients, r's, and salient variable similarity indices, 
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s's, which showed (a) significan~ agreement of the majority of factors with the 
hypotheses expressing, in patterns, the previous researches, (b) significant 
agreement of sports and grades, indicating independence of motivation com
ponents with respect to area of interest. Ho~ever, three factors showed some 
weakness of match in one leg of the three cornered comparison of grades,-
sports and pioneer experiments. , 

(4) In studying the resultant best present day depiction of the seven motiva
tional components, it was noted that except for the concept of epsilon as a 
contribution from unconscious complexes, the former identification of four 
components in psychoanalytic terms was undermined rather than supported 
by the slight changes of emphasis now revealed. 

(5) An alternative theory is presented here according to which four of the 
factors are considered to align themselves with dynamic calculus concepts 
represented in the specification equation for an interest from ergs, sentiments, 
the arousal adjunct to an erg, and the activation expression of a sentiment (E, 
M, E and M, in current symbols). Thus the beta component, large in information, 
is hypothesized to be a sentiment as a trait M; gamma is hypothesized to be the 
~ctivated state of a sentiment; alpha i~ considered an expression of ergic 
arousal, E, while eta represents the underlying ergic drive strength, E. The 
testing of this theory hinges largely on comparisons of R and dR factoring under 
certain manipulated stimulus situations. Parenthetically, -the epsilon pattern 
retains the same meaning as before as a conflictful contribution from an 
unconscious ergic source - a "complex." 

(6) These basic results at the empirical level have relevance to the various 
applied clinical, educational, and industrial findings with the Motivation 
Analysis Test (MAT), (Cattell, Hom, and Sweney, 1965) and the School Motiva
tion Analysis Test (SMAT), (Cattell & Krug, 1970), inasmuch as the four vehicles 
(as sub-tests) used in those instruments, Projection, Autism, Information, and 
Word Association, tum out to be those with the highest concept-validity 
(correlation with the factor) on the alpha, beta and gamma factors. 

However, the quite moderate correlations among the subtests and the 
primary component factors (to be examined in a higher order analysis [Cattell, 
in preparation]) require one to remind psychometrists taking the traditional 
view of homogeneity as desireable (indeed, as "reliability") that they will not 
find more than low homogeneity across devices. (From our original R matrices 
the mean correlation of these four, averaged for both interests, is 0.15.) 

The issue in test evaluation raised by demands merely for high homo
geneity is one of quite general importance in psychometric theory and practice 
and has been discussed with full theoretical depth elsewhere (Cattell, 1973; 
Nunnally, 1967; Humphreys, 1952). In the present domain one must observe that 
if manifestations of motivation strength actually fall into seven or eight distinct 
factors it is a mistake to seek to represent the motivation strength by a single 
score (at least without an insightful weighting rationale and the acceptance 
of a "composite"), and absurd to expect high homogeneity between the motiva
tion components. This is a statement in the technical domain of psychometric 
motivation theory, but one may add that pragmatically the evidence is that 
the best predictions of real life "criterion" behavior are actually made from 
batteries sampling behavior very broadly and therefore of low homogeneity, as 
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is born out by the findings with the MAT and SMAT by Sweney (1972), 
Lawlis (1968, 1971), May (1964) and others. The authors would urge that what 
we now most need in this field of the dynamic calculus is exploration of alterna
tive theories, such as the above, or the nature of the components, pursued by 
manipulative studies of situational incentives, effects on learning, and relation 
to life criteria. 

The authors wish to express their appreciation of the careful help by the 
members of the two student research teams: Diana Cunningham, Kay Hale, 
Craig Lefebvre, David Morrison, Sara Rahaim, Randy Weeks, Sandy Wixson 
and Robert Young, as well as to Jim Cannici, Dr. Haynes, and Karl Newmann, 
for design of the apparatus, and to Dr. Robert Graham's Foundation for the 
Advancement of Man for financial support in the prolonged calculations. 

FOOTNOTES 

1Presently associated with the University of Hawaii. 
2Although the principle applies to animal motivation study too, the latter area has 

so far been explored by only one published research - that on rat motivation manifes
tations by Cattell & Dielman, 197 4, though a few non-factor analytic studies on correlation 
of just two or three measures exist. 

3By the Schneewind tables (see p. 569, Cattell, 1978) the P .01 and .05 levels are 
reached by re's of .64 and .48 respectively. For the s index, with 70% in the hyperplane, they 
are reached by approximately .60 and .30. Thus, in Table 5, five of the seven matches by 
re and four of the seven bys are significant at the P .01 level. 
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