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AN EXPERIMENTAL ANALYSIS OF THE THEORY OF
INDEPENDENT ABILITIES*

ROBERT 8. MORROW
Brooklyn, New York

The current theories of abilitics appear to favor a theory of inde-
pendent functions. Thurstone,’ whose theory of primary abilities
has superseded the Thorndike’s multiple factors, subscribes to a theory
of independence among the primary group factors. Kelley® assumes a
position which is close to that of Thurstone by conceiving mental traits
as constellations of abilities and related phenomena capable of inde-
pendent functioning. The theory of ‘“unique traits” posited by the
psychologists at the University of Minnesota'? agrees quite well with
the Thurstone primary abilities. Thomson’s sampling theory® con-
siders the mind as made up of an infinite number of neural bonds which
may exist independently, or as ‘“‘subpools” of the various bonds.
Tryon?? advocates a similar point of view with the gene as the basis.

In contrast to these theorics of independent abilities stands the
Spearman two-factor theory.! Alexander! advocates dynamic inter-
relationship among the different abilities in a modification of Spear-
man's theory. He insists, however, that the interrelationships are
the resultant of more than one factor. Garrett* analyzed the group
factors found in several investigations and reported that in all cases
these group factors are interrelated instead of existing independently
as had been thought. .

THE PROBLEM

The purpose of the present study, therefore, is to determine whether
human abilities as measured by special tests are independent or inter-
dependent and the extent of such relationship. More specifically,
the problem is to find by means of correlational analysis and the fac-
torial analysis technique the degrees of relationship among certain
tests of intelligence, musical ability, artistic judgment, clerical ability,
mechanical ability, and manipulative ability.

* Submitted in partial fulfiliment for the Ph.D. degree at the New York
University Graduate 8School of Arts and Science, June 1940. The writer is pro-
foundly grateful to Associate Professor T. N. Jenkins for supervising the rescarch
and to Professor P. D. Btout for making available all the facilities of the Depart-
nient of Psychology of New York University, Washington Square College of Arts
und Science. A re¥ised version of this paper was read at the September, 1940,
meeting of the American Psychological Association.
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THE EXPERIMENT

Subjects —Eighty male students from the undergraduate course in
general psychology at Brooklyn College and at New York University
were given the complete battery of tests used in this study. The age
range of these subjects was from fifteen years, nine months to twenty-
four years, two months, with the median age at eighteen years, four
months. The socio-economic status of the vast majority of the sub-
jects was essentially the same, since most of them came from the upper
working class and lower middle class type of home environment. All
were born in the United States. They usually had one or both parents
who were born in this country, and they were mainly of the Hebrew
cultural background.

Procedure—Eight presumably different tests of ability were given
in a random manner to the subjects. Because of the fact that many
of the tests could be administered to groups as well as in the indi-
vidual form, and also because of the fact that a conscious effort was
made to avoid adherence to a particular sequence of administra-
tion, the testing procedure varied and was very different for various
subjects. Whether the tests were taken individually or in groups
depended upon conditions, such as the number of subjects available
at a particular time. The groups never exceeded six, and were usually
two or threc in number. Some subjects took all the pencil-paper tests
in group form; others took some of these tests in group and individual
form; while most took all the tests individually.

The testing program was approximately six hours long. Depend-
ing upon the subjects’ convenience, the program was administered in
three sessions, two sessions, or six sessions. The procedure most often
followed, however, was a two-hour scssion, repeated three times.
The pattern of administration of the test battery depended upon fac-
tors which helped create maximum motivation or facilitated the testing
program. For instance, if the interest of the subject could be main-
tained by withholding the music or intelligence test until the end, this
procedure would be used. In many cases it became necessary to
administer these tests first in order to arouse the curiosity and inter-
est of the subject. Most of the so-called mechanical ability tests
were individual tests and were administered mainly at the end of the
procedure.

Tests—Many factors entered into the selection of the specific
testing materials used in this experiment. Among the outstanding
bases for selection of the material were the extent to which the tests
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were considered to be distinet and separate measures of the specific
abilities, the validity and reliability of the tests, the length and diffi-
culty of administration of the tests, the reputation which these tests
had among various psychologists,* the use of the tests in previous
rescarch, and the personal experiences of the experimenter with these
and other tests.

The test of intelligence used wus the 1938 edition of the American
Council on Education Psychological I8xamination for College Fresh-
men by Thurstone and Thurstone.?'  This test consists of six separate
tests, two subscores and a general score. The @-score comprises the
three allegedly quantitative tests-—the arithmetic, analogies and num-
ber series tests; the L-score is the total of the three linguistic tests—-
the completion, artificial language and same-opposite vocabulary tests.
The general or gross score is the total of the six separate tests.

The Seashore Measures of Musical Talent!® containing tests of
pitch, intensity, time, consonance, memory and rhythm were used to
indicate musical ability. As a test of artistic appreciation the Meier-
Seashore Art Judgment Test’ was used. The Minnesota Vocational
Test for Clerical Workers,? containing number checking and name
cheeking tests, was used to measure clerical ability.

Three tests were used to measure the different aspects of mechan-
ical ability. The Likert and Quasha Revised Minnesota Paper Form
Board® was used to measure the ability to perceive and analyze spatial
or geometrical patterns in two dimensions. . The short form (Boards 4
and B) of the Minnesota Spatial Relations test!? was used as an
apparatus test for the measurement of two dimensional spatial rela-
tions. The short form (Set I and II) of the Minnesota Mechanical
Assembly Box!? was used to measure mechanical analysis and assem-
bling ability.

The O’Connor Finger and Tweczer Dexterity Tests!® were used as
mecasures of manipulative ability. 'The O’Connor manipulative tests
and the Minnesota Spatial Relations and Assembly Boxes were given
in the individual form in all instances.

THE RESULTS

The Intercorrelations among the Tests.—The correlational analysis
has been almost indispensable as an aid in studying ‘“‘mental” abilities.
* Pallister!? conddoted a study in which thirty-eight applied psychologists
were agked their opinions on fifty-three well-known tests. Almost all of the tests
used in the present study received highly ‘‘efficient” ratings.
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Thurstone method of factor analysis is applicable to a large number of
variables and factors, and is not dependent upon the absence of group
factors for its application. Moreover, it aims to give a more compre-
hensive analysis than tetrad analysis of the factors involved since the
first factor loadings are supposed to give the same information as tetrad
analysis.

The symbol h? stands for the communality of the test, which repre-
sents the sum of the square of the factor loadings for each variable. If
the communality is equal to unity there are no specific factors present.
The variance, or what Thurstone calls the ‘“uniqueness’’ of a test
equals 1 — h% This indicates the extent to which specific factors
(including the sampling errors) are present. The factor loadings
squared indicate the percentages of variance in each test attributable
to cach factor. The sum of the factor loadings squared for each factor
divided by the number of variables (ZK2/N) indicates the total
variance for each factor. This corresponds with the sum of the com-
munality (h?) divided by the number of variables.

The factor loadings in both tables remain relatively unmodified
whether or not the Q-, L~ and Gross Scores are included. Since these
variables were determined through previous factor analysis, they are
consequently omitted in this one.

Factor 1 appears to be a general factor. It is present in all the
variables, although in varying degrees. Factor I accounts for eighteen
per cent of the total variance of the tests; Factor II for approximately
eleven per cent variance; Factors III and IV for seven and four per
cent, respectively. In all, the four factors account for about 40 per
cent of the variance. The communalities indicate that from twenty-
one per cent to sixty-two per cent of the variance of the individual
variables is accounted for by the four factors. It could, therefore, be
stated with much certainty that specific factors are present.

Although all of the variables are positively loaded with Factor I, it
can be seen that there are large differences in some of the weightings.
There seems to be no definite hierarchy of high loadings, thereby indi-
cating that Factor I is a general integrating factor. There are some
considerably low loadings in this factor. These are for the manipula-
tive tests, including the Mechanical Assembly Box, which involves
work with the hands. The Consonance test and the Same-Opposite

test also reveal low factor loadings. The latter are extremely unreli-
able tests.
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Tapte IV.—Facror LOADINGS FOR VARIABLES WITH THURSTONE Q- AND [~ AND
. Gross Scores OMITTED )
(Four Factors, Determined by Thurstone Centroid Method)

N =80
Factors
Test 1 IT 111 v 1z 1I* | III* | IV ht
4411 — 263 | .236 | .008 | .194 | .069 | .507
‘;. jgg gg? .260 1721 .235 1 .053 | .068 | .030 | .386
3 .566 .426 159 | —.281 | .320 | .181 [ .025 | .079 | .605
5 . 445 .188 .280 0721 .188 | .035 | .078 | .005 | .316
6 .559 .433 |—.011 252 | .312 4 .187 | .000 | .064 | .563
7 .299 312 .221 201} .089 | .097 | .049 | .040 | .275
10 .566 -.260 |—-.333| —.226 | .820{ .068 | .111 | .051 ‘55‘0
11 .438 —.194 |—-.170] —.208 | .192 | .038 | .020 | .043 .3()2‘
12 .430 .102 |-~ .096 L0490 | L1853 | 010 | .009 | .002 A2E)()
13 187 -.180 |—.374 J172] 025 | 032 | .140 | .030 .2“!7
14 .583 1904 |—.453 | —.202 ] .340 ] .038 | .205 | .041 ¢ 24
15 .304 199 |—.376 | —.190 | .02 | .040 | .141 | .036 .3(_)9
16 .400 —.174 .186 185 | .160 | .030 | .035 | .034 .?:1?
17 .361 .367 |—.208 (119 | .130 | 135 | .043 | 014 | .322
18 .485 489 |- .171 161 | .235 | .239 ) .029 | .026 | .529
19 .505 —.204 [—.066 199 | .255 | .042 | .004 | .040 | .341
20 .. 429 — .459 .209 121 ) .184  .211 | .044 | .015 | .454
21 .190 ~.631 .233 163 | .036 | .398 | .054 | .027 | .515
22 199 —.459 239 | —. 162 .040 | .211 | .057 | .026 | .334
23 .186 - .473 L1068 | —.184 ] 035 _224_ .0t1 E)_iil "::_3(}4'_
DT 3.619 {2.277 |1.3206 | .706 |7.927
BICUN e (181 | .114 | .066 | .035 | .396
1. Thurstone Arithmetic 16. Meier-Seashore Art )
2. Thurstone Anulogies 17. Minnesota No. Checkmg
3. Thurstone Number Series 18. Minnesota Name Checking
f,. Thurstone Completion 19. Minnesota Paper Form Board
. Thurstone Artificial Language (Revised) ' )
7. Thurstone Same-Opposite 20. Minnesota Spatial Relations
10. Secashore Pitch 21. Minnesota Assembly BO)‘(
11. Seashore Intensity 22, O’Connor Finger Dextcnty
12, Seashore Time 23. O’Connor I'weezer Dexterity

13. Seashore Consonance
14, Seashore Tonal Memory
15. Seashore Rhythm
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I!?a.ctor I1 has very high negative loadings for all the mechanical and
man}pulative variables. The highest positive loadings are for the
Cle}ncal Nu_mber and Name Checking tests, and the Thurstone Number
Series, Artificial Language, and Same-Opposite tests. In a centroid
factor analysis negative and positive signs may be changed arbitrarily

II
Rt
8 . ,1
17 53/
Cd
P ”~
5752
-7 14
-1 e 2, 4
\ x
N 16
15\\ * .119
N .
\\ * 10
.22
23, \
3 N
N
.21 N
. N
20 ’2
"
< = 26°

Cos.P » 242 = 2

Fia. L—Correlation between Factors I and II. (Variables Q-, L-, and Gross Soores

omitted.)
without altering the results. Factor II would, th
a factor related to mechanical and manipulat’ive f&fﬂgf &P'II‘)EZP t:;:;e
?us]y indicated hierarchy between Clerical Number and Name C‘}:eckl-
ing a8 well as the relationship between these abilities and some of th;
intelligence sub-tests appears to be verified. It would seem then that
Factor II is comprised of two subfactors. One combines the grou
factors of mechanical and manipulative abilities and the other embraceg
to an appreciable extent the intelligence and clerical group factors
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Factor ITT apparently has its highest correlations, on the whole,
with the tests of musical ability if the signs are interchanged. "There
seems to be a slight correspondence between musical ability and clerical
ability, as well as between intelligence and mechanical-manipulative
ability.

=111

Fra. 11.-——The relations among Factors I, 11, and IL. (Axis I considered as being per-
pendicular to the suriace of the chart.)

Iactor IV shows few high loadings. Some of the facts revealed in
this factor, nevertheless, are that the Analogies test may be considered
as much verbal as it is quantitative. Also revealed is the consistent
relationship between the Art Judgment test and the mechanical and
manipulative tests. Also, the relationships, albeit low, between
clerical and art judgment, and clerical and mechanical abilities are
disclosed. -
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The degree of relationship between factors can be determined by
finding the cosines of the angles between the vectors which are the
expressions of the factor loadings. Figure I represents a two-dimen-
sional relationship between Factors I and II, with complete disregard
as to the remaining factors. The variables from Table IV are plotted
with respect to these two factors. Line P, is the average of the positive
codrdinates and P, the average of the negative coordinates. The
angle (¢) between the two vectors is approximately 76 degrees. The
correlation between Factors I and I1, which is the cosine of a 76-degree
angle, is .242. l

With respect to a three-factor relationship it is necessary to describe
.the variables in a tri-dimensional structure. That is, the factor load-
ings are plotted on the surface of a sphere. Factor IV appears to be
rglatively insignificant and is, therefore, omitted. Figure II gives a
bird’s-eye view of the pattern of the augmented factor loadings plotted
on the surface of a sphere, axis I being considered as perpendicular to
the surface of the paper. From this figure it can be seen that simple
'structlfre is not obtained because of the difficulty in confining the load-
ings within a right spherical triangle. Distinct and clearcut clusters
are absent, revealing minor ones only. The lack of simple structure
Fnakes it difficult to measure the relations among the three factors. It‘
is apparent, however, that the factors are not orthogonal. Therefore
Factors I, 11, and III are apparently interrelated. ’

DISCUSSION OF REBULTS

The positive correlations among the abilities tested, the tendency
toward hicrarchical formation, the overlapping among the correlations
and the factor loadings, and the correlations among the factors which
are present in these abilities, tend to demonstrate that abilities instead
of e?(isting independently are in dynamic relationship with one another
Posfxtive correlations are reported in almost all biometrical and psych();
logical studies. However, no further consideration is given to this fact
other than to submit as an explanation the rather vague hypothesis
that.natural selection favors positive correlations or that ““desirable
qualities in mankind tend to be positively correlated.” Iven if
Thomson were correct in this Lamarckian hypothesis, it ought not to
preclude the concept of functional relations of the abilities. Yet his
sampling theory seems to exist in total disregard of this fact. The
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consistent appearance of positive correlations between abilities, even
though the correlations are often cxtremely low, indicates that
the explanation must extend beyond the simple realm of chance
relationship.

In a study involving clerical number and name checking, Andrew?
reported all correlations as positive among the tests of various abilities.
Thix indicated ““the existence of a general factor, while relatively high
corrclations indicate the presence of group factors, or in other words
overlapping.”  She stated also that multiple factor analysis “ .
indicates that a common factor runs through all the tests and in addi-
tion there are minor group factors.” Despite these statements
Andcew’s general conclusion was that the Minnesota Clerical Test “is
measuring & specific ability which is relatively independent of spatial,
academic, and dexterity abilities.”” 'The existence of hierarchics among
the abilities was given little consideration except by Spearman and his
colleagues.

The correlations among the factors found in the present investiga-
tion seem to be confirmed in other studies. Garrett* found in multiple
factor analyses of the results involving different abilities that positive
correlations existed between the group factors which had been isolated.
Thus, in one analysis, he found n correlation of .225 between the
sumerical and verbal factors. In analyzing a sccond group of data he
reported respective correlations of .825 between the verbal and numeri-
cal Tactors, .273 between the verbal and non-language (performance)
factors, and .296 between the numcrical and non-language factors. He
found in analyzing the Anastasi studies, however, that the memory
factor was independent of both the verbal and numerical factors.  The
angles were orthogonal, the correlations being .00 and —.085 between
the memory factor and the numerical and verbal factors, respectively.

Murphy® found that the primary traits, in the investigation of the
velation between mechanical ability and intelligence, were “oblique
rather than orthogonal,” while Morris,® in contrast, reported that the
“yiental traits . . . are orthogonal, or in other words, they are
independent mental traits.”

I'he results obtained here indicate the presence of specific and group
factors which are codrdinated through the presence of a common factor.
In this respect, these findings scem to be analogous to those of Spear-
man. The specific factors are r¢vealed in the rather low communali-
ties while the group factors are shown in the isolated factors. Iactor I,
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the configurational or codrdinating factor, integrates the abilities into
ordered activity. :

It is not at all clear whether the g-factor of Spearman is similar to
this configurational factor, since Spearman has never committed him-
self specifically on this point. It does appear, however, that the g-fac-
tor is the sum of all the factors instead of one which integrates the
mental functions.

On the basis of this, therefore, the specific factors are separate and
independent. They are related only through the additive process, the
g-factor, which is present to some degree in all the specific and group
factors but does not codrdinate them. Thus, the Spearman two-factor
theory represents a static system and is apparently incomplete for
explaining the results obtained here. More adequate agreement with
the results, however, is found if one accepts Alexander’s modification
of the theory whereby he emphasizes the inseparable quality of the
group factors as well as the interrelationship among these factors.

The “primary abilities”” of Thurstone and the “unique traits’ of
the University of Minnesota group are representative of a mechanical
and atomistic explanation. The independent existence of abilities
according to these explanations is indicative of a behavioral anarchism
whereby each ability is isolated and specific. That abilities are by no
means absolutely specific and diverse is apparent in the existence of
considerable overlapping of function. Thurstone contradicts the
concept of independent functions by reporting oblique rather than
orthogonal relations among the factors in several studies."

If what is commonly called mental activity is regarded as the
ordered and integrated expressions of the total personality, then these
expressions as a consequence must be considered as in functional
relationship instead of static and isolated phenomena. Modern
psychological knowledge indicates that the behavior of the organism is
not a congeries of disparate faculties but rather an organismic unity in
which there is a dynamic relationship between functional and structural
aspects. The performance of an act by an individual involves the total

personality. Thus excellence in a single ability can not be attributed
to & specific faculty of some kind. Such an explanation represents an
evasion. An explanation more in keeping with most recent experi-
mentation would attribute such behavior to circumstances which favor
the appropriate combination of environmental and hereditary factors
expressed through the total organization of the personality.
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1usight into the organization of abilities is offex:ed by the factm:
analysis technique. Practically all of the experimental :m'a!y‘ses
cont.mdict the conception of independence among_human alnhpes.
Thurstone asserts, * The cosine of the angular separation of each pair of
primary trait vectors is the correlation be'tween the. correspondul\)g,
primary traits in the experimental po_pulatmn. It will prol):lbl_y" (ti
found that these correlations are pOSitIY?." In The'Vectors of Min
he indicates several studies with positive cqrrelatlons among t:he
“irpits.” In a separate study of vocational mterests,“%fter having
factored out eight primary interests, Thurstone states, I‘he.se refer-
ence {actors are not all uncorrelated. Several of' them have intercor-
relations of .25 or .30 in the experimental population but most of them
tions.”!®
haleﬁl?u(gj(l)lr:lelleatheory of primary mental a:bilities seems to huve be?n
founded upon the idea that abilities are ¥ndepeuden‘t (orthngona },
Phurstone has of late given definite indications of devw:tlng from .thls
helief. He says, “Among statisticians and psychologists there is a
rather general belief that if human traits are to be accounted f or by any
kind of factors, then these factors must be un?orrelated. The ge(‘»—l
metrical representation of uncorrelated fa{:tﬁ)rs isa set of _or@hogon.x
reference veetors. This belief has its origin in the statlstlcs.xl and‘
mathematical convenience of uncorrel.ated factors and also in (}gl
ignorance of the nature of the underlying :strucf,u{‘e of n:]exlxtal traits.
Since we know so little about them zmc.l since {t is statistically con-
venient to use uncorrelated reference traits, t!le u'lsxst(?ce on orthogf)-
pality can be understood, but it cannot be justified.” He stz.ztes ‘u;
various times that factor analysis = . assumes that a variety o
phenomena within the (mental) domain are related and that they ar(i
determined, at least in part, by a relutively small number of f unctlfmaf
unities, or factors”; or that “ . . . mind is got a patter.nlesimosilc o
an infinite number of elements without t:unctlonal groupings”’; or The
factors are probably functional groupings, and it ‘l‘S a dlStOl‘thl"l 1to
assume that they must be elemental”’; and finally, ¢ . . . the results
point to the conclusion that mind is not a §tmctureless mass, but that
it is structured into constellations or groupings of processes that can be
identified as distinet functions in thi ]test pcrftorrvl:'al,x’ces. These are
d primary mental abilities or traits. )
wm}ltihlatli;:s(;al}])iimiry absillities are indepepc}ent at l?ast in part ‘stl.ll
remains the thesis*of Thurstone. In opposition to this, however, it is
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recognized that human abilities do not follow the so-called all-or-none
hypothesis. Instead, the presence of these abilities is shown to exist
in all cases in varying degrees, depending upon different hereditary and
environmental factors. These abilities are dynamic expressions of the
total personality; hence they exist in functional relationship to each
other. This appears to have been shown in the present investigation.

SUMMARY AND CONCLUSIONS

Eighty relatively homogeneous male college students were given in
a8 random manner the Thurstone American Council on Education
Psychological Examination for College Freshmen, the Seashore
Measures of Musical Talent, the Meier-Seashore Art Judgment Test,
the Minnesota Vocational Test for Clerical Workers, the Likert-Quasha
revision of the Minnesota Paper Form Board, the short form of the
Minnesota Spatial Relations Test, the short form of the Minnesota
Assembly Test, and the O’Connor Finger and Tweezer Dexterity Tests.
In summary the salient findings of the present experiment seem to he
the following:

(1) The intercorrelations among the variables are on the whole
positive but low. There is considerable overlapping throughout the
intercorrelations. The highest intercorrelations appear among the
tests which bear the name of the same ability (Z.e., the intelligence
tests). Hierarchies among certain of the abilities are apparent.

(2) Four factors are found by means of the Thurstone “center of
gravity” technique, of which three seem to be important. Factor I
seems to be a general, integrating factor. Factor II seems to be
made up of two ““subfactors,” one combining the group factors of the
mechanical and manipulative abilities and the other combining the
intelligence and clerical group factors. Factor III indicates relation-
ships between musical ability and clerical ability as well as between
intelligence and mechanical ability. Consistent relationship between
art judgment ability and mechanical ability appears in the factors.
There is considerable overlapping among the factors. They seem to be
interrelated instead of completely independent of each other.

By virtue of these findings, it would appear that the Spearman and
Thurstone theories are inadequate for explaining the relationships
expressed in this study. Rather must one conclude with the hypothe-
sis thnt the abilities here tested are not disparate and static abilities,
but t' at they are, instead, funetional and dynamic relationships within

The Theory of Independent Abilities 511

the total personality. This organismic conception seems to 'be in
closer conformity to modern psychological theory than the previously
reported atomistic hypotheses.
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