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Although the heritability of general intelligence has been the subject of much
study and can be considered to be well established, the heritability of specific factors
in intellectual functioning has not as yet been the object of such intense scientific
inquiry.

The recent work of Nichols (1965), utilizing a large sample of twins from the
National Merit Scholarship testing program and employing a battery of tests meas-
uring achievement in five different academic areas, is an excellent pioneering study.
Nichols used a composite score derived from the five subtests, presuming this to be
a measure of general ability, and he found that MZ twins were much more alike
than DZ twins with respect to the composite score; about 70%, of the variance
in the composite could be attributed to heredity. The novel result of his investi-
gation is his discovery that the specific subject areas also have significant heritability
components. When the influence of the composite general ability upon subtests was
removed statistically, the residual subtest scores also showed considerable heritability.

A limitation of Nichols’ findings is that the subtests do not offer any potential
theoretical link to basic factors in mental functioning. Such measures, however,
may be provided by the fundamental factor analytic explorations of Guilford and
his associates during the past twenty years. Since our own interest has been in the
area of creative thinking and esthetic judgment, we have restricted ourselves in the
present investigation to the use of tests in those areas whose factorial classification
has been studied previously.

Tests for the following factors were employed: (1) Adaptive Flexibility; (2) Expressional
Fluency; (3) Ideational Fluency; (4) Originality; (5) Esthetic Judgment for Visual Displays.

A word about this latter factor-test is in order. The factor was identified in a study
done jointly by the present author and the Guilford group (Barron et al, 1957). How-
ever, the authors were of two minds about its interpretation. The highest loading of the
factor was on the Barron-Welsh Art Scale, a set of geometrical figures and drawings whose
preference-rank for professional artists had been established independently and whose
scoring expresses the degree of agreement of the respondent with professional artistic judg-
ment. The standardization would thus justify the factor name given above. A compli-
cation stems from the fact that virtually all the figures ranked high by artists are of greater
complexity than those they rank low, and it is possible to interpret the measure as basi-
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Tab. I

Italian sample American sample
Variable

2
I"pz

h? ] HR vz l I'nz ’ ?yz

vz l I'nz rzmzl r’pz h? l HR

Gottschaldt Figures 0.86 o0.35 o0.74 o.12 078 1.186 0.49 0.13 0.24 0.02 0.4 1.469

Expressional Fluency o0.92 0.70 0.85 o049 0.75 0485 0.28 076 0.08 0.58 —4.33 7.429
Consequences,

fluency score 0.38 o1 0.15 o0.51 —1.14 —1.708 0.45 o0.10 ©0.20 0.0 0.39 = I1.550
Consequences,

originality score 0.72 0.75 0.52 0.57 —0.13 —0.086 0.42 0.49 0.18 o0.24 —0.14 —0.333
Symbol Equivalence,

fluency 0.42 0.73 0.17 0.53 —1.17 —1.506 0.29 0.36 0.08 o0.13 —0.11 —0.483
Symbol Equivalence,

originality o.15 0.58 0.02 0.34 —1.04 —5.634 0.22 0.35 0.05 o0.12 —0.20 —I1.182
Unusual Uses,

fluency 072 0.59 0.52 0.35 0.31 0.348 042 o045 0.18 o0.20 —0.06 —0.143
Unusual Uses,

originality 0.59 0.47 0.35 0.22 0.23 o041t 038 018 o014 o003 o024 1.053
Barron-Welsh Art

Scale 0.58 o0.07 034 o.01 0.55 1.750 0.66 —0.02 0.44 0.00 0.67 2.061

cally a preference for complexity, as the present author has done (Barron, 1953). The
factor might therefore be understood simply as ‘ preference for complex visual displays .

As we shall see, this may be an important point for the interpretation of the findings
to be reported. Our measure for the Adaptive Flexibility factor is the Crutchfield revision
of the Gottschaldt Figures, in which the task is to discover in a complex figure a simpler
embedded one. This too was taken as the test of choice, because of its high loading on
Adaptive Flexibility in the earlier factor analysis (Barron et al, 1957).

The present investigation employed, in addition to the Art Scale and the Gottschaldt
Figures, the following tests from the Guilford battery: Expressional Fluency, Unusual Uses,
Consequences, and Symbol Equivalence. These latter three tests are scored for Idea-
tional Fluency (low quality score, or a simple count of the number of acceptable but not
highly original or clever responses) and for Originality (number of responses scored 4 or
5 on a 5-point scale of originality).

Two samples of adolescent twins were employed: one group of Italian twins (whose
cooperation was secured through the good offices of the Mendel Institute in Rome and
the Institute for Medical Genetics in Florence), and a second group of American twins,
studied at the Institute of Personality Assessment and Research, University of California,
Berkeley. In the Italian sample, diagnoses were arrived at from medical data, including
blood tests, and it is safe to assume they are highly accurate. The American sample was
classified as to zygosity on the basis of their responses to the questionnaire developed by
Nichols (1965). While the method can be expected to result in some misclassifications,
Nichols reported 93%, accuracy against the blood grouping criterion. Error in diagnosis
should lead to a higher intraclass correlation for DZ twins and a lower one for MZ twins
for inherited traits, so that heritability will be underestimated, rather than overestimated,
on the average, when errors of classification do occur.
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The Italian sample consisted of 59 pairs of like-sexed twins: g0 MZ (15 3 & and 15
Q Q) and 29 DZ (14 3 & and 15 Q Q). One QQ DZ pair had to be eliminated later,
because of incomplete test results. The average age of the sample was 17.04 years; all
subjects were secondary school students or graduates. The American sample consisted
of 57 pairs of like-sexed twins: 29 MZ (14 33 and 15 Q Q) and 28 DZ (13 & and
15 @ Q). The average age of the sample was 17.42 years, and all were either recent high
school graduates or seniors.

Results will be reported first for the Italian sample and then for the American
one, as this was the actual order of work; and a preliminary partial report on the
Ttalian sample has already been made (Barron, 1969).

Adaptive Flexibility. As we have indicated, the form of the Gottschaldt Figures
employed as a measure of this factor is the Crutchfield revision (MacKinnon et al,
1956). The test is well adapted for group administration and is closely timed. The
task is to discover in a complex figure a specific simpler figure embedded in it. Fif-
teen problems are presented.

Scores, in the Italian sample, ranged from o to 15, with a mean of 7.16. The
intraclass correlation for the MZ group is 0.86; for the DZ group, 0.35. Both cor-
relations are significantly different from zero, and they are significantly different
from one another as well (t = 4.79; P(o.o1).

The Holzinger heritability coeflicient h? is 0.79 (correlations not corrected for
attenuation).

In the American sample, the mean score is 7.81, not significantly different from
the Italian mean. The MZ intraclass correlation is 0.49; the DZ one, o0.13, giving
h? = 0.41. The two correlations are significantly different from one another, as in
the Italian sample, and the indications are for a significant degree of heritability
in the intellectual function measured by this test.

Expressional Fluency. This is a test from the Guilford battery, in which the subject
is given the initial letters of four words in sequence and asked to complete the words
in such a manner as to form a sentence. His score is the number of complete sen-
tences he can form in a given time.

In the Italian sample, the MZ correlation is 0.92, the DZ correlation 0.70, yield-
ing h? = 0.75. In the American sample, however, the finding does not hold. The
MZ correlation is —o0.28, the DZ 0.76, yielding h? = -—4.33.

Ideational Fluency. Here again, the findings are inconsistent and heritability is
not indicated. Low quality scores for Consequences, Symbol Equivalence, and Unu-
sual Uses for the two samples show the following results:

Italian sample American sample
Mz | Dz | B MZ DZ h?
Conseauences 0.38 0.71 —I1.14 0.45 0.10 0.39
Symbol Equivalence 0.42 0.73 —I.17 0.29 0.36 —o0.11
Unusual Uses 0.72 0.59 0.31 0.42 0.45 —0.06
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Originality. The results for the ** high quality  scoring of these tests are as follows:

Italian sample American sample
Mz | pz | m Mz | Dz | me
Consequences 0.72 0.75 —0.13 0.42 0.49 —0.14
Symbol Equivalence 0.15 0.58 —1.04 0.22 0.35 —0.20
Unusual Uses 0.59 0.47 0.23 0.38 0.18 0.24

At this point, it should be noted that these tests of expressive verbal behavior,
independent of verbal comprehension and reasoning, are not scored objectively, as
the other tests in the battery are, but rather by subjective ratings. Their reliabilities
are correspondingly lower, revealing interrater agreement in the range of 0.40 —
0.70. Inconsistencies in the findings may thus be in part a function of scoring error.

Esthetic Judgment of Visual Displays. In the Italian sample, the MZ intraclass cor-
relation is 0.58; the DZ one, 0.07. The MZ correlation is significantly different from
zero, but the DZ one is not. They are significantly different from one another (t =
=3.05, P{0.01), and a high heritability component is indicated by the h? value of o.55.

This finding is strongly confirmed in the American sample. The MZ intraclass
correlation i1s 0.66, the DZ one, —o0.02, a highly significant difference. The cor-
responding h? value is 0.67.

Leaving aside for the moment the hypothesized factorial structure for which
some of these tests are presumably measures, the most obvious feature of the results
is that the tests calling for expressive verbal behavior show, for the most part, sub-
stantial similarity of all twin pairs, MZ and DZ alike. The tests calling for visual
discrimination of complex forms, as well as reasoning and judgment in the visual
sphere, reveal significant differences between MZ and DZ twins, with the intraclass
correlations being ‘much higher in the MZ samples.

Since expressive verbal behavior is much more likely to be influenced both by
imitation and propinquity than are purely visual discrimination and reasoning —
which are largely silent and unobserved because of their infrequent practical con-
sequences and a lack of social need for their expression — it does make sense that
simply being part of the environment called twinship would produce high correla-
tions in the first set of behaviors, while leaving the second unaffected by the social
environment. Thus, the findings create a strong argument for the existence of a
significant hereditary component in visual judgment. The possible significance of
this for esthetics needs clarification, however, since the Gottschaldt Figures, on the
face of it, call for discrimination and reasoning but not esthetic judgment; while
the Barron-Welsh Art Scale, although known to be relevant to esthetic judgment
and creativity, has not been studied from the point of view of the respondent’s ca-
pacity to discriminate form and to reason about patterns, but only from the point
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of view of the correlates of his preferences. The question arises: can one exhibit good
taste in preferences without having the capacity to discriminate and reason about
the stimulus material in which the problem of choice is presented? Could these
considerations play a part in the analysis of creative mathematical reasoning, which
traditionally has employed esthetic criteria in judging of the fitness of a solution,
or in the degree of promise of steps towards a solution? Certainly, further study
of these effects and their implications is needed, both in new studies with the twin
method and with expanded test measures in the figural sphere, as well as with in-
dividuals of noteworthy ability in the arts and in mathematics.
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