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Two or three decades ago, the so-
called heredity-environment question
was the center of lively controversy.
Today, on the other hand, many psy-
chologists look upon it as a dead issue.
It is now generally conceded that both
hereditary and environmental factors en-
ter into all behavior. The reacting or-
ganism is a product of its genes and its
past environment, while present envi-
ronment provides the immediate stimu-
lus for current behavior. To be sure, it
can be argued that, although a given
trait may result from the combined in-
fluence of hereditary and environmental
factors, a specific difference in this trait
between individuals or between groups
may be traceable to either hereditary or
environmental factors alone. The de-
sign of most traditional investigations
undertaken to identify such factors,
however, has been such as to yield in-
conclusive answers. The same set of
data has frequently led to opposite con-
clusions in the hands of psychologists
with different orientations.

Nor have efforts to determine the
proportional contribution of hereditary
and environmental factors to observed
individual differences in given traits met
with any greater success. Apart from
difficulties in controlling conditions, such
investigations have usually been based
upon the implicit assumption that he-
reditary and environmental factors com-
bine in an additive fashion. Both ge-
neticists and psychologists have repeat-
edly demonstrated, however, that a more
tenable hypothesis is that of interaction
(15, 22, 28, 40). In other words, the
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nature and extent of the influence of
each type of factor depend upon the
contribution of the other. Thus the
proportional contribution of heredity to
the variance of a given trait, rather
than being a constant, will vary un-
der different environmental conditions.
Similarly, under different hereditary
conditions, the relative contribution of
environment will differ. Studies de-
signed to estimate the proportional con-
tribution of heredity and environment,
however, have rarely included measures
of such interaction. The only possible
conclusion from such research would

thus seem to be that both heredity and
environment contribute to all behavior
traits and that the extent of their re-
spective contributions cannot be speci-
fied for any trait. Small wonder that
some psychologists regard the heredity-
environment question as unworthy of
further consideration!

But is this really all we can find out
about the operation of heredity and en-
vironment in the etiology of behavior?
Perhaps we have simply been asking the
wrong questions. The traditional ques-
tions about heredity and environment
may be intrinsically unanswerable. Psy-
chologists began by asking which type
of factor, hereditary or environmental,
is responsible for individual differences
in a given trait. Later, they tried to
discover how much of the variance was
attributable to heredity and how much
to environment. It is the primary con-
tention of this paper that a more fruit-
ful approach is to be found in the ques-
tion "How?" There is still much to be
learned about the specific modus oper-
andi of hereditary and environmental
factors in the development of behavioral
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differences. And there are several cur-
rent lines of research which offer promis-
ing techniques for answering the ques-
tion "How?"

VARIETY OF INTERACTION MECHANISMS

Hereditary factors. If we examine
some of the specific ways in which he-
reditary factors may influence behavior,
we cannot fail but be impressed by their
wide diversity. At one extreme, we find
such conditions as phenylpyruvic amen-
tia and amaurotic idiocy. In these
cases, certain essential physical pre-
requisites for normal intellectual de-
velopment are lacking as a result of
hereditary metabolic disorders. In our
present state of knowledge, there is no
environmental factor which can com-
pletely counteract this hereditary deficit.
The individual will be mentally defec-
tive, regardless of the type of environ-
mental conditions under which he is
reared.

A somewhat different situation is
illustrated by hereditary deafness, which
may lead to intellectual retardation
through interference with normal social
interaction, language development, and
schooling. In such a case, however, the
hereditary handicap can be offset by
appropriate adaptations of training pro-
cedures. It has been said, in fact, that
the degree of intellectual backwardness
of the deaf is an index of the state of
development of special instructional fa-
cilities. As the latter improve, the in-
tellectual retardation associated with
deafness is correspondingly reduced.

A third example is provided by in-
herited susceptibility to certain physi-
cal diseases, with consequent protracted
ill health. If environmental conditions
are such that illness does in fact de-
velop, a number of different behavioral
effects may follow. Intellectually, the
individual may be handicapped by his
inability to attend school regularly. On
the other hand, depending upon age of

onset, home conditions, parental status,
and similar factors, poor health may
have the effect of concentrating the in-
dividual's energies upon intellectual pur-
suits. The curtailment of participation
in athletics and social functions may
serve to strengthen interest in reading
and other sedentary activities. Con-
comitant circumstances would also de-
termine the influence of such illness
upon personality development. And it
is well known that the latter effects
could run the gamut from a deepen-
ing of human sympathy to psychiatric
breakdown.

Finally, heredity may influence be-
havior through the mechanism of social
stereotypes. A wide variety of in-
herited physical characteristics have
served as the visible cues for identify-
ing such stereotypes. These cues thus
lead to behavioral restrictions or op-
portunities and—at a more subtle level
—to social attitudes and expectancies.
The individual's own self concept tends
gradually to reflect such expectancies.
All of these influences eventually leave
their mark upon his abilities and in-
abilities, his emotional reactions, goals,
ambitions, and outlook on life.

The geneticist Dobzhansky illustrates
this type of mechanism by means of
a dramatic hypothetical situation. He
points out that, if there were a culture
in which the carriers of blood group AB
were considered aristocrats and those of
blood group O laborers, then the blood-
group genes would become important
hereditary determiners of behavior (12,
p. 147). Obviously the association be-
tween blood group and behavior would
be specific to that culture. But such
specificity is an essential property of
the causal mechanism under considera-
tion.

More realistic examples are not hard
to find. The most familiar instances
occur in connection with constitutional
types, sex, and race. Sex and skin pig-
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mentation obviously depend upon he-
redity. General body build is strongly
influenced by hereditary components,
although also susceptible to environ-
mental modification. That all these
physical characteristics may exert a
pronounced effect upon behavior within
a given culture is well known. It is
equally apparent, of course, that in dif-
ferent cultures the behavioral correlates
of such hereditary physical traits may
be quite unlike. A specific physical cue
may be completely unrelated to indi-
vidual differences in psychological traits
in one culture, while closely correlated
with them in another. Or it may be
associated with totally dissimilar behav-
ior characteristics in two different cul-
tures.

It might be objected that some of the
illustrations which have been cited do
not properly exemplify the operation of
hereditary mechanisms in behavior de-
velopment, since hereditary factors en-
ter only indirectly into the behavior in
question. Closer examination, however,
shows this distinction to be untenable.
First it may be noted that the influence
of heredity upon behavior is always in-
direct. No psychological trait is ever
inherited as such. All we can ever say
directly from behavioral observations is
that a given trait shows evidence of
being influenced by certain "inheritable
unknowns." This merely defines a prob-
lem for genetic research; it does not
provide a causal explanation. Unlike
the blood groups, which are close to the
level of primary gene products, psy-
chological traits are related to genes
by highly indirect and devious routes.
Even the mental deficiency associated
with phenylketonuria is several steps
removed from the chemically defective
genes that represent its hereditary ba-
sis. Moreover, hereditary influences
cannot be dichotomized into the more
direct and the less direct. Rather do
they represent a whole "continuum of

indirectness," along which are found all
degrees of remoteness of causal links.
The examples already cited illustrate a
few of the points on this continuum.

It should be noted that as we proceed
along the continuum of indirectness, the
range of variation of possible outcomes
of hereditary factors expands rapidly.
At each step in the causal chain, there
is fresh opportunity for interaction with
other hereditary factors as well as with
environmental factors. And since each
interaction in turn determines the di-
rection of subsequent interactions, there
is an ever-widening network of possible
outcomes. If we visualize a simple se-
quential grid with only two alternatives
at each point, it is obvious that there
are two possible outcomes in the one-
stage situation, four outcomes at the
second stage, eight at the third, and
so on in geometric progression. The
actual situation is undoubtedly much
more complex, since there will usually
be more than two alternatives at any
one point.

In the case of the blood groups,
the relation to specific genes is so close
that no other concomitant hereditary or
environmental conditions can alter the
outcome. If the organism survives at
all, it will have the blood group deter-
mined by its genes. Among psycho-
logical traits, on the other hand, some
variation in outcome is always possible
as a result of concurrent circumstances.
Even in cases of phenylketonuria, intel-
lectual development will exhibit some
relationship with the type of care and
training available to the individual.
That behavioral outcomes show pro-
gressive diversification as we proceed
along the continuum of indirectness is
brought out by the other examples
which were cited. Chronic illness can
lead to scholarly renown or to intel-
lectual immaturity; a mesomorphic
physique can be a contributing factor
in juvenile delinquency or in the at-
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tainment of a college presidency! Pub-
lished data on Sheldon somatotypes
provide some support for both of the
latter outcomes.

Parenthetically, it may be noted that
geneticists have sometimes used the
term "norm of reaction" to designate
the range of variation of possible out-

comes of gene properties (cf. 13, p.
161). Thus heredity sets the "norm"

or limits within which environmental
differences determine the eventual out-
come. In the case of some traits, such
as blood groups or eye color, this norm
is much narrower than in the case of
other traits. Owing to the rather differ-
ent psychological connotations of both
the words "norm" and "reaction," how-
ever, it seems less confusing to speak of
the "range of variation" in this context.

A large portion of the continuum of
hereditary influences which we have de-
scribed coincides with the domain of
somatopsychological relations, as denned
by Barker et al. (6). Under this
heading, Barker includes "variations in
physique that affect the psychological
situation of a person by influencing the
effectiveness of his body as a tool for
actions or by serving as a stimulus to
himself or others" (6, p. 1). Rela-
tively direct neurological influences on
behavior, which have been the tradi-
tional concern of physiological psychol-
ogy, are excluded from this definition,
Barker being primarily concerned with

what he calls the "social psychology of
physique." Of the examples cited in
the present paper, deafness, severe ill-
ness, and the physical characteristics
associated with social stereotypes would
meet the specifications of somatopsycho-
logical factors.

The somatic factors to which Barker
refers, however, are not limited to those
of hereditary origin. Bodily conditions
attributable to environmental causes op-
erate in the same sorts of somatopsy-
chological relations as those traceable

to heredity. In fact, heredity-environ-
ment distinctions play a minor part in
Barker's approach.

Environmental factors: organic. Turn-
ing now to an analysis of the role of
environmental factors in behavior, we
find the same etiological mechanisms
which were observed in the case of
hereditary factors. First, however, we
must differentiate between two classes
of environmental influences: (a) those
producing organic effects which may in
turn influence behavior and (b) those
serving as direct stimuli for psychologi-
cal reactions. The former may be illus-
trated by food intake or by exposure to
bacterial infection; the latter, by tribal
initiation ceremonies or by a course in
algebra. There are no completely satis-
factory names by which to designate
these two classes of influences. In an
earlier paper by Anastasi and Foley (4),
the terms "structural" and "functional"
were employed. However, "organic"
and "behavioral" have the advantage of
greater familiarity in this context and
may be less open to misinterpretation.
Accordingly, these terms will be used in
the present paper.

Like hereditary factors, environmental
influences of an organic nature can also
be ordered along a continuum of indi-
rectness with regard to their relation to

behavior. This continuum closely paral-

lels that of hereditary factors. One end

is typified by such conditions as mental

deficiency resulting from cerebral birth

injury or from prenatal nutritional in-

adequacies. A more indirect etiological

mechanism is illustrated by severe mo-

tor disorder—as in certain cases of cere-

bral palsy—without accompanying in-

jury to higher neurological centers. In

such instances, intellectual retardation

may occur as an indirect result of the

motor handicap, through the curtail-

ment of educational and social activi-

ties. Obviously this causal mechanism.
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corresponds closely to that of hereditary
deafness cited earlier in the paper.

Finally, we may consider an environ-

mental parallel to the previously dis-
cussed social stereotypes which were
mediated by hereditary physical cues.
Let us suppose that a young woman
with mousy brown hair becomes trans-
formed into a dazzling golden blonde
through environmental techniques cur-
rently available in our culture. It is
highly probable that this metamorpho-
sis will alter, not only the reactions of
her associates toward her, but also her
own self concept and subsequent be-
havior. The effects could range all the
way from a rise in social poise to a drop
in clerical accuracy!

Among the examples of environmen-
tally determined organic influences
which have been described, all but the
first two fit Barker's definition of soma-
topsychological factors. With the ex-
ception of birth injuries and nutritional
deficiencies, all fall within the social
psychology of physique. Nevertheless,

the individual factors exhibit wide di-
versity in their specific modus opemndi

—a diversity which has important prac-
tical as well as theoretical implications.

Environmental factors: behavioral,
The second major class of environmen-
tal factors—the behavioral as contrasted
to the organic—are by definition direct
influences. The immediate effect of
such environmental factors is always a
behavioral change. To be sure, some
of the initial behavioral effects may
themselves indirectly affect the indi-

vidual's later behavior. But this rela-
tionship can perhaps be best concep-
tualized in terms of breadth and per-
manence of effects. Thus it could be
said that we are now dealing, not with a
continuum of indirectness, as in the case
of hereditary and organic-environmental
factors, but rather with a continuum of
breadth.

Social class membership may serve

as an illustration of a relatively broad,
pervasive, and enduring environmental
factor. Its influence upon behavior de-
velopment may operate through many
channels. Thus social level may deter-
mine the range and nature of intellec-
tual stimulation provided by home and
community through books, music, art,
play activities, and the like. Even more
far-reaching may be the effects upon in-
terests and motivation, as illustrated by
the desire to perform abstract intellec-
tual tasks, to surpass others in competi-
tive situations, to succeed in school, or
to gain social approval. Emotional and
social traits may likewise be influenced
by the nature of interpersonal relations
characterizing homes at different socio-
economic levels. Somewhat more re-
stricted in scope than social class, al-
though still exerting a relatively broad
influence, is amount of formal schooling
which the individual is able to obtain.

A factor which may be wide or narrow
in its effects, depending upon concomit-
ant circumstances, is language handi-
cap. Thus the bilingualism of an adult
who moves to a foreign country with
inadequate mastery of the new language

represents a relatively limited handicap
which can be readily overcome in most
cases. At most, the difficulty is one of
communication. On the other hand,
some kinds of bilingualism in childhood
may exert a retarding influence upon
intellectual development and may un-
der certain conditions affect personality

development adversely (2, 5, 10). A
common pattern in the homes of immi-

grants is that the child speaks one lan-
guage at home and another in school,
so that his knowledge of each language
is limited to certain types of situations.
Inadequate facility with the language of
the school interferes with the acquisition
of basic concepts, intellectual skills, and
information. The frustration engendered
by scholastic difficulties may in turn
lead to discouragement and general dis-
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like of school. Such reactions can be
found, for example, among a number of
Puerto Rican children in New York City
schools (3). In the case of certain
groups, moreover, the child's foreign
language background may be perceived
by himself and his associates as a sym-
bol of minority group status and may
thereby augment any emotional malad-
justment arising from such status (34).

A highly restricted environmental in-
fluence is to be found in the oppor-
tunity to acquire specific items of in-
formation occurring in a particular in-
telligence test. The fact that such
opportunities may vary with culture,
social class, or individual experiential
background is at the basis of the test
user's concern with the problem of
coaching and with "culture-free" or
"culture-fair" tests (cf. 1, 2). If the
advantage or disadvantage which such
experiential differences confer upon cer-
tain individuals is strictly confined to
performance on the given test, it will
obviously reduce the validity of the test
and should be eliminated.

In this connection, however, it is es-
sential to know the breadth of the en-
vironmental influence in question. A
fallacy inherent in many attempts to
develop culture-fair tests is that the
breadth of cultural differentials is not
taken into account. Failure to consider

breadth of effect likewise characterizes
certain discussions of coaching. If, in
coaching a student for a college admis-
sion test, we can improve his knowledge
of verbal concepts and his reading com-
prehension, he will be better equipped
to succeed in college courses. His per-
formance level will thus be raised, not
only on the test, but also on the cri-
terion which the test is intended to pre-
dict. To try to devise a test which is
not susceptible to such coaching would
merely reduce the effectiveness of the
test. Similarly, efforts to rule out cul-
tural differentials from test items so as

to make them equally "fair" to subjects
in different social classes or in different
cultures may merely limit the useful-
ness of the test, since the same cultural
differentials may operate within the
broader area of behavior which the test

is designed to sample.

METHODOLOGICAL APPROACHES

The examples considered so far should
suffice to highlight the wide variety of
ways in which hereditary and environ-
mental factors may interact in the
course of behavior development. There
is clearly a need for identifying ex-
plicitly the etiological mechanism where-
by any given hereditary or environmen-
tal condition ultimately leads to a be-
havioral characteristic—in other words,
the "how" of heredity and environment.
Accordingly, we may now take a quick
look at some promising methodological
approaches to the question "how."

Within the past decade, an increasing
number of studies have been designed
to trace the connection between specific
factors in the hereditary backgrounds or
in the reactional biographies of indi-
viduals and their observed behavioral
characteristics. There has been a defi-
nite shift away from the predominantly
descriptive and correlational approach
of the earlier decades toward more de-
liberate attempts to verify explanatory
hypotheses. Similarly, the cataloguing
of group differences in psychological
traits has been giving way gradually to
research on changes in group charac-
teristics following altered conditions.

Among recent methodological devel-
opments, we have chosen seven as be-
ing particularly relevant to the analysis

of etiological mechanisms. The first rep-
resents an extension of selective breed-
ing investigations to permit the identifi-

cation of specific hereditary conditions
underlying the observed behavioral dif-
ferences. When early selective breeding
investigations such as those of Tryon
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(36) on rats indicated that "maze learn-
ing ability" was inherited, we were still
a long way from knowing what was
actually being transmitted by the genes.
It was obviously not "maze learning
ability" as such. Twenty—or even ten
—years ago, some psychologists would
have suggested that it was probably
general intelligence. And a few might
even have drawn a parallel with the in-
heritance of human intelligence.

But today investigators have been
asking: Just what makes one group of

rats learn mazes more quickly than the
other? Is it differences in motivation,
emotionality, speed of running, general
activity level? If so, are these behav-
ioral characteristics in turn dependent
upon group differences in glandular de-
velopment, body weight, brain size, bio-
chemical factors, or some other organic
conditions? A number of recent and
ongoing investigations indicate that at-
tempts are being made to trace, at least
part of the way, the steps whereby cer-
tain chemical properties of the genes
may ultimately lead to specified behav-
ior characteristics.

An example of such a study is pro-
vided by Searle's (31) follow-up of
Tryon's research. Working with the
strains of maze-bright and maze-dull
rats developed by Tryon, Searle demon-
strated that the two strains differed in
a number of emotional and motivational
factors, rather than in ability. Thus
the strain differences were traced one
step further, although many links still
remain to be found between maze learn-
ing and genes. A promising methodo-
logical development within the same
general area is to be found in the recent
research of Hirsch and Tryon (18).
Utilizing a specially devised technique
for measuring individual differences in
behavior among lower organisms, these
investigators launched a series of stud-
ies on selective breeding for behavioral
characteristics in the fruit fly, Dro-

sophila. Such research can capitalize
on the mass of available genetic knowl-

edge regarding the morphology of Dro-
sophila, as well as on other advantages
of using such an organism in genetic
studies.

Further evidence of current interest
in the specific hereditary factors which
influence behavior is to be found in an
extensive research program in progress
at the Jackson Memorial Laboratory,
under the direction of Scott and Fuller

(30). In general, the project is con-
cerned with the behavioral character-
istics of various breeds and cross-breeds
of dogs. Analyses of some of the data
gathered to date again suggest that

"differences in performance are pro-
duced by differences in emotional, mo-
tivational, and peripheral processes, and
that genetically caused differences in
central processes may be either slight
or non-existent" (29, p. 225). In other
parts of the same project, breed dif-
ferences in physiological characteristics,
which may in turn be related to be-

havioral differences, have been estab-
lished.

A second line of attack is the explo-
ration of possible relationships between
behavioral characteristics and physio-
logical variables which may in turn be
traceable to hereditary factors. Re-
search on EEC, autonomic balance,
metabolic processes, and biochemical
factors illustrates this approach. A
lucid demonstration of the process of
tracing a psychological condition to ge-
netic factors is provided by the identifi-
cation and subsequent investigation of
phenylpyruvic amentia. In this case,
the causal chain from defective gene,
through metabolic disorder and conse-
quent cerebral malfunctioning, to feeble-
mindedness and other overt symptoms
can be described step by step (cf. 32;

33, pp. 389-391). Also relevant are
the recent researches on neurological
and biochemical correlates of schizo-
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phrenia (9). Owing to inadequate
methodological controls, however, most
of the findings of the latter studies must
be regarded as tentative (19).

Prenatal environmental factors pro-
vide a third avenue of fruitful investi-

gation. Especially noteworthy is the
recent work of Pasamanick and his as-

sociates (27), which demonstrated a
tie-up between socioeconomic level, com-
plications of pregnancy and parturition,
and psychological disorders of the off-
spring. In a series of studies on large
samples of whites and Negroes in Balti-
more, these investigators showed that
various prenatal and paranatal disor-
ders are significantly related to the oc-
currence of mental defect and psychi-
atric disorders in the child. An impor-
tant source of such irregularities in the
process of childbearing and birth is to
be found in deficiencies of maternal diet
and in other conditions associated with
low socioeconomic status. An analysis
of the data did in fact reveal a much
higher frequency of all such medical
complications in lower than in higher
socioeconomic levels, and a higher fre-
quency among Negroes than among
whites.

Direct evidence of the influence of
prenatal nutritional factors upon subse-
quent intellectual development is to be
found in a recent, well controlled ex-
periment by Harrell et al. (16). The
subjects were pregnant women in low-
income groups, whose normal diets were
generally quite deficient. A dietary sup-
plement was administered to some of
these women during pregnancy and lac-
tation, while an equated control group
received placebos. When tested at the
ages of three and four years, the off-
spring of the experimental group ob-
tained a significantly higher mean IQ
than did the offspring of the controls.

Mention should also be made of ani-
mal experiments on the effects of such
factors as prenatal radiation and neo-

natal asphyxia upon cerebral anomalies
as well as upon subsequent behavior de-
velopment. These experimental studies
merge imperceptibly into the fourth ap-
proach to be considered, namely, the in-
vestigation of the influence of early ex-
perience upon the eventual behavioral
characteristics of animals. Research in
this area has been accumulating at a
rapid rate. In 19 54, Beach and Jaynes
(8) surveyed this literature for the Psy-
chological Bulletin, listing over 130 ref-

erences. Several new studies have ap-
peared since that date (e.g., 14, 21, 24,
25, 35). The variety of factors covered
ranges from the type and quantity of
available food to the extent of contact
with human culture. A large number
of experiments have been concerned
with various forms of sensory depriva-
tion and with diminished opportunities
for motor exercise. Effects have been
observed in many kinds of animals and
in almost all aspects of behavior, includ-
ing perceptual responses, motor activity,
learning, emotionality, and social reac-

tions.
In their review, Beach and Jaynes

pointed out that research in this area has
been stimulated by at least four distinct
theoretical interests. Some studies were
motivated by the traditional concern
with the relative contribution of matu-
ration and learning to behavior develop-
ment. Others were designed in an ef-
fort to test certain psychoanalytic theo-
ries regarding infantile experiences, as
illustrated by studies which limited the
feeding responses of young animals. A
third relevant influence is to be found
in the work of the European biologist
Lorenz (23) on early social stimulation
of birds, and in particular on the spe-
cial type of learning for which the term
"imprinting" has been coined. A rela-
tively large number of recent studies
have centered around Hebb's (17) the-
ory regarding the importance of early
perceptual experiences upon subsequent
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performance in learning situations. All
this research represents a rapidly grow-
ing and promising attack on the modus
operandi of specific environmental fac-
tors.

The human counterpart of these ani-
mal studies may be found in the com-
parative investigation of child-rearing
practices in different cultures and sub-
cultures. This represents the fifth ap-
proach in our list. An outstanding ex-
ample of such a study is that by Whit-
ing and Child (38), published in 1953.
Utilizing data on 75 primitive societies
from the Cross-Cultural Files of the
Yale Institute of Human Relations,
these investigators set out to test a
number of hypotheses regarding the re-
lationships between child-rearing prac-
tices and personality development. This
analysis was followed up by field ob-
servations in five cultures, the results of
which have not yet been reported (cf.
37).

Within our own culture, similar sur-
veys have been concerned with the di-
verse psychological environments pro-
vided by different social classes (11).
Of particular interest are the study by
Williams and Scott (39) on the as-
sociation between socioeconomic level,
permissiveness, and motor development
among Negro children, and the explora-
tory research by Milner (26) on the
relationship between reading readiness
in first-grade children and patterns of
parent-child interaction. Milner found
that upon school entrance the lower-
class child seems to lack chiefly two ad-
vantages enjoyed by the middle-class
child. The first is described as "a warm
positive family atmosphere or adult-re-
lationship pattern which is more and
more being recognized as a motivational
prerequisite of any kind of adult-con-
trolled learning." The lower-class chil-
dren in Milner's study perceived adults
as predominantly hostile. The second
advantage is an extensive opportunity

to interact verbally with adults in the
family. The latter point is illustrated
by parental attitudes toward mealtime
conversation, lower-class parents tend-
ing to inhibit and discourage such con-
versation, while middle-class parents en-
courage it.

Most traditional studies on child-rear-
ing practices have been designed in
terms of a psychoanalytic orientation.
There is need for more data pertaining
to other types of hypotheses. Findings
such as those of Milner on opportunities
for verbalization and the resulting ef-
fects upon reading readiness represent
a step in this direction. Another pos-
sible source of future data is the ap-
plication of the intensive observational
techniques of psychological ecology de-
veloped by Barker and Wright (7) to
widely diverse socioeconomic groups.

A sixth major approach involves re-
search on the previously cited soma-
topsychological relationships (6). To
date, little direct information is avail-
able on the precise operation of this
class of factors in psychological devel-
opment. The multiplicity of ways in
which physical traits—whether heredi-
tary or environmental in origin—may
influence behavior thus offers a rela-
tively unexplored field for future study.

The seventh and final approach to
be considered represents an adaptation
of traditional twin studies. From the
standpoint of the question "How?"
there is need for closer coordination be-
tween the usual data on twin resem-
blance and observations of the family
interactions of twins. Available data
already suggest, for example, that close-
ness of contact and extent of environ-
mental similarity are greater in the case
of monozygotic than in the case of di-
zygotic twins (cf. 2). Information on
the social reactions of twins toward
each other and the specialization of
roles is likewise of interest (2). Espe-
cially useful would be longitudinal stud-
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ies of twins, beginning in early infancy
and following the subjects through
school age. The operation of differen-
tial environmental pressures, the devel-
opment of specialized roles, and other
environmental influences could thus be
more clearly identified and correlated
with intellectual and personality changes
in the growing twins.

Parenthetically, I should like to add
a remark about the traditional applica-
tions of the twin method, in which per-
sons in different degrees of hereditary
and environmental relationships to each
other are simply compared for behav-
ioral similarity. In these studies, at-
tention has been focused principally
upon the amount of resemblance of
monozygotic as contrasted to dizygotic
twins. Yet such a comparison is par-
ticularly difficult to interpret because of
the many subtle differences in the en-
vironmental situations of the two types
of twins. A more fruitful comparison
would seem to be that between dizygotic
twins and siblings, for whom the he-
reditary similarity is known to be the
same. In Kallmann's monumental re-
search on psychiatric disorders among
twins (20), for example, one of the most
convincing bits of evidence for the op-
eration of hereditary factors in schizo-
phrenia is the fact that the degrees of
concordance for dizygotic twins and for
siblings were practically identical. In
contrast, it will be recalled that in in-
telligence test scores dizygotic twins re-
semble each other much more closely
than do siblings—a finding which re-
veals the influence of environmental fac-
tors in intellectual development.

SUMMARY

The heredity-environment problem is
still very much alive. Its viability is
assured by the gradual replacement of
the questions, "Which one?" and "How
much?" by the more basic and appro-
priate question, "How?" Hereditary in-

fluences—as well as environmental fac-
tors of an organic nature—vary along a
"continuum of indirectness." The more
indirect their connection with behavior,
the wider will be the range of variation
of possible outcomes. One extreme of
the continuum of indirectness may be
illustrated by brain damage leading to
mental deficiency; the other extreme, by
physical characteristics associated with
social stereotypes. Examples of factors
falling at intermediate points include
deafness, physical diseases, and motor
disorders. Those environmental factors
which act directly upon behavior can be
ordered along a continuum of breadth
or permanence of effect, as exemplified
by social class membership, amount of
formal schooling, language handicap,
and familiarity with specific test items.

Several current lines of research offer
promising techniques for exploring the
modus operandi of hereditary and envi-
ronmental factors. Outstanding among
them are investigations of: (a) heredi-
tary conditions which underlie behav-
ioral differences between selectively bred
groups of animals; (b) relations be-
tween physiological variables and indi-
vidual differences in behavior, especially
in the case of pathological deviations;
(c) role of prenatal physiological factors
in behavior development; (d) influence
of early experience upon eventual be-
havioral characteristics; (e) cultural
differences in child-rearing practices in
relation to intellectual and emotional
development; (/) mechanisms of soma-
topsychological relationships; and (g)
psychological development of twins from
infancy to maturity, together with ob-
servations of their social environment.
Such approaches are extremely varied
with regard to subjects employed, na-
ture of psychological functions studied,
and specific experimental procedures fol-
lowed. But it is just such heterogeneity
of methodology that is demanded by
the wide diversity of ways in which he-
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reditary and environmental factors in-
teract in behavior development.
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