drawal after surgery (P = .025), while
the responses of the sham-operated
were not significantly changed. After
the operation the scores of the degan-
glionated group were significantly low-
er than the scores of the sham-operated
group (P = .013). These results sug-
gest that the siphon withdrawal com-
ponent of the defensive reflex is
mediated primarily by the central ner-
vous system. This does not mean that
all siphon withdrawal is centrally me-
diated. In the absence of the abdom-
inal ganglion, the peripheral plexus is
still able to move the siphon when it
is directly stimulated. However, de-
ganglionated animals are unable to per-
form an integrated withdrawal reflex
that removes the siphon from view.

Since the siphon can move in the de-
ganglionated animal, we sought to de-
termine whether the sensitization of
the reflex might be due to the facili-
tation of the relatively small peripher-
ally mediated siphon movements. Twen-
ty-four animals were matched as in
previous experiments and all animals
were given sensitization training (four
shocks per day for 4 days) beginning
6 days after the habituation session.
On the day after the last shock, half
of the animals were deganglionated
and the other half were sham-oper-
ated. All animals were given a l-day
postoperative retention test using a blind
procedure (Table 1b). The degangli-
onated animals failed to show any ef-
fect of the previous sensitization train-
ing. In fact, these animals showed sig-
nificantly less siphon withdrawal than
they did previously (P = .025) (Table
1b). By contrast, the sham-operated
animals showed significant sensitiza-
tion (P =.005) despite the interven-
ing anesthetic and surgical procedure.
Two days after the last shock, the me-
dian value of the sham-operated group
was about 440 percent of the presen-
sitization value. These results suggest
that long-term sensitization of siphon
withdrawal is centrally mediated.

The demonstration of long-term sen-
sitization of defensive siphon with-
drawal in Aplysia is a further exten-
sion of the short- and long-term forms
of behavioral modifications that this
simple reflex can undergo. Whereas
habituation is perhaps the most ele-
mentary behavioral modification, sen-
sitization is more complex because it
involves changes in one reflex path-
way as a result of activity in another
one. As Groves and Thompson (14)
have pointed out, sensitization repre-
sents an aspect of arousal, or a “state
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variable,” characteristic of vertebrates.
By developing a simple system for the
analysis of sensitization, it may become
possible to gain some understanding of
the cellular mechanisms of arousal and
elementary forms of learning. :
HAROLD M. PINSKER™
WAYNE A. HENING
THoMAs J. CAREW
Eric R. KANDEL
Departments of Physiology and
Psychiatry, New York University
Medical School, and Department of
Neurobiology and Behavior,
Public Health Research Institute of
New York, New York 10016
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Heritability of IQ by Social Class: Evidence Inconclusive

In her provocative article on race
and intelligence (), Scarr-Salapatek
may give the mistaken impression that
“two major, competing hypotheses,” or
some combination of them, are the
only plausible explanations of the rela-
tion among social class, race, and IQ
(intelligence quotient). Either (i) racial
differences in intelligence result from
environmental disadvantage that simul-
taneously retards mental development
and prevents full expression of genetic
differences or (ii) racial differences re-
flect genetic differences that contribute
a similar proportion of variance in
all social classes. Scarr-Salapatek at-
tempts to exclude the second hypothe-
sis and thereby, perhaps, to strengthen
the environmental explanation of race
differences.

It is sometimes supposed that an
optimum environment will result in
maximum expression of genetic factors,

but the fallacy of this view becomes
apparent when one asks, “Optimum for
what?” or “Expression of which genetic
factors?’ Different environments elicit
the expression of different sets of genes.
Scarr-Salapatek’s restriction of expla-
nations to two models tends, albeit
unintentionally, to affirm the above fal-
lacious view and to perpetuate the wide-
spread idea that genetic factors set
limits on an individual’s potential, while
the environment determines how closely
he will approach these limits. Neither
heredity nor environment sets absolute
limits on quantitative traits.

If we discard simplistic formulations,
many more than two models have to be
considered in any attempt to under-
stand racial and class differences in in-
telligence. A complete and testable
model should predict at least three
things: the effect of socioeconomic en-
vironment on intelligence test scores,

SCIENCE, VOL. 182



the relative magnitude of the pheno-
typic (total) variance in different
classes, and class differences in the
proportion of that variance which is
genetic (heritability in the broad sense).
Scarr-Salapatek’s two models make very
simple predictions: either favorable en-
vironments increase the mean, the
variance, and the heritability of in-
telligence or environments do not sig-
nificantly affect intelligence at all.

Another hypothesis that might be as
easy to test is that environmental ad-
vantages increase the mean and vari-
ance of intelligence, while reducing its
heritability. Different favorable condi-
tions might provide people with differ-
ent mental skills almost independently
of their genetic endowment, and the
genetic endowment would be expressed
most distinctly in basic or deprived cul-
tures. However, if disadvantaged mono-
zygotic twins are no more similar in
intelligence than Scarr-Salapatek has
estimated, we must agree with her that
“genetic factors cannot be seen as
strong determinants of aptitude scores
in the disadvantaged groups” (I, p.
1292). One might then modify this hy-
pothesis or look at a few others.

Several models could be proposed in
which lower-class environments, more
than upper-class environments, contain
diverse stimuli that produce deviations
from an individual’s “most probable”
IQ. The diversity and magnitude of
stresses in some economically deprived
groups are formidable, and, unlike
chronic deprivation, stresses may have
positive behavioral consequences (2).
If some stresses in a lower-class envi-
ronment produce positive, and others,
negative, deviations in intelligence, this
could account for its low heritability in
low socioeconomic classes. Particular
models would further specify whether
a low mean IQ in these social classes
reflected cultural impoverishment or
economic selection, and what effect
either phenomenon might have on vari-
ance. One such particular model would
invoke the effects of stress in a lower-
class environment to modify the hy-
pothesis, proposed in the preceding
paragraph, that environmental advan-
tages tend to lower the heritability of
intelligence.

These hypotheses are all more com-
plicated than the two discussed by
Scarr-Salapatek, but some of them
might be closer to reality.

Failure to list other alternatives
would not detract from an effective
exclusion of one hypothesis, Scarr-
Salapatek’s main purpose. When one
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examines her calculations, one is forced
to doubt whether she did, in fact,
demonstrate lower heritability in dis-
advantaged groups, and this doubt can
be made more explicit than was done
by Dawes (3). Estimates obtained from

differences between statistics may have

relatively large errors because they
combine the two sampling errors of
the statistics from which they were
calculated. Scarr-Salapatek has com-
pounded her sampling errors by taking
differences between differences. First,
to estimate the intraclass correlation
coefficient for the monozygotic twins,
Scarr-Salapatek subtracted the coeffi-
cient of the opposite-sex pairs from
that of the same-sex pairs, after con-
verting to Fisher z scores and weight-
ing them according to the estimated
proportions of monozygotic and dizy-
gotic same-sex twins (I, p. 1287).
The same-sex pairs were, by her esti-
mates, approximately equally divided
between monozygotic and dizygotic
pairs, and the error of the transformed
monozygotic coefficient in her formula
is therefore at least twice the error of
the  transformed same-sex coefficient.
The formula for heritability again sub-
tracts the correlation coefficient of op-
posite-sex twins, this time from the in-
directly obtained coefficient of mono-
zygotic twins (I, p. 1290). When at
last she compares heritabilities, the ob-
served differences may be explained by
chance variation.

To appreciate the degree of uncer-
tainty surrounding Scarr-Salapatek’s
estimates, consider the 95 percent con-
fidence interval for her estimates. The
limits of this interval can be calcu-
lated for her intraclass correlation co-
efficients by adding =+ 1.96 times the
square root of the sampling variances
of the corresponding Fisher z scores.
The conventional large-sample vari-
ances may be used for the coefficients
of same-sex and opposite-sex twins.
The estimated coefficient for mono-
zygotic twins requires a different cal-
culation, its sampling variance (var)
being a weighted sum of the variances
of the two coefficients from which it
was calculated:

Var(Zrlmz) = (3,3,1"—)- Va"(Zriss) +

sSdz
SSma

where z,4,, is the transformed correla-
tion coefficient for monozygotic twins,
Zpss that for same-sex twins, and z
that for opposite-sex twins; SS,,, is the
proportion of monozygotic twins among

)2 var(Zrios)

same-sex pairs, and SS;, is the propor-
tion of dizygotic twins among same-sex
pairs. This assumes the validity of her
method of estimating the monozygotic
intrapair correlation.

The coefficient for the middle and
above median group of dizygotic black
twins with respect to verbal aptitude
scores, calculated by Scarr-Salapatek
as .460, has 95 percent confidence
limits at .241 and .635. For monozy-
gotic twins in the same group, on the
same tests, with a correlation coeffi-
cient estimated by her as .753, the
possible range is .492 to .890. The
wide overlap with the range for dizy-
gotic twins would be even wider if one
took into account the negative correla-
tion between the coefficient of dizygotic
twins and the derived coefficient of
monozygotic twins. Yet this compari-
son was one of the most reliable (4).
It is therefore not surprising that sev-
eral of the groups in her study ap-
peared to have negative heritabilities.
Eaves and Jinks have presented a de-
tailed mathematical criticism of this
point (5). )

Finally, Scarr-Salapatek’s attempt to
estimate the intraclass correlation co-
efficient of monozygotic twins by an
extension of Weinberg’s difference
method, attributed to Burt (6), is of
considerable methodological interest.
Before other workers make the same
attempt, the pitfalls should be noted,
even though they do not affect Scarr-
Salapatek’s conclusions.

Burt’s approach assumed that parti-

‘tioning the z-transformation of ~ the

same-sex intraclass correlation coeffi-
cient was equivalent to partitioning the
components of variance represented in
that coefficient. This is only approxi-
mately correct, and it seems more ap-
propriate to partition the mean squares,
also available. The  formula used by
Scarr-Salapatek (I, p. 1287) can be
applied separately to between-pair and
within-pair mean squares instead of to
converted correlation coefficients. The
adjusted mean squares are then used in
the usual formula for the intraclass cor-
relation coefficient. This procedure
yields corrections ranging from —.028
to 4.050 in the coefficients estimated
for monozygotic twins, but these cor-
rections are smaller than the presumed
sampling errors. Sampling variances of
the improved estimates can be obtained
only by approximation (7), but are
probably rather similar to those we cal-
culated for Scarr-Salapatek’s estimates.

Both methods of estimating intraclass
correlation coefficients of monozygotic
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twins require three assumptions: (i) the
usual Weinberg assumption, that same-
sex dizygotic twins occur in the same
number as opposite-sex twins or in a
proportion that can be estimated from
the sex ratio; (ii) that monozygotic and
dizygotic twins have the same mean
value (intelligence in this instance);
and (iii) that variance within same-sex
dizygotic pairs is equal to that within
opposite-sex dizygotic pairs in all social
classes. We are most interested in the
third assumption. Actually, the variance
among same-sex dizygotic pairs is al-
most always smaller than that among
opposite-sex pairs, and subtracting the
variance of opposite-sex twins from
that of all same-sex pairs will remove
too much of the variance. The remain-
ing variance attributed to monozygotic
twins will be an underestimate, and the
intraclass correlation coefficient esti-
mated by either method will be an over-
estimate. This exaggerates the heritabil-
ity of the trait in question. It is an error
in the conservative direction for Scarr-
Salapatek’s purpose of demonstrating
low heritability of intelligence in the
disadvantaged class.

In summary, Scarr-Salapatek has pre-
sented a plausible model and a helpful
approach to a difficult problem, but her
data are insufficient. The approach
might permit the exclusion of not one,
but several significant hypotheses if the

blood types.of such a series of twins -

were determined or, given a much
larger series, even if they were not.
GORDON ALLEN
Mental Health Intramural Research
Program, National Institute of Mental
Health, Bethesda, Maryland 20014
KAREN D. PETTIGREW
Biometry Branch,
National Institute of Mental Health
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Considerable heat, 1 or 2 million
words of discussion, and several pounds
of printed paper have been generated
during the past few years in contro-
versy over genetic versus environmental
interpretations of racial and social class
differences in mean IQ scores. No satis-
factory resolution has been possible be-
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cause of the inadequacies of available
data. The latest major article, Scarr-Sala-
patek (Z), furnishes a fresh set of data
collected in a study of school-aged black
and white twins grouped by social
class. Studies of twins are frequently
used to derive estimates of a trait’s
heritability (that is, the ratio of the
genetic variance to the phenotypic
variance) within a given population.
That approach has yielded relatively
consistent estimates of the heritability
of IQ within white populations in the
course of a number of investigations,
but such estimates have been lacking
for blacks and members of lower so-
cial classes. Scarr-Salapatek proposes
that by filling the gap and by compar-
ing the heritabilities estimated for each
race and for the different social classes,
competing predictions of simple nature
and nurture hypotheses about the ori-
gins of between-group IQ differences
can be put to the test. Thus, at first
glance, this new study seems to promise
the kinds of data that are needed to
settle the issue at last.

Indeed, some readers will be tempted
to believe that Scarr-Salapatek’s report
contains the definitive answer, espe-
cially because the sentiments expressed
in the concluding paragraphs are so
clearly fair-minded. Scarr-Salapatek
states (and who would disagree with
her?) that “Group differences in IQ
scores and phenotypic variability that
exist because of environmental depriva-
tion can and should be ameliorated”
(1, p. 1294). We wish we could as
readily agree that her data convincingly
establish that the between-group differ-
ences in IQ observed in her study do
exist largely because of environmental
deprivation. Nevertheless, we are com-
pelled to question whether such a con-
clusion—or, in fact, any conclusion—
can be drawn from these data, just as
we seriously doubt that conclusions can
be based upon the lines of evidence
that other authors (2) have assembled
in attempting to demonstrate the exis-
tence of group differences because of
genetic factors.

Several technical difficulties in Scarr-
Salapatek’s material will be obvious to
most readers. They include: the loss of
one-third of her starting sample, with
the reasons for the losses apparently
being differently distributed in the two
racial groups (3); the need to estimate
social class from census tract data
rather than from known characteristics
of the individual twins’ families; and
the extreme nonnormality of the test

score distributions mentioned by the
author. All combine to introduce into
the analyses an unknown, but possibly
substantial, amount of “noise.” Confu-
sion is added, too, by a number of dis-
crepancies in the tables (4). Yet, we
are troubled chiefly by another prob-
lem, one that is less likely to be rec-
ognized by many readers but that is
more fundamental than the above
shortcomings: All of Scarr-Salapatek’s
main analyses are based on the twin
method, which, in turn, depends upon
comparisons between monozygotic and
dizygotic pairs and, hence, upon accu-
rate zygosity determinations. But no
tests of zygosity were made on this
sample (5); not a single same-sex pair
can bé classified as to zygosity.

The author has sought to cope with
this important omission by calling upon
Weinberg’s differential rule (6), which
postulates that same-sex and opposite-
sex pairs occur in about equal fre-
quency among dizygotic twins. Pre-
sumably, therefore, one has only to
subtract twice the number of opposite-
sex pairs from the total sample size to
find the number of monozygotic pairs
in the sample. This is the procedure
that Scarr-Salapatek follows. Reliance
on the Weinberg rule, however, has
been called into question by several
authors (7). A recent review (8) of
eight studies of twins shows that the
proportion of same-sex dizygotic pairs
predicted by the differential rule may
be considerably less than the proportion
actually found when blood-grouping is
done. If the proportion of dizygotic
pairs is underestimated, then, of course,
monozygotic pairs are proportionately
overestimated. In that case, analyses
like Scarr-Salapatek’s will almost cer-
tainly undervalue the genetic contribu-
tion to phenotypic variance.

We see three specific reasons to be-
lieve that the Weinberg rule fits Scarr-
Salapatek’s sample poorly.

1) The correlations reported for the
test scores of opposite-sex twins are
frequently—in three out of nine com-
parisons within the black group and
four out of nine comparisons within
the white group—higher than the cor-
relations for same-sex pairs as a whole
and than the estimated correlations for
monozygotic twins (Z, tables 5 to 8, pp.
1290-1291). In a letter on Scarr-
Salapatek’s article, Dawes (9) points
out that such a finding is not to be ex-
pected on genetic grounds. We would
add that it is not to be expected on
environmental grounds either.
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2) As Scarr-Salapatek correctly notes,
“The heritability of intelligence in
white, middle-class populations . . . has
been repeatedly estimated to account
for 60 to 80 percent of the total vari-
ance in general intelligence scores . . . .”
(1, p. 1285). For her own group of
white, middle-class children, however,
the heritabilities of the test scores (I,
tables 9 to 12, pp. 1292-1293) range
between only 4 and 44 percent. Prob-
lems with the Weinberg differential
rule mentioned above could account
for the failure to obtain figures in line
with most other studies. In the absence
of previous data on black and disad-
vantaged subjects, it is of course’ not
possible to judge whether Scarr-Sala-
patek’s data minimize the genetic con-
tribution to differences in IQ as drasti-
cally within those groups as they
appear to do for middle-class white
subjects.

3) Finally, the sex distributions pre-
sented in table 13 (I, p. 1293) make
it evident that, for the black group at
least, the Weinberg rule is inappropri-
ate. The rule rests on the assumption
that the distribution of sexes is nearly
equal among twins in any population.
That assumption is certainly not met
in the sample of black twins, which
contains 194 female-female and 139
male-male pairs. (Carrying through on
the Weinberg formula for this sample
with 169 opposite-sex pairs, one would
obtain estimates of 109 female and
only 55 male monozygotic pairs. Or, if
the basic assumption of the Weinberg
rule is waived, the deviation in sex
ratio of 41 percent males to 59 per-
cent females found among the same-
sex black pairs may be assigned
equally to monozygotic and dizygotic
pairs, yielding 67 male to 97 female
monozygotic pairs and 69 male to 100
female dizygotic pairs—a biased sam-
ple at best. And, then, how much fur-
ther distortion occurs when this sample
is subdivided by estimated ratings of
social class?)

For the foregoing reasons, we be-
lieve that the zygosity estimates in
Scarr-Salapatek’s study cannot be ac-
cepted with any degree of certainty. It
is difficult to see how the analyses,
which hinge upon such estimates, can
be considered meaningful.

Perhaps it is just as well that the
data are not to be taken too seriously,
for, otherwise, a true puzzle might con-
front us all. According to her own for-
mulation, Scarr-Salapatek would have
to demonstrate that heritabilities of the
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test scores are higher in whites than in

blacks, and higher in middle than in
lower social classes, in order to support
the theoretical model, which attributes
group differences to the depressing ef-
fects of environmental disadvantages

rather than to genetic differences. The °

author holds that her data on social
class are consonant with the environ-
mental disadvantage hypothesis. Actu-
ally, as noted by Dawes’ letter (9) and

_in the author’s reply (10), heritability

estimates are missing for lower-class
whites on both the verbal and non-
verbal aptitude tests and for lower-
class blacks on the nonverbal tests
owing to the methodological problems
detailed above. Hence, we contend that
hypotheses about social class differ-
ences in IQ are untestable with Scarr-
Salapatek’s data.

For blacks and whites within social
classes, however, some comparisons are
possible, and there is where the puzzle
would come in. Of the four possible
comparisons [using either 4,2 or h,2 in
table 9 (/, p. 1292)], three show the
estimated heritability ratios for blacks
to exceed, by at least 50 percent, those
for the white group. The environmental
disadvantage explanation of black and
white differences in IQ would predict
the reverse. Fortunately, the methodo-
logical difficulties that we have noted
make it unnecessary to worry over the
seeming contradiction between the re-
ported results and expectations of the
environmental hypothesis.

Emotionally and intellectually, we
concur in the belief that the environ-
mental hypothesis is the correct expla-
nation for observed differences in IQ
between groups, at least between blacks
and whites. Our point, however, is that
Scarr-Salapatek’s data do not provide
the longed-for evidence in support of
that hypothesis.

L. ERLENMEYER-KIMLING
Department of Medical Genetics,
New York State Psychiatric Institute,
New York 10032
SAMUEL E. STERN
Department of Sociology, Georgia
State University, Atlanta 30303
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My first attempt to explore possible
differences in the sources of variance
in aptitude scores among children from
several populations (/) has been
roundly, and often correctly, criticized
because it failed to settle all of the
methodological, statistical, ethical, and
social issues arising from the observa-
tion of individual and group differences
in intelligence.

Further, the discussion section seems
to have enraged some hereditarians by
its emphasis on environmental differ-
ences, even though the sentiments ex-
pressed have been labeled as “fair-
minded.” First, let me discuss briefly
the difficulties of model testing in
human populations and, second, deal
with specific criticisms raised by the
two technical comments.

Model Testing

The posing and testing of competing
models to explain the human data on
intellectual variation is an extremely
difficult task, made mearly impossible
by the requirement that each study
meet all possible criticisms. Many po-
tential investigators, especially the bio-
metricians (2, 3), can specify ideal
designs for genetic research on be-
havior. Their specifications for ideal
studies are so extraordinary, however,
that no research is likely to meet their
criteria of sample size, composition,
minimum standard errors of estimate,
and so forth, unless a giant, collabora-
tive effort were launched. To predict
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from past performance, the critical re-
search will certainly not be done by
those who demand such rigor from
others.

There is also an irony in their de-
mands: as Barker (4) has pointed out,
the higher the estimated heritability,
the fewer the pairs of related persons

needed to detect statistically significant

genetic variance, because the power of
the test increases as heritability esti-
mates increase. Thus, if heritabilities
are low, as predicted for disadvantaged
populations, their detection is nearly
impossible by biometrical standards.
There is an overwhelming bias in favor
of accepting the results of studies with
high heritability estimates.

There has never been a study of the
effects of genetics on human behavior
that could withstand all of the criti-
cisms leveled at mine. Does this mean
that we know nothing about the effects
of genetic and environmental differ-
ences on behavior? Nonsense. I believe
we do know that genetic differences
play an important role in the distribu-
tion of individual differences for many
characteristics in some populations,
Our knowledge is based not on one
critical study, but on the accumulated
weight of evidence from many par-
tially flawed investigations. Strong in-
ferences can often be made on the
basis of such data (5).

I agree that we do not yet have a
sufficiently sound basis for making
strong inferences about possible differ-
ences in the expression of genetic vari-
ants within and between many popu-
lations and subgroups. The pattern of
results I obtained suggested one set of
interpretations regarding environmen-
tal differences, but more definitive stud-
ies are obviously needed.

I agree with Allen and Pettigrew
that more models than the two simple
ones proposed can and should be tested.
In fact I said so (I, p. 1287), but not
as eloquently or explicitly as they have.
My choice of the two simple and op-
posing models was not random, how-
ever, but was based on prevailing views
in the controversy over the relative im-
portance of genetic and environmental
differences in intellectual differences.

The environmental disadvantage
model is supported by Tanner’s (6)
analysis of variation in physical growth,
He concluded (6, pp. 40—41):

The rate of growth at any age is clearly
the outcome of the interaction of genetic
and environmental factors. The child in-
herits possible patterns of growth from
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his parents. The environment, however,
dictates which (if any) of the patterns
will become actual. In an environment
where nutrition is always adequate, where
the parents are caring, and where social
factors are adequate, it is the genes that
largely determine differences between
members of the population in growth and
adult physique. In an environment that is
suboptimal and perhaps changes from time
to time, as in periodic famines character-
istic of much of the world, differences
between members of the population reflect
the social history of the individuals as
much as their genetic endowment.

Tanner went on to discuss the fact
that the growth of some individuals is
affected more severely by deprivation
than the growth of others. In other
words, environmental deprivation—in
this case nutritional, social, and emo-
tional disadvantages—has a generally
depressing effect on average physical
growth in a total population and both
a depressing and variable effect on
the expression of genetic differences
among individuals. A principal effect
is lowered heritability of differences
in physical growth in disadvantaged
populations.

To the extent that intellectual growth
is similar to physical growth (by being
cumulative and subject to the effects
of continuous or periodic deprivation),
the same simple environmental dis-
advantage model may well apply. I
hope that more studies of intellectual
differences within and between popu-
lations will further test the appropriate-
ness of this model.

Specific Criticisms

Both technical comments question
the appropriateness of the Weinberg
rule, which was used to estimate the
monozygotic twin correlations and, sub-
sequently, the heritabilities. Interest-
ingly, Allen and Pettigrew conclude
that limitations on the appropriateness
of the Weinberg rule probably led to
an overestimate of genetic variance in
my study, while Erlenmeyer-Kimling
and Stern conclude that the Weinberg
rule probably led to an underestimate
of the genetic variance in the same
data. The reasoning behind their criti-
cisms is sufficiently different to lead to
conflicting opinions on the effects of
the Weinberg rule.

The technical comments agree, how-
ever, in questioning the statistical sig-
nificance of the pattern of results I re-
ported and interpreted to support pri-
marily the environmental disadvantage
hypothesis. In response to the same
criticism from Dawes (7), 1 professed
ignorance of any known statistical

o

technique to calculate the reliability of
an estimated correlation coefficient. By
ignoring the unreliability introduced by
estimation, I calculated the usual Fisher
formula to show that the advantaged
groups of both races had (statistically)
“significantly” higher monozygotic than
dizygotic correlations, while the dis-
advantaged groups did not. Since then,
several statisticians have contributed
error terms that preclude any statis-
tical significance without samples con-
sisting of many thousands of pairs. I
stand corrected on the parametric
front, The only other comment I would
make is that the distribution of mono-
zygotic : dizygotic correlations is still
quite interesting: the monozygotic co-
efficients exceeded the dizygotic in all
six comparisons in advantaged groups,
but in only one comparison in the dis-
advantaged groups. This is the pattern
of results that I discussed.

Several ‘“technical difficulties” are
cited by Erlenmeyer-Kimling and Stern
as criticisms of the study. Some of
these I acknowledged in the article:
(i) individual zygocity could not be
determined for each pair because the
twins were not seen; (ii) social class
ratings depended upon census tract
data and thus described neighborhood,
not individual, characteristics (which
may have been an asset, not a liability,
if one goal is to describe the school-
aged child’s environment); (iii) the
raw test data were skewed and had to
be normalized; and (iv) small fluctua-
tions in sample size (of less than .02
percent) occurred in the tables. This
“bias” occurred because a few children
failed to correctly answer a sufficient
number of items on a particular sub-
test to obtain a scaled score; total
scores were extrapolated from other
subtests by the school testing service
(a very trivial point).

Less obvious “technical difficulties”
cited by Erlenmeyer-Kimling and Stern
pertain to sample losses and to the ap-
propriateness of the Weinberg method.

1) Sample losses, they say, may be
differently distributed in the two racial
groups. In fact, the total public school
twin population, as reported (I), was
64 percent black and 36 percent white;
the final sample with aptitude scores
was 64.7 percent black and 35.3 percent
white. There was no differential loss by
racial group. It is true that more black
children than white were lost to special
classes where standard tests were not
given. A larger portion of the lower
tail of the black tested-ability distribu-
tion was probably lost. As noted (I,
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note 26), the results can only be ap-
plied to children in normal, public
school classrooms.

2) They state that one-third of
the starting population was lost. This
is not true. As explained in note 27
(1), the aptitude tests were given in
every other grade from 2 through 12.
Thus, 282 pairs were too young to
take the tests, and five grades were not
tested in the year we collected data.
We actually tried to go back to the
previous year’s records to obtain apti-
tude scores on those not currently
tested, but this was only possible if a
child had not changed schools (because
test records were kept only by school
building at that time). Of the 1115
pairs in regular classrooms of grades
2 through 12, the sample tested should
have included six-elevenths of the total
(660) plus some others who remained
in the same school building. Since we
had aptitude test scores on both mem-
bers of 778 pairs, I cannot concede
that one-third of the sample was los*
for biased reasons.

3) Erlenmeyer-Kimling and Stern
suggested that the Weinberg differen-
tial rule, based on equal numbers of
same-sex and opposite-sex dizygotic
twins, may be inappropriate. If James
(8) is correct in saying that the ratio
of same-sex to opposite-sex dizygotic
twins is 7 : 6, then the proportion of
monozygotic twins was lower than cal-
culated. Therefore, the estimated mono-
zygotic correlations should have been
slightly higher than calculated in all
groups. The pattern of results would
remain exactly the same, however.

4) They assert that higher oppo-
site-sex than same-sex correlations were
sometimes obtained, a finding not to be
expected on genetic or environmental
grounds. I certainly agree, except that
Erlenmeyer-Kimling and Stern must
recognize that these slight differences
fall well within the range of the sam-
pling errors they apply so rigorously
to other aspects of the study. Further-
more, I replied to this point previ-
ously (7).

5) They correctly note that the
sex ratio in the black sample was not
the ideal 1:1, and they claim that
the unusual sex ratio makes the
Weinberg rule inapplicable. Let me
examine the consequences of this bias.

As noted earlier, the ratio of black
to white pairs was the same in the total
twin population and in the final sample.
The ratio of same-sex to opposite-sex
pairs (the central requirement of the
Weinberg rule) was also the same in
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the twin population and in the final
sample. Black opposite-sex pairs were
34 percent of the original population
and 33.6 percent of the tested sample;
white opposite-sex pairs were 30 per-
cent of both groups. Upon further
examination, we discovered that pro-
portionally fewer black males and
more black females had actually been
tested. For unknown reasons, the
larger number of black same-sex fe-
males tested had compensated for the
loss of black same-sex males, thereby
maintaining the racial balance and the
same-sex to opposite-sex ratio. One
could speculate about the reasons for
the unequal sex ratio of black pairs
in the public schools and in the tested
sample, but the main concern here is
how the overrepresentation of female
pairs could affect the Weinberg rule.
Since the same-sex to opposite-sex ratio
was constant, and since there were no
sex differences in test scores (I), I
do not believe that the final sample
was biased in any important way.

6) Erlenmeyer-Kimling and Stern
criticize the study’s failure to replicate
the high heritabilities often reported
for general IQ scores in studies of
white, middle-class samples. Upon
closer inspection of the reported twin
studies, one finds the claimed unanim-
ity of results to be highly misleading,
based primarily on the questionable
reports of Burt’s studies (3, 9) and
on the use of median data (10).
Erlenmeyer-Kimling has unfortunately
perpetrated the view that the herita-
bility of IQ can be calculated for any
population. Others have long ago
shown that multifactorial approaches
to intellectual skills yield not only dif-
ferent heritabilities for different mea-
sures at different ages in the same pop-
ulation, but also that various compo-
nents of intelligence may have differ-
ent sources of genetic variance (11).

7) They ridicule the suggestion
that disadvantaged and black children
have lower heritabilities for aptitude
scores than advantaged and white chil-
dren. I agree that statistically the pat-
tern of results I obtained was not
strictly defensible, but a new study,
with improved methodology, is forth-
coming. Four hundred pairs of adoles-
cent twins, stratified by race and social
class, were studied in Philadelphia
(12). Five cognitive skills and many
other variables of personality, self-
esteem, physical growth, and medical-
dental status were assessed. All twins
were given extensive blood tests. Sev-
eral models of genetic and environ-

mental differences will be tested. The
study will surely not settle all of the
issues raised by Allen and Pettigrew
and Erlenmeyer-Kimling and Stern,
but our preliminary results do add
weight to the environmental disadvan-
tage hypothesis.

Let me emphasize that other par-
tially flawed studies can increase our
knowledge. of the roles of genetic and
environmental differences in relatively
unexplored populations and environ-
ments. Studies of separated siblings,
half-siblings, and adopted children will
be particularly valuable contributions
to our knowledge, even if no one study
can include 10,000 pairs. Over the
next several years my colleagues and I
plan to collect data on the similarities
in intellectual skills among adopted
and natural children and separated sib-
lings to add to our twin data. No one
study will settle all of the issues, but
I hope that others will join us in seek-
ing new knowledge about diverse human
groups. '

SANDRA SCARR-SALAPATEK
Institute of Child Development,
University of Minnesota,
Minneapolis 55455
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