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Jensen's (1969) article suggesting the possibility that capacity

Cr' for intelligence, is largely inherited has ignited a strorm of controversy.

pr%

co During a period in American history 'marked by'concern over the lot of

CNJ . .

u minority citizens, it is understandable that any suggestion _of Black

r4
0 racial inferiority is a touchy subject. This is true whether the heritability

.

LLJ of intelligence issue has logical social or political implications because

so many people believe that it does have s'uch implications.
4;i

The controversy is nearly unique in science because of the juxtaposition

of violent emptions and complex technicar questions. Rarely does somuch

emotion hihge uponobtrus mathematical subtleties. There is no doubt that

the technical question's are not simple. Honest dispute of the, correct

application and interpretation of methods iS an important aspect of this

problem. But, in an important,sense, the technical aspects of this issue

are separate from the political and social implications purported to foll9W

by such writers as Hernstein and Terman. Without a consensus among the

scientific coMmunity on so complex an issue, political and social conclusions

do not carry the weight of scientific fin'dingggLJ The conclusions drawn by

those who choose to do so despite scientific disagreement ought to be taken

11.../ as seriously as any other political allegations, given the credibility of

14) the source, but do not carry the weight of scientifiC findings. This separation

CID of the scientific and the social-policical implications is not always appreciated.

1..,The paper which I am presenting today deals With a narrow but important

t4IP

Oaspect
of the intelli,rnce testing controversy: the mathematics of the

4::) heritability of intelligence. Jensen's interpretations of data are At the

center of the cohtroversy and I will necessarily spend some time discussing

l""°' A
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these. The following presentation is organized into three parts. First, I

will introduce the problem and describe the elements of the argument that

intelligence is largelrYnherited. Next, I 'will present a critical review

of this argument.. Interpretational problems to be discussed include' restriction
E

f

of range, within group versus between group heritability, the internal valVdity
.

of monozygotic twin studies, and the question of regression toward the mean.

Finally, the tech,cal.issues are summarized and the. conclusions which can

be drawn are presented

The Problem

The argument that -IQ testing data yields a meaningful and high estimate

of the-heritability of iplligence involves several )ogical stes. Firit, /
4 A

IQ tests are presumed to be validmeasures of intelligence; that they
/

are assumed to be'a representative sample orf the abilities which co prise

intelligence. To the extent that the abilities tapped by IQ tests do not

fairly represent intelli.gence (however defined), then IQ tests are not valid.
A

(1 tests assumethat intelligence has' an'underlying structure which '

Is monotonic. By this is meant that true intelligence scores cam be 'unambiguously

,

ranked as higher,.equal, or lower with. espect to each other. It is not

permissable that one individual. be regarded as (Wore - ,intelligent in one.r-3pect

and less intelligent, in another respect relative to a'second person. This

requirement is necessary. for the statistics applied to Q tests' to be appropr.e.-

Of curse, there is an important difference between theherjtability

of IQ and the heritability of intelligence. rf- we are satisfied-to study

-the heri*tabilify of IQ, the foregoing assumptions are unnecessary.

If it is assumed,that. IQqests are a valid measure Of intelligence,

we next' come to the' quest Lore: how. Much of ,intel 1 i genre i s inheri.ted? The

_ --
technique for meas.uri- heritability grows out of correlation and analysis

Zy.f.
.
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of.variapce.' It is possiMe to calculate the porportion of variabklity in

a'dependent Variable which.i perfectly correlated with or predicted by the independent

variable. If the independen't variable, X, is suspected to cause the dependent

variable, Y then the porportionl of variance predicted by the independent

.;,variable is a measure of how much X determines Y. It"is important to remember
rk

that porport ion of Variance predicted 'is calculaie,d ori and appi ie to the

sample data.

,
the variance in intelligence scares determi,ned bylgenetics has been

.

sttdied using twins reared apart and adopted children. lf,the correlation

between the IQs of identical twins reared by different families high

despite their (apparanfly) different environments, the argumet,runs,
a,.

/-1
. ,

t

the twins whose genes are the same must have inherited the s.imilarityof

their intelligence. lt is believed that the "different" (sic) environments,

of the twins cannot be the-source of the si"mi'larity in" 1QS. Studies of foster

children have the same purpose. If the 4Q correlationbetWeen chiltIren

. .

and their natural parents is higher than that between'adopted chijdren in the
,.

same fami ly and their (adopting) parents, then ihig' is taken to.show that

despite similarity (sic) of-environments, the difference irf genes still;

\-
producesa difference in IQs.

Finally, statistical geneticists correct the heritability'Values obtained,
( i

in these studies on two grounds. First,' unreliability of a measure decreases

the correlations between that measure and Other variables as outlined by

McNemar (1969), 'Correcting heritability vdlues for unreliability Of IQ tests,

therefore raises heritability estimates as carried out by Jensen ("19'69

I

t
Secondly, it is presumed that tke range of genes,determinirtg intelligence

i,,- .,,,,

.

is less in the 'studies carried out.than in the population as a whole. I
., .,..

.

Because,restriction,of range also decreases correlations as outlined by
$ -

McNemar ((969), tileheritabilf,tytesttm'ates.are\raised by the correction for

restriction f range carriedout, by Jensen (196p).

4 .
f
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Because .estriction of range also-dcreases correlations as.outlined bu McNemar
4

(1963), 'the heritability estimates are raised by the corr ctiop for restriction

of ,range carried out by slensene969).

These are the aesic arguments necessary in making Admates of the heritability

of iNtelligeace. Now, I
shall 6-itically'examine each of these and also

some q,ther,- related arguments.

J
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. III. Heritability of Intelligende and Related Issues

The effect which restriction of range has uponN statistical

ti

associations is a.critical methodological consideration in intelligence

testing. Jensen inflates the porportioh of IQ variance due to heredity

from 45% to around 85% on the bask of corrections for restriction of

,

range and vnrePiability. If sample variance is less than population

variance in the .indepenaent or dependent variables or both, then

resrriction orrange consideration.which may affect correlation

coefficients. Small samples suffer fi=om restriction of range since

,

the-chance of picking up very extreme cases in a small sample is low.

In general, restriction of range depresses statistical associations

because the ratio of explained to total variance is-reduced.

Before specifically examining the Jogc of . he restriction of

range correction, let us review a few elementary facts about the correlation

coeffi,tient. The correlation coefficient may be expressed as the sqlare
..-

root of a ratio._ That .ratio'Consists of predicted yariance in,the

eritercn dividgIi`by total variance in the criterion. Total' variance

in the Citerion it comprised of predicted variance plus error

4 7 '
variance. In analysis o 'variance terms, the source of prediCted

criterion variance is the predictor variable. Variance attributed to

errbr arises from all other sources. Since the correlation coefficient.

-
is the ratio of these two variances, then corrections to the correlation

coefficient must be baq4d upon the relative size of the numerator

and denominator 2btained from a sample compared to what would obtain

in the ideal experiment or study.

The restriction of range correction is based upon the notion
4

that for variaous reasons, in some samples, the range heof t independent

v CC



variable.is less than occurs,in the population to which results

will be generalized. If the range ofthe independent variable is restricted

then the obtained sample correlation coefficient may be attenuated because

the numerator of the ratio is smaller than it otherwise woul-dbe. The

restriction of range correction is appropriate when the independent variable

is restricted and when all other sources of variance are unrestricted. f,\

however, the ranges of other sources 'of variance which contribute to error

are also restricted, then the denominator will also be attenuated. In such

a,case, the effect fo the several rest4ctionsof range on the size of the ,

obtained .sple correlation coefficient depends on the relative restriction

of sources contributing to predicted and error variance. For such a case, 11

the correction for restriction or range is inappropriate.

In applying the restriction of range correction to the studies ol-

the heritability of - intelligence, the question to be asked this: is the

variance in IQ scores attributed to error less rim the study samples than in

the population. In qhe crucial studies of the heritability of intelligence,

the error term' included all variance not arising from the genetic variable.''

Of course," when the error term is defined in this way; an important source of

variability contributing to error is environment.' The crucial question then

,

f resolves into this: is the variance due to envirklmental fac.fors less' n

the study samples than in -the population? "If se, then the correction for

restriction of range will be inappropriate.
1

Kamin (197) describes the techniques used in some separated twin
( .

studies to recruit subjects. In, one study, by Newman, et. al. (1937)

news0aper and radip ads solicited pairs of twins who reported that' they were
/ ,

. "so strikingly similar that even your friends'and relatives
o

''
.1 A



have confused you." Some were rejected because they admitted they were not.

raised apart or'because, while they were identical, they had "different

dispositions." Those who qualified were rewarded with afrlee tr4 .41,

to the Chicago Exposition. This took place during the depression

of the 1930's. Such selection techniques potentially produce very

biased samples although the direction and amount of bias_ is partially

unknown. It seems clear that selection by the methods outlined will

produce a sample ,of twins reared in very similar environments.I
As Kamin outlines, all four. jmportant studies of separated monozygotic

twins suffer from such poor sampling designs. Such studies have no

external validity because the sample cannot be viewed as representative

of any larger population of interest. The correction for restriction

Of range applied to these studies by Jensen is clearly inappropriate

since it clear that/ environment is restricted at least as much as

genefttics.

. . A

The problem of within.group versus, between group 'heritability is closely

related to the restriction of range consideration. We carvillustrate.this

using aniexample cited by Layzer11975). Consider two populations of wheat.

The first is highly inbred and therefore has a completely homogenous genetic

,

makeup. If grown under varying-environmental the height of the stalk will

be a highly variable trait. The gene-height.correlatio , that is heritability,:,

will be zero since the variation in genes will account for none Of the variation

in he4ight. The second popWation of wheat has a heterogenous genetic make-up

and is grown under uniform environmental conditions. Herjtability in this
)

population will approach 1.0.since virtually all variation in height depends

upon genetic make-up. 'lleritabllity estimates based upon one Orthese populations

' does not apply to the other. The reason for this is the same thee prevents
I .6,

, .

generalizability of biased samples. . The 'first population' represents an inseance

of rest
a
riction of genetic :range

4.

I n the secOnd," envirohmencis restricted:
4W
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Consider the analogy to blackand ca9casian environmental and genetic fa tors.

If complaints of minority groupsefeflect reality, then the environmental con-
;

ditions under which the two groups live differ systematically. Not only do

A the modal environments differ but there is little overlap between the ex remes

of the distributions of the two groups especially at thehigh end.

Number
of

Individuals

Black . White

Quality of Environment (Higher -4)

Putative "Quality" of Environments of U.S. Black and White

Populations. "Quality" is. an Abstraction Reflecting the
contribution of Environment to IQ Score.. /

/
0 1

Since we do not have evidence,Jhat the ranges and distributions of) Blacks

and Whites are similar with respect to Whatever environmental and genetic

variables'affect IQ scores, then a heritability estimate based upon Wh3 e

subjects does not apply to Blacks. More simply stated, we have reason /to

suspect that the range of environments in which Black children developlis

.more restricted than that of Caucasian children. This may result in lss
4

variatiotin IQ among Blacks than Caucasian. Moreover, since it is th "better"

environments that Blacks are generally denied, then the

be expected .to largely appear as lowered IQs.

lack of.vdriat on would

The fact that evaluations of compensatory.education have failed to show

.

sustained gains on achievement test scores is sometimes cited as evidence that

9



changes in environment have little effect upon 'mental ability (Jensen, 1969).

However, the compensatory education research was plagued with methodological

difficulties making results uninterpretab1e (Campbell and,Erlebacher, 1970).

Bronfenbrenner (1975) reviews several stUdjes'of intensive early interventio*

which have produ6ed gains of as much as 20 points on IQ tests. The evidence

is clear that, even short t- alterations of environments cap sect IQ scores.

Comparabj.lity of Env onments

Ignoring the 1 ck of external validity in the separated twin studies, we

now turn to the question of internal validity. If moni5c4o.tic twins are

4.

separated at an early age and$placed in different, environments, then, the
1 .

4

geneticist argument runs, any similarity in their IQ scores muse be produced

by their identical genes. This holds only if the environments in which they

are' placed are random with respect to each other, In these saidi4s of

separated,monozygotic twins and also in the adopted children studies does the

assumption of rando9 environments hold?

No.' First Of 'all, families who adopt tend to be More wealthy than average

(Goldberg, 1976). This results in,a restricted. range of environments. We

have seen that this depresses,the envi'ronment-IQ correlations. Secondly,

adopted children tend to be placed in'homes more similar to those of their

natural parents than random. This is evident in/Kamin's (1974, 1976) an"sis

of Shie*?' 196 ) datai Adopted children are often raised in the homes' of

friends or.retati.". Simply beipg adopted into the same community is a

significant homogenizing factor. Thirdly, genetic-environment interaction is

an important factor. For example, two twins with genetic endowment for

athletic ability are very likely.4 to both choose to participate in sports. The

environments to which they are sutsequently exposed will be significantly

10



determined by such a choice and correlated. Finally, it is important to note

that each of these factors sends'to spuriously inflate estimates of heritability

based-on stu)ies of monozygotic twins. 6ecause of theunknown magnitude

of these effects, heritability extimates as they have been computed are of little

more use than the trivial statemant that the upper bound of helit y is 1.0

(Layzer, 1975) and may be considerably more misleading. Kamin (be 976)

reviews all four crucial twin studies carried out on monozygotic tw reared

apart. Obtained uncorrected correlations were 0:86, 0.77 0.67, and 0.67

.

In light of the above considerations aloneit is hard to agree with Jensen

that heritability of intelligence probably lies between 0.7 an-d .8 with the

.-""*.

best estimate beingthe higher. The more reasonable position would seem to be

that he Least value obtained in the studies,*that is 0.67
2

or, 45%. is an

*

estimate of the.upper bound of the heritability of intelligence.

Now, I would like to turn to the question associated with regression

4,

/

A .

/

/

toward the mean. It has been argued by Jensen (1969) that if the IQ score, of

blacks regresses toward the mean on retest more than a matched sample of

Whites above the mean, then this indicates thatthere exists elower true

population mean for blacks than fOr whitesYThis statement is based upon the

belief that the more extreme is a score, the moreit will regress on posttest/

There are some difficSiles with this argument.

the amount of regression toward the mean which will occur in a subgroup
.4

depends upon the mean error term assqciated with the subgroup. The larger

the absolute value of the error term: the more regression will occur.

It is impossible to unfailingly separate the error and'true.score components

an theobserved scores of any subgouf), of cour However, in theory the

size of the error term depends uflon the.re4iability of the criterion and v

Ole location in the distribution of the subgroup. Mydrown recent research on

regression (Dowell, 1977) 'showsthat whenever matching or selection

11
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is carried ou on thg basis of any variabla corGelaedmi h a criterion
n. .

. 4
that, differential regression will,occur. This is prec sely the situation

to be-expected wit race differences in IQ scores. since race is cbrrelated

with IQ, differentia ,regression wild occur. ,thi mere,ly i-ndicates subgroup'

differences in reliability. and observed score eans and indicateinothing

$ .
.C.

about true scores. It is wholly unwarrente o
-

state that true 'population

means may be estimated by such evidence differential regression arising

from unreliability and matching on the basis of,a correlated variable.

lk

IV. ConcluSions

The mathematics o f here .ty analysis are complex enough t at some

honest. disagreement among pr fssionals gccurs. Social and Ool tical

assertions based upon con us ions abdut scientific aspects'of the matter'do

not
'-

carry the weight of scientific. findi-ngs,

An analysis,of the methods used in studies f
Vt

effects on intelligence revelas that an suffer frOm very weak external,

y

heredity and envir onmental.. )

o

.

validity. The unknown effects of, the bizarre sampling techniques probably

resulted in biased sy*les. Moreover, because,of the bias the use of

the restriction of range correction is wholly inappropriate for'heritability

estimates. Heritability factors may be specific to population subgroup. .

Henc, estimates of the heritability of IQ and intelligence are-very suspect.
,

.

Ignoring external validrty for a moment, it appears that IQ studies

are weak in other ways. The cori:elated,env-ironMents Of adopted twins as

well as gene-environAnt interactions make internal validity of these

1

studies suspect. Particularly important is the fact that the correlated

environment and gene-env ironment`considerations each' tend to in Heritability
,

- estimates.. Finally, assestions that regression toward the mean can be used

/ 12 Oar

4.



..

f

to identify'population true scores is very misleading and incorrect.

Different sUbgroup error components and different observed score means makes

differential subgroup regression likely without implication true store means.

,,

IQ testing is a complex area for further scientific research. The
.

glare of publicity and the heat of controversy are inappropriate in connection

_ .

. .

witha topic on which no .scientific concensus has emerged.

I

4,

t.
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