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| . Introduction

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

-

,for |nte]]|genc& is largeiy ‘inherited has |gn|ted a strom-o? controversy

»

Durlng a period in Amerlcan history marked by concern over the lot of

minority citizens, it is understandable that any suggestion of Black

racial inferiority is a touchy subject.

[

of intelligence issue has logical social or political implications because

- —- ’ N

so many people believe that it does have Such implications.

The controversy is nearly unique in science because of the juxtaposition

. 4

of violent emptions and complex tgchnicar questions. Rarely does so.myuch

emotion hihge upon.obtruse mathematical subtletias. There is no doubt that

the technical questions are not simple. Honest dispute of the correct

~ .
-

application and interpretation of methods i5 an important aspect of this

?

important ,sense,

in an the technical aspects of this tssue

problem. But,

are separate from the political and social implications purported to follew
Without a consensus among the

by such writers as Hernstein and Terman.
’ L4

scientific community on so complex an issue, politidal and social conclusions

do not carry the wetght of scientific findinék,ﬁ The cohciu;ions drawn by’ .

]
3
those who choose to do so despite scientific disagregment ought to be taken

L . ” 7
as seriously as any other political allegations, given the agredibility of '

but do not carry the weight of scientific findings.

1

the source,

&\The paper which | am presenting today deals with a narrow but important
aspect of the inte]li&fnce testing controversy: the mathematics of the

heritability of inte]iigénce. Jensen's |nterpretat|ons of data are at the

»

center of the cohtroversy and |
A

will negcessarily spend some tlme dlscu55|ng

2
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Thi's is true whéther the heritability

This .separation

.
“

‘ ’

of the scuentlflc and the socxai—poiucucai impilcatlons is not a]ways apprec1ated
[ Y

"




. 4 4

these.

~

of this argument..

intelligence is largely*/nherlted.

Next

The followung presentatuon is organlzed into three parts

e

.

First, |

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

N .
‘will present a critical review
& .

Interpretational” problems to be discussed includée restriction

- .

of renge, within group versys between'grOUp heritability, the internalﬁval'dity k

of monozygotlc tw&n studles and the question of regression toward the mean.-
f : ;”
Flna]ly, the tecthcal issues are summarized and the conc]usuons which can
AY .- . R . . - 4
be drawn are presented. el . oA
. '/ T - e,
» J / * ¢
Ll. The Problem . : ~‘~—_\,/ ) . '
: - P
. - - . ,o . z . 2
. The argument that -IQ testing data yle]ds a meaningful and high estimate -~
. « ’ e ! ) . f/ .
: of the herltablllty of lntelllgence involves severa] logical stegf First, / ’ )
- ¢ ) A ’ .
IQ tests are presumed to be va]ld measures of |ntell|gence the; }ﬁ, they
L s - ! i ' * 9,
are assumed to be‘’a representative sample of the abllltles ‘which copprise oy
. ' /» ‘
intelldgence. .To the extent that the abilities tapped by IQ tests do not y
N . , \
o - '- . N . -~ . - !
fairly represent intelligence (however defined), then IQ tests are not valid. ‘),'
- .
1Q tests assume.that intelligence has an’underlying structure which ‘\ N
: 8=t . A S R
_" Is monotonic. By this is meant that true intelligence scores can be unambiguously
ranked as higher,.equal, or lower with_Yespect to each other. It is not . .
- permissable that one‘ind[vidueh be regarded as fiore .intelligent in one ré3pect .
and less intelligent in another respect relative to a second person. This

. . .
- L . 3 . -

requi rement is necessary- for the statistics applied to .IQ tests'to be appropr‘te.-

"0f ‘Xqurse, there is an important difference between the heritability . |

-

of I1Q and the heritability of intel]igemce. tf?‘we are satisfied:to study

© . -the heritability. of 1Q, the foregoing assumptions are unnecessary.
If'it is assumed that. |Qstests are a valid measyre of intelligence,’ .

Al : ]

The

. we next' come to the’question: how. Much of .intelligence is inberited?
: 2 gen, ;

.
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technique for measurrng herltablllty gfows out of corre]atlon and analysus
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. of.variapce.‘ It is possible to calculate the porportion of variab¥lify in

N

. . < . . *a, .
. variahle is a medsure of how much X determines Y. 1t’is important to remember .
. , t ‘ *

4

EMC

P s

-

. . .
a’ dependent varlab]e whlch is perfect]y correlated with or predicted by the lndependent
variable. |[If the |ndependent varlable, X, is suspected to cause the dependent
variable, Y, then_ the porportion|of variance predicted by the independent ’
. ‘ . . . . .. ;-

that porportfon of ‘Variance predicted ‘is calculated on and appfie'_to_the
. \ N . g

»

sanpie data. ) . . ) ' N K )
, The variance in intelligence scores determined by{genetics has been o
sthdied using twins reared apart and adopted children. It.the correlation . A

- S
) v 4 ,

between the 1Qs of ldentlcal twins reared by different famllles,ls hlgh
desplte the|r (apparant]y) different envuronments, "then, the argument.runs,
- * \ . . /‘

the twuns whose genes are the same must have lnherlted the similarjty ‘of

t -

" their inte]]igence. it is belleved that the ”dlfferent“ (sic) env;ronments

of the twins cannot be the source of the SImr]arlty in1Qs. Studies of foster
- . . .

children have the same purpose. |f the {Q correlation. between children

and their natural parents Es higher than that between'adopted children in§the ‘ ' "

same famijly and their (adOpting) parents,"then this is taken’to.show that "

despite similarity (sic) of “environments, the difference i genes still

produces .a difference in 1Qs. ., - . e .
B / ’ .

“
A

Finally, statistical geneticfsts correct the heritability ‘values obtainedf v
, . . . : { ! :
in these studies on two grounds. First, unreliability of a measure decreases
. . NS ’ P ) ) ¥
the correlations between that measure- and other variables as outlined by ,

1

¥
.

themar (1969) , Correctlng herltablllty values for unrellablllty of 1Q tests, | I's

‘ . L}
therefore raises heritablljty estlmates as carried out by Jensen (1969) . . §
Secondly, it is presumed that the range of’ genes determlnlng |nte]l|gence'”‘ !
N 2 r[\ :“ c e .

is less in the studies carried out than in the popu]atlon as a whole. J

y . RN -

Because restr|ct|on of range also decreases correlatlons as outllned bY

- - oA

McNemar (f969) {he herltablllty estlmates are\ralsed by the correctuon for

restrlctuxmbf range carrued out by Jensen (1968) y L i )
C N 4 ‘. 4 - . . ’ , o ' .
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Because Yestriction of range also -décreases correlations as.outlined bu McNemar o
- . N

. ‘ - .0
(1969) , ‘the heritability estimates are raised by the corr ctiop for‘}estridtion
. ) , ‘ ' !
" of yange carried out by Jensen 1969) . \
¥ . ’ . . L . ‘ -
These are the hasic arguments necessdry iIn making dstimates of the heritability }.
L] . . . ‘
of idtelligence. Now, | shall critically examine each of these and also -
some qther related arguments.
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I1l. Heritability of Intelligence and Related Issues . e
v, . ! . »
. .. Nt . .
The effect which restriction of range has upon statistical = . g "

. . - ' - '\ - ! -
associations is a critical methodological consideration in intelligence

tésting. Jensen_inflates the porportion of 1Q variance due to heredity

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

ad

range and @nrePiabi]iEy. If sample variance is less than population

- -

variance in the .independent or dependent Variables or both, then

resrriction of ‘range ig a consideration.which may affect correlation

coefficients. Small samples suffer from restriction of range'since
. > Ve ‘ ) 4

_the' chance of picking up very extreme cases in a small sample is low. ,

-
-

’ . - ‘ ' - . ’ . -
In general, restriction of range depresses statistical associations
A} -

because the ratio of explained to total variance is-reduced. - - ~A&_

Before specifically examining the Jog{? ;?*the restriction of
~N - :
7 range correction, let us review a few élFmentary facts about the corrglation
, - . - ) . . .o
coefficient. The correlation coefficient may be expressed as the gdLare
>~ " -
- . .

root of a ratio. _That ratio consists of predicted variance in, the

- A\ N
¥

E ' ki
chiterion divided by total vartance in the cfiterion. Total varlance : .,

&, ’ .
in the ;}itérion il comprised of predicted variance plus error,

o~

- . L “ «
J variance. - In analysis of variance terms, the source/of predicted
s ) . .
- criterion variance is the predictor variable. Variance attributed to O . 4
error arises from all other sources. Since the correlation coefficient .
N "</\\-‘ * . Y : - ’ ro” - I
\\is the ratio of these tw9 variances, then corrections to the correlation ",

Vg

coefficient must be baqéd upbn'the relative size of the numerator ) :
+ . .

< . , [ . ) - R
_ and denominator gbtained from a sapple compared to what would obtain

~ »

in the ideal experiment or study. -
S )

The restriction of range correction is based upon the notion

.

that for vatiaous reasons, in some samples, the range of the independent
* e . . A ‘ J
! . - « . "

E




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

rd

the numerator of the ratio is smaller than it otherwise would.be. The

restriction of range correction is appropriate when the independent variable
~ »

is restricted and when all other sources of variance are unrestricted. 1f,\ :

’ -

§
»

however, the ranges of other sources of variance which contribute to error
-». ! .

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

a,case, the effect fo the several restrkctions,of range on the size of the -

obtained sawple correlation coefficient depends on the relative restriction
of sources contributing to predicted and error variance. For such a case, ®

the correction for restriction or range is inappropriate. >

1] * g, . <
In applying tpe restriction of range correction to the studies df~——“’7/

-~ ' >

+

Aruitoxt provided by Eic:

the heritability of -intelligence, the question to Be asked fis this: is thev
variance in 1Q scores attributed to error less Amn the study samples than in

. .
‘ 5

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

3

the error term included all variance not arising from the genétic variable.”

-

* i \ ’ ) . N - . . . N :
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
; /

’

- Presolves into this: is the variance due to enviermenta];facfors less An
* { .

v ' o .

the study samples than in-the population? “If se, then the correction for
[4 N 1,

.
v

restriction of range will bi inappropriate. : )

.

Kamin (1975) describes the techniques Hsed in some separated tQin
i »

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

[

newspaper and radip ads solicited pairs of twins who reported thaf they were

.

"so strikingly similar thatieven your friends and relatjves -

LIS . .
. .

>
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-

v ‘ >
. %
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 a_fFee trip

to the Chicago Exposition. This took place during the depreséion -

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

biased samples although the direction and amount of bias is partially -
. i
unknown. |t seems clear that selection by the methods outlined will

< . 1

produce a sample of twins reared in very similar € vironments.

P N

As Kamin outlines, all four important studies of separated monozygotic

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

’

exteérnal validity because the sample cannot.be viewed as representative
: 4

of any larger population of interest. The correction for restriction

Lo {
'of range applied to these studies by Jensen is clearly inappropriate

v

+ -

since it clear thasienyironment is restricted at least as much as
: . . s . . #,

o

genentics.
. v L
.The problem of within group versus. between group heritability is closely

/)r:e]ated to the restriction of range’cgnsfaeraiion. We can' illustrate -this
. n o . ,
using an‘exampje cited by Layzer (1975). Consider two populations of wheat.
.’ - & - o “,

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

.

. makeup. |f grown under’ varying- environmental the height of the stalk will

be a highfy variable trait. The gene-height‘éorre]aiio , that is herltablllty,
- . \ ‘ M

will be zero since the variation in genes wifl account for ndne of the vaylation

3 . ~

in height The second popglatuon of wheat has a heterogenous genetlc make-up

and is grown under uniform envuronmenta] condltlons Herltablllty in this' -~

’

population will approach 1.0 since Virtually all variatidn in height depends

() . . upon genet}c make=up. HErltablllty estlmates based upon one 6f "these populatJOns

H
e T

- does not apply to the other. The reason for this |s.the same thaﬁ prevents
st o,
generalizability of biased samp]es. .The‘first population'represents‘en instance '

» ~ -

4 . . . . R . . WG
[]{jk:of restriction of genetic +ange In the second, .environment’is Eesrrlcted: .

s . . : - R .
. . ° "
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. . - ]
: ©  Consider the analogy to black -and caycasian environmental and genetic fagtors.
W N * ) .' * : ’
If gomplaints of minority groups~teflect reality, then the environmental !con-
. . i
ditions under which the two groups 'live differ systematically. ‘Not only  do
f . . : v ‘o

~

+ the modal envisonments differ but there is little overlap between the expremes

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

Number
of
+ Individuals
A Quality of Environment (Higher —3) ¢
Fige—1:° Putative "Quality" of Environments of U.S. Black and White

Populations.

"Quality" is. an Abstraction Reflectlng the -
Gontribution of Env1ronment to IQ Score.

./
; /

Blacks

éhat the ranges and éisfributions of
r

Since we do not have evidence
i

subjects does not apply to Blacks. More simply stated, we have reason |jto
' (

suspect that the range of environments in which Black children develqpfis
. . |
i .
Ss
’ “’
among Blacks than Caucasian. Moreover, since it is the "better"

~

more restricted than that of’ Caucasian children. This may result in 1

¢

varlatio?:in IQ

environments that Blacks are generally denied, then the lack of. variajfon would - -«

be expected ‘to ;argely appear as lowered IQs. -

1

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

2 ’ ; . o

sustained gains on achievement test scores is sometimes cited as evidane that
- : \' )

ERIC J a |




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

[ .

‘ HOWever, the compensatory education research was plagued with methodological
»

© difficulties maklng results un1nterpretable (Campbell and\Erlebacher, 1970)

Bronfenbrenner (1975) reviews several studies 'of intensive early intervention

. . ~ , b M
which have produted gains of as much as 20 points on 1Q tests. The.evidence
is clear that.even short t alterations of environments cap alkect IQ scores. .
Comparability of Envj onments . T
: -

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

4 . ‘
now turn to the question of internal validity. If monsi§;bt1c twins are .
B ’ ) . . 4, 2 .\}
separated- at an early age and: placed in different .environments, then, the ..

.geneticist argument runs, any similarity in their IQ scores mist’ be produced

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

are’ placed are random w1th respect to each other. In these sthdiés of . o

separated monozygotlc tW1ns and also in the adopted children studles does the
* n +

assumption of randoy environments hold? -
ptil B

’

No. First of 'all, families who adoptftend to be more wealthy than average *

(Goldberg; 1976). ' This results in a restricted ‘range of enviromments. We |

have seen that this depresses,.the environment-IQ correlatioms. Secondly, N

a
adopted children tend to be placed in‘homes more si&ilar to those of their

L4 ~

natural parents)than random. This is evident in“Kamin's (1974, 1976) ana%ysis-\\

of Shie}@'s (1962) datat Adopted children are often raised im the homes‘of . .

P
- P 4

friends or,regatisz. 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 . -
A

athletic ability are very llkelxqto both choose to particlpate in sports. The a

environments to which they are subsequently exposed will be s1gn1ficantly .

.

10 - .
\ . ;

b




: . ° ! ;°7

. S~
“" ‘/ ) ) » . . . . ' St N
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
4 - <4
- * -~ ' . - -,

- based-on studies of monozygotic twins. Because of the-unknown 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 hefit

(Layzer, 1975) and may be considerably more misleading. Kamin (19 L

<

reviews all four crucial twin studies carried out on monozygotic tw
apart. Obtained uncorrected correlations were 0.86, 0.77, 0.67, and 0.67.

3

In lighi of the above considerations alone:-it is hard to agree with Jensen

. : . /
. that heritability of intelligence probably lies between 0.7 and (0.8 with the
4

. Lo . > — ..
best*estimate being the higher. The more reasonable position would seem to be

S
jﬂfﬁ/}he least value obtained in the studies,‘that is 0.672 o 45%, is an
S . 3 \ -

v ) . L .
» estiinate of the‘upper‘bound of the heritability of intelligence. . .

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

2 . ' ) /
toward the mean. It has been argued by Jensen (1969) that if the 1Q score, of /é/

i )

blacks regresses toward the mean on retest more than a matched sahple of . E,//
. t b i ] : 3 y /
whites above the mean, then this indicates that 'there exists a¥lower true -

-

population mean for blacks than for whites. " This statement is based upon the ‘//“e

. belief that the more extreme is & score, the more it will regress on posttest, .

- , ,
N

There are gpme difficJ}Tﬂes with this argument. . S

. . . : - . N -/
The amount of regression toward the mean which wurj occur in a subgroup
~ \ 4

3

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

*
4

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

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

. R ) .
an the’ observed scores of ‘any 5ubgfoup, of counﬁl However, in theory the . '
s ' . e '

size of the error teym depends upon the. reilablllty of the criterion and 9

the location in the dlstrlbutuon of the subgroup My own recent research on ’

1977) **“ . N -

' regression (Dowe]], *shows” that whenever matching or selection

Q -
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- -~
of any variable coreelated wi
9

is carried out on thé basis
e . . .3 . .
that. differential regression will occur. This is precjsely the situation . .

to be -expected with\{ace differences in 1Q scores. ince race is cbrrelated

& Y

merely indicates subgréup’
’ e

eans and indicated nothing

ot

with 1Q, differentia gregu;essior_m will accur. Thi

differen&es in re]iabilit‘ and observed score |

-

. . . ] > v
about true scores. It is wholly unwarrente

to state that true population S

means may be estimated by such evidence differential regresgion‘ar}éing,g

4

' 0

from Gnréliabilixy and matching on the’basis of .a correlated variable. ' .
- "F

e g ) o .

- -
IV. Conclusions  °

-4

-

The mathematics of heredfty analysis are complex enough tfat some .
N N » . ' . - i » "‘ : -
hones t- disagreement among pr fessionals qccurs. Social ‘and political
" . » .. ’ -l

assertions based upon conclusions about scientific aspects‘of the matter do = .y

N
4 [} &
* 3

not carry the weight of/scientific findings, G R T ,3 .o - ,

S

’ : . .
An analysis.of the methods used in studies of heredity and environmental )
. - oy Sl T A

-,

. . \ . . , . .
effects on intelligence revelas that all suffer from Very weak extérnal . "

_validity. The unknown effects of theé bizaFré sampling techn}queé probably '3

€ 2

resul ted in biased sgmples. Moreover, because of the bias, the use of

-
’ *

the restriction of range correction is wholly inappropriate for ‘heritability _
- o ] . . o ..
estimates. Herltability factors may be SpFCiflc to population subgroupe.

ery suspect.

Hencé,*es;imates of the herifability of 1Q and intelligence are

-

~

—

. ) . R 3 ~ e . .
Ignoring external validity for a moment, it appears that 1Q studies L.

are weak in other ways. The corgelated,environhents of adopted twins as ' ¢
o . r

well as gene-envlronﬂ@nt interactions ma%sfjnternal validity of these

* P
.

S

studi-es suspect. Particularly important is the fact that the correlated
enviropment and gene-environment”considerations each’ tend to Aflate heritability

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

vt - -~

“~ .

h a criterion ’ <

v CE




) o
. f
i
to identify 'population true scores is very misleading and incorrect. .

Different subgroup error components and different observed score méans makes

differential subgro&p régreséion likely without

.
-

1Q testing is a complex_area for further scientific research. The

-

implication true séore means.

glare of publicity and the heat of controversy are inappropriate in connection
v ‘ .

.
@ (8

with a topic on which no scientific concensus has emerged.
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