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prehension ability is highly loaded with g and is widely (but not 
well) taught in the schools. As an illustration, low-g students are 
initially unable to correctly answer questions such as the 
following. 

In geology the last 11,000 years are called the Recent epoch, and the 
Recent epoch together with the Pleistocene epoch makes up the 
Quaternary period. Moreover, the Quaternary together with the 
Tertiary period makes up the Cenozoic era. The Cenozoic is the only 
era in which periods are broken down in epochs. The other eras are 
subdivided only into periods. The era immediately preceding the 
Cenozoic is the Mesozoic, during which the Jurassic period repre­
sents the age of the dinosaurs, although these giant reptiles appeared 
before the Jurassic and became extinct later than the Jurassic - in the 
Triassic and Cretaceous periods, respectively. In the still earlier 
Paleozoic era the first sharks and reptiles appeared during the next-to­
last period, the Carboniferous, while in the last period of this era, the 
Permian, reptiles flourished. Preceding the Carboniferous period 
was the Devonian, and before that, from earliest to latest, the 
Cambrian, Ordovician, and Silurian periods. Write the 11 periods in 
order from earliest to latest on a diagram. Do not write eras or epochs. 

However, their performance improves greatly after using TAPS 
while working through a series of 60 problems, beginning with 
easy ones like this (Whimbey 1983). 

Atlanta has a larger population than Birmingham but a smaller 
population than Chicago. Write the names of the three cities in order 
on the diagram. 

larger population 

l 
smaller population 

Significant gains have been made on a standard reading 
measure, the Iowa Silent Reading Test, but an evaluation of the 
practical, long-term impact will take several more years 
(Whimbey 1981). 

In closing I would like to draw attention to a few additional 
research questions raised by Jensen's findings. If blacks have 
slower reaction times, how have they come to dominate boxing 
and excel in other sports like baseball? If they can't get their 
finger off the button of the reaction-time apparatus as quickly as 
their white counterparts, how do they duck their punches and 
hit their pitches so well? The answer is not simply superior 
muscular strength, because both American and international 
weightlifting is dominated by whites. Nor is it muscular coordi­
nation, since Jensen's Figure 6 shows no difference between 
blacks and whites here. Aside from athletics, the reaction-time 
research seems at odds with the prominence of blacks in the 
creation and performance of jazz, some of which (for example, 
that ofThelonius Monk) is rich, complex, and sophisticated. As 
Jensen suggests, much research is still needed on g and other 
human abilities. 

Jensen's support for Spearman's hypothesis 
is support for a circular argument 

James R. Wilson 
Institute for Behavioral Genetics, University of Colorado, Boulder, Colo. 
80309 

Having received an earlier draft of the target article, we pre­
pared and submitted a paper commenting on several aspects of 
it, and we included new analyses from the Hawaii Family Study 
of Cognition that were relevant to the argument (N agoshi et al., 
in press). We furnished Professor Jensen with a copy of this 
manuscript; however we unfortunately see no indication in his 
article that he has considered the arguments or data presented 
therein. 
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I would like to reiterate here one of the arguments we 
presented: "Because a group difference on g requires group 
differences on tests which load on g, an observed group dif­
ference in general mental ability m-ay necessarily result in a 
correlation between group differences on individual tests and 
their g loadings" (Nagoshi et al., in press). Another way of saying 
this is that, given a substantial group difference on g (such as is 
commonly reported for blacks vs. whites), it is hardly surprising 
that there will be a substantial group difference on those tests 
which load most heavily on g, since they in a very real sense 
define g. Whether it is g that we conceive to be theoretically 
prior or the actual tests hardly matters; we have but one 
phenomenon (the group difference), and we add nothing to our 
understanding of the phenomenon by running the argument 
around in a circle. 

Author's Response 

The black-white difference in g: 
A phenomenon in search of a theory 

Arthur R. Jensen 
School of Education, University of California, Berkeley, Calif. 94720 

The 29 commentaries present such a diversity of opinions 
and observations on so many different aspects of the 
target article as to make it virtually impossible to do 
justice in my response to every single point. It will be 
necessary to focus on those issues that show some com­
munality among commentators or that raise questions 
that seem most central to the main findings and are most 
apt to help clear the way for further research and the­
oretical formulations. I will try, however, to touch upon 
as many of the points raised by the commentators as 
possible, even if it means adopting a fairly telegraphic 
style, with abrupt changes of topic. 

Most of the comments fall into one of two main catego­
ries: (1) Spearman's hypothesis per se and the psycho­
metric and statistical problems surrounding it, and (2) the 
relation of response latency, or reaction time (RT), on a 
variety of elementary cognitive tasks (ECTs) to psycho­
metric g and associated methodological and interpretive 
issues. 

Spearman's hypothesis per se 

There is rather less explicit agreement or disagreement 
with Spearman' s hypothesis than I had expected, given 
that it was the central theme of my target article. The test 
of Spearman' s hypothesis is the significant and consistent 
(across 12 studies) correlation between psychometric 
tests' g loadings and the magnitudes of the mean black­
white differences on the tests (expressed in standard 
score or a units). Nine of the commentators (Brand, 
Cattell, Eysenck, Gordon, Jones, Kline, Nettelbeck, 
Nichols, and Stanovich) explicitly regard the hypothesis 
as having been borne out by the evidence. Two (Gust­
afsson and Baron) express doubts or propose a coun­
terhypothesis. Three (Johnson & Nagoshi, Schonemann, 
and Wilson) seem to accept the hypothesis as borne out, 
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but claim that this outcome was inescapable, being a 
mathematical artifact or a "circular argument" preor­
dained by the workings of factor analysis. The remaining 
13 commentators express no opinion one way or the other 
regarding Spearman' s hypothesis per se. 

Sternberg, however, does not quite fall into any of 
these categories. He claims that the analysis merely 
restates what we already knew, namely, that blacks score 
lower than whites on conventional intelligence tests. That 
fact has indeed been well known for a long time. But that 
is not the issue specifically addressed by Spearman's 
hypothesis, which arose in the first place from the obser­
vation that there is considerably more to the black-white 
difference on psychometric tests than just the overall 
difference itself, the important point being that the mag­
nitude of the black-white difference varies across differ­
ent tests. I have not found any thorough examination of 
this phenomenon anywhere in the previous literature. 
There would be little if any scientific leverage in observ­
ing still one more black-white difference on one more 
test. What has not been discussed, much less understood, 
is the variation of differences, which, if it proves to be a 
reliable phenomenon, could provide some leverage for 
further understanding the nature of the black-white 
differences in cognitive performance. Testing Spear­
man' s hypothesis, or investigating the variation among 
differences, is an essential step toward an adequate ac­
count of the black-white differences on psychometric 
tests. Sternberg's belittling of this aim is surprisingly 
unanalytical for an otherwise generally very analytical 
psychologist. Attempting to reduce these findings to 
nothing more than the well known average difference of 
about 1 <Y on "conventional intelligence tests" not only 
misses the essential question that gave rise to Spearman' s 
hypothesis, but also tars such research with the popular 
opprobrium attached to IQ tests. Is it not a reasonable 
question to ask (assuming we are interested in the subject 
at all) which content features or psychometric charac­
teristics of tests are associated with the conspicuous 
variation in the size of the mean black-white difference 
on different tests? Might not such inquiry afford clues as 
to the essential nature of the black-white difference, or at 
least point investigators in the best direction for further 
study? What the present analysis consistently shows is 
that variation in the black-white difference is not system­
atically associated with such surface or content charac­
teristics of tests as whether they are verbal or nonverbal, 
culture-loaded or culture-reduced, performance or pa­
per-and-pencil, pictorial or figural, and so on but is most 
consistently associated with a latent trait, g, or the largest 
common factor in virtually any sizable battery of diverse 
cognitive tasks. The nature of the black-white difference, 
therefore, must be sought in the nature of g rather than in 
the intellectual content and other surface features of 
conventional psychometric tests. 

The inevitability-circularity-artificiality claim. Several 
commentators regard the outcome of testing Spearman' s 
hypothesis as inevitable or artifactual or a circular argu­
ment. Jones believes that any other conclusion from the 
results would be totally unexpected. If it is unexpected to 
Jones, it is largely because Jones, a sophisticated psycho­
metrician who has investigated black-white differences, 
already knows the kinds of tests that show the largest 
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differences and the fact that constructors of conventional 
intelligence tests select item types that are g-loaded. 
They select such items not necessarily because they are g­
loaded but because it is found that the most g-loaded 
items maximize predictive validity for the kinds of prac­
tical criteria for which tests are commonly used. The 
literature on group differences in test scores attributes 
differences almost exclusively to specific contents and 
surface features of tests, and the demonstration of what 
Jones regards as totally expected (i.e., the substantiation 
of Spearman's hypothesis) actually contradicts the con­
ventional and popular view of black-white test dif­
ferences. Moreover, not all group differences on a battery 
of psychometric tests are g differences, as I showed in the 
comparison of preverbally deaf children and normal­
hearing children. The correlation between WISC-R sub­
test group differences and subtest g loadings for deaf and 
hearing children was in fact negative-the opposite of the 
black-white comparison. Jones assumes that this "unex­
pected" finding must be due to a different pattern of g 
loadings for deaf and hearing children. Yet Braden (1984, 
p. 406) has reported a congruence coefficient of +0.988 
between the g factor loadings of the deaf and hearing 
groups, that is, virtual identity of the g factor across these 
groups. But the profile of group differences on the sub­
tests is negatively correlated with the profile of the 
subtests' g loadings. True, the overall hearing-deaf dif­
ference is only about one-fifth as large as the typical 
black-white difference. But that cannot be the cause of 
this outcome. I have shown that the effect of inbreeding 
depression is to lower the WISC IQ just about as much as 
Braden reported for the effect of deafness on the Perfor­
mance IQ. Yet the varying effects of inbreeding depres­
sion on the WISC subtests are correlated about +0.80 
with the subtests' g loadings (Jensen 1983a). 

As for Wilson's claim of circularity, it is his own agru­
ment, not Spearman' s hypothesis, that is circular. Of 
course, if one postulates (as does Wilson) that a group 
difference is mainly a g difference, then it is indeed 
inevitable that the group differences on various tests will 
be correlated with the tests' g loadings. One can always 
make a proposition circular by stating the conclusion in 
the premises. The same fallacy is voiced by Johnson & 
Nagoshi, who, in their first sentence, state that "any 
group difference in g would of necessity be reflected in 
the tests that load on g." This is of course a mere 
tautology. Change the statement to "any group difference 
in IQ (or total score, etc.)" and it is no longer a tautology 
or inevitability. After stating the tautology, Johnson & 
Nagoshi claim that "his finding in itself casts serious 
doubts on the validity ofJ en sen' s conclusions concerning 
black-white differences in cognitive abilities." But this 
claim is a non sequitur. Do Johnson & Nagoshi mean to 
imply that this tautology contradicts Speannan's hypoth­
esis? After their puzzling first paragraph, Johnson & 
Nagoshi go on to show some other theoretically interest­
ing relations between g and certain familial and social 
variables in their own study of various populations in 
Hawaii, and one could hardly disagree with their con­
cluding statement that "there is clearly a need for even 
more basic research on the nature of g." 

Schonemann illustrates the same kind of tautology 
mathematically, showing that if one "builds in" a larg~ 
enough difference between groups on a number of corre-
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lated variables (which thereby yield a general factor), the 
groups will differ on the general factor. It appears to me 
that this is another case of stating the premises or condi­
tions necessary for a given outcome. I do not see that it 
differs essentially from saying, for example, that if two 
cars start a race from the same point and traverse the same 
distance, the car with the faster average speed will cross 
the finish line ahead of the car with the slower average 
speed. But do the premises that the average speeds are 
different and that the distance is the same make the 
observation that one car arrives at the finish line ahead of 
the other merely an artifact or an illusion? On the other 
hand, one can point to many conjectures by psychologists 
in the literature on black-white IQ differences that are 
contradicted by the very conditions or premises that 
Schonemann demonstrates as sufficient for Spearman' s 
hypothesis, for example, equal covariance matrices and 
large enough differences on the mean vectors. But 
Schonemann' s demonstration apparently leads him to 
agree with a false, or at best theoretically too limited, 
conclusion, namely, the statement he quotes from my 
Bias in Mental Testing (1980a). Although the conditions 
stated therein could produce the appearance of Spear­
man' s hypothesis, these conditions are neither necessary 
nor sufficient to account for the actual findings. Since 
1980, I have explicitly investigated this matter, and I find 
that neither the variation in the g factor nor the varying 
magnitude of the black-white difference on various tests 
is at all dependent on differences in test reliability or on 
variation in item or subtest difficulty level. High and low 
g-loaded tests, even when perfectly matched on reliabili­
ty, still show large and small black-white differences, 
respectively. Moreover, we have found that different 
single items of the Raven Progressive Matrices test can 
differ in their g loadings even when they are perfectly 
matched on item variance [i.e., p(l - p), where p is 
proportion passing]; the more complex (hence more diffi­
cult) items are generally the more g-loaded, even when 
p(l - p) is the same for the simple and complex items 
(e.g., p = .80 and p = .20). In brief, g can vary indepen­
dently of reliability and range restriction, even among 
tests or items that are quite homogeneous in form and 
content. It has become increasingly clear in recent years 
that neither g nor the black-white difference on cognitive 
tests is merely a psychometric artifact. 

Baron is right in noting that the reliability of a test can 
affect both its g loading and its power to discriminate 
groups. But this does not mean that Spearman's hypoth­
esis depends on differences in test reliability, although 
such differences could conceivably simulate an outcome 
consistent with the hypothesis when the hypothesis was 
actually false. However, the present results cannot be 
explained in this way, as I have already shown in the 
target article. When the g loadings and black-white 
differences (D) are corrected for attenuation, Spearman' s 
hypothesis still holds (see Table 3 in the target article). 
The lowering (by about .10) of the correlations between g 
and D is adequately explained by the greater restriction of 
range of the disattenuated g loadings. The use of parallel­
forms test-retest reliabilities rather than internal-con­
sistency (split-half or K-R [Kuder-Richardson] 20) reli­
abilities would be a nice addition but would be most 
unlikely to alter the results appreciably. Although the two 
forms of reliability are clearly distinct conceptually, em-
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pirically the resulting reliability coefficients (rxJ gener­
ally run quite parallel. I think that Baron makes too much 
of the partial correlation, in which rxx is partialed out of 
the zero-order correlation between g and D. Although 
the resulting partial correlation is capable of testing the 
null hypothesis, beyond that, its actual magnitude, unlike 
the correction for attenuation, cannot be interpreted as 
yielding a closer approximation to the true correlation 
between g and D. There is, of course, no demonstration of 
an inherent theoretical connection between a test's paral­
lel-form retest reliability and either its true (i.e., disat­
tenuated) g loading or its true discriminability between 
populations. Reliability and g are certainly not the same 
construct, even though in some test batteries they may be 
adventitiously correlated. Reliability is largely a function 
of test length. The Digit Span subtest of the Wechsler 
scales, for example, has one of the lowest reliabilities in 
the Wechsler battery and also one of the lowest g 
loadings, and it shows one of the smallest black-white 
differences of any subtest. In a number of my previous 
studies, however, I have used repeated parallel forms of 
the forward Digit Span test to increase the reliability of 
the composite Digit Span test up to values above . 90, that 
is, as high as the reliability of the Full Scale IQ. Even so, 
the g loading of Digit Span is still much lower than the g 
loadings of, say, Vocabulary and Block Design. Also, the 
size of the black-white difference on the highly reliable 
forward Digit Span test is still among the smallest of the 
differences on any of the many tests we have used in our 
research (e.g., Jensen 1971; 1973b; 1974a; Jensen & 
Figueroa 1975; Jensen & lnnouye 1980). 

Gordon has made a striking contribution to the meth­
odology of testing Spearman' s hypothesis, based on the 
equivalence of the congruence coefficient (or index of 
factor similarity) and the correlation between factor 
scores. The point biserial correlation (r,,b) of test scores 
with the black-white dichotomy is clearly equivalent to 
the tests' loadings on a black-white factor. The question 
then is whether factor scores based on this black-white 
factor were computed for every subject, and if factor 
scores based on the g factor (the first principal compo­
nent) of all the tests in a given battery were computed for 
every subject, the correlation between the two sets of 
factor scores-the black-white factor scores and the g 
factor scores-would be equal to the coefficient of con­
gruence between the tests' loadings on the black-white 
factor and the loadings on the g factor. (Although this 
equivalence would hold exactly only for a g factor com­
puted as the first principal component, and the present 
analyses are based on the first principal factor or on the 
Schmid-Leiman second-order g, these are only negligibly 
different from the first principal component in the pre­
sent data sets. Therefore, Gordon's figures would proba­
bly differ only in the third decimal place.) The- con­
gruence coefficients shown in Gordon's Table 1 range 
between .915 and .993, with an aver.age of about 0.97, 
that is, an almost perfect correlation between factor 
scores based on g and the magnitude of the black-white 
difference, as Gordon concludes. This is a striking sub­
stantiation of Spearman' s hypothesis, albeit an "inferential 
substantiation, based on the correctness of Gorsuch's 
(1974, p. 253) claim of equivalence between the principal 
component factor score correlation and the congruence 
coefficient. For those who would like to see a precise 
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empirical demonstration of this outcome as well, the total 
Wechsler (WISC-R) standardization data from the study 
by Jensen and Reynolds (1982) are available and can be 
subjected to a direct determination of the equivalence of 
the factor score correlation and the congruence coeffi­
cient. This analysis will be done as soon as feasible, and a 
note on the results will be submitted to a forthcoming 
Continuing Commentary section in this journal. 

Factor analysis and the nature of g. In the target article I 
tried to treat g as empirically as possible, without bring­
ing in any particular theory of g or allowing subjective 
judgments or theoretical preconceptions to determine 
the g factor or its relation to the black-white difference. 
As a starting point, I thought it best to take whatever g the 
available data sets yielded by an objective method of 
analysis, even though some of the available test batteries 
were rather far from representing an ideal sampling of the 
whole domain of abilities measured by psychometric 
tests. Never was a test battery included or excluded 
because' of how well the particular collection of tests 
conformed to any particular theoretical conception of the 
"ideal g," whatever that might mean. I agree with the 
observation of Gustafsson, Jones, and Vernon that the g 
factors extracted from these 11 quite diverse test batteries 
are bound to vary to some degree, which cannot be 
precisely determined from these data. As correctly noted 
by Kline, however, the fact that the g factor varies 
somewhat according to the different compositions of 
these batteries could only attenuate the test of Spear­
man' s hypothesis. Yet the hypothesis was borne out by 
every battery. Gustafsson notes that generally in these 
particular batteries the tests with the largest g loadings 
and largest black-white differences are of the achieve­
ment-laden type frequently characterized as crystalized 
g, or gc, as contrasted with fluid g, or gf' But it might well 
be that in culturally or educationally homogeneous popu­
lations (as indicated, for example, by their high similarity 
in factor structure), verbal and achievement-type tests 
yield even better measures of g1 than the often less 
reliable and spatially loaded tests most commonly used to 
represent gf' The g of most of the test batteries used in 
this study is undoubtedly some amalgam of gc and gf' But 
if these batteries could be subjected to a hierarchical or 
Schmid-Leiman factor analysis along with a much larger 
collection of tests that sampled more widely the entire 
psychometric domain, I think it would be a safe predic­
tion that the topmost g of the hierarchy (call it Spearman's 
g) would be larger (in variance accounted for) than gc or g1 
or the two combined and that the residualized g1would be 
reduced to practically nil, most of it being absorbed by 
Spearman' s g. Recent hierarchical factor analyses of test 
batteries with broad samplings of abilities have shown 
exactly this picture (Gustafsson 1984; Undheim 198la; 
198lb; 198lc). Spearman' s g and g1 are either very similar 
or the same, and much of the variance of the kinds of tests 
that are usually most heavily loaded on gc is absorbed into 
the top hierarchical g when residualized by the Schmid­
Leiman procedure. Hence one cannot accept as a cogent 
criticism Gustaffson' s comment that my analysis leaves 
Spearman' s hypothesis largely uninvestigated. However, 
it would be very desirable to see Spearman' s hypothesis 
tested using the broad sample of tests that, in Gust­
afsson' s (1984) own study, yielded what he might consider 
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an "ideal" g and led him to conclude that g is identical 
with gf' This conclusion led Gustafsson (1984) to a most 
important observation: "Formulated in simple terms this 
result implies that scores obtained on a test consisting of 
the broadest and most representative sample of tasks are 
virtually perfectly correlated with scores obtained on a 
small set of g1 tasks. The most interesting question must 
then be why the gf tests have such power of indexing 
general intelligence" (p. 195). 

This, I think, is the most telling criticism of Hum­
phreys' s purely descriptive definition of general intel­
ligence, a conception that Jones seems to advocate that I 
should adopt. Humphreys (1971) has defined general 
intelligence as follows: 

Intelligence is defined as the entire repertoire of ac­
quired skills, knowledge, learning sets, and generaliza­
tion tendencies considered intellectual in nature that 
are available at any one period of time. An intelligence 
test contains items that sample the totality of such 
acquisitions. The definition of intelligence here pro­
posed would be circular as a function of the use of 
intellectual if it were not for the fact that there is a 
consensus among psychologists as to the kinds of be­
haviors that are labeled intellectual. Thus, the Stan­
ford-Binet and the Wechsler tests can be considered 
examples of this consensus and define the consensus. 
(Pp. 31-32) 

My own reservations about this definition have been 
expressed in detail elsewhere (Jensen 1984c). The defini­
tion is essentially theoretically barren. In relation to the 
earlier quotation by Gustafsson, it is a theoretically cru­
cial fact that intelligence, as defined by Humphreys, can 
actually be measured adequately by a limited number of 
tests that involve much less than the totality of the 
repertoire of acquired skills described by Humphreys. 
One does not need to sample from the totality of this 
repertoire in order to measure its general factor. In fact, it 
is now beginning to appear that one may need to measure 
only certain aspects of the averaged electrical potentials 
of the brain elicited by auditory "clicks" (Hendrickson & 
Hendrickson 1980). Humphreys's definition deals only 
with what Eysenck, following Hebb, has termed Intel­
ligence B, which comprises the multifarious manifesta­
tions of Intelligence A, characterized by Eysenck as a 
"capacity of the central nervous system and cortex to 
process information correctly and without error." There 
is nothing in the Humphreys definition that would lead 
one to expect the existence of a g factor in the varied 
repertoire described by his definition or to imagine that 
the same g factor could be measured by tests tapping very 
different contents of the repertoire-the important phe­
nomenon referred to by Spearman (1927) as "the indif­
ference of the indicator" of g. 

As an example of this phenomenon, I cited the fact 
that the g factors extracted separately from the Wechsler 
verbal subtests and the performance subtests are corre­
lated .80 with each other, despite the highly dissimilar 
contents of the verbal and performance tests. Vernon 
appears to cast doubt on this claim by citing a correlation 
of .67 between the Verbal and Performance IQs of the 
Wechsler Intelligence Scale for Children-Revised 
(WISC-R). I haven't determined the correlation be­
tween the g factors of the Verbal and Performance sub­
tests of the WISC-R; my statement was based on this 
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determination for the Wechsler Adult Intelligence Scale 
(WAIS), in which even the simple correlations between 
the Verbal and Pertormance IQs range between . 77 
and .81 for various age groups (Matarazzo 1972, p. 243). 
Clearly, very dissimilar test batteries yield very similar 
gs. Is the g of all the Wechsler subscales mainly gc, as 
Cattell' s statement suggests, or does it also represent gf 
to a substantial degree? One might predict from Gust­
afsson' s (1984) observations that a g extracted from such a 
diverse battery as the Wechsler would most probably 
come close to Cattell' s gf' Raven's Matrices, like Cattell' s 
Culture Fair Tests of gf' is generally considered a quint­
essential test of gf' It is therefore noteworthy that when 
the Raven Matrices (Advanced) was factor-analyzed 
among the 12 WAIS subtests, it showed a higher g 
loading (+0.80) than any of the WAIS subtests; Block 
Design, Vocabulary, and Arithmetic were next in order, 
with g loadings of +0.69, +0.64, and +0.64, respec­
tively (P. A. Vernon 1983). 

The robustness of g across diverse test batteries was 
shown long ago in a study by Garrett, Bryan & Perl (1935) 
who factor-analyzed a battery of six varied memory tests 
(meaningful prose, paired-associates, free recall of words, 
digit span, memory for forms, and memory for objects) 
and extracted the general factor. This battery of tests was 
then factor-analyzed along with four other diverse tests 
not especially involving memory (motor speed, vocabu­
lary, arithmetic, and form board). The g loadings of the 
memory tests in the two analyses correlated .80. The 
overall correlation between g factor scores based on just 
the memory tests and g factor scores based on just the 
nonmemory tests was .87. This is evidence that the g of 
the six memory tests is very close to the g of the non­
memory tests. To be sure, the memory tests were not as 
highly loaded on g (average g loading = .42) as the 
vocabulary and arithmetic tests (average g loading= .65), 
but what little g the memory tests have is much the same 
gas found in the nonmemory tests. One would like to see 
larger-scale studies of this type based on many diverse 
psychometric tests to determine the variance of correla­
tions between g factor scores extracted from different 
nonoverlapping sets of tests, controlling for reliability. 

A set of data provided by R. T. Osborne (personal 
communication) but not used in the target article, since it 
is unpublished data, lends support to Cattel' s conjecture 
that, when gc and gf can be clearly distinguished by 
including in the factor analysis a large enough number of 
the types of tests that will permit the emergence of these 
two factors, the tests' loadings on gfwould be more highly 
correlated with the black-white differences than the 
loadings on gc. Osborne's battery included seven of the 
most "fluid" tests from the Educational Testing Service's 
"Kit of Reference Tests for Cognitive Factors" (French, 
Ekstrom & Price 1963) (Cube Comparisons, Identical 
Pictures, Formboard, Surtace Development, Spatial, Pa­
per Folding, and Object Aperture). The "crystalized" 
tests in the battery were the Calendar Test, Arithmetic, 
the Wide Range and Heim Vocabulary Tests, and Spell­
ing. All 12 tests were given to 608 white and 246 black 
urban school children. Factor analyses with varimax rota­
tion, performed separately in each group, yielded two 
orthogonal (i.e., uncorrelated) factors clearly identifiable 
as gf and gc, both of which showed high congruence 
between the black and the white samples. The Spearman 
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hypothesis was examined separately for gc and gf' The 
correlation between tests' gc loadings and the mean 
black-white differences is -0.24 for white gc loadings 
and -0.02 for the black; neither r is significant. The 
correlation between loadings on gr and the black-white 
difference is +0.56 (p < .05) for whites and +0.42 (p 
< .10) for blacks. Thus, the mean black-white dif­
ferences on these 12 tests are more highly related to 
the tests' loadings on gf than on gc. This result seems to 
contradict the popular belief that the black-white dif­
ference on tests largely involves differences in scholastic 
learning as characterized by the "crystalized" component 
of variance in test scores. There is some ambiguity in this 
study, however, owing to the fact that virtually all the 
nominal g1 tests are also known to involve spatial visu­
alization ability (g.J as well as gf since nonspatial fluid 
tests were not included, gf and gv could not be dis­
tinguished, and so what appears as gf is actually some 
amalgam of gf and gv. How closely the black-white 
difference is associated with each of these components 
separately is not known. 

Another study (Jensen 1973b) of large representative 
samples totaling about 200 white, black, and Mexican­
American Californian school children used 17 tests which 
included nonspatial as well as spatial tests of "fluid" 
ability (Lorge-Thorndike Nonverbal IQ, Raven Matrices, 
Figure Copying), three short-term memory tests, and 
typical "crystalized" tests (Lorge-Thorndike Verbal IQ 
and the Stanford Achievement battery of seven scholastic 
achievement tests). A number of socioeconomic indices 
(Gough Home Index) were also included. Varimax factor 
analysis yielded four orthogonal factors corresponding to 
gc (Verbal IQ and Achievement Tests) and gf(nonverbal 
tests), as well as a rote memory factor and a socioeconomic 
status factor. The mean factor scores of each of the 
populations on each of the factors are shown in Figure 1. 
The black-white difference in mean factor scores scarcely 
differs between the gc factor (verbal IQ and achievement) 
and the gffactor (nonverbal IQ). It should be noted that 
these are uncorrelated factors. This and other evidence, I 
believe, drastically undermines Gustafsson' s criticism 
that the differing compositions with respect to gc and gfof 
the various test batteries used to test Spearman' s hypoth­
esis has resulted in the hypothesis's remaining largely 
untested. 

Jones cites an article (Jones 1984), which I have not yet 
seen, showing that "the average scores of the nation's 
black students on aptitude and achievement tests have 
steadily risen, relative to average scores for white stu­
dents, over the past 15 years." The basis for this claim will 
have to be reconciled somehow with the recently an­
nounced results of the Armed Services Vocational Ap­
titude Battery (ASV AB), a set of ten aptitude and achieve­
ment tests administered to a large national probability 
sample representative of American youths ages 16 to 23 
years (Office of the Assistant Secretary of Defense 1982). 
The mean black-white differences (in standard score 
units) on some of the ASV AB scholastic achievement tests 
are Arithmetic Reasoning 1.16, Word Knowledge 1.30, 
Paragraph Comprehension 1.08, and General Science 
1.23. These differences are at least as large as the black­
white difference on the Army Alpha at the time of World 
War I or on the Army General Classification Test in 
World War II. If there is a genuine discrepancy between 
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Figure 1. (Response). Mean factor scores (mean = 50, er = 10 within each grade level) for four variables, comparing white, black, 
and Mexican-American samples in grades 4, 5, and 6. The factor scores are orthogonal; that is, the scores on any one factor reveal 
differences between subjects who are statistically equated on the three other factors. (From Jensen 1971, Table 6.) 

Jones' s test results and the recent ASV AB test results, the 
discrepancy may be at least partly explainable in terms of 
Spearman' s hypothesis; that is, the ASV AB tests may be 
more highly g-loaded than Jones's tests. 

Borkowski & Maxwell claim that although a rela­
tionship between tests' g loadings and the size ofblack­
white differences has been demonstrated, it has not been 
shown that the black-white difference is predominantly a 
difference in g, and hence the "weak" form ofSpearman's 
hypothesis remains untested. They have apparently over­
looked the study by Jensen and Reynolds (1982) that 
explicitly apportions the total between-group (black­
white) variance to each of the orthogonalized hierarchical 
factors that emerged from a Schmid-Leiman factor analy­
sis of the WISC-R. This study, based on the national 
standardization sample of the WISC-R (1868 whites and 
305 blacks), showed that the black and white groups 
differed significantly in mean factor scores on all four of 
the common factors extracted from the WISC-R: g, 
verbal, performance, and memory. But in terms of the 
total variance between groups accounted for, the g factor 
accounted for more than seven times as much intergroup 
variance as the other three factors combined. The four 
common factors together contribute 89% of the total 

intergroup variance; the remaining 11 % is due to the 
specificity of the 13 subtests. The same kind of analysis, 
which was based on factor scores for every subject, was 
impossible in the ten other studies, for which the scores of 
individuals were not available. The weak form of Spear­
man' s hypothesis, however, could be further investigated 
in these studies by including in the test intercorrelation 
matrix the point-biserial correlations of the black-white 
dichotomy with each of the tests and then factor-analyz­
ing the matrix to see precisely the magnitudes of the 
loadings of the black-white variable on each of the 
orthogonal factors extracted from the matrix. When this 
analysis is done with the WISC-R data, the results, of 
course, are completely consistent with those I have just 
reported, showing the black-white variable to have by far 
the largest loading on g. It is hard to imagine that very 
different outcomes would be found in the ten other test 
batteries, but in order to leave no doubts about the 
answer to this question, I will do the required factor 
analyses and report the results in Continuing Commen­
tary. 

Animal intelligence. It is difficult to evaluate Macphail' s 
claim that there is nothing resembling g, or individual 
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differences in intelligence, either between or within 
different species of nonhuman vertebrates. Any behav­
ioral differences that might be interpreted as differences 
in cognitive ability or in some general capacity for dealing 
with complexity, it seems, can also be attributed to 
species differences in specific sensory and motor capaci­
ties or to differing instincts and drives. The literature on 
comparative psychology, I believe, leaves much room for 
doubting Macphail's claim, although the null hypothesis, 
which Macphail seems to favor, may be difficult to reject 
definitively at present. The main problem is one of 
devising tests that are deemed equally appropriate across 
species which differ widely in sensory and motor equip­
ment and in appetites and instinctual behaviors. The 
problem will have to be debated and resolved em­
pirically, if possible, by experimental comparative psy­
chologists and ethologists. The speed of acquisition of 
learning sets has been found to be related to intelligence 
in humans (Hunt 1961, p. 83) and also shows clear inter­
and intraspecies differences. As Harlow (1959) has ob­
served, "All existent LS [learning set] data on all mea­
sured species are in keeping with the anatomical data 
bearing on cortical complexity, and it is obvious that LS 
techniques are powerful measures for the intellectual 
ordering of primate and possibly even non primate forms" 
(p. 507). Interspecies differences in complexity of behav­
ioral capacities are related to brain size (in relation to 
body size) and to the proportion of the brain not involved 
in vegetative or autonomic and sensorimotor functions. 
According to Jerison (1973), development of the cerebral 
cortex, the association areas, and the frontal lobes paral­
lels species differences in behavioral complexity. It has 
been found that the tests which have shown differences in 
problem-solving capability between monkeys and apes, 
and even individual differences between chimpanzees, 
have shown the same rank order of difficulty when they 
are given to human children as when they are given to 
apes; this suggests that the tests involve similar capacities 
across species (Viaud 1960, pp. 44-45). 

Macphail harks back to Spearman' s (1923, p. 346) 
original notion of gas a kind of"mental energy." Although 
Spearman intended this description merely as an analogy 
or metaphor, the notion still has intuitive appeal. High-g 
persons actually give the appearance of possessing more 
spontaneous mental energy, which they bring to bear on 
almost everything they do of a cognitive nature, and they 
also seem to be more persistently active in cognitive 
ways. But these characteristics may only be the by­
products of their greater speed and efficiency of infonna­
tion processing. Equating g with drive, formulated as 
Hull's "big D," as suggested by Macphail, would seem to 
run into difficulty with the Yerkes-Dodson law (Yerkes & 
Dodson 1908), which is the now well-established em­
pirical generalization that the optimal level of drive (D) 
for learning or performance of a task is inversely related to 
the degree of complexity of the task; that is, a lower level 
of D is more advantageous for the performance of more 
complex tasks. In this respect, Dis just the opposite of g. 
The g loading of tasks increases with task complexity, and 
persons who score highest in the most g-loaded tests are 
more successful in dealing with complexity. From what 
research has taught us about Hull's D and the Yerkes­
Dodson law, one would not predict high-D persons to 
perform like high-g persons as a function of task complex-
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ity. In humans, changes in drive and arousal are reflected 
in pupillary dilation. Ahern and Beatty (1979) measured 
the degree of pupillary dilation as an indicator of effort 
and autonomic arousal when subjects are presented with 
test problems. They found that (1) pupillary dilation is 
directly related to level of problem difficulty (as indexed 
both by the objective complexity of the problem and the 
percentage of subjects giving the correct answer) and (2) 
subjects with higher psychometrically measured intel­
ligence show less pupillary dilation to problems at any 
given level of difficulty. (All subjects were university 
students.) Ahern and Beatty concluded: 

These results help to clarify the biological basis of 
psychometrically-defined intelligence. They suggest 
that more intelligent individuals do not solve a tracta­
ble cognitive problem by bringing increased activa­
tion, "mental energy" or "mental effort" to bear. On 
the contrary, these individuals show less task-induced 
activation in solving a problem of a given level of 
difficulty. This suggests that individuals differing in 
intelligence must also differ in the efficiency of those 
brain processes which mediate the particular cognitive 
task. (P. 1292) 

Unitarianism versus componentialism. Questions are 
raised by both Brand and Nichols concerning whether g 
variation has unitary or multiple causation, and to what 
extent it arises from polygenic effects or from correlated 
environmental influences. These questions are also im­
plicit in several other commentaries. They are really the 
crux of current theorizing about g. These issues are 
simply unresolved at present, but progress is being 
made. I do not see a sufficient empirical basis as yet for 
predicting whether the physiological substrate of g will 
eventually turn out to be some "unitary" feature of neural 
activity (e.g., cortical conductivity, speed of synaptic 
transmission, number of neurons, amount of branching, 
number or organization or complexity of cell assemblies, 
or capillary blood supply to the cortex) or the resultant of 
many such features. The well-established fact of the 
genetic heritability of g, however, makes it virtually 
certain that some substantial proportion of the g variance 
must ultimately find explanation at the neurophysiologi­
cal level. Cognitive componential theory in all its contem­
porary forms represents a different level of analysis; it is a 
behavioral analysis of various cognitive tasks in terms of a 
limited number of abstracted information processes, or 
"components," having the status of intervening variables 
or psychological constructs that are hypothesized to me­
diate or execute different cognitive tasks. These hypoth­
esized components, or information processes, are opera­
tionally definable, and individual differences in them are 
measurable, at least indirectly, by means of various chro­
nometric techniques. The g yielded by factor analysis of 
psychometric tests, according to the componential view, 
results from there being certain elementary cognitive 
processes (and perhaps also metaprocesses) that are re­
quired for successful performance on virtually all test 
items. But measures of the elementary cognitive tasks are 
themselves intercorrelated, and when factor analyzed 
they yield a g that is correlated with the g of psychometric 
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intercorrelations getting at essentially one and the same 
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specificity and measurement error. At the very end of this 
regress of g across levels of analysis, presumably, is some 
physiological substrate, the nature of which is still highly 
speculative. But we will probably not have a scientifically 
satisfying explanation of g until g has been clearly linked 
to its biological structures or physiological mechanisms. 
This field is wide open for theoretical speculation and 
empirical investigation. I do not rule out the possibility, 
favored by Brand, that the basis of g at this level could be 
something much simpler than what we can observe at the 
psychological or behavioral level of analysis, just as the 
basic cause of a disease is often much simpler than its 
multifarious symptoms. 

Evoked potentials and g. One cannot deny Callaway' s 
assertion that brain electrical potentials, or evoked poten­
tials, are not necessarily correlated with intelligence. 
Carlson expresses similar caution at this stage of this 
research. It is one of the primary aims of current research 
in this field to discover the specific procedural conditions 
that will yield the most substantial correlations between 
certain aspects of the average evoked potential (EP) and 
psychometric g. A recent study by Haier, Robinson, 
Braden & Williams (1983), for example, has identified 
various experimental conditions and methods of mea­
surement that have resulted in some of the inconsistent 
findings in this field. Haier et al. identify those particular 
conditions that show the highest correlations between EP 
and IQ. They conclude: 

Perhaps, the most startling conclusion suggested by 
this body of work is not just that there is a relationship 
between brain potentials and intelligence, but that the 
relationship is quite strong. This supports the proposi­
tion that the variance of intelligence, with all its com­
plex manifestations, may result primarily from rela­
tively simple differences in fundamental properties of 
central brain processes. (P. 598) 
Schafer's comment provides further striking evidence 

of the relation between certain parameters of the EP and 
psychometric g. Not only do his data show an overall 
multiple correlation of +0.64 (or +0.80 corrected for 
restriction of IQ range in his sample) between the EP 
parameters and the WAIS Full Scale IQ, but more 
importantly they also show that the degree to which each 
of the 11 subtests loads on the g factor is directly related to 
the degree of each subtest's correlation with the EP. 
Figure 2 shows this relation for the EP habituation index, 
as defined by Schafer. (The g factor here is estimated by 
the first principal component, provided by Schafer.) 
Correcting the correlation for attenuation with the reli­
abilities of the WAIS subtests in the standardization 
sample results in a lowering of the correlation in Figure 2 
from +0.897 to +0.891. Partialing out the subtest reli­
abilities produces exactly the same result for these data. 
Moreover, this is not an isolated finding. Eysenck and 
Barrett (1985), measuring a different parameter of the 
EP, reported a correlation (Spearman's rho) of +0.95 
between WAIS subtests' g loadings and the subtests' 
correlations with the EP measure. It is probably more 
than sheer coincidence that the correlation between 
Schafer's EP habituation index and the WAIS subtests 
shows a rank-order correlation of +0.59 (p < .05) with the 
degree of inbreeding depression (a purely genetic effect) 
found on the homologous subtests of the WISC (Jensen 
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Figure 2. (Response). Correlation of the habituation index of 
the evoked potential (EP) with Wechsler Adult Intelligence 
Scale (WAIS) subtests plotted as a function of the subtests' g 
loadings, in Schafer's study. WAIS subtests: 1- Information (I), 
2 - Comprehension (C), 3 - Arithmetic (A), 4 - Similarities (S), 
5 - Digit Span (DS), 6 - Vocabulary (V), 7 - Coding (Cod), 8 -
Picture Completion (PC), 9 - Block Design (BD), 10 -Picture 
Arrangement (PA), 11 - Object Assembly (OA). 

1983a). We can eagerly look forward to the working out of 
Callaway' s promising suggestfons concerning the use of 
"psychopharmacological tools" for manipulating the bio­
logical variables underlying information processes. This 
biological-analytical approach is a promising avenue to­
ward understanding the physiological substrate of g. 

Chronometric correlates of g 

In connection with the evoked potential studies just 
mentioned, it is worth noting a parallel phenomenon 
based on the correlation of reaction time (RT) with 
Wechsler subtests. P. A. Vernon (1983) extracted the 
general factor from a battery of elementary cognitive tasks 
(ECTs) in which RT was the dependent variable. The 
ECTs were so simple that the largest mean RTs were less 
than one second. The ECT general factor was substan­
tially correlated with the WAIS Full Scale IQ, and the 
correlation of the general speed factor with the various 
WAIS subtests was related to the subtests' g loadings. 
Especially interesting is the fact that no other factors of 
the WAIS besides g showed any correlation with the ECT 
general speed factor. Since the target article was written, 
a similar recent study has come to my attention, based on 
the WISC-R in a sample of 59 elementary school pupils 
(Hemmelgarn & Kehle 1984). An apparatus very similar 
to that shown in Figure 8 of the target article was used. 
Individual differences in the slope of RT as a function of 
bits of information, interpreted as a measure of rate of 
information processing, were correlated with each of the 
WISC-R subtest scores (with chronological age partialed 
out). This profile of 12 correlations (i.e., subtests and 
slope of RT) showed a correlation of -0.80 (p < .05) with 
the profile of subtests' g loadings. The overall correlation 
between RT slope and WISC-R Full Scale IQ was only 
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-0.32 (p < .01); but a much higher correlation than this 
could hardly he expected, because it has been generally 
found that the slope parameter has the lowest reliability 
of any of the individual difference measures derived from 
this RT paradigm. (See Jensen, 1982a, 1982b, for detailed 
discussions of this RT paradigm.) Most probably, low 
reliability is the answer to Carlson's observation that 
correlations between g and RT have not consistently 
shown the predicted increasing relationship across bits of 
information in all studies. When the means of groups 
differing in average IQ are used to examine slope instead 
of the much less reliable measures of individual dif­
ferences, however, the results have been quite consistent 
in showing that in low-IQ groups the slope of RT across 
bits is greater than in high-IQ groups even when both of 
the contrasted groups are above the general population 
average in IQ. 

Strategy of RT studies. There is criticism from Carr & 
McDonald, Posner, and Rabbitt of the fact that my 
presentation of correlations between RT measures and 
various elementary cognitive tasks (ECTs) and psycho­
metric scores has not emphasized the same kind of analyt­
ic technique (consisting mostly of variations of Donders' s 
subtraction method) commonly used in experimental 
mental chronometry. This approach is nicely summarized 
by Carr & McDonald. Hypothetical cognitive processes 
are measured indirectly by subtracting the RT for a task in 
which a particular process is believed to be absent from 
the RT for a task in which the process is believed to be 
required for successful performance. The remainder is a 
measure (usually in msec) of the time taken by the 
hypothesized mental process on which the two tasks are 
presumed to differ. I agree that this methodology is 
highly desirable and ultimately essential in the chro­
nometric study of individual differences and their relation 
to psychometric variables. However, I considered it a 
highly inefficient strategy for initially exploring rela­
tionships between chronometric and psychometric vari­
ables. Those investigators who have pursued only the 
experimental psychology of RT, divorced from its possi­
ble relationship to individual differences in psychometric 
factors, may have forgotten that just a few years ago it was 
conventional wisdom in psychology that RT had no rela­
tionship to intelligence. Almost every psychology under­
graduate has been taught in lectures and textbooks that 
the Calton-Cattell (i.e., James McKeen Cattell) "brass 
instrument" attempt to measure intelligence by means of 
RT and various tests of sensory discrimination was an 
utter failure, without learning specifically why it was a 
failure, and that only very complex or achievement-type 
tests are capable of reflecting (or defining) what psychol­
ogists mean by "intelligence." This has now been con­
clusively disproved by a great many recent studies. But 
prior to about ten years ago, I found surprising resistance 
to - and often scoffing rejection of -the idea that Calton 
and Cattell may have been right, or at least partly right, 
after all. It was apparent that a correlation between RT 
and psychometric g would take a lot of "proving" even for 
most psychologists to come to agree that there might be 
something worth investigating in this realm. A broad­
gauged or "shotgun" search for correlations and mean 
differences between criterion groups selected from dif­
ferent sectors of the IQ distribution seemed the best 
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strategy. Why invest a great deal of experimental refine­
ment in some chronometric technique before establish­
ing that at least some of the RT parameters it yields are 
significantly correlated with the individual difference 
variable of primary interest, that is, psychometric g, with 
all its obviously important scholastic, occupational, and 
social correlates? Whatever correlations might exist 
would be revealed by the raw RT measures (and such 
simple parameters as slope and intraindividual [trial-to­
trial] variability in RT) just as well as, if not better than, 
the complex derived measurements of the processes 
hypothesized to be involved in performance on the chro­
nometric tasks. These complex measures usually consist 
merely of different linear combinations of the raw RT 
measurements, and so any correlation that the derived 
measures might have with test scores would also neces­
sarily be revealed by multiple regression analysis of the 
raw RT measurements. Moreover, correlational studies 
require good-sized samples, which, at least in exploratory 
research, necessitates using relatively few RT trials per 
subject, at the expense of achieving high reliability of 
individual measurements. Derived measures, being 
based largely on difference scores, magnify the effects of 
unreliability and hence further attenuate the possible 
correlations between RT and psychometric variables, 
rendering the search for correlations liable to Type II 
error. It is surprising that Nettelbeck does not seem to 
have noticed how seriously this very kind ofType II error 
has vitiated the results of the recent study by Borkowski 
and Krause (1983), which Nettelbeck views so un­
critically. I have noted the shortcomings of this study in 
detail elsewhere (Jensen 1985). 

Another factor in my reluctance to dive into a compo­
nential type of analysis of chronometric data in this initial 
exploratory stage of our research is based on what I have 
learned from R. J. Sternberg's experience. This is the fact 
that there is a general RT factor (or "regression constant," 
as Sternberg usually terms it) in a variety of chronometric 
variables that is more highly correlated with psycho­
metric g than most of the measurements representing 
specific cognitive processes (or "components," in Stern­
berg's terminology). In summarizing the research on the 
componential analysis of chronometric tasks and the cor­
relation of components with IQ, or g, Sternberg and 
Gardner (1982) make the following observation: 

A result that at first glance appears most peculiar has 
emerged from many of these task analyses .... The 
regression intercept, or global "constant," often turns 
out to be as highly correlated or more highly correlated 
with scores from IQ tests than are the analyzed param­
eters representing separated sources of variance. Since 
the constant includes speed of response, e.g., button 
pressing, one could interpret such results trivially as 
indicating that motor speed is an essential ingredient of 
intelligence. A more plausible interpretation, and, as it 
will turn out, one more consistent with the bulk of the 
data, is that there are certain constancies in informa­
tion-processing tasks that tend to be shared across wide 
variations in item types. We suggest that the search for 
the general component(s) and the search for the gener­
al factor are one and the same search-that whatever it 
is that leads to a unitary source of individual differences 
across subjects also leads to a unitary source of dif­
ference across stimulus types. (Pp. 232-33) 
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iSo before focusing on specific cognitive processes, or 
:llomponents, we have tried to establish firmly the correla­
ilion between the general factor of RT tasks and psycho-
111etric g. We are interested in whatever significant cor­
orelations we find, regardless of whether or not they are 
!COnsistent with any theoretical preconceptions that we or 
anyone else may have had. When critics gleefully point 
out some theoretically unexpected effect, such as that 
movement time (MT) is sometimes about as highly corre­
lated with gas RT, or that the RT intercept shows a higher 
.correlation with g than does slope in some samples, as if 
they had scored a crucial point, I cannot keep from 
smiling. Are such findings to be put down as a loss? 
Theories are so tentative in this field at present that one 
must place more emphasis on discovering empirical rela­
tionships than on testing any specific theory. I regard any 
significant and replicable correlations that are unex­
pected in terms of general theoretical preconceptions as 
no less interesting than those that confirm a particular 
theoretical preconception. We have indeed had many 
surprises in our RT research so far; when they are reliable 
and replicable they are perfectly suitable material for 
theory and further inquiry. A certain "critical mass" of 
firmly established empirical relationships seems to be a 
necessary prerequisite for efficiently pursuing the kind of 
theory-oriented strong-inference research extolled by 
Callaway, which I agree is called for in the next phase of 
this program of research, now that it has been quite 
thoroughly demonstrated that our several chronometric 
paradigms yield various individual difference parameters 
that are indeed reliably related to psychometric g. 

Specific criticisms of the RT research. It is always possi­
ble for critics to ignore the overall consistencies in a 
number of related studies and to invent ad hoc hypoth­
eses that would seem to explain, or more usually to 
explain away, the results of any particular study. I am not 
willing to agree, however, that, because it is theoretically 
impossible to construct an ideally perfect lens, or because 
there is always some degree of atmospheric perturbation 
of light rays, astronomy is an altogether impossible sci­
ence. The fact that it may be possible to find certain 
experimental paradigms, conditions, or testing pro­
cedures under which chronometric variables are not 
significantly correlated with psychometric variables is of 
no great concern, since we are seeking those conditions 
which do show correlations. And we are finding them . 
From our standpoint, those RT conditions which fail to 
yield correlations with g are of interest for that reason 
alone, but they have no theoretical refutational power 
whatsoever, as long as other conditions do in fact show 
reliable, replicable correlations with g. 

Rabbitt surmises that the experimental separation of 
RT and MT in our chronometric procedures could result 
in a strategy, presumably adopted by the more intelligent 
subjects, in which there is a trade-off between RT and 
MT, such that subjects can shorten their RTs by respond­
ing before actually making a choice decision and then 
"hovering" to make the decision before executing the MT 
part of the response. Carr & McDonald raise essentially 
the same question. If this strategy were indeed in effect, 
we should predict a negative correlation between RT and 
MT both within subjects (from trial to trial) and between 
subjects (i.e., the subjects with faster RTs showing slower 
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MTs), as well as correlations of opposite sign between g 
and RT and MT. We have long since examined all of these 
possibilities in our data and the results do not bear them 
out in the least: RT and MT are completely uncorrelated 
within subjects and positively correlated between sub­
jects; and we have never found correlations of RT and MT 
with intelligence that are ofopposite sign. Also of consid­
erable interest is our finding that variation in task com­
plexity is strongly reflected in RT but hardly at all in MT. 
A recent study in our laboratory, involving 14 variations 
in task complexity (all yielding median RTs within the 
range of about 600 to 1300 msec), found that the RTs on 
each of the tasks were much more highly correlated with 
Raven Matrices scores than with the MTs on the same 
tasks (Paul 1985). Rabbitt also conjectures that group 
differences in choice RT might diminish or disappear if 
RT trials were continued long enough for the groups to 
reach asymptotic levels of RT. In one study (see Jensen 
1982b, p. 105) in which a group of 10 subjects was run on 
the Hick choice RT paradigm for a total of 540 trials 
spread over 9 practice sessions, there was no significant 
change in mean RT beyond the first session, which was 
the same as our standard testing procedure. We have not 
yet examined the effects of extended practice on the other 
RT tasks in the battery. The asymptotic study that Rabbitt 
recommends was actually done by Noble (1969), who 
measured RTs on 106 black and 106 white age-matched 
school children given 160 trials on a four-choice discrimi­
nation RT task. The groups differed significantly (whites 
faster), without the least indication of asymptotic con­
vergence of the groups' mean RTs, as shown in Figure 3. 

The study by Vernon and Jensen (1984) could not, of 
course, be reported in every detail in the target article, 
but the variances (or SDs) and correlations of the various 
tasks and other information that Rabbitt regards as 
important are provided in the original article. Both Rab­
bitt and Posner note that tasks SD2 (physically same­
different words) and SA2 (synonyms-antonyms) involve 
verbal content, and they claim that the verbal content, 
rather than the tasks' intrinsic information-processing 
difficulty, is probably responsible for the black-white 
difference on these tasks. The ambiguity in interpreting 
this result is fully recognized by Vernon and Jen sen 
(1984, p. 421). Other studies designed to resolve this 
ambiguity are already in progress. It will be surprising to 
me if Posner's conjecture that differential reading skill of 
blacks and whites, independent of g, would account for 
the black-white difference on tasks SD2 and SA2. One 
statistical test would be to regress out that part of the 
variance in reading skill which is independent of g (as­
sessed by nonverbal tests) from the RT variables and see 
whether a significant black-white difference in mean.RTs 
remains. Other research indicates that when g is re­
gressed out of scores on verbal tests, the black-white 
difference virtually disappears. That is, the difference in 
reading skill seems largely to reflect the more general 
black-white difference in g. 

Experimental chronometricians (Nettelbeck, Poor­
tinga, Posner, Rabbitt) are concerned with the phe­
nomenon known as "speed-accuracy trade-off," suggest­
ing that perhaps the brighter subjects adopt a strategy of 
sacrificing accuracy for speed, thereby showing faster RT 
and a higher error rate. But this trade-off seems to be 
mainly a within-subjects phenomenon, accounting for 
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Figure 3. (Response). Mean response speed (reciprocal of RT) in successive 20-trial blocks on a 4-choice RT test. Each curve based 
on 106 children. (From Noble 1969.) 

negative correlations (within subjects) between RTs and 
error rates under different levels of task difficulty. It has 
not been a problem at all in the interpretation of the 
correlation between individual differences in RT and g, 
because the between-subjects correlation of RT and error 
rate is a positive correlation, and both RT and error rate 
are negatively correlated with g. That is, the brighter 
subjects are both faster and more accurate than the less 
bright subjects; we have never found any evidence of a 
speed-accuracy trade-off between subjects in our analy­
ses of RT data. These relationships can perhaps be seen 
more clearly as depicted in Figure 4. On the simple task, 
hypothetical persons A, B, and C are shown to have the 
same short RT and low error rate. On the complex task, 
the latent ability differences between A, B, and C are 
manifested as variation in their RTs and error rates. Their 
performances, as reflected jointly by RT and errors, will 
tend to fall somewhere on each of the arcs that describe 
the speed-accuracy trade-off and are different for each 
person. If the same low error rate of the simple task is to 
be maintained for the complex task, the RT is greatly 
increased for all persons (vertical line = zero speed­
accuracy trade-off). If the RT in the simple task is to be 
maintained in the complex task, the error rate is greatly 
increased for all persons (horizontal line = 100% speed­
accuracy trade-off). So the arc for each person describes 
an inverse relationship (or negative correlation) between 
RT and error rate. But between persons, RT and error 
rate show a direct relationship (or positive correlation). 
The line marked X in Figure 4 indicates a fairly high 
speed-accuracy trade-off for a typical RT study, if the 
error rate (on the abscissa) is assumed to range between 
zero and chance. Thus the shaded area represents the 
most desirable region for performance when studying 
individual differences in RT in that it spreads out indi­
vidual differences in RT much more than in error rate, a· 
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feature observed in all of our RT studies. Hence the 
observed correlation between RT variables and g can in 
no way be accounted for in terms of speed-accuracy 
trade-off. 

Jones complains that the figures showing mean group 
differences on the various chronometric tasks express the 
differences directly in terms of milliseconds, rather than 
in standard deviation (er) units. I had used the raw RT 
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Figure 4. (Response). The idealized relationship between RT 
and error rate for simple and complex tasks. The arcs describe 
the speed-accuracy trade-off for hypothetical persons A, B, and 
C, who are shown here as performing equally on the simple task. 
Shaded area represents most desirable region of speed-ac­
curacy trade-off for RT studies. 
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differences to take advantage of a luxury that is generally 
denied for ordinary psychometric tests, namely, a true 
ratio scale, which RT represents, so that the mean group 
differences in RT are differences in real time units, with 
equal intervals and a true zero point. The results depicted 
in Figures 11 and 12, it turns out, remain essentially the 
same when differences are expressed in U' units. In Figure 
12, for example, when the group differences (vocational 
college versus university) on the tasks, expressed in U' 

units, are plotted as a function of task complexity as 
indexed by mean RT, the Pearson correlation is +O. 92 (p 
= +0.93), as compared with +0.97 when the RT dif­
ferences are expressed in msec. If instead of differences 
we use the ratio of vocational college/ university RTs, the 
correlation is +0.89 (p = +O. 95); and if the RTs are 
subjected to a logarithmic transformation (which tends to 
make the standard deviations and means uncorrelated), 
the corresponding correlation becomes +O. 93 (p = 
+O. 95). In other words, no matter what the scale is on 
which the group differences are expressed, the group 
differences are found to increase as a function of task 
difficulty or complexity. (The same thing is true of Figure 
11.) [I am grateful for Jones's noting the errors in the 
target article's Figure 10, which have been duly corrected 
in the published version.] The other questions raised by 
Jones about this study are answered in the original Ver­
non and Jensen (1984) article. 

Poortinga believes that cultural factors may affect RT in 
ECTs and that such tasks as simple RT may be culturally 
biased and hence "nonequivalent" across different popu­
lations. But the lack of evidence for cultural bias with 
respect to the American black and white populations in 
much more complex and culture-loaded psychometric 
tests makes it an improbable hypothesis that cultural bias 
would be significantly implicated in ECTs. Cultural bias 
could be investigated by much the same methods as have 
been applied to conventional tests (Jensen 1980a). Poor­
tinga infers bias on the basis of theoretical preconceptions 
of the pattern of group differences one should expect for 
various RT parameters. This puts too much faith in the 
present theories of RT and ECTs. For the time being, I 
would avoid theoretical preconceptions about which pa­
rameters should be most meaningful and take a more 
direct empirical approach. This would consist of looking 
at differences in RT parameters between different popu­
lation samples that are hypothesized to differ culturally in 
ways that affect performance in ECTs and comparing the 
pattern of differences with the corresponding patterns 
found in pairs of groups that are selected to be high and 
low in psychometric g but are culturally equivalent. 
Ideally, one could use groups of full siblings reared 
together, with one member of each sib pair assigned to 
the low-g group and the other member assigned to the 
high-g group. These two comparison groups would be as 
culturally equivalent as possible. If the two supposedly 
culturally different population samples show essentially 
the same pattern of RT differences on a number of ECTs 
as the culturally equivalent groups that were selected to 
differ in g, then we would be forced either to reject the 
cultural bias hypothesis or to hypothesize that the cultur­
al difference perfectly mimics the g difference between 
two culturally equivalent groups. With enough different 
ECTs, the latter hypothesis becomes highly implausible. 
I would like to see this type of study performed with the 
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set of RT tasks that were used in Poortinga's (1971) own 
interesting study. 

RT and athletic skill. The black-white differences in 
response latencies on some of the elementary cognitive 
tasks is called into question by Das and Whimbey on the 
ground that a relatively large proportion of topnotch 
athletes and Olympic gold medalists are black. First, it is 
a mistake to try to explain a given phenomenon (black­
white differences in RT) in terms of another even more 
complex and less well understood phenomenon (athletic 
skill). And a phenomenon observed in one realm (the 
athletic field) certainly cannot refute a questionably relat­
ed phenomenon observed in another realm (the psycho­
logical laboratory). Second, the exceptional Olympic­
level athletes are highly selected from their respective 
populations, and their particular talents may represent 
other features of the population distribution of ability 
than the central tendency, such as the variance, which 
would affect the remote tails of the distribution from 
which exceptionally talented individuals are selected. 
Third, the argument presumes that the order of RTs (in 
the range of about 200 to 1200 msec) represented in our 
studies constitutes a sizable proportion of the variance in 
athletic skills. This is most unlikely. RT evidently has 
much more to do with g than with athletic prowess. Noble 
(1978) lists a large number of physical fitness and body 
build factors, independent of psychomotor and percep­
tual factors, that are involved in varying degrees in 
different athletic skills, which generally require sequen­
tial integration of numerous separate movements oflarge 
muscle groups, whole-body coordination, and the like. It 
may seem even more surprising to Das and Whimbey 
that blacks have been found to perform significantly less 
well than whites even on the pursuit rotor, a simple motor 
learning task (Noble 1978, pp. 346-47; Payne & Turkat 
1982). Apparently, very fast RT is not necessary for 
becoming the greatest boxer of all time. According to 
Keele (1973, as cited by Hunt 1976, p. 238), "Muhammad 
Ali, a heavyweight boxer who, in his prime, was lauded 
for his 'cat-like reflexes,' had a quite average motor 
reaction time." 

The genetic heritability issue 

Several commentators (Bardis, Cattell, Johnson & 
Nagoshi, and Stanovich) bring up the genetic question. 
However, I have consistently treated Spearman' s hy­
pothesis as a phenotypic phenomenon. Strictly speaking, 
neither the data nor the methodology of the target article 
permits inferences about the relative roles of genetic and 
nongenetic sources of variance in the observed, or phe­
notypic, population differences. Stanovich is perfectly 
right in noting that the findings are moot regarding the 
causes of the differences. I have long since concluded that 
the only technically available method, at present, that 
would permit proper genetic inferences regarding popu­
lation differences in IQ (or in any other phenotype) would 
be to perform a true genetic experiment, cross-mating 
random samples of the two populations and cross-foster­
ing the offspring. But socially and ethically such an 
experiment would be wholly unfeasible and impermissi­
ble. All other feasible lines of research can at most only 
diminish or augment the subjective plausibility of the 
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hypothesis that genetic factors are involved in any partic­
ular physical or mental trait difference between popula­
tions. The broad evolutionary context of biological and 
behavioral variables in which Rushton finds remarkably 
systematic relationships among differences between pop­
ulations of African, Asian, and European origin affords a 
much needed perspective for further advances in the 
study of human variation, although such research will 
unfortunately invite still more controversy and even 
opprobrium in the ideological climate that currently 
prevails in the social sciences. 

Individual variation within populations is quite another 
matter, however. It is now well established that genetic 
factors are strongly involved in individual differences on 
psychometric tests. (Bardis is simply wrong on this issue, 
and he errs in believing that the estimation of heritability 
depends on the direct measurement of environmental 
factors.) But ECTs have not yet been subjected to exten­
sive genetic analysis. The only published genetic study of 
ECTs that I am aware of is based on several ECTs quite 
similar to those described in the target article, adminis­
tered to a total of 47 pairs of monozygotic and dizygotic 
twins reared apart, from which the authors (McGue, 
Bouchard, Lykken & Feuer 1984) concluded: 

The results reported here support the existence of a 
general speed component underlying performance on 
most experimental cognitive tasks which is strongly 
related to psychometric measures of" g," and for which 
there are substantial genetic effects. Although much of 
the relationship between psychometric test perfor­
mance and processing speed may be attributed to the 
relationship between this general speed factor and "g," 
we did find evidence for a second component which 
loads on measures of the rate of specific cognitive 
processes, which was specifically associated with psy­
chometric measures of verbal ability, and which ap­
peared to have little or no genetic basis. (P. 256) 

The social context of g 

The only commentator who brings Spearman' s hypoth­
esis directly and specifically into apposition with its real­
life social and economic consequences, is Cattell, who 
predicts that the percentage of blacks in different occupa­
tions should be inversely related to the mean intelligence 
levels of persons employed in the occupations. If shown 
to be true, this prediction would mean, of course, that 
disparities in the proportional representation ofblack and 
white workers in various occupational categories are not 
mainly attributable to prejudice and discrimination in 
hiring, but are due to differences in measurable g-loaded 
abilities, whatever the cause of the differences. I have not 
looked into data on this point myself, but quite precise 
data on a range of occupations (ranging from physician 
and engineer to truck driver and meat cutter), directly 
aimed at Cattell's prediction, have been assembled by 
Linda Gottfredson (personal communication), a so­
ciologist at the Johns Hopkins University. In light of 
Cattell' s query, it would be most valuable if Gottfredson 
submitted this analysis to Continuing Commentary. 
Gottfredson's analysis, based on 1970 and 1980 statistics 
from the U.S. Department of Labor and the Bureau of the 
Census, strikingly bears out Cattell' s prediction, with a 
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near perfect rank-order correlation between the the­
oretically expected and the observed ratios of black to 
white employees in different occupations. 

I suppose it is largely because of my investigating 
phenomena such as Spearman' s hypothesis, which have 
such crucial and sensitive social correlates, that perhaps 
quite a few psychologists share in Sternberg's emotional 
"distaste" for my study of black-white differences (also 
voiced in different tones by Bardis and Das). I make no 
apology for my choice of research topics. I think that my 
own nominal fields of expertise (educational and differen­
tial psychology) would be remiss if they shunned efforts to 
describe and understand more accurately one of the most 
perplexing and critical of current problems. Of all the 
myriad subjects being investigated in the behavioral and 
social sciences, it seems to me that one of the most easily 
justified is the black-white statistical disparity in cog­
nitive abilities, with its far-reaching educational, eco­
nomic, and social consequences. Should we not apply the 
tools of our science to such socially important issues as 
best we can? The success of such efforts will demonstrate 
that psychology can actually behave as a science in deal­
ing with socially sensitive issues, rather than merely 
rationalize popular prejudice and social ideology. 
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