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Preface

Ten or fifteen years ago, a major problem that the writer of a review paper
on reaction times and their relationship to intelligence would have encoun-
tered would have been the dearth of recent material pertaining to the topic.
Indeed, given the lack of interest that most differential psychologists paid re-
action times at this time, it is unlikely that it would have occurred to anyone
to undertake such a project. Had they done so, with few exceptions, all of the
references would have been pre-1930, and the majority of the discussion
would have centered on the role of reaction times in the theories of such turn
of the century luminaries as Sir Francis Galton and Charles Spearman.

Much has happened in the past decade, however, and it is now doubtful
that a single review paper could do justice to the abundance of research and
theorizing that exists on the contributions of reaction times, mental speed,
and speed of information-processing to individual differences in intelligence
and mental abilities. Much of this research is reviewed and discussed in the
present volume, by contributors who either are actively involved in research
on reaction times and intelligence or whose perspective on these topics pro-
vides a valuable commentary on the role of speed-of-processing in theories of
intelligence.

In the first four chapters, attention is paid to recent reaction time research,
including studies of the heritability of measures of speed of information-
processing, neurophysiological correlates of reaction times, the role of atten-
tion in reaction time performance, and a comprehensive meta-analysis of re-
action times in the Hick paradigm. Chapters five through eight provide
critical commentaries on reaction time research and offer a number of inter-
esting interpretations regarding the place of mental speed in intelligence theo-
ries. Chapter nine is devoted to research on inspection times and provides the
most thorough treatment of this topic that has appeared to date. Finally, in
chapter ten, the “last word” is reserved for “The Next Word on Verbal Abil-
ity”: an exhaustive account of this topic by one of the leading contributors to
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the field. Regrettably, a chapter devoted to reaction times and mental retar-
dation was not delivered in time to be included. This, however, is perhaps the
only topic that has not received the attention it deserves.

Thanks are due, first and foremost, to the contributors to this volume,
who devoted much time and effort to their respective topics. Thanks for her
assistance and patience is well-earned by Barbara Bernstein of Ablex. Special
thanks to my secretary, Carol Meyer, without whose skills and assistance this
project would have been hard-pressed to meet its deadlines. And, finally,
thanks to my father —Philip E. Vernon—for his many contributions and
continued encouragement.



CHAPTER 1

New Developments in
Reaction Time Research

Philip A. Vernon

Department of Psychology
University of Western Ontario
London, Ontario, Canada, N6A 5C2

Research on the relationship between reaction time (RT) and mental ability
has had a checkered history. At first, it appeared to some that RTs and other
simple perceptual and sensory discrimination measures held great promise as
a means to revealing and elucidating the mysteries of human intelligence. As
early as 1904, for example, Charles Spearman claimed that “general sensory
discrimination” and “general intelligence” were essentially perfectly corre-
lated. The optimism that this may have generated would be short-lived, how-
ever, as other workers failed to replicate Spearman’s results or to support his
conclusions (e.g., Thorndike, Lay, & Dean, 1909). Indeed, even before
Spearman, Wissler’s (1901) report of a correlation of only — .02 between RTs
and estimates of ability anticipated the paradigm’s impending desuetude.
Thereafter, for some 50 or 60 years, the use of RTs in the study of intelli-
gence was an isolated practice (e.g., Lemmon, 1927; Peak & Boring, 1926),
regarded by most to be of little interest or consequence. Introductory Psy-
chology students by the thousands must have heard that Galton and Spear-
man were wrong — RTs and mental abilities had been proven to be unrelated.
Given the prevalence of this belief, the recent attention that RTs have en-
joyed, and the concomitant recognition that they are a potentially important
correlate of intelligence, may be regarded as one of the great comebacks in
psychology (only somewhat less modest, perhaps, than the rediscovery of the
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brain following the reign of Behaviorism!). Several aspects of this comeback
are addressed in the present volume.

Following a brief introduction, this chapter will focus on three somewhat
disparate issues: the relationship between RTs and intelligence test scores ob-
tained under timed or untimed conditions; the heritability of RTs; and sex
differences in RTs. Each of these has received some attention in the litera-
ture, although, with the exception of the first, their discussion here will center
around previously unreported studies and results. Clearly, these topics will
not provide an exhaustive account of all of the new developments and recent
research on RTs and intelligence. To attempt such an account would, among
other things, involve unnecessary duplication of material presented in some
of the other chapters. The topics are, however, indicative of the sorts of is-
sues that researchers in the area have found fruitful to explore and, hope-
fully, they will at least implicitly raise questions towards which further re-
search may be directed.

THE “NEURAL-EFFICIENCY” MODEL

Reviews of research on RTs and intelligence, such as Jensen (1982) and
Vernon (1985), have concluded that the two are moderately highly cor-
related — zero-order correlations range from about —.30 to — .50, though
multiple Rs in the .70s have been reported —and have attempted to account
for the relationship in terms of what might be called a model of “neural effi-
ciency.” The essence of this model is that the human short-term or working
memory has a limited capacity to store and to process information, and that
the information that it can hold is subject to fairly rapid decay or loss in the
absence of continuous rehearsal. During problem-solving, or performance
of any intellectual task sufficiently complex to result in individual differ-
ences, as information is taken into the system and the task’s requisite compo-
nent processes are carried out, there is some probability that the capacity of
the system will reach its threshold. Presumably, were this to happen, the indi-
vidual would be unable to solve the problem or, at least, would need to back-
track or to start again. The probability of this occurrence would be lowered,
however, if the system had some way to overcome its limitations. Rapid exe-
cution of the requisite cognitive processes is proposed as one such way of
“beating the system.”

Information entering working memory would quickly fill up its limited
storage capacity unless it could (at least) equally quickly be recoded and
stored as a small number of chunks. Information retrieval from long-term
memory (LTM), necessary for the task’s solution, could, unless performed
quickly, be accompanied by the decay or inaccessibility of the earlier-stored
information. The retrieved information must itself be held in working mem-
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ory, contributing to the bulk of the material being stored, while at the same
time rehearsal processes and the component processes involved in the task’s
solution must be carried out. Speed may not be the only factor operating to
reduce the probability that the system will be overloaded but a substantial
amount of research—described in detail in the previously cited reviews by
Jensen (1982) and Vernon (1985)— has demonstrated that it is an important
factor.

SPEED OF INFORMATION-PROCESSING AND
TIMED VS. UNTIMED MEASURES OF INTELLIGENCE

To what extent might the relationship between RT measures of speed of
information-processing and intelligence be attributable to the fact that many
tests of intelligence are themselves speeded or contain timed subtests? Some
authors (e.g., Carroll, 1981; Schwartz, Griffin, & Brown, 1983; Sternberg,
1984) have suggested that the answer to this question is “quite a lot,” while
others (Vernon & Kantor, 1986; Vernon, Nador, & Kantor, 1985) have taken
the contradictory and seemingly counterintuitive position that RTs might ac-
tually correlate more highly with untimed than with timed IQ scores. Fast
information-processing is useful during a timed test because, in order to an-
swer a large number of items in a short period of time, an individual must be
able to “work”—that is, to perform the cognitive operations demanded by
the items — quickly and efficiently. During an untimed test, the individual
may no longer appear to have to work quickly but, according to the neural ef-
ficiency model described previously, speed of information-processing is still
important. The reason is that items on intelligence tests are typically arranged
in order of increasing difficulty, and that later items, which untimed individ-
uals are more likely than timed individuals to reach and attempt, will, be-
cause they are more difficult, place increasing information-processing
demands on the individual, an increasing burden on the individual’s informa-
tion-processing system, and thus result in an increasing need for fast speed of
information-processing to ameliorate the situation.

Results supporting this position were reported by Vernon et al. ( 1985) and
by Vernon and Kantor (1986). In the first of these studies, 81 subjects were
given a multiple-choice, paper-and-pencil intelligence test (the Multidimen-
sional Aptitude Battery [MAB]; Jackson, 1983) under both timed and un-
timed conditions. On each of the 10 subtests of the MAB, subjects were in-
structed to work as quickly as they could for 5 minutes, recording their
answers with a blue pen. At the end of each 5-minute period, subjects
switched to a red pen and continued working for as long as it took them to
finish the subtest. Subsequently, each subject’s timed score was computed as
the number of correct answers marked in blue, while the total number of cor-
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rect answers marked in blue or red became their untimed score. Multiple re-
gression analyses, in which these timed and untimed scores were regressed on
RTs, yielded multiple Rs of .605 and .504, respectively. These correlations
are not significantly different from each other, and it was concluded that
speed of information-processing is an approximately equally good predictor
of untimed as of timed intelligence test performance.

This study has been criticized by Sternberg (1986), who points out that
zero-order correlations between the MAB and RTs were consistently higher
with the timed than with the untimed scores. In fact, of 21 RT measures, 20
correlated more highly with timed than with untimed MAB scores. Sternberg
omitted to report, however, that the magnitudes of the differences between
the correlations were mostly quite small: averaged across the 21 measures,
the difference was only .06. Of more concern (as Sternberg, 1986, also points
out) is the fact that the so-called “untimed score” is only partly untimed, since
it was computed as the sum of subjects’ timed and untimed scores. The effect
that this may have had on the scores’ correlations with RTs was investigated
by Vernon and Kantor (1986).

In this study, 113 high school students were randomly assigned to one of
two groups: one was allowed only 5 minutes to work on each subtest of the

TABLE 1
Zero-order correlations between reaction times? and Full-Scale, Verbal,
and Performance MAB scores in each group

SD2 DIGIT DT2 Words DT2 Digits CATMATCH SA2 DT3 Words

Timed —.265 —.452 -.379 —.437 -.523 —.493 —.484
Full-Scale

Untimed —-.336 -.353 —.230 —.161 —.440 —.508 —.541

Timed —.184 -—.351 —.295 —.353 -.391 —.446 —.461
Verbal

Untimed -.378 -.337 —.298 -.174 —.516 -.519 —.541

Timed —.282 —.434 —.362 —.402 -.521 -.395 -.360
Performance

Untimed —.228 -.304 -.114 —.117 -.278 —.401 —.440

aReaction time tests are described in detail in Vernon, Nador, and Kantor (1985). Briefly,
they are: SD2: Same-different words

DIGIT: Sternberg probe-recognition

DT2: Same-different words + DIGIT

CATMATCH: Category matching

SA2: Synonyms and antonyms

DT3: Synonyms and antonyms + DIGIT

TRFAL: True/False sentence verification

DT4: Arithmetic problems + DIGIT
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MAB; the other was given unlimited time. Subsequently, all subjects were ad-
ministered the same battery of RT tests used by Vernon et al. (1985) under
standard conditions. Regression analyses yielded multiple Rs of .559 and
.662 when timed and untimed MAB scores, respectively, were regressed on
RTs. Note that the untimed MAB yielded the larger correlation. This was re-
flected by the finding that zero-order correlations between the MAB subtests
and individual RT tests were, on average, slightly larger in the untimed than
in the timed group. As in Vernon et al. (1985), the differences are mostly
quite small but, unlike the first study, the majority (61 of 110) of the correla-
tions are higher with the untimed MAB.

Interestingly, Verbal and Performance subtests behaved quite differently
in terms of the conditions under which they were administered and their re-
sulting correlations with RTs. At the level of individual subtests, 38 of 55 cor-
relations between Verbal subtests and RTs were higher in the untimed than in
the timed group. In contrast, 32 of 55 correlations between Performance
subtests and RTs were higher in the timed group. At the Scale level, as can be
seen in Table 1, untimed Verbal Scale scores correlated more highly than
timed scores with 8 of 11 RT tests, while untimed Performance Scale scores
correlated more highly than timed scores with only 3 of the 11 RT tests. Per-

Correlations with:
First
Factor
DT3 Digits TRFAL DT4 Math  DT4 Digits Average Loadings Mean RTs

-.410 -.370 —-.369 -.376 —.414 157 .166
—-.350 —.482 -.339 —.353 -.372 .085 332
-.355 -.300 —-.206 -.273 -.329 .686 -.001
—-.346 —.480 -.397 -.327 -.392 -.019 .507
—.348 —-.338 —.454 —~.384 -.389 .493 372

—.287 —-.393 —.214 -.313 —-.281 192 .105
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haps some of the later Verbal items —those attempted more frequently by
subjects in the untimed than in the timed group —are sufficiently complex to
place a high premium on fast speed of information-processing. This might be
true of Arithmetic items, for example, the later, more difficult of which
would be expected to impose considerable information-processing demands
even in the absence of a time-limit. Performance items, in contrast, may be
relatively less complex and more amenable to solution when unlimited time is
provided. This would be particularly true of Digit Symbol, in which subjects
merely have to match increasingly lengthy strings of digits and associated
symbols, and to a lesser extent, perhaps, of Spatial items. Inspection of the
average zero-order correlations between each subtest and the 11 RT tests in
Table 2 in fact reveals that Digit Symbol and Spatial are the two Performance
subtests whose correlations with RTs are markedly larger in the timed than in
the untimed group. For Picture Completion, the correlations are approxi-
mately equivalent in the two groups, while both Picture Arrangement and
Object Assembly actually correlate somewhat higher, on average, with RTs
in the untimed group. All of the Verbal subtests correlate more highly, on av-
erage, with RTs in the untimed than in the timed group but the difference is
largest in the case of Arithmetic.

Referring back to Table 1, it is also evident that there is a not inconsidera-
ble range in magnitude among the MAB and RT correlatidns within each
group. The correlations with untimed Full-Scale scores, for example, range
from —.161to —.541; with timed Performance Scale scores, from —.282 to
— .521. Furthermore, the variations that exist within the timed and the un-
timed tests appear to be attributable to quite different sources. Factor analy-
sis of the intercorrelations among the 11 RT tests yielded a strong general fac-
tor, accounting for 75.6% of the variance. In the second column from the
right in Table 1, the correlations between the RT tests’ loadings on this gen-
eral factor and their correlations with the MAB Scale scores are reported. As
can be seen, these are all positive and quite high for the timed scores (.757,
.686, and .493 for Full-Scale, Verbal, and Performance, respectively) but are
negligible, and in one case negative, for the untimed scores. Evidently, the ex-
tent to which a RT test correlates with timed MAB scores is quite highly re-
lated to the test’s loading on a general speed factor, but this loading is
unrelated to the test’s correlation with untimed scores.

Somewhat more important for untimed scores is the relative complexity of
the RT tests, as operationally defined by their mean latency. In the far right
column of Table 1, correlations between the means of the RT tests and their
correlations with the MAB are reported. For untimed Full-Scale and Verbal
scores, the correlations of .332 and .507, respectively, are positive and mod-
erate in magnitude, while the corresponding correlations of .166 and —.001
with the timed tests are much smaller. For these tests, then, it appears that the
relative complexity of a RT test is related to the degree to which it correlates



TABLE 2
Mean zero-order correlations between each MAB subtest? and 11 reaction time tests in the timed and untimed groups

INFO COMP ARITH  SIMS VOCAB DGSYM  PICO SPAT PICARR OBJASS

Timed Group —.294 -.251 -.149 —-.356 —-.256 -.379 -.350 -.234 —-.203 -.257
Untimed Group —.364 —-.285 -.291 -.390 —.265 ~.204 =315 -.141 —.296 -.304

#MAB subtests, in the order listed above, are: Information, Comprehension, Arithmetic, Similarities, Vocabulary, Digit Symbol, Picture
Completion, Spatial, Picture Arrangement, and Object Assembly.
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with untimed but not with timed tests. This pattern does not hold for Per-
formance scores, however, which correlate more highly with the RT tests’
means in the timed condition.

Taken together, these results indicate that timed and untimed tests of men-
tal ability impose rather different information-processing demands on test-
takers, but that the speed with which they can execute the different cognitive
processes that each requires is related approximately equally highly to the
probability that they will handle the demands successfully. Timed intelli-
gence test performance appears to be most highly related to general speed of
information-processing, reflecting the fact that a high timed-test scorer must
be able to perform a wide variety of cognitive processes quickly and effi-
ciently. A high score on an untimed test, however, is not related to this gen-
eral speed factor but, reflecting its own reliance on the ability to answer later,
more difficult items, is positively correlated with the relative complexity of
the RT tests. The finding that this holds for Verbal but not for Performance
Scale scores supports the earlier contention that later Performance items
may —at least in some subtests —be relatively less complex than some later
Verbal items.

THE HERITABILITY OF MEASURES
OF SPEED OF INFORMATION-PROCESSING

To what degree do RT tests tap what might be referred to as the “hardware”
of the brain? That is, to what extent are individual differences in RTs attribu-
table to differences in biological or neurophysiological properties of the
brain that may be hypothesized to underlie both the speed with which persons
can process information and their intelligence? One step (among several) that
may be taken in an approach to this question is to obtain estimates of the
heritabilities of different RT tests —i.e., to estimate the proportion of the to-
tal variance in RTs that is attributable to genetic variance —and to determine
whether these heritabilities are sufficiently large to warrant the inference that
individual differences in performance on the tests are in part determined by
underlying biological processes or mechanisms.

The first, and, to my knowledge, only published study to investigate this
was conducted by McGue, Bouchard, Lykken, and Feuer (1984). In this
study, 34 pairs of monozygotic twins that had been reared apart (MZA) and
13 pairs of dizygotic twins reared apart (DZA) were administered three dif-
ferent RT tests and a battery of psychometric tests. The RT tests were factor
analyzed to yield three factors — overall speed of response, speed of informa-
tion-processing, and speed of spatial processing —and intraclass correlations
between the MZA twins were computed. Briefly, none of the MZA correla-
tions involving speed of specific cognitive processing was significant,
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whereas the correlation for overall speed of response (r = .456) was signifi-
cant. The authors 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” (p. 256).

Over a period of approximately 10 months, I have collected RT and MAB
data from 32 pairs of MZ twins and 35 pairs of DZ twins living in southwest-
ern Ontario. With the exception of one of the MZ pairs who were separated
at birth until 12 years of age, each of the twin-pairs had been raised together
at least until the age of 15 years. The MZ twins ranged from 15 to 37 years of
age (mean = 24.5, SD = 6.5). Twenty eight pairs were female, four male.
The DZ twins ranged from 15 to 40 years of age (mean = 22.2, SD = 6.9).
Fifteen pairs were female, 5 male, and 15 mixed-sex. The zygosity of the
same-sex pairs was determined by means of a questionnaire developed by
Nichols and Bilbro (1966). According to these authors, the questionnaire is
93% accurate relative to blood sample analyses, and may thus be considered
a fairly valid tool for its purposes.

Table 3 presents the results of a series of multiple regression analyses, de-
signed to show both the overall relationship between RTs and full scale MAB

TABLE 3
Summary of adjusted Rs obtained in regressions
of full-scale MAB scores on RTs within
MZ and DZ samples

Sample R, di Average
Total Sample (n = 134) .635
All MZ subjects (n = 64) .685
All DZ subjects (n = 70) .562
Within MZ subjects?:
Twin 1/Twin 1 .672 700
Twin 2/Twin 2 727 :
Twin 1/Twin2 .629 647
Twin 2/Twinl .664 :
Within DZ subjects
Twin 1/Twin 1 .561
Twin 2/Twin 2 723 642
Twin 1/Twin 2 .296
Twin 2/Twin 1 324 310

#Regressions performed in which each twin’s MAB score
was regressed on either his/her own (twin 1/twin 1 and
twin 2/twin 2) RTs or on his/her twin’s (twin 1/twin 2 and
twin 2/twin 1) RTs.

YThis correlation is the averageof .672and .727, i.e., the
average R obtained when each twin’s MAB is regressed on
his/her own RTs.
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scores in these twin samples, and to provide a preliminary indication of the
degree of similarity that exists among MZ and among DZ twin-pairs in RTs
and intelligence. The first correlation (R = .635) is the shrunken multiple R
obtained from the regression of all subjects’ MAB scores on their RTs. In
other words, this correlation was obtained by ignoring the fact that the sub-
jects were twins and treating them simply as a sample of 134 subjects. The
magnitude of this correlation is similar to that obtained in previous studies
that have used the same tests (e.g., Vernon et al., 1985; Vernon & Kantor,
1986). If age is controlled, all the zero-order RT/MAB correlations are in-
creased and the resulting shrunken multiple R is .678. The next two correla-
tions in Table 3 (R = .685 and .562) were obtained in the same manner as the
first, but within the MZ (treated as N = 64 subjects) and DZ (N = 70)
samples. For these samples, at least, the relationship between RTs and intelli-
gence appears to be stronger among the MZ than among the DZ subjects.

The next set of four correlations was obtained by arbitrarily designating
one member of each MZ twin-pair as “Twin 1” and the other as “Twin 2.” Re-
gressions were then performed in which each twin’s MAB score was regressed
on his or her own RTs (resulting in R = .672 and .727 for the 32 Twin 1 and
Twin 2 subjects, respectively), and in which each twin’s MAB score was re-
gressed on his or her ¢twin’s RTs (resulting in R = .629 and .664). Note that
each of these four analyses yields a correlation that is of approximately the
same magnitude as those obtained from all 64 of the MZ subjects and from
the total sample of 134 subjects. Among the MZ twins, then, approximately
the same degree of relationship between MAB scores and RTs is found even
when one twin is substituted for the other.

The final set of four correlations in Table 2 shows what happens when the
DZ twin-pairs are treated in the same fashion. When each DZ twin’s MAB
score is regressed on his or her own RTs, correlations of .561 and .723 are ob-
tained. The average of these (R = .642) is still approximately the same as
those obtained in all the previous analyses. When each DZ twin’s MAB scores
is regressed on his or her twin’s RTs, however, the resulting correlations (R =
.296 and .324) are markedly lower. Unlike MZ twins, it is not possible to sub-
stitute one DZ twin for the other and observe the same degree of relationship
between MAB scores and RTs. In fact, the correlations are only about half as
large.

The greater similarity among MZ than among DZ twins, both in mental
abilities and in speed of information-processing, is shown clearly in Table 4.
Here, the intraclass correlations obtained from the MZ and the DZ samples
are reported for each of the MAB subtests, the MAB Scale scores (Verbal,
Performance, and Full-Scale), and for 11 RT measures. With only one excep-
tion, all of the intraclass correlations are larger in the MZ than in the DZ
samples, and a simple estimate of heritability (2[r,,,, — r,,]) reveals that
both the MAB and many of the RT measures have a substantial heritable
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TABLE 4
Intraclass correlations obtained from MZ and DZ twins for
MAB subtests, MAB Scale scores,? and RT variables, and
heritability estimates (h?) based on these correlations

Variables MZ correlations DZ correlations h?
INFO 734 .588 292
COMP 750 .568 364
ARITH .638 .495 .286
SIMS 717 233 .968
VOCAB .843 .523 .640
DGSYM 729 —.019 —b
PICO 471 344 .254
SPAT 710 .226 .968
PICARR .630 .156 .948
OBJASS .743 .345 .796
VERB .905 544 722
PERF .866 .254 -
FULL-SCALE 923 .470 .906
SD2 .706 .298 .816
DIGIT .578 .408 .340
DT2 Words .550 .508 .084
DT2 Digits .690 .256 .868
CATMATCH 513 .156 714
SA2 .688 244 .888
DT3 Words 720 .298 .844
DT3 Digits .461 321 .280
TRFAL .610 518 .184
DT4 Math .379 .095 .568
DT4 Digits .326 .365 -

aMARB subtests are as described in Table 2. The Scale scores are
Verbal, Performance, and Full-Scale.
®h? estimates > 1 or < 0 are not reported.

component. In these samples, the heritability of the full-scale MAB is .906,
and heritabilities of the RT measures range from .084 to .888, with a mean of
.559.1

Within the MZ and DZ samples, correlations among the 11 RT tests
referred to in Tables 1 and 4 were submitted to principal factor analysis. In
each sample, a single factor with an eigenvalue greater than one was yielded,
accounting for 74.1% and 66.9% of the variance among MZs and DZs re-
spectively. All of the variables had high positive loadings, ranging from .734
to .923 among the MZs and from .677 to .889 among the DZs. The loadings
for MZs and DZs were themselves correlated .872, and the factors are inter-

'This mean is based on the 10 RT tests for which heritabilities could be computed with this
formula.
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preted as representing general speed of information-processing.? Intraclass
correlations between factor scores on these factors were .685 and .429, for
MZ and DZ twins respectively, yielding a heritability estimate (applying the
same formula as before) of .512.

Finally, intraclass correlations were computed for three speed-of-process-
ing variables derived from the 11 RT tests. These variables include two esti-
mates of speed of scanning information in STM; two estimates of speed of re-
trieval of information from LTM; and three estimates of storage-processing
trade-off in STM. The way in which these variables are derived is described in
Vernon et al. (1985; Table 3). The first two (STM scanning and LTM re-
trieval) represent processes that are similar to those tapped by McGue et al.’s
(1984) speed of information-processing factor, and, as in their study, MZ
(and DZ) intraclass correlations for these variables are small and non-
significant. For the two STM scanning variables, the average MZ correlation
in the present study was .267. The corresponding correlation for the DZs was
.183. For LTM retrieval, the average intraclass correlations were .304 for
MZs and .275 for DZs. In contrast, the storage-processing trade-off mea-
sures —which are hypothesized to measure the extent to which subjects can
store one type of information (usually strings of digits) in STM while simulta-
neously processing other information (e.g., synonyms and antonyms or sim-
ple arithmetic problems) —yielded larger MZ and smaller DZ intraclass cor-
relations (the average across the three estimates was .429 for MZs and .103
for DZs), which in turn yield a fairly substantial estimate of heritability: .652
using the average correlations.

In sum, the results of the present study support those of McGue et al.
(1984) in showing that some measures of RT and speed of information-
processing have a substantial heritable component, while others appear to be
less influenced by genetic factors. Currently, I am continuing to collect twin
(and other kinship) data and, as larger samples are obtained, more stable esti-
mates of the variables’ heritabilities will be provided. These, in turn, will al-
low other interesting questions to be addressed, such as what factors are re-
lated to the variability among the tests’ heritabilities. Will the heritabilities be
related, for example, to the tests’ loadings on the general speed factor? Or to
their correlations with measures of intelligence? For the moment, it will be
sufficient to conclude that individual differences in the speed with which per-
sons can perform certain cognitive operations are in part attributable to ge-
netic differences, and to infer that RT measures of speed of information-
processing are (albeit indirectly) tapping biological or neurophysiological
properties of the brain.

2Despite their names, these factors are not directly comparable to the factor that McGue et al.
(1984) labelled “speed of information-processing.” Their factor was defined by three variables
derived from the S. Sternberg and Posner tasks.
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SEX DIFFERENCES IN
SPEED OF INFORMATION-PROCESSING

Sex differences in mental abilities have been subjected to extensive investi-
gation, but studies in this area have yielded few unambiguous results. It is
probably safe to say that representative samples of males and females will
differ very little, if at all, on Full-Scale measures of general intelligence or,
more importantly, since many of the tests themselves have been designed to
minimize sex differences, on g factor scores derived from heterogeneous
batteries of tests, but that females will tend to obtain higher scores than
males, on average, on certain verbally-loaded tests and that males will tend to
obtain higher scores than females, on average, on certain spatially- and/or
numerically-loaded tests. These generalizations, which apply primarily after
puberty, have been sufficiently well-replicated to be considered reliable em-
pirical phenomena. The question of what factors are responsible for the phe-
nomena is, however, an unresolved one that has generated much research but
few uncontested answers. Cultural sex-role socialization practices, genetic
factors, hormonal factors, and anatomical differences between the brains of
males and females have all been proposed as possible sources of between-sex
variance in abilities, but the conclusions that can be drawn from the research
that each has generated are at best equivocal.

Sex differences in RTs have also received some attention in the literature,
but the results of studies that have investigated these are even more inconclu-
sive. Landauer, Armstrong, and Digwood (1980), for example, recently re-
ported that females obtained significantly faster simple and choice RTs than
did males, and Landauer (1981) suggested that this might indicate that fe-
males “have greater cognitive abilities” (p. 90). Similar results were reported
by Fairweather and Hutt (1972), in which girls up to the age of 12 years per-
formed faster than boys on choice RT tests. Results contrary to these, how-
ever, were reported by Hodgkins (1963), Coles, Porges, and Duncan-
Johnson (1975), and Bell, Loomis, and Cervone (1982), each of which found
males to have faster RTs than females. Finally, Botwinick and Thompson
(1966), Crabbe and Johnson (1979), Yandell and Spirduso (1981), and
Jensen (1984) have all reported no significant differences between males and
females in RTs. Although there are plausible methodological reasons for
these discrepancies — for example, the use of very small samples in some stud-
ies and the failure to differentiate between reaction time and reaction-time-
plus-movement-time in others — it is nonetheless clear that the results are suf-
ficiently inconsistent to warrant further investigation. In addition, rather
than focussing on RTs to simple visual stimuli (e.g., lights on a panel), as
many of the studies in this area have done, it would seem to be potentially
more useful to measure RTs to verbal, spatial, and numerical stimuli and to
vary the extent to which each RT test requires primarily short-term or long-
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term memory processes. If this were done, it might be possible to identify and
isolate sex differences in speed of execution of specific cognitive processes
applied to specific types of information.

In my own studies (e.g., Vernon, 1983; Vernon et al., 1985), sex differ-
ences have been rare both on psychometric measures of ability and in RTs. In
Vernon (1983), for example, the mean WAIS Verbal IQ scores for males (n
= 35) and females (n = 65) were 124.74 and 121.34, respectively. The corre-
sponding Performance IQ scores were 119.34 and 118.34. Neither set of
means is significantly different. The largest difference between the mean RTs
of males and females on seven RT measures was 19.57 ms. (on a test requiring
synonym/antonym judgments), which yields a ¢ of .50! Marginally more in-
teresting results were observed in Vernon et al. (1985), in which males ob-
tained significantly higher untimed Performance Scale scores (on the MAB)
than females and were consistently faster on RT tests involving scanning digit
strings or performing simple arithmetic operations. Only the latter test
yielded a significant difference, however, and interpretation of the results is
muddied by the finding that males also obtained higher Verbal Scale scores
than females but did not obtain significantly faster RTs on any of the RT
tests involving verbal stimuli.

Further analyses of these data included inspecting the RTs of males and fe-
males who scored one standard deviation (SD) or more above or below the
mean on either the Verbal or the Performance Scale of the MAB. Large dif-
ferences were observed between the mean RTs of high and low Verbal and of
high and low Performance females. Averaged across 11 RT tests, high Verbal
females obtained a mean RT of 669.32 ms., compared to 1113.86 ms. for low
Verbal females: a difference of 444.54 ms., or 1.67 SD units. The largest RT
differences appeared on tests involving verbal stimuli. Similarly, the mean
RT for high Performance females was 696.52, compared to 1019.41 for low
Performance females: a difference of 322.89 ms., or 1.12 SD units. The
largest difference here occurred on tests involving numerical stimuli. High
and low Verbal males obtained mean RTs of 670.21 and 774.27, respectively,
averaged across the 11 tests: a smaller difference than was observed for the
females, but still amounting to .78 SD units. Again, the largest differences
appeared on tests involving verbal stimuli. Finally, high and low Perform-
ance males obtained mean RTs of 749.28 and 726.26, respectively: a differ-
ence of — .19 SD units. These results, it must be noted, are based on small
subsamples but, if replicated, have interesting implications. High verbal abil-
ity appears to be associated with faster RTs, particularly on tests involving
verbal stimuli, for both males and females. High performance ability, how-
ever, is associated with faster RTs (particularly on tests involving numerical
stimuli) for females but not for males. On the contrary, the high Perform-
ance males were actually very slightly slower, on average, than the low Per-
formance males.
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Pursuing this, and the issue of sex differences in speed of information-
processing in general, one of my graduate students — Sue Nador — has admin-
istered a large battery of paper-and-pencil tests of verbal, numerical, and
spatial abilities, and 10 RT tests involving verbal, numerical, and figural
stimuli, to samples of male and female university undergraduate students.
The paper-and-pencil measures included a vocabulary test, a test of arithme-
tic and mathematical reasoning, the space relations subtest (Form A) of the
Differential Aptitude Test (Bennett, Seashore, & Wesman, 1947), and the
Harshman Figures (Harshman & Harshman, 1983)—a measure of percep-
tual closure. The RT tests were designed to require subjects either to scan ver-
bal, numerical, or figural stimuli in short-term memory or to access and to re-
trieve verbal or spatial information from long-term memory. Tests of the
former included variants of S. Sternberg’s (1966) probe-recognition test, and
a test requiring subjects to recognize rotations or mirror images of abstract
shapes and figures. Tests of the latter included variants of Posner’s letter-
matching task (Posner, Boies, Eichelman, & Taylor, 1969), and a test which
required subjects to make true/false decisions about geographical-location
statements of the form: “Canada is north of America” or “Ontario is west of
Alberta” (all subjects were Canadians, to whom the information in these
items was very familiar). The main hypotheses were that males and females
would differ significantly, in the usual directions, on the paper-and-pencil
tests, and that these differences would be reflected by differences in the speed
with which they could process specific types of information. We also wished
to explore the extent to which sex differences in RTs would occur on tests
requiring primarily short-term or primarily long-term MEmory processes.
Might it be the case, for example, that females can retrieve verbal informa-
tion from LTM more quickly than can males, but perhaps are no different in
their speed of scanning verbal stimuli in STM? Or that males can scan figural
stimuli or perform mental rotations in STM more quickly than can females,
but are no quicker in the speed with which they can retrieve spatial (geograph-
ical) information from LTM?

The first analyses — simple ¢ tests between the males and females —yielded
disappointing results, in that sex differences failed to appear on any of the
variables, paper-and-pencil or reaction time. This may be attributable to the
fact that all subjects were university students, although reliable sex differ-
ences have been observed on several of the same paper-and-pencil tests in
similar samples (e.g., Harshman, Hampson, & Berenbaum, 1983). As be-
fore, then, further analyses were conducted within selected subsamples, to
investigate the extent to which males and females of above or below average
verbal, spatial, or mathematical ability might differ in RTs. Because the
sample sizes were relatively small (50 males and 50 females), “high” and “low”
ability subjects were operationally identified as those who scored half a
standard deviation or more above or below their group mean. Thus, high and
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low ability subjects, so defined, differ by at least one SD unit on each paper-
and-pencil measure.

First, within the female sample, high verbals obtained considerably faster
mean RTs than low verbals on tests involving scanning verbal stimuli (letters)
in STM, and retrieving verbal information (about synonyms and antonyms)
from LTM. In SD units, the differences between their means on these tests
were 1.17 and 1.09, respectively. In contrast, high verbal females were only
slightly faster than low verbals (.34 SD units) in the speed with which they
could make spatial rotation judgments. The reverse effect was observed for
high and low spatial ability females, the former being .75 SD units faster than
the latter, on average, on the rotations RT test but essentially no different
(.07 SD units faster) on the synonyms test. Finally, females with high math
scores were faster than low math-scorers, on average, in the speed with which
they could scan figural stimuli (shapes) in STM (1.04 SD units), and retrieve
spatial/geographical information from LTM (.88 SD units), but were hardly
different (.11 SD units faster) on the verbal RT tests.

A very different pattern of results emerged within the male sample, the
most marked discrepancy being that lower ability males were somewhat
faster than higher ability males, on average, on several RT tests. In addition,
while high verbal males were faster than low verbals in retrieving verbal in-
formation from LTM, the difference between their means was small (.33 SD
units) and not much larger than the corresponding difference in their speed
of scanning figural stimuli in STM (.26 SD units). Similarly, high spatial
males were only very slightly faster than low spatials in scanning figural
stimuli (.16 SD units), and showed a difference of similar magnitude (.10 SD
units) in speed of retrieving verbal information from LTM. In one of the few
instances in which males produced results comparable to those of the fe-
males, high math-scoring males were faster than low math-scoring males, on
average, on the geography RT test (.69 SD units), and on the spatial-rotations
RT test (.54 SD units), but were only very slightly faster (.15 SD units) on the
verbal RT tests.

A final series of analyses compared the RTs of high ability females with
those of low ability males, and of high ability males with those of low ability
females. First, high verbal females were significantly faster than low verbal
males on speed of retrieval of verbal information from LTM, but were no
faster at scanning verbal (or figural) stimuli in STM. High spatial males,
however, were no faster than low spatial females on any of the RT tests, and
the largest difference between these groups’ means, although appearing on
the spatial-rotations RT test, amounted to only .37 SD units. High math
males, in contrast, did show significantly faster mean RTs than low math fe-
males in retrieval of spatial/geographical information from LTM, and in
scanning figural and numerical stimuli in STM. These groups did not differ
on any of the RT tests involving verbal stimuli. Finally, to see what would
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happen if the typical sex-differences in abilities were reversed, high math and
high spatial females were found to be no faster than low math or low spatial
males, respectively, on any of the RT tests, and the only test on which high
verbal males were found to be faster than low verbal females was the one that
involved retrieval of geographical information from LTM.

In summary, while it is clear that the samples tested here were far from
ideal as sources of information regarding sex differences in abilities, the ob-
served results nonetheless indicate that RT studies involving a variety of tests
may be able to shed some light on the issue. Specifically, insofar as the pres-
ent results are generalizable, it appears that females who are above average in
verbal, spatial, or mathematical ability will obtain faster RTs than lower abil-
ity females, on average, on tests involving the processing of verbal, spatial, or
figural information or stimuli, respectively. High verbal females also obtain
faster mean RTs than low verbal males on tests involving accessing and
retrieving verbal information from LTM, but not on tests involving figural
stimuli or the scanning of verbal stimuli in STM. High verbal and high spatial
males do not consistently process verbal or spatial information faster than
low verbal or low spatial males, respectively, although high math-scoring
males are faster than low math-scoring males, on average, on RT tests
involving geography recall and spatial-rotations. High math-scoring males
are also faster on these RT tests than are low math-scoring females, on aver-
age, but are no different on RT tests involving verbal stimuli.

Again, the relatively small size of some of the subsamples of high and low
ability males and females must be emphasized, but an interesting pattern of
results appears to be emerging. Most salient are the differences that appear
between high and low ability subjects within each of the sexes: the RT differ-
ences between these groups being considerably more pronounced among fe-
males than among males. Secondly, there are some notable consistencies in
the data, such as the finding that high verbal or spatial or mathematical abili-
ties are not associated with faster mental speed per se, but are associated (par-
ticularly within females) with faster RTs on tests that were designed with spe-
cific types of stimuli to tap specific types of cognitive operations. Thirdly,
comparisons between the high and low subsamples of males and females
(i.e., high male-low female and high female-low male) again indicate that
high scores on specific ability tests tend to be associated with faster RTs on
specific tests rather than with faster mental speed in general. Fourthly, high
verbal males, and high spatial and mathematical females, do not differ from
low verbal females, or low spatial or low mathematical males, respectively, in
the same manner that high verbal females, and high spatial and high math-
scoring males, differ from low verbal males, and low spatial and low math-
scoring females, respectively. In other words, it appears that sex is an impor-
tant mediating variable in terms of the degree to which differences in abilities
will be reflected by differences in RTs.
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SUMMARY

In conclusion, this chapter has focussed on three issues pertinent to the
study of reaction times and their relationship to intelligence and mental abili-
ties. The results generated by research into each of these issues may be sum-
marized briefly as follows. First, RTs and speed of information-processing
are reliably and quite highly correlated with measures of intelligence. Sec-
ond, this correlation obtains, and to approximately the same degree, both
when the measures of intelligence are administered under timed conditions
and when they are administered under untimed conditions. Third, several RT
tests and the general speed factor extracted from the tests’ intercorrelations
have a substantial heritable component. Only one of three specific speed of
information-processing variables —STM storage-processing trade-off —was
found to be heritable. Measures of speed of STM scanning of information,
and of LTM retrieval of information, showed low MZ and DZ intraclass cor-
relations, replicating the results of the only other study to have investigated
this issue (McGue et al., 1984). Fourth, sex differences in mental abilities —
specifically, verbal, spatial, and mathematical ability — may be related to dif-
ferences in the speed with which males and females can perform specific cog-
nitive operations on specific types of stimuli, but further research employing
more representative samples is needed before any definitive conclusions can
be drawn.

To repeat a point that was made in the introduction, RT research is en-
joying increased recognition by researchers on intelligence. To be sure, not
all researchers are equally enthusiastic about the potential of RT work in the
study of intelligence; indeed, several of the authors in this volume are quite
critical both of the work that has been done and of theoretical positions that
place more importance on speed of information-processing than they believe
is deserved. This notwithstanding, the results of recent research on RTs have
challenged a number of long-standing “truths” about intelligence, and it is
surely not unrealistic to suppose that future studies will continue to advance
our understanding of the nature of individual differences in mental abilities.
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CHAPTER 2

Speed of Information
Processing, Reaction Time,
and the Theory of Intelligence

H. J. Eysenck
Institute of Psychiatry

THE TWO PARADIGMS OF
“INTELLIGENCE” — GALTON VS. BINET

The theory that “mental speed” is fundamental to cognitive processes, and is
correlated with intelligence, goes back to the very beginnings of modern em-
pirical studies of intellectual processes, as is clearly indicated in Berger’s re-
view (1982). The debate centering upon this issue cannot be understood ex-
cept with reference to two major points of view relating, respectively, to the
existence of different definitions and conceptions of cognitive psychology,
which require to be carefully distinguished, and the opposite attitudes taken
by two great schools, namely those of Galton and of Binet, towards the con-
ception and measurement of intelligence.

Hebb (1949) and Vernon (1979) have distinguished between Intelligence A,
Intelligence B, and Intelligence C, referring, respectively, to biological intel-
ligence, underlying all cognitive processes and differences therein; social in-
telligence, i.e., Intelligence A applied to everyday life affairs, and inevitably
mixed up with a large number of different noncognitive factors, such as per-
sonality, socio-economic status, education, experience, etc.; and last, Intelli-
gence C, which refers to the psychometric measurement of intelligence, i.e.,
the IQ.
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Figure 1 shows the implications of these terms, and the relation between
the three concepts. Additionally, the center part of the “Biological Intelli-
gence” circle shows some of the measures used to define it, e.g., EEG, aver-
aged evoked potentials, contingent negative variation, etc. Notations outside
the circles suggest some of the variables which have been shown to influence
and shape the various types of “intelligence.” Sternberg (1982, 1985) may be
taken as a representative of the very popular school which identifies “intelli-
gence” with Intelligence B, and disregards Intelligence A completely. In the
subject index of Sternberg’s Handbook of Human Intelligence, there is no
entry for reaction time, and none for evoked potentials which have been
found to be good measures of Intelligence A (Eysenck & Barrett, 1985).

I would argue that the usual practice of science is to analyze complex con-
cepts into their constituent parts, so that we should regard Intelligence B as
the dependent variable, and study the influence on it of independent varia-
bles such as Intelligence A, neuroticism, extraversion, psychoticism, socio-
economic status, education, experience, age, learning, strategy, and the
many other factors which may play a role in determining individual differ-
ences in this variable. While Intelligence B probably corresponds fairly
closely to popular conceptions of intelligence, this can hardly be the criterion
for a choice which should be based on scientific rather than popular consider-
ations.

The role of IQ tests is interesting, because they seem to stand half-way be-
tween Intelligence A and Intelligence B, being intended for the most part as
measures of Intelligence A, while being afflicted with some of the same diffi-
culties as is the measurement of Intelligence B, namely the intrusion of
unwanted environmental factors. Sternberg (1985) has mentioned the curi-
ous tendency of many psychologists to use IQ as a criterion of intelligence
even though they are trying to supplement it, or even to substitute some other
measure for it. This, however, is not as unreasonable as it sounds; there is

Socioeconomic Motivation

Genetics (flult1ural Family status ¢
i i aclors ingi i Nutrition
Bioch t upbringing u
Physiology chemistry Expenence\ 4
Cultural
Health —, & factors
_— — >
Drinking
< Drin
Personality habits
i Copin
Education Socioetonomic — AN SR s
atus
BIOLOGICAL y ft | ?\Fam“y
INTELLIGENCE Mental Family
PSYCHOMETRIC disorders groul

INTELLIGENCE

FIGURE 1. Relations between biological, psychometric and social conceptions of
intelligence.


























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































