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Abstract

This study reports the results of a large scale literature review of research studying the relationship
between intelligence and speed of information-processing. Data from 172 studies, with a total of 53,542 par-
ticipants, were analyzed to find the mean correlations between a variety of intelligence and mental speed
measures. Additionally, effect sizes representing group differences on speeded measures were calculated,
and multivariate behavioral genetic (BG) studies reporting genetic correlations between speed of processing
and IQ were reviewed. The results indicate that measures of intelligence are significantly correlated with
mental speed and that for some measures this relationship shows a trend toward strengthening as the com-
plexity of the speeded tasks increase. Additionally, there are various group differences on mental speed
tasks: females and males are quicker than one another on different speeded tasks, and younger adults have
shorter (faster) reaction time latencies than older adults and children. Reports comparing whites and blacks
on mental speed yield inconsistent results. Finally, BG studies indicate that phenotypic correlations
between IQ and mental speed are substantially attributable to correlated genetic factors.
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Since the second half of the 20th century, researchers have been interested in studying the rela-
tionship between mental speed and measures of intelligence. An extensive review of research in
this field is detailed in the recent book Clocking the mind: Mental chronometry and individual dif-
ferences by Jensen (2006). Past research has indicated that there is a significant correlation be-
tween measures of reaction time, inspection time, and other measures of speed of information-
processing and intelligence (Deary, Der, & Ford, 2001; Nettelbeck, Edwards, & Vreugdenhil,
1986; Vernon, 1983). These findings have been supported by research that demonstrates faster
speed of processing in gifted children or in individuals with higher aptitude (Cohn, Carlson,
& Jensen, 1985; Jensen, Cohn, & Cohn, 1989; Kranzler, Whang, & Jensen, 1994; Rabbitt & Go-
ward, 1994; Saccuzzo, Johnson, & Guertin, 1994). Research has also been conducted to inves-
tigate age, sex, and racial-group speed of processing differences. Such studies have revealed
that processing speed tends to decrease as a function of an increase in age in adults (Briggs,
Raz, & Marks, 1999; Bryan, Luszcz, & Crawford, 1997; Cerella, DiCara, Williams, & Bowles,
1986; Christensen et al., 2004; Hertzog, Raskind, & Cannon, 1986; Nettelbeck & Rabbitt,
1992; Ryan, Sattler, & Lopez, 2000; Salthouse, Fristoe, McGuthry, & Hambrick, 1998; West
& Craik, 2001), and that mental speed quickens as a function of an increase in age throughout
childhood (Anderson, Nettelbeck, & Barlow, 1997; Rose & Feldman, 1997). Some studies of sex
differences in processing speed have revealed that males have faster processing speeds than fe-
males (Adam et al., 1999; Jorm, Anstey, Christensen, & Rodgers, 2004), while other studies have
indicated the reverse (Burns & Nettelbeck, 2005; Doverspike, Cellar, Barrett, & Alexander,
1984). Research that has studied racial-group differences in processing speed appears to indicate
that blacks, on average, have slower mental speed than do whites on various tasks (Jensen, 1993;
Nunez, Corti, & Retschitzki, 1998), although not all studies have found this. Finally, multivar-
iate behavioral genetics have reported moderate to very strong genetic correlations between mea-
sures of mental speed and IQ (e.g., Baker, Vernon, & Ho, 1991; Rijsdijk, Vernon, & Boomsma,
1998).

Given the large body of research in this area, it seemed an appropriate time for a comprehensive
review of the findings of some 50 years of research and that is the goal of this report.
1. Method

An extensive literature search from 1955 to 2005 was completed with the assistance of electronic
search engines PSYCARTICLES and PSYCINFO, as well as relevant scholarly books and jour-
nals. Paired combinations of the following search terms were used electronically: ‘‘reaction time’’,
‘‘response time’’, ‘‘mental speed’’, ‘‘speed of processing’’, ‘‘speed of short-term memory process-
ing’’, ‘‘speed of long-term memory retrieval’’, ‘‘chronometric ability’’, ‘‘inspection time’’, ‘‘task
complexity’’, ‘‘intelligence’’, ‘‘fluid intelligence’’, ‘‘crystallized intelligence’’, ‘‘mental ability’’,
‘‘IQ’’, ‘‘age’’, ‘‘gender’’, ‘‘sex’’, ‘‘race’’, ‘‘age differences’’, ‘‘gender differences’’, ‘‘sex differences’’,
‘‘race differences’’, ‘‘heritability’’, and ‘‘genetic correlation’’. Articles were retained for entry into
the database only if they presented one or more correlations between a speeded task and intelli-
gence, or if means or effect sizes regarding age, sex, or racial differences for speeded task perfor-
mance were reported. Articles that utilized clinical samples were not retained. If articles were
missing relevant information (e.g., sample sizes, ages of subjects, sex of subjects etc.), attempts
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were made to contact their authors via e-mail or regular mail. Those that responded and who were
able to provide the relevant information were included in the analyses. With these restrictions in
place, 172 articles were included in the actual review and analyses.

Correlations between intelligence and different measures of mental speed were entered into an
SPSS spreadsheet to be analyzed. Due to a very large number of different measures of mental
speed across studies, it was first necessary to attempt to sort and classify these measures into a
smaller number of categories. It is acknowledged that there is a certain arbitrariness inherent
to such a classification but an attempt was made to group tests together that were, in their original
reports described as – or which were judged to be – measures of the same or similar cognitive pro-
cesses. Under this classification scheme, mental speed measures were categorized as measuring
reaction time, general speed of processing, speed of short-term memory processing, speed of long-
term memory retrieval, or inspection time. Examples of the measures that were sorted into these
categories are as follows:

Reaction time tasks refer to Hick paradigm-type tasks which measure participants’ response
latencies to a light appearing on a panel with anywhere from 1 to N lights exposed, corresponding
to different numbers of bits of information-processing. Tasks of this sort were found reporting
RTs for 1–8 bits. Studies were also found which presented correlations between IQ and overall
RTs derived from a Hick-type task and these are reported separately. Finally, within this category
results are reported separately for the odd-man-out task.

The general speed of information-processing category includes tasks which measure how quickly
participants can perform simple mental arithmetic or can connect numbers or letters scattered on
a page in ascending order. This category does contain a number of apparently quite diverse tasks
which could not easily be sorted into other categories, but which have in common the general abil-
ity to perform different mental operations quickly. Support for this category comes from studies
which measured two or more of the tasks that are included in it and which reported high corre-
lations between the different tasks.

Speed of short-term memory processing tasks include tests such as the Sternberg Task, in which
participants indicate as quickly as possible whether an element (e.g., a digit or a letter) had been
shown in an earlier set. Reports were found here with set sizes containing from 1 to 6 elements.
Studies were also found which presented correlations between IQ and overall RTs derived from a
Sternberg-type task and these are reported separately.

Speed of long-term memory retrieval tasks include measures of the difference between reaction
times when deciding whether stimuli are semantically versus physically identical, and tasks in
which subjects indicate whether pairs of words are synonyms or antonyms or belong to the same
or different categories.

Inspection time tasks require participants to respond to (typically) pi-shaped stimuli and to indi-
cate which end of the pi-shape is longer (or shorter in some studies). It is acknowledged that
inspection time tasks are not reaction time tasks per se – there is no requirement for subjects
to respond quickly in these tasks – but they do provide a measure of the speed with which subjects
can encode information into short-term or working memory and, as such, inspection time tasks
are considered to be as pertinent to this review as any other measure of mental speed.

Within the inspection time category results are also reported separately from tasks which mea-
sured auditory inspection time. An example of an auditory inspection time measure is a task in
which a brief stereo sine-waveform with one channel phase-shifted by a number of degrees results
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in a tone stimulus appearing to the left or to the right of the midline, with a backward mask imme-
diately following. Participants then indicate the laterality of the stimulus.

With respect to different measures of intelligence, these were also sorted into a number of dif-
ferent categories representing general intelligence, fluid intelligence, and crystallized intelligence.
The general intelligence (g) category refers to first unrotated factor scores extracted from a battery
of intelligence-type mental ability tests and also includes measures of full scale IQ from a test such
as the Wechsler. Fluid intelligence (gf) involves tasks that measure novel problem-solving or rea-
soning, such as Raven’s Matrices; performance IQ scores from a test such as the Wechsler are also
included in this category. Crystallized intelligence (gc) includes measures of verbal IQ, general
knowledge, and vocabulary.

Once correlations between measures had been sorted into the above categories, each correlation
was weighted by its sample size to yield n-weighted average correlations. N-weighted average effect
sizes were also calculated from reported means and standard deviations to estimate age, sex, or
racial-group differences in mental speed. Unfortunately, correlations and effect sizes could not fur-
ther be weighted by or corrected for differences in reliability because the majority of studies were
lacking reliability information. In those studies that did report reliabilities for mental speed mea-
sures, however, these were typically high.
2. Results

The overall sample size of studies included in this review was 53,542. Individual study sample
sizes ranged from ten to 10,535 participants, with 278.9 participants as the mean sample size
(s = 963.12). The inter-quartile ranges were as follows: 25th = 49.25, 50th = 82, and
75th = 177. Of those studies that reported the sexes of their subjects, the average sample had be-
tween zero and 3811 female participants with a mean of 103.7 (s = 341.38), and between zero and
3674 male participants, with a mean of 113.5 (s = 330.79).

The results of the analyses of the average correlations between intelligence and mental speed are
summarized in Tables 1–5. Tables 6–8 display the means, standard deviations, and ranges of the
calculated effect sizes for age, sex, and racial-group mental speed differences, respectively.
Table 1
Mean reaction time and intelligence correlations

g gf gc

RT �.26(112) �.21(142) �.17(195)
Odd-man �.36(31) �.24(17) �.21(38)
RT 1 bit �.22(36) �.20(21) �.22(28)
RT 2 bit �.28(35) �.23(21) �.22(28)
RT 3 bit �.28(29) �.26(21) �.27(26)
RT 4 bit �.38(1) �.36(1)
RT 5 bit �.28(2) �.28(1)
RT 6 bit �.34(2) �.32(2)
RT 8 bit �.40(1) �.39(1)

Note. RT = overall reaction time, g = general intelligence, gf = fluid intelligence, gc = crystallized intelligence.
The number of correlations used in each cell is reported in parentheses.



Table 2
Mean general speed of processing (GSOP) and Intelligence Correlations

g gf gc

GSOP �.29(21) �.35(13) �.16(8)

Note. GSOP = general speed of processing, g = general intelligence, gf = fluid intelligence, gc = crystallized intelligence.
The number of correlations used in each cell is reported in parentheses.

Table 3
Mean speed of processing in short-term memory (STM) and Intelligence Correlations

g gf gc

STM �.25(5) �.15(20) �.13(26)
STM
set size 1 �.45(6)
STM
set size 2 �.33(2)
STM
set size 3 �.44(6)
STM
set size 4 �.38(2)
STM
set size 5 �.45(6)
STM
set size 6 �.32(2)

Note. STM = overall speed of short-term memory processing, g = general intelligence, gf = fluid intelligence,
gc = crystallized intelligence.
The number of correlations used in each cell is reported in parentheses.

Table 4
Mean speed of retrieval from long-term memory (LTM) and Intelligence Correlations

g gf gc

LTM �.10(17) �.16(27) �.27(35)

Note. LTM = speed of long-term memory retrieval, g = general intelligence, gf = fluid intelligence, gc = crystallized
intelligence.
The number of correlations used in each cell is reported in parentheses.

Table 5
Mean inspection time (IT), auditory inspection time (AIT ) and Intelligence Correlations

g gf gc

IT �.36(46) �.29(45) �.20(45)
AIT �.31(15) �.26(3) �.35(5)

Note. IT = inspection time, AIT = auditory inspection time, g = general intelligence, gf = fluid intelligence,
gc = crystallized intelligence.
The number of correlations used in each cell is reported in parentheses.
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Table 6
Effect sizes for age differences on mental speed tasks

Finding Effect size

RT IT GSOP STM

M SD M SD M SD M SD

Old adults > young adults 1.84(103) .69 1.35(23) .72
Middle-age adults > young adults .55(10) .36 .49(8) .30
Old adults > middle-age adults 1.07(4) .31 1.09(11) .67
Children > adults 2.38 (25) 1.79 .32(1) 2.56(24) .36
Young children > older children 1.66(63) .88 .38(3) .21 .59(24) .24 .57(18) .33

Note. The number of effect sizes calculated for each pair of comparisons appears in parentheses.
>: Longer (slower) latencies.

Table 7
Effect sizes for sex differences on mental speed tasks

Finding Effect size

RT IT GSOP STM

M SD M SD M SD M SD

Men > women .29 (19) .32 .47 (2) .13
Women > men .32 (12) .45 .40 (5) .15 .25 (4) .20
Boys > girls .35 (8) .28 .16 (1)
Girls > boys .07 (4) .05 .68 (4) .30

Note. The number of effect sizes calculated for each pair of comparisons appears in parentheses.
> = Longer (slower) latencies.

Table 8
Effect Sizes for racial-group differences on mental speed tasks

Finding Effect size

RT GSOP

M SD M SD

Blacks > whites .47(5) .33 .18(7) .13
Whites > blacks 1.1(1) .003(1)

Note. The number of effect sizes calculated for each pair of comparisons appears in brackets.
> = Longer (slower) latencies.
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As can be seen in Table 1, mean correlations between general intelligence (g) and reaction time
measures range from �.22 to �.40, mean correlations between gf and reaction times range from
�.20 to �.26, and mean correlations between gc and reaction times range from �.17 to �.39.
There is a trend for correlations with g and gc to be higher when reaction time tasks involve more
bits of information-processing.

The results shown in Table 2 indicate that measures of general speed of processing have mark-
edly higher correlations with gf than with gc, likely reflecting the novelty of these measures of
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speed of information-processing. Overall, however, the correlations in Table 2 are similar in mag-
nitude to those in Table 1, suggesting that reaction time and general speed of processing tasks cor-
relate in the .30–.40 (absolute) range with intelligence.

The results presented in Table 3 indicate that general intelligence correlates with speed of pro-
cessing in short-term memory to a somewhat greater degree than it does with Hick RTs or general
speed of processing: several of the correlations in Table 3 being greater than �.40. Correlations
between STM processing speed are also higher with g than with either gf or gc. There is no appar-
ent trend for correlations between STM processing speeds and g to increase as a function of set
size.

Results reported in Table 4 demonstrate that speed of retrieval of information from long-term
memory correlates to a greater degree with crystallized rather than fluid intelligence. This may re-
flect the fact that these mental speed tasks all require subjects to access and retrieve previously-
acquired information.

The results presented in Table 5 demonstrate that inspection time and auditory inspection time
correlate with g to about the same extent as do the other measures of mental speed. IT shows a
marginally larger correlation with gf than with gc but the reverse trend is evident for AIT. There is
no immediately obvious explanation for this but note that the average correlations for AIT are
based on a substantially fewer number of reported values than are those for IT and, as such,
may not represent a real effect.

To address the possibility of a file-drawer problem, the method suggested by Rosenberg
(2005) was utilized. This method computes a weighted Rosenthal’s statistic, which corresponds
to the number of missing or unpublished reports, or studies reporting non-significant results,
that would be required to reduce the significance of the average correlations that were com-
puted to non-significance. It also corresponds to the sample size of a single study reporting a
non-significant correlation that would need to be included in the meta-analysis to reduce the
average correlation to non-significance. The significance level was set to .05. Applying this
method to the average correlation of �.17 between reaction times and gc (Table 1), which
was based on 195 reported correlations between these variables, revealed that a non-significant
correlation from a sample of 58,158 participants would be required, or that over 58,000 missing
reports with non-significant results would need to have been omitted from this review to reduce
the significance of the average correlation to >.05. This result does not mean that the file-drawer
problem has been circumvented but does indicate that it is extremely unlikely, at least for this
correlation.

In order to address the potential effects of sample size and year of publication, correlations were
computed between each of sample size, year of publication, and magnitude of correlations. For
reaction times, a positive correlation (r�.13, p < .01) between sample size and year of publication
was found, indicating that more recent publications had larger sample sizes. Publication year also
had significant correlations with the absolute magnitude of correlations between several of the
mental speed and intelligence measures: indicating a trend toward more recent studies reporting
larger correlations between RTs and IQ. This may reflect the fact that more recent studies use
more sophisticated equipment with more accurate and finer timers than older studies had access
to. It may also be a function of the larger samples employed by more recent studies because sam-
ple size was itself also positively related to the magnitude of several mental speed-Intelligence
Correlations.
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With respect to group differences in mental speed, the results in Table 6 clearly demonstrate
that mental speed is slower among elderly adults and young children, with effect sizes (standard-
ized group mean differences) ranging from .63 to 2.67. Thus, the relationship between mental
speed and age over time is curvilinear and parallels the development observed with measures of
fluid intelligence. The effect sizes presented in Table 6 demonstrate that this effect is especially
large when comparing children to adults and young adults to older adults.

The results for sex differences in mental speed – reported in Table 7 – are less clear. An equal
number of studies reported females having somewhat faster mental speed than males as reported
males having faster mental speed than females, both among adults and among children. Overall,
the effect sizes are quite small – about one-third of a standard deviation – and it appears likely that
males and females have advantages on different speeded tasks. For example, males tend to per-
form faster, on average, on reaction time and inspection time tasks, while females perform faster
than males, on average, on perceptual speed tasks.

Studies of racial-group differences in mental speed are inconsistent. As reported in Table 8, 12
studies reported that whites were significantly faster than blacks but two other studies showed a
larger effect in which blacks were faster than whites. Across all 14 studies the mean effect size was
.18 (s = .45) in favor of whites which indicates a very small group difference. Moreover, there was
no consistent difference between the tasks on which one group performed faster than the other
and too few of these studies reported IQ data for it to be determined whether their samples dif-
fered or did not differ in mean IQ.

Finally, 13 behavioral genetic studies were found which reported either the extent to which indi-
vidual differences in different measures of mental speed are attributable to genetic and/or environ-
mental factors or which reported genetic correlations between measures of mental speed and
measures of intelligence. Across these 13 studies, heritabilities of 33 measures of mental speed –
including reaction times, inspection time, speed of processing in STM, and speed of retrieval from
LTM – ranged from zero to .90, with an N-weighted mean of .48 (s = .20). Genetic correlations
between mental speed and intelligence ranged from .42 to 1.0 (in absolute value) and averaged .73
(s = .22). There was a trend for more complex mental speed measures both to be more heritable
and to be more highly correlated with measures of intelligence.
3. Discussion

The results of this review indicate that diverse measures of mental speed are significantly cor-
related with measured intelligence. There is a trend – among some mental speed tasks – for more
complex measures to be more highly correlated with intelligence but this effect is not evident for
all tasks. The results also reveal that mental speed often (though not always) correlates more
strongly with gf than with gc. This is particularly evident for novel mental speed tasks – many
of which fell into the general speed of processing category; tasks which require subjects to retrieve
learned information from LTM, on the other hand, tend to correlate more highly with gc. The
overall correlation between mental speed and intelligence is moderate but very consistent: across
all the different studies and measures that were reviewed – which yielded a total of 1146 correla-
tions – the mean correlation is �.24 (s = .07). Thus, individual differences in any single measure of
speed of information-processing by no means accounts for a substantial amount of the variance in
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intelligence. However, a few studies were found that reported more substantial multiple correla-
tions (up to .65) obtained from the regression of IQ on multiple measures of speed of processing
(e.g., Vernon & Weese, 1993). Behavioral genetic studies, moreover, indicate that the phenotypic
correlation that exists between speed of processing and intelligence is largely attributable to cor-
related genetic factors: i.e., there is substantial overlap between the genes that contribute to indi-
vidual differences in both.

With respect to group differences in mental speed, these are by far the most pronounced in stud-
ies comparing children to adults (mean effect size of 2.67 standard deviation units in favor of
adults) and in studies comparing older adults to young adults (mean effect size of 1.76 standard
deviation units in favor of young adults). As noted, the curvilinear development of faster speed of
processing parallels that of fluid intelligence: both develop from childhood through adolescence to
young adulthood and both then begin to decline with advancing years. Insofar as mental speed
correlates with gf, its decline in old age may be one factor that contributes to the decline in gf;
or perhaps both are affected by other factors related to the aging process.

Sex differences in mental speed are both smaller than age differences and less consistent. Over-
all, it appears that males perform faster on some tasks than females (e.g., Hick reaction time and
inspection time), while females perform faster than males on perceptual speed tasks. Reported
white–black differences in mental speed are even less consistent and, overall, smaller than sex dif-
ferences. Substantially fewer studies have examined race differences and, for any future studies, it
will be important for them to report the groups’ mean IQs in addition to their mean speed of
processing.
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readers interested in obtaining the list of articles and the data used from each article may contact the author at
lsheppa4@uwo.ca.
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