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Abstract
In the research reported here, we examined whether processing speed mediates the development of
general intelligence (g) in adolescence. Using the Armed Services Vocational Aptitude Battery, a
battery of 12 diverse cognitive tests, we assessed processing speed and g in a large sample of 13-
to 17-year-olds obtained from the National Longitudinal Survey of Youth (N = 6,969). The direct
effect of age on g was small compared with the total effect of age on g, which was almost fully
mediated through speed. The results suggest that increases in g in adolescence can be attributed to
increases in mental speed.
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Other things being equal, the more quickly a person produces the correct response,
the greater is his intelligence. (Thorndike, Bregman, Cobb, & Woodyard, 1927, p.
24)

In the research reported here, we examined whether processing speed contributes to the
development of general intelligence (g) in adolescence. Researchers calculate g by
measuring variance common to mental tests. Such variance is strongly related to
performance on IQ and other intelligence tests, which are said to be “g loaded.” Tests that
are g-loaded are among the best predictors of success in school and work (Jensen, 1998, pp.
270–305). Processing speed refers to mental speed and is measured by reaction time,
computing speed, and coding speed, as well as performance on other timed tasks. Faster
processing speed predicts better performance on g-loaded tests (Jensen, 2006).

Processing speed and g both increase during adolescence (for reviews, see Jensen, 2006;
Kail, 1991, 2000). From the ages of 12 to 18 years, adolescents show global increases in
processing speed, as indicated by reaction times on tests of coding speed and naming speed,
and in g, as indicated by performance on g-loaded tests. Together, these findings suggest
that processing speed is a critical component in the development of g.

Although no single study modeling both constructs has linked processing speed to the
development of g, processing speed has been linked to the development of fluid intelligence
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(e.g., Fry & Hale, 1996). Fluid intelligence refers to general reasoning ability, one of several
specific cognitive abilities (Carroll, 1993). Such abilities are loaded with construct specific
variance and are therefore imperfect estimates of g. They are further removed from g when
they are estimated using only one test (e.g., Raven’s Matrices), as they have been in
developmental studies of fluid intelligence (Fry & Hale, 1996; cf. Kail, 2007). A good
estimate of g can be obtained only from the variance common to a diverse set of cognitive
tests (Jensen & Weng, 1994).

In this study, we examined whether processing speed mediates the development of g
between the ages of 13 and 17 years, using the 1997 National Longitudinal Survey of Youth
(NLSY97). The NLSY97 included the computerized adaptive Armed Services Vocational
Aptitude Battery (ASVAB), which consists of 12 cognitive tests. We estimated processing
speed using the simple ASVAB tests of coding speed and computation speed, which have
been widely used in similar research (Kail, 1991; Salthouse, 1996). We estimated g using
the 10 other ASVAB tests, which measure diverse cognitive abilities (e.g., arithmetic
reasoning, ability to assemble objects, and knowledge of words). Estimates of g made using
the ASVAB are strongly related to performance on intelligence tests (Coyle & Pillow, 2008;
Frey & Detterman, 2004).

Our study is the first to use structural equation modeling (SEM) to model relations among
age, g, and processing speed in adolescence. Given prior research (Jensen, 2006; Kail, 1991,
2000), we predicted that age would be positively related to both g and processing speed, and
that processing speed would be positively related to g. We further predicted that the relation
between age and g would be attributable to processing speed. Such a finding would be the
first direct evidence that mental speed mediates the development of g in adolescence.

Method
Subjects

Subjects were drawn from the NLSY97 (N = 8,984), which is administered by the U.S.
Department of Labor (Hering & McClain, 2003, pp. 1–14). The NLSY97 is a nationally
representative sample of U.S. youths who were born between 1980 and 1984. The sample
used in our study consisted of 6,969 subjects who had complete ASVAB scores and were 13
to 17 years old at the time of testing (mean age = 14.99 years, SD = 1.39). Our sample
included 1,365 thirteen-year-olds (705 males, 660 females), 1,415 fourteen-year-olds (738
males, 677 females), 1,434 fifteen-year-olds (731 males, 703 females), 1,468 sixteen-year-
olds (725 males, 743 females), and 1,287 seventeen-year-olds (628 males, 659 females).

Processing speed and g
Processing speed and g were estimated using the ASVAB (Hering & McClain, 2003, pp.
82–84). The ASVAB includes two timed speed tests, which we used to estimate processing
speed, and 10 untimed power tests, which we used to estimate g. The two speed tests are
Coding Speed, in which respondents match numbers and words using a key, and Numerical
Operations, in which respondents perform simple mathematical operations, most of which
involve single-digit numbers (e.g., 3 + 3 = ?). Similar speed tests have been widely used to
estimate processing speed (e.g., Kail, 1991; Salthouse, 1996).

The power tests are Arithmetic Reasoning, which measures the ability to solve mathematical
word problems; Assembling Objects, which measures the ability to visualize how an object
will look when its parts are assembled; Auto Information, which measures knowledge of
automotive technology; Electronics Information, which measures knowledge of electronics;
General Science, which measures knowledge of physical and biological sciences; Math
Knowledge, which measures the ability to solve basic (mostly algebraic) math problems;
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Mechanical Comprehension, which measures knowledge of mechanical and physical
principles; Paragraph Comprehension, which measures reading comprehension; Shop
Information, which measures knowledge of wood- and metal-shop tools and practices; and
Word Knowledge, which measures the ability to identify synonyms.

The power tests were presented on a computer using an adaptive procedure that calibrated
item difficulty with ability level. The speed tests were presented on a computer using a
nonadaptive procedure, in which items were presented in the same order to all subjects. The
power tests were scored using item-response-theory statistics, with higher scores indicating
better performance. The speed tests were scored using latencies for correct responses,
adjusted for guessing and item presentation time. To facilitate interpretation, we
standardized scores on all tests (M = 0, SD = 1) prior to analysis.

Statistics and mediation model
SEM with maximum likelihood estimation was used to estimate latent constructs (g and
speed) and standardized path coefficients. The analysis estimated three effects: total effect
(the unmediated effect of age on g before controlling for speed), direct effect (the mediated
effect of age on g after controlling for speed), and indirect effect (the magnitude of
mediation, or the difference between the total and direct effects). We used Sobel’s test to
evaluate the significance of the indirect effect.1 We used four tests—chi-square,
comparative fit index (CFI), root-mean-square error of approximation (RMSEA), and
standardized root-mean residual (SRMR)—to evaluate model fit. Chi-square tests are
sensitive to sample size and can show significant effects (indicating poor fit) with samples
as large as ours; CFI and RMSEA are less sensitive to sample size. Following Kline’s
(2005) procedure, we deemed model fit adequate for CFIs greater than .90, and for RMSEAs
and SRMRs less than .10.

Because fit statistics and path coefficients can vary with different models of g (Coyle &
Pillow, 2008), we tested the mediation model in four SEM analyses using different models
of g. In Analysis 1, g was modeled as a first-order factor with no group factors (see Fig. 1
for an illustration of this model). In Analysis 2, g was modeled as a second-order factor with
two group factors, one covering school-related abilities (Arithmetic Reasoning, General
Science, Paragraph Comprehension, Math Knowledge, and Word Knowledge), and the other
covering shop-related abilities (Auto Information, Assembling Objects, Electronics
Information, Mechanical Comprehension, and Shop Information). Analysis 3 was conducted
in the manner of the exploratory factor analysis used by Coyle and Pillow (2008). In this
analysis, g was modeled as a second-order factor with three group factors: shop-related
ability (Auto Information, Electronics Information, Mechanical Comprehension, and Shop
Information), school-related ability (General Science, Paragraph Comprehension, and Word
Knowledge), and math-related ability (Arithmetic Reasoning, Assembling Objects, and
Math Knowledge). Analysis 4 was identical to Analysis 3 but included correlated errors
among five pairs of tests (Auto Information–Shop Information, Assembling Objects–
Mechanical Comprehension, Arithmetic Reasoning–Numerical Operations, Electronics
Information– Mechanical Comprehension, and Numerical Operations–Math Knowledge).
The correlated errors were identified using modification indices and involved tests that were
meaningfully related to each other.

1Sobel’s test is based on the ratio of an indirect effect over its standard error.
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Results
The results were consistent across all analyses (Table 1). As predicted, age was positively
related to g (mean total effect = 0.29) and to speed (mean effect = 0.34), which was strongly
related to g (mean effect = 0.77). Speed strongly mediated the effect of age on g in all
analyses (Sobel zs ≥ 21.69). The direct effect of age on g (M = 0.04) was small compared
with the total effect (M = 0.29). The total effect was almost fully explained by the indirect
effect through speed (M = 0.26; 88% of the total effect). The best-fitting model was the
three-factor model of g with correlated errors, for which all fit statistics except the chi-
square test indicated adequate fit (Table 1, Analysis 4).2

To determine whether g had mediated the effect of age on speed, we conducted additional
SEM analyses in which we replaced the path from speed to g in the prior analyses with a
path from g to speed. If g had mediated the effect of age on speed, then the indirect effect in
these reverse-causality analyses should have been larger (as a percentage of the total effect)
than the indirect effect in the prior analyses. But this was not the case: The indirect effect in
the reverse-causality analyses (M = 0.22; 65% of the total effect) was consistently smaller
than the indirect effect in the prior analyses (M = 0.26; 88% of the total effect).

Discussion
This study is the first to show that increases in processing speed almost fully mediate
increases in g between the ages of 13 and 17 years. We estimated g using 10 diverse
cognitive tests, and estimated processing speed using two common speed tests (Coding
Speed and Numerical Operations). The mediating effect of speed on g was strong and
consistent (Table 1). The direct effect of age on g was small compared with the total effect,
which was almost fully explained by the indirect effect through speed (M = 88% of the total
effect). Reverse-causality analyses, which tested whether g mediated the effect of age on
speed, yielded weaker effects.

Our results confirm and extend previous findings on processing speed and cognitive
development. Increases in processing speed in adolescence have been linked to
improvements in reading comprehension, phonological awareness, mental rotation, spatial
memory, verbal memory, and mental computation (Jensen, 2006; Kail, 1991, 2000). In the
current study, increases in processing speed in adolescence were linked to increases in g,
with speed almost fully mediating the effect of age on g. We found evidence for this
mediating effect using a large sample of subjects and a diverse array of tests, which
minimized sampling error.

The results also confirm and extend developmental research on processing speed and fluid
intelligence, which reflects reasoning and problem-solving ability (Carroll, 1993). For
example, in one developmental study, Fry and Hale (1996; cf. Kail, 2007) found that
increases in fluid intelligence were related to working memory, which in turn was related to
processing speed. However, in that study, fluid intelligence was measured using only
Raven’s Progressive Matrices, an inductive reasoning test with homogeneous content (i.e.,
figural matrices). Because performance on Raven’s Matrices is not always strongly related

2Because age differences in the relation between speed and g could have distorted the mediation effects, we examined whether age
moderated this relation in a supplemental analysis. The analysis used the g from the best-fitting model (Table 1, Analysis 4). Fit was
estimated using an unconstrained model in which speed-g relations were freely estimated at each age and a constrained model in
which speed-g relations were equal across ages. A chi-square difference test for the models was not significant, χ2(4) = 2.18, p = .70,
indicating that the relation between speed and g did not vary with age (β = 0.79, 0.78, 0.79, 0.76, and 0.78, for 13-, 14-, 15-, 16-, and
17-year-olds, respectively).
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to g (r = .42; Coyle & Pillow, 2008, Fig. 1A), it should not be regarded as a good measure of
g, which can be accurately estimated only by using a broad spectrum of tests.

Although processing speed strongly mediated the development of g in our study, it may have
done so indirectly through cognitive processes such as encoding, inhibition, or retrieval.
These other cognitive processes have been found to be related to each other and to
processing speed (Carroll, 1993). However, processing speed is assumed to broadly
constrain cognitive development by limiting the speed of all cognitive processes (e.g., Kail,
1991). Thus, processing speed would also be expected to constrain the development of g,
which reflects all cognitive processes (cf. Jensen, 2006; Kail, 2000).

Our findings are consistent with theories emphasizing the role of processing speed in
children’s cognitive development (Jensen, 2006; Kail, 1991, 2000). These theories assume
that increases in processing speed contribute to global improvements in cognition, which are
observed as increases in g. Such improvements in cognition and g have been attributed to
neural changes including increases in nerve conduction velocity, neuronal oscillations, and
brain myelination (Jensen, 2011; Miller, 1994).

Our study is the first to show that processing speed almost fully mediates age-related
increases in g during adolescence. Our findings extend the dictum of Thorndike et al. (1927,
p. 24) quoted at the beginning of this article: Not only is faster mental speed related to
higher levels of g, but mental speed also contributes significantly to the growth of g in
adolescence.
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Fig. 1.
Mediation model estimating the direct effect of age on g and the indirect effect of age on g
through speed (Analysis 1). Speed was assessed with two tests, and g was assessed with 10
tests. AR = Arithmetic Reasoning; AO = Assembling Objects; AI = Auto Information; EI =
Electronics Information; GS = General Science; MK = Math Knowledge; MC = Mechanical
Comprehension; PC = Paragraph Comprehension; SI = Shop Information; WK = Word
Knowledge; CS = Coding Speed; NO = Numerical Operations.
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