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Education Is Associated With Higher Later Life IQ Scores, but Not With
Faster Cognitive Processing Speed
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Recent reports suggest a causal relationship between education and IQ, which has implications for
cognitive development and aging—education may improve cognitive reserve. In two longitudinal
cohorts, we tested the association between education and lifetime cognitive change. We then tested
whether education is linked to improved scores on processing-speed variables such as reaction time,
which are associated with both IQ and longevity. Controlling for childhood IQ score, we found that
education was positively associated with IQ at ages 79 (Sample 1) and 70 (Sample 2), and more strongly
for participants with lower initial IQ scores. Education, however, showed no significant association with
processing speed, measured at ages 83 and 70. Increased education may enhance important later life
cognitive capacities, but does not appear to improve more fundamental aspects of cognitive processing.
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Cognitive reserve theory suggests that access to education and
other social resources conveys resilience to later life brain lesions,
insults, and degeneration (Stem, 2002). Understanding the pro-
cesses by which education might have these effects is therefore of
considerable interest to societies coping with demographic shifts
toward old age.

Whereas it is difficult to separate any causal effects of education
and initial ability on measures of later ability (Deary & Johnson,
2010), quasi-experimental and cross-sectional evidence now exists
suggesting that education raises IQ-type scores (e.g., Brinch &
Galloway, 2012; Falch & Sandgren Massih, 2011; Winship &
Korenman, 1997), and a number of studies have found a signifi-
cant association between years of education and mean cognitive
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scores in old age (though not with altered rates of decline, see
Tucker-Drob, Johnson, & Jones, 2009; Zahodne et al, 2011).
Together, these studies suggest that education might contribute to
the higher cognitive ability scores observed in the better educated
elderly. The first objective of the present study is to test whether
this is the case. In two samples where intelligence was first
measured in childhood, we test the association between education
and scores from the same intelligence test taken around 60-70
years later.

A second hypothesis examined here addresses one possible
mechanism of the effect of education on intelligence. Whereas
maintenance of cognitive capacity is in itself an important factor in
successful aging (Deary et al., 2012), clearly other factors are of
importance, given the less-than-perfect stability of intelligence
differences across the life course. In addition, studies showing that
education positively impacts on intelligence-test scores leave un-
answered the question of whether this increase is due to attainment
of knowledge, development of reasoning skills, or a fundamental
change in information-processing capacity. Stelzl, Merz, Ehlers,
and Remer (1995) showed effects of education on "fiuid," and not
only "crystallized," intelligence, indicating that reasoning pro-
cesses and not simply knowledge were being improved (see also
Artman, Cahan, & Avni-Babad, 2006; Gustaffson, 2001). How-
ever, Cliffordson and Gustaffson (2008) noted that the evidence
for a fluid-increase interpretation is still "weak," and that "further
empirical work is needed to clarify the nature of the changes" (p.
151). Furthermore, in a review of 200 studies. Ceci (1991) con-
cluded that the evidence that education improves the efficiency of
cognitive processing, as opposed to more specific cognitive skills,
was "not compelling" (p. 717).
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The mechanism behind intelligence increases due to educa-
tion is of particular interest in the light of studies of cognitive
reserve in samples of older individuals. Education has been
found to be significantly associated with better later life scores
on a wide variety of measures; these include neuropsycholog-
ical tests such as the Mini-Mental State Examination (MMSE;
Folstein, Folstein, & McHugh, 1975; Christensen et al., 1997;
Wilson et al., 2009), as well as a variety of episodic-memory,
verbal-memory, reasoning, vocabulary, verbal-fluency, and
processing-speed tasks (Batterham, Mackinnon, & Christensen,
2011; Lövden, Ghisletta, & Lindenberger, 2004; Tucker-Drob
et al., 2009; Zahodne et al., 2011). These latter processing-
speed tasks are often, however, relatively cognitively complex;
they include useful field-of-view, digit-symbol substitution,
identical pictures, lexical decision tasks, and sentence verifica-
tion. No studies to date have examined the effect of education on
more basic information-processing tasks such as reaction time
(RT) and inspection time (IT), which have been hypothesized to
underlie at least some of the imponant processes involved in
producing intelligence differences (Jensen, 2006), and account for
the relationship between intelligence and mortality (Deary & Der,
2005).

Recent results have emphasized the link between these sim-
ple speed variables and intelligence (Deary, Johnson, & Starr,
2010; Johnson & Deary, 2011). Penke et al. (2012) showed that,
not only does white-matter integrity account for a significant
fraction of variation in cognitive scores in old age, but that this
relationship is completely mediated by processing speed, mea-
sured using a latent trait of simple and four-choice RTs and ITs.
That is, the effects of brain white-matter integrity were associ-
ated with better cognition (the general cognitive ability factor
from six varied psychometric tests) through more efficient basic
processing speed. In this context, two contrasting expectations
can be generated for the present study: If education works via
the same mechanisms that underlie the links of neuronal factors
such as white matter to cognition, then we should expect
education-linked cognitive improvements to be detectable in
increased processing-speed differences. If, however, education
affects cognition via other routes (for instance, through an
increase in knowledge, experiential resources, or reasoning
ability), then the education-intelligence link may be found
without any improvement in processing speed.

Here, we report data from two rare samples suitable for
testing these hypotheses, in which cognitive ability was as-
sessed in individuals at age 11, prior to the start of differential
education, and cognitive ability as well as processing-speed
measures were taken later in life. Sample 1 is a cohort of older
individuals who took a test of general cognitive ability at age 11
and were followed up at ages 79 and 83, the Lothian Birth
Cohort, 1921 (Deary, Whiteman, Starr, Whalley, & Fox, 2004).
We test the association between education and later life general
cognitive ability (which we will abbreviate as IQ), RT, and IT,
controlling for age-11 IQ and parental socioeconomic status
(SES). We attempt a replication of the findings in a second,
larger cohort, again assessed for IQ at age 11, and later assessed
at age 70, the Lothian Birth Cohort, 1936 (Deary et al., 2007).

Method

Participants

Sample 1. Participants in Sample 1 were members of the
Lothian Birth Cohort, 1921 (LBC1921), most of whom, as school-
children in Scotland, had taken the Moray House Test (MHT) No.
12 (Scottish Council for Research in Education, 1933) from the
Scottish Mental Survey, 1932 (SMS1932) for the measurement of
cognitive ability. Mean age was 10.90 years {SD = .29).
Community-dwelling, surviving participants of the SMS 1932 who
were living in the Edinburgh area of Scotland were recruited and
followed up in 1999-2001 (LBC1921 first wave, mean age =
79.06 years, SD = .58, n = 550; 234 men), and again during
2003-2005 (LBC1921 second wave, mean age 83.35, SD = .54,
n = 321; 145 men). For a full description of recruitment and
testing of the cohort, see Deary, Whiteman et al. (2004), and
Deary, Gow, Pattie, and Starr (2011).

Sample 2. Participants in Sample 2 were members of the
Lothian Birth Cohort, 1936 (LBC1936), most of whom had been
tested at a mean age of 10.94 years {SD = .28) as part of the
Scottish Mental Survey, 1947 (SMS1947), using the same IQ test
as the SMS1932: the Moray House Test No. 12. A total of 1091
surviving members (548 men) in the Edinburgh area were fol-
lowed up in 2004-2007 (LBC1936 first wave, mean age 69.53
years, SD = .83). For a full description of this cohort, see Deary
etal. (2007,2011).

All participants in both samples were screened for dementia
using the MMSE (Folstein, Folstein, & McHugh, 1975) in the first
wave of testing. In Sample I, the scores of nine participants
(1.64%) were below 24, a widely used cutoff for possible demen-
tia. In Sample 2, the scores of 11 participants (1.01%) were lower
than 24. Excluding these participants from the analyses did not
appreciably change the results we report here.

Measures and Procedure

IQ at age 11 years was measured using the Moray House Test
(MHT) No. 12 in the SMS 1932 and SMS 1947 (Scottish Council
for Research in Education, 1933, 1958). This test had a maximum
score of 76, and contained 75 items, made up of the following
types: 14 on directions, 11 on same-opposites, 10 on word clas-
sification, eight on analogies, six practical items, five reasoning
items, four on proverbs, four on arithmetic, four spatial items,
three on mixed sentences, two on cypher decoding, and four other
items; see Deary, Whiteman et al. (2004) for more details and
information on scoring. Participants in both samples were admin-
istered the same MHT in later life, during the fu-st wave of
follow-up. The MHT was validated at the initial childhood test. A
sample of 1000 children were also administered the Stanford-
Binet test after the SMS1932, which correlated around .8 with the
MHT (Scottish Council for Research in Education, 1933). The
MHT was validated at follow up in old age, where MHT scores
correlated .71 with Raven's Standard Progressive Matrices at age
79 in the LBC1921 (Deary, Whiteman, et al, 2004, p. 134, Table
1), and .62 with a general cognitive ability score derived from six
nonverbal Wechsler tests in the LBC1936 (Deary, Johnson, &
Starr, 2010, p. 222, Table 1). MHT scores were standardized to a
mean of 100 and a 5Ö of 15 for use in the calculations described
below.
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Table 1

Mean Scores and SDs for all Measured Variables in Each Sample

Variable

Age at initial test (years)
Age at Wave 1 (years)
Age at Wave 2 (years)
Age 11 IQ (MHT score)
Later-life IQ (MHT score)
Education (years)
Simple RT (ms)
Simple RT SD (ms)
Choice RT (ms)
Choice RT SD (ms)
IT (correct trials/150)
Age 11 SES

n

550
550
321
493
540
548
318
318
318
318
316
482

Sample 1. LBC1921

M

10.90
79.06
83.35
46.44 -
59.23
10.92

313
84

793
173
101.47

2.79

SD

.29

.58

.54
12.05
10.85
2.47

84
64

145
48
13.70

.95

n

1078
1078

1016
1078
1078
1074
1073
1073
1073
1032
952

Sample 2. LBC 1936

M

10.93
69.49

49.04
64.28
10.74

276
62

641
139
112.20

2.91

SD

.28

.83

11.70
8.64
1.13

56
47
85
52
10.97

.94

Note. Later life IQ measured at age - 7 9 in the LBC1921, and at age - 7 0 in the LBC1936 (LBC = Lothian Birth Cohort). Abbreviations: MHT = Moray
House Test (scores out of a maximum of 76); RT = reaction time; IT = inspection time; SES = socioeconomic status.

Years of full-time, formal education were recorded at interview
during the first follow-up wave in both samples.

SES of origin was indexed using the participant's father's oc-
cupational status when the participant was 11 years old. This was
ordered from I (professional) to V (unskilled), according to the
General Register Office Census, 1951 Classification of Occupa-
tions (General Register Office, 1956). This variable was available
for both samples, and was recorded during the first follow-up
wave.

Simple and four-choice RTs were measured using a dedicated
portable device (described in detail by Deary, Der, & Ford, 2001).
Participants responded to a numeric stimulus presented on an LCD
screen by pressing the appropriate response key as quickly as
possible. Simple RT was assessed in a one-button condition, with
eight practice trials and 20 test trials. In the four-choice condition,
the subject had to pick the correct response from four available
buttons, with eight practice trials and 40 test trials. Mean RT and
standard deviation of accurate responses were recorded automati-
cally. RT was measured in the LBC1921 during the second wave
(aged ~83 years), and in the LBC1936 during the first wave (aged
—70 years).

Inspection time was also measured in both samples. Participants
were asked to judge, as accurately as possible, which was the
longer of two vertical lines displayed on a screen. The stimuli were
displayed for varying lengths of time—from 6 ms to 200 ms—and
the dependent variable was the total number of correct detections
out of a possible 150 trials. Participants were informed that their
responses were not timed, and accuracy was the only outcome
variable measured. See Deary, Simonotto et al. (2004) for a full
description of the IT stimuli and procedure. For both samples, IT
was measured during the same wave as RT measurement.

Analysis

For both samples, we used hierarchical multiple regression
modeling to investigate the associations between years of educa-
tion and later life IQ scores and speed-of-processing measures,
with controls for potentially confounding or mediating variables.
The first step of the model controlled for age, because there was
some range at testing (e.g., at the tests of RT and IT in old age, the

age range was 927 days in Sample 1, and 1346 days in Sample 2),
and sex, because of the different educational opportunities for each
sex at the time the members of our samples were leaving compul-
sory schooling (Scottish Council for Research in Education, 1958).
The second step added parental SES, to control for the nonrandom
availability of education to those from different socioeconomic
backgrounds (e.g., Johnson, Brett, & Deary, 2010). The third step
added age-11 IQ (adjusted for age in days), to allow us to assess
the longitudinal gain in IQ or speed, independent of initial ability.
Analysis was restricted to only those participants who had pro-
vided the variables necessary for all three steps.

Results

Table 1 shows the full sample sizes and mean scores for each of
the variables for both samples. The partial correlation matrix for
these variables is given in the Appendix (all correlations controlled
for age in days at both times of testing and sex). After controlling
for sex and age at time of testing, both simple and choice RT, as
well as RT SD, were significantly, and for the most part modestly,
correlated with both early and later measures of IQ. The significant
association between IT and cognitive ability was replicated. Some
of these results were reported in Deary et al., (2010), but they are
not the principal results in the present report.

Coefficients for the effects of education in each step of the
regression models are shown in Table 2, separately for each
outcome variable, along with the valid sample size included in
each model, as all individuals did not contribute every necessary
variable.

Our first hypothesis, that years of education would have a
significant positive effect on posteducation IQ while controlling
for preexisting IQ, was supported. In the LBC1921, each year of
education was associated with a .66-point advantage in IQ (95%
confidence interval: .14 to 1.17 points) at age ~79, controUing for
age-11 IQ, SES, and age at both times of testing, and sex (Table 2,
Step 3). Running the analysis without controlling for age-11 IQ
(Table 2, Step 2) resulted in a larger effect of 2.16 points per year.
We next added an interaction term to the model to test for non-
linear effects of education on later life IQ for different levels of
age-11 IQ. This term was significant {p < .001); for individuals
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Table 2
Association Between Education and Later Life IQ and Processing Speed in Both Samples

Sample

1. LBC1921

2. LBC1936

Measure

IQ points age 79
n = 412

Simple RT mean (ms)
n = 267

4-choice RT mean (ms)
n = 267

Simple RT SD • ms)
n = 267

4-choice RT SD (ms)
n = 267

Inspection Time
n = 265

IQ points age 70
n = 901

Simple RT mean (ms)
« = 899

4-choice RT mean (ms)
n = 898

Simple RT SD (ms)
n = 898

4-choice RT SD (ms)
n = 898

Inspection Time
n = 868

Step

1
2
3
1
2
3
1
2
3
1
2
3
1
2
3
1
2
3
1
2
3
1
2
3
1
2
3
1
2
3
1
2
3
1
2
3

B

2.491
2.162

.656
-2.036

-.305
1.460

-5.321
-4.112
-2.576
-1.578

-.086
.998

-.519
-1.044
-.221

.305

.333
-.088
4.790
4.511
1.424

-6.842
-6.418
-3.327
-6.913
-6.394

1.150
-3.541
-2.842
-1.644
-3.578
-3.752

-.105
1.059
.933
.552

SE

.274

.299

.261
2.128
2.350
2.539
3.605
3.998
4.341
1.558
1.716
1.858
1.151
1.276
1.381
.350
.387
.416
.377
.398
.338

1.463
1.545
1.652
2.417
2.554
2.686
1.424
1.504
1.626
1.603
1.694
1.811
.330
.349
.377

t value

9.078
7.232
2.509

-.957
-.130

.575
-1.476
-1.028

-.593
-1.013

-.052
.537

-.451
-.818
-.160

.872

.860
-.211
12.706
11.342
4.210

-4.678
-4.153
-2.014
-2.859
-2.504

.428
-2.486
-1.889
-1.011
-2.231
-2.215

-.581
3.206
2.676
1.466

p value

<.OO1
<.OO1

.013

.340

.897

.566

.141

.305

.553

.312

.959

.592

.652

.414

.873

.384

.391

.833
<.OO1
<.OO1
<.OO1
<.OO1
<.OO1

.044

.004

.013

.669

.013

.059

.312

.026

.027

.562

.001

.008

.143

Note. RT = reaction time. In Step 1, models controlled for sex and age (at both time points). In Step 2, models controlled for sex, age, and socioeconomic
status (SES). In Step 3, models controlled for sex, age, SES, and age 11 IQ. LBC = Lothian Birth Cohort.

with lower scores on the initial IQ test, education was more
strongly associated with higher later life IQ. Including only
participants who returned for Wave 2 of the LBC1921, at age
~83, reduced the valid sample size from 412 to 263; an effect
of education on later life IQ remained (p = .019), but the added
interaction term described above did not reach significance
(P = .15).

A similar result was found in the LBC1936, where each year of
education was associated with an advantage of 1.42 IQ points
(95% CI: .76 to 2.09 points), witii the same covariates (combining
both samples into one model showed that the association of edu-
cation with IQ was not significantly larger in the LBC1936 than
the LBC1921; an interaction between sample and educational
duration was not significant, B = .61, SE = .37, t = 1.6A,p = .10).
Again, without the inclusion of age 11-IQ in the model (Step 2),
the later life IQ advantage was larger: 4.51 IQ points per year of
education. There was a significant interaction between age-11 IQ
and education (p < .001), with lower IQ individuals at age 11
having stronger associations between duration of education and
their later life IQ score.

We next tested the second hypothesis, that, controlling for
childhood IQ, age at time of testing, and sex, education would be

associated with faster processing speed in old age (measured by IT
and simple and four-choice RT). As Table 2 shows, whereas
significant associations of education with speed were found on
several speed measures when age-11 IQ was not controlled, adding
this variable to the models in Step 3 reduced all but one of the
effect sizes to nonsignificance. The effect of education on simple
RT in Sample 2 was the only conventionally significant result (p =
.044).

As with the IQ data, interactions were added to the models to
test for nonlinear effects. Only one significant effect was found:
Education showed a significant interaction with age-11 IQ for
simple RT standard deviation in Sample 1 (p = .022). Again,
lower initial-IQ participants appeared to have the strongest asso-
ciations between their simple RT SD and education. This interac-
tion was not replicated in the larger Sample 1 (p — .99).

Discussion

In two longitudinal samples, we tested whetiier the reported
positive effects of education on IQ in adolescence (e.g., Brinch &
Galloway, 2012; Winship & Korenman, 1997) persist into old age,
and whether these effects are refiected in underlying increases in
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speed on simple and four-choice RT and IT tasks. The results
supported the first hypothesis. Years of education were positively
associated with IQ scores (after adjusting for prior IQ) even into
later life. In addition, we showed that these effects are nonlinear;
that is, education was more strongly associated with the later life
IQ scores of individuals with lower IQ scores in childhood. Our
second hypothesis was not supported; Associations of education
with processing speed (RT or IT) were either small or nonexistent,
suggesting that education's effects are possibly limited to specific
aspects of intelligence tests, such as knowledge and perhaps rea-
soning. Education's positive effects on the gaining and deployment
of knowledge may not, then, extend to the more basic information-
processing tasks that were tested here.

Our estimate of the average IQ increase per year of education in
Sample 1 (.66 points) was smaller than that for Sample 2 (1.42
points), but not significantly smaller. Estimates from both samples,
however, are smaller than the effect of education reported by
previous education-IQ research. For instance, Brinch and Gallo-
way (2012) found an increase of 3.70 IQ points per year of
schooling, and other studies have found similar-sized effects
(Falch & Sandgren Massih, 2011; Winship & Korenman, 1997).
Several factors may account for this discrepancy. Most important,
we controlled for age-11 IQ; dropping this variable from the model
greatly increases the apparent effect of education on later life IQ;
removing this control results in an effect that is around three times
larger in both samples (see Table 2). However, as we have argued
elsewhere (Deary & Johnson, 2010), given the likelihood that prior
cognitive differences contribute to educational outcomes, and
given that childhood intelligence and education share some genetic
variance (Calvin et al., 2012), it is important to adjust for prior
cognitive ability in estimating the association between education
and later cognitive ability. In addition, our dataset differs from
previous studies culturally, temporally, in the particular IQ test
used, and in the age groups at which the follow-up IQ test was
administered.

Our finding that education is associated with a greater per-year
increase in IQ points for lower ability children replicates and
extends into old age a similar finding by Hansen, Heckman, and
Mullen (2004), who described education as having "equalizing
effects" (p. 79) on cognitive test scores. However, recent reports
suggest that individuals who would benefit most from extra edu-
cation both pre- and postschool are the least likely to be exposed
to it (Brand & Xie, 2010; Tucker-Drob, 2012). The results of the
present study imply that lower ability individuals who remain
longer in full-time education will see the greatest benefits to their
IQ scores in old age.

Only one speed measure showed a significant relationship to
duration of education; simple RT in Sample 2. However, the effect
is only marginally significant, relatively small (one year of edu-
cation is associated with a 3.5-ms faster RT), and inconsistent with
the effects of education on all the other speed measures. There is
good reason to regard it as a false positive. The other significant
result-the interaction been age-11 IQ and education in the model
of education's effects on the simple RT standard deviation in
Sample 1-was not replicated in Sample 2. Again, due to this
inconsistency, and the incongruity with all the other speed mea-
sures, which were not significant, we suggest that this result is
spurious. As with the IQ results discussed above, the strength of
the relationship between education and speed is much larger when

the model does not adjust for age-11 IQ (Table 2, Steps 1 and 2),
underUning the importance of controlling for early ability in lon-
gitudinal research on cognitive aging.

Results from our analyses of the speed tasks confiict with
previous reports supporting both "active" and "passive" cognitive
reserve models (Zahodne et al., 2011), as both types of model posit
that education in early life will result in improved later life cog-
nitive processing, and result in a higher cognitive starting point
from which age-related cognitive decline begins. However, the
models differ on the effect of education on the rate of the decline
after this point. This contradiction may be due to the heterogeneity
of tasks used across those experiments. Previous studies have used
tasks such as reasoning, vocabulary, verbal speed, and the Mini-
Mental State Examination (Tucker-Drob et al., 2009; Wilson et al.,
2009); we might expect those higher level skills to be improved by
the training and learning that is essential to education. Indeed, our
finding that participants' later life IQ scores were improved by
more exposure to education implies that many of these skills
would also have had associations with education in our sample.
However, education did not appear to be significantly associ-
ated with the more basic processes underlying performance on
these tasks, as measured by elementary cognitive tasks such as
RT and IT.

The present study has some limitations. First, since our earliest
measure was at age 11, we may have missed earlier variation in
education, as well as any resulting effects on the baseline intelli-
gence measure that would have, in turn, impacted intelligence or
speed in later life. By the ages over which compulsory education
varies in contemporary Western society (10-15 years), much of
the change in biological factors—such as cortical thickness (Shaw
et al., 2006), which is associated with increases in general ability
(Karama et al., 2011)—have been completed. Whereas it is pos-
sible, therefore, that education experienced early in life may in-
crease processing speed, later education may largely be associated
with training of specific skills or learning of specific content, and
will therefore not generalize to skills such as RT and IT. Only
longitudinal studies beginning prior to education will be able to
address this important issue. Second, and conversely, duration of
education may refiect differences in cognitive ability that, through
maturation, appear after age 11. Thus, the increases in later life IQ
score may not have been caused by more education; instead, post
age-11 increases in intelligence may themselves cause individuals
to stay longer in education.

Third, the samples used here are not fully representative of the
general population; The community-dwelling follow-up samples
were subsets of the full populations tested in 1932 and 1947, and
consequently the mean MHT scores of both samples are somewhat
higher than those of the populations, with lower standard devia-
tions (Deary et al., 2000). This bias means that we probably
underestimate the effect sizes reported here by a small amount.
Fourth, in Sample 1, the later life IQ measures were taken approx-
imately four years before the speed measures. The valid sample
size for the effect of education on speed, then, is smaller than that
for IQ score, due to attrition, meaning the models are not directly
comparable. However, analyzing the data from only those who
contributed both IQ and speed measures only reduces the interac-
tion between age-11 IQ and years of education to nonsignificance.
This is most likely due to the loss of statistical power inherent in
reducing the valid sample size from 412 to 263. Nevertheless, the
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results from Sample 1, including this interaction, were replicated
in Sample 2, a much larger cohort in which all later life measures
analyzed here were taken concurrently.

The present results suggest that education has enduring effects
on IQ-test performance, even controlling for childhood-IQ score,
and that these effects are stronger for those with lower cognitive
ability in childhood. However, they also suggest that these effects
work via mechanisms—perhaps those involving improvements in
specific skills—that are distinct from those generating differences
in more fundamental measures of processing speed.

References

Artman, L., Cahan, S., & Avni-Babad, D. (2006). Age, schooling and
conditional reasoning. Cognitive Development, 21, 131-145. doi:
10.1016/j.cogdev.2006.01.004

Batterham, P. J., Mackinnon, A. J., & Christensen, H. (2011). The effect of
education on the onset and rate of terminal decline. Psychology and
Aging, 26, 339-350. doi:10.1037/a0021845

Brand, J. E., & Xie, Y. (2010). Who benefits most from college? Evidence
for negative selection in heterogeneous economic returns to higher
education. American Sociological Review, 75, 273-302. doi:10.1177/
0003122410363567

Brinch, C. N., & Galloway, T. A. (2012). Schooling in adolescence raises
IQ scores. PNAS: Proceedings of the National Academy of Sciences of
the United States of America, 109, 425-430. doi:10.1073/pnas
.1106077109

Calvin, C. M., Deary, I. J., Webbink, D., Smith, P., Femandes, C , Lee,
S. H Visscher, P. M. (2012). Multivariate genetic analyses of
cognition and education from two population samples of 174,000 and
166,000 school children. Behavior Genetics, 42, 699-710. doi:10.1007/
S10519-012-9549-7

Ceci, S. J. (1991). How much does schooling influence general intel-
ligence and its cognitive components? A reassessment of the evi-
dence. Developmental Psychology, 27, 703-722. doi:10.1037/0012-
1649.27.5.703

Christensen, H., Körten, A. E., Jorm, A. F., Henderson, A. S., Jacomb,
P. A., & Rodgers, B. (1997). Education and decline in cognitive
performance: Compensatory but not protective. International Joumal
of Geriatric Psychiatry, 12, 323-330. doi:10.1002/(SICI)1099-
1166(199703)12:3<323::AID-GPS492>3.0.CO;2-N

Cliffordson, C, & Gustafsson, J.-E. (2008). Effects of age and schooling
on intellectual performance: Estimates obtained from analysis of con-
tinuous variation in age and length of schooling. Intelligence, 36, 143-
152. doi:10.1016/j.intell.2007.03.006

Deary, I. J., & Der, G. (2005). Reaction time explains IQ's association with
death. Psychological Science, 16, 64-69. doi: 10.1 lll/j.0956-7976.2005
.00781.x

Deary, I. J., Der, G., & Ford, G. (2001). Reaction times and intelligence
differences: A population-based cohort study. Intelligence, 29, 389-399.
doi:10.1016/S0160-2896(01)00062-9

Deary, I. J., Gow, A. J., Pattie, A., & Starr, J. M. (2011). Cohort profile:
The Lothian Birth Cohorts of 1921 and 1936. Intemational Joumal of
Epidemiology, doi: 10.1093/ije/dyrl97

Deary, I. J., Gow, A. J., Taylor, M. D., Corley, J., Brett, C , Wilson,
V Starr, J. M. (2007). The Lothian Birth Cohort 1936: A study
to examine influences on cognitive aging from age 11 to age 70 and
beyond. BMC Geriatrics, 7, 28-39. doi:10.1186/1471-2318-7-28

Deary, I. J., & Johnson, W. (2010). Intelligence and education: Causal
perceptions drive analytic processes and therefore conclusions. Intema-
tional Journal of Epidemiology, 39, 1362-1369. doi:10.1093/ije/dyq072

Deary, I. J., Johnson, W., & Starr, J. M. (2010). Are processing speed tasks
biomarkers of cognitive aging? Psychology and Aging, 25, 219-228.
doi:10.1037/a0017750

Deary, I. J., Simonotto, E., Meyer, M., Marshall, A., Marshall, I., Goddard,
N., & Wardlaw, J. M. (2004). The functional anatomy of inspection
time: An event-related fMRI study. Neurolmage, 22, 1466-1479. doi:
10.1016/j.neuroimage.2004.03.047

Deary, I. J., Whalley, L. J., Lemmon, H., Crawford, J. R., & Starr, J. M.
(2000). The stability of individual differences in mental ability from
childhood to old age: Follow-up of the 1932 Scottish Mental Survey.
Intelligence, 28, 49-55. doi:10.1016/S0160-2896(99)00031-8

Deary, I. J., Whiteman, M. C, Starr, J. M., Whalley, L. J., & Fox, H. C.
(2004). The impact of childhood intelligence on later life: Following up
the Scottish mental surveys of 1932 and 1947. Joumal of Personality
and Social Psychology, 86, 130-147. doi:10.1037/0022-3514.86.1.130

Deary, I. J., Yang, J., Davies, G., Hards, S. E., Tenesa, A., Liewald, D
Visscher, P. M. (2012). Genetic contributions to stability and change in
intelligence from childhood to old age. Nature, 482, 212-215. doi:
10.1038/naturel0781

Falch, T., & Sandgren Massih, S. (2011). The effect of education on
cognitive ability. Economic Inquiry, 49, 838-856. doi:10.111 l/j.1465-
7295.2010.00312.x

Folstein, M. F., Folstein, S. E., & McHugh, P. R. (1975). "Mini-Mental
State": A practical method for grading the cognitive state of patients for
the clinician. Joumal of Psychiatric Research, 12, 189-198. doi:
10.1016/0022-3956(75)90026-6

General Register Office. (1956). Classification of occupations 1951. Lon-
don, UK: Her Majesty's Stationery Office.

Gustaffson, J.-E. (2001). Schooling and intelligence: Effects of track of
study on level and profile of cognitive abilities. International Education
Joumal, 2, 166-186.

Hansen, K. T., Heckman, J. J., & Mullen, K. J. (2004). The effect of
schooling and ability on achievement test scores. Journal of Economet-
rics, 121, 39-98. doi:10.1016/j.jeconom.2003.10.011

Jensen, A. R. (2006). Clocking the mind: Mental chronometry and indi-
vidual differences. London, UK: Elsevier.

Johnson, W., Brett, C. E., & Deary, I. J. (2010). The pivotal role of
education in the association between ability and social class attainment:
A look across three generations. Intelligence, 38, 55-65. doi:10.1016/j
.intell.2009.11.008

Johnson, W., & Deary, I. J. (2011). Placing inspection time, reaction
time, and perceptual speed in the broader context of cognitive ability:
The VPR model in the Lothian Birth Cohort 1936. Intelligence, 39,
405-417. doi:10.1016/j.intell.2011.07.003

Karama, S., Colom, R., Johnson, W., Deary, I. J., Haier, R., Waber, D.
P Evans, A. C. (2011). Cortical thickness correlates of specific
cognitive performance accounted for by the general factor of intelligence
in healthy children aged 6 to 18. Neurolmage, 55, 1443-1453. doi:
10.1016/j.neuroimage.2011.01.016

Lövden, M., Ghisletta, P., & Lindenberger, U. (2004). Cognition in the
Berlin Aging Study (BASE): The first ten years. Aging, Neuropsy-
chology, and Cognition, 11, 104-133. doi: 10.1080/13825580490510982

Penke, L., Muñoz Maniega, S., Bastin, M. E., Valdés Hernández, M. C ,
Murray, C , Royie, N. A Deary, I. J. (2012). Brain white matter
tract integrity as a neural foundation for general intelligence. Molec-
ular Psychiatry, 17, 1026-1030. doi:10.1038/mp.2012.66

Scottish Council for Research in Education. (1933). The intelligence of
Scottish children: A national survey of an age group. London, UK:
University of London Press.

Scottish Council for Research in Education. (1958). Educational and other
aspects of the 1947 Scottish mental survey. London, UK: University of
London Press.

Shaw, P., Greenstein, D., Lerch, J., Ciasen, L., Lenroot, R., Gogtay, N., .
. . Giedd, J. (2006). Intellectual ability and cortical development in
children and adolescents. Nature, 440, 676-679. doi: 10.1038/
natureO4513



EDUCATION, IQ, AND SPEED 521

Stelzl, I., Merz, F., Ehlers, T., & Remer, H. (1995). The effect of schooling
on the development of fluid and crystallized intelligence: A quasi-
experimental study. Intelligence, 21, 279-296. doi:10.1016/0160-
2896(95)90018-7

Stern, Y. (2002). What is cognitive reserve? Theory and research applica-
tion of the reserve concept. Journal of the International Neuropsycho-
logical Society, 8, 448-460. doi:10.10l7/S1355617702813248

Tucker-Drob, E. M. (2012). Preschools reduce early academic-
achievement gaps: A longitudinal twin approach. Psychological Science,
23, 310-319. doi:10.1177/0956797611426728

Tucker-Drob, E. M., Johnson, K. E., & Jones, R. N. (2009). The cognitive
reserve hypothesis: A longitudinal examination of age-associated de-
clines in reasoning and processing speed. Developmental Psychology,
45, 431-446. doi:10.1037/a00140l2

Wilson, R. S., Hebert, L. E., Scherr, P. A., Barnes, L. L., de Leon, C. F. M.,
& Evans, D. A. (2009). Educational attainment and cognitive decline in
old age. Neurology, 72, 460-465. doi:10.1212/01.wnl.0000341782
.71418.6c

Winship, C , & Korenman, S. (1997). Does staying in school make you
smarter? In B. Devlin, S. E. Fienberg, D. P. Resnick & K. Roeder (Eds.),
Intelligence, genes, and success: Scientists respond to the bell curve (pp.
215-234). New York, NY: Springer. doi:10.l007/978-l-4612-0669-
9_10

Zahodne, L. B., Glymour, M. M., Sparks, C , Bontempo, D., Dixon,
R. A., MacDonald, S. W. S., & Manly, J. J. (2011). Education does
not slow cognitive decline with aging: 12-year evidence from the
Victoria Longitudinal Study. Joumal of the International Neuropsy-
chological Society, 17, 1039-1046. doi:10.1017/SI3556l7711001044

Appendix

Partial Correlation Matrix for Variables in Both Samples

Variable

Age 11 IQ
Later life IQ
Edu
Simple RT
Simple RT SD
Choice RT
Choice RT SD
IT
Age 11 SES

1

.66***

.44***
- . 1 5 "
- . 1 6 "
-.14*
-.13*

.18"

.24***

2

.68***
—
.42***

- . 2 6 " *
- . 2 9 " *
-.30*'*
- . 2 9 " *

.30***

.27***

3

.43***

.39***
—

-.10
-.09
- . 1 5 "
- .11

.11*

.42***

4

- . 2 5 * "
- . 3 3 * "
- . 1 7 * "

.71*"

.53"*

.32***
- . 2 6 * "
- .13*

5

- . 1 2 * "
- . 1 9 * "
- . 1 0 "

.45***

.40***

.37***
- . 3 0 * "
-.14*

6

-.27***
- . 3 7 * "
- . 1 1 * "

.47***

.19*"

.59***
- . 3 3 * "
-.11

7

- . 1 5 * "
-.20***
-.08**

.13*"

.06*

.40***

- . 3 3 " *
.00

8

.12*"

.25***

. 1 1 "
- . 1 6 * "
- . 1 1 * "
- . 3 5 * "
- . 1 6 * "

.03

9

.20***

.20***

.33"*
-.08*
-.08*
- .06
- .02

.08*
—

Note. LBC = Lothian Birth Cohort; Edu = years of education; RT = reaction time; IT = inspection time; SES = socioeconomic status. Partial
correlations controlled for age at both times of testing and sex. Coefficents below the diagonal = Sample 1 (LBC 1921); above the diagonal = Sample 2
(LBC1936). Later life IQ measured at age 79 in the LBC192I, and at age 70 in the LBC1936.
*p<.05. "p< .01 . *"p<.001.
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