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Working memory, intelligence, and
life success

Examining relations to academic achievement, job
performance, physical health, mortality, and psychological
well-being

CodyA. Mashburn, Alexander P. Burgoyne, and Randall W. Engle

Some people are more successful than others when it comes to school performance,
career attainment, physical health, and psychological well-being. What explains in-
dividual differences in these real-world outcomes? In this chapter, we focus on one
individual difference characteristic that explains considerable variance in life suc-
cess: cognitive ability. Specifically, we review evidence for the relationships between

C7P1 working memory capacity, attention control, and fluid intelligence, as well as their

contributions to success in life. Although cognitive ability is a powerful predictor
of real-world outcomes, understanding why some people excel while others do
not is a complex problem that requires a complex (i.e. multivariate) solution. Thus,
throughout this chapter we note just some of the other variables that may account
for overlapping portions of variance in life outcomes, including socioeconomic fac-
tors such as familial income and educational attainment.

C7P2 In many senses, this chapter must be reductive. Each subtopic subsumed under

the umbrella term ‘life success’ is sufficiently broad as to define entire research pro-
grammes and careers, and the complexities of each domain are likely to exceed the
grasp of non-specialists. Furthermore, there are many domains related to success in
life that we do not examine, including relationship satisfaction, happiness, and cre-
ative fulfilment, to name a few. In short, a concise and comprehensive treatment is
impossible, though we direct interested readers to Draheim et al. (2022) for a more
protracted discussion of many of the topics covered in this chapter, and several we
do not (e.g. cognitive training, sports, police decision-making). Rather than attempt
complete coverage, our goal is to highlight primary findings in areas of ongoing re-
search, note complications posed by extant empirical and theoretical investigations,
and suggest avenues of future research.

C7P3 We begin by discussing intelligence, broadly defined, and reviewing evidence for

the relationships between working memory capacity, attention control, and fluid in-
telligence. Afterwards, we describe how these cognitive abilities relate to real-world
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outcomes, including school performance, career attainment, physical health, and
psychological well-being.

Intelligence

What is intelligence? On the face of it, this question may seem trivial for readers of
this book. And yet, despite over a century of research on ‘modern’ intelligence tests
(Binet & Simon, 1916), reasonable scientists and laypeople still disagree about what
intelligence is, how it ought to be measured, and even whether it should be studied
at all (e.g. Ritchie, 2015). From a conceptual standpoint, we think of intelligence as
the ability to reason, solve problems, learn quickly, remember, plan, attend to what
matters, and adapt to one’s environment. From a technical or psychometric perspec-
tive, intelligence refers to one’s level of performance on cognitive ability tests, and
general intelligence refers to the higher-order g factor extracted from a battery of di-
verse cognitive tests (Figure 7.1). The g factor explains (or emerges as a result of;
see Burgoyne et al., 2021; Kovacs & Conway, 2016; van der Maas et al., 2006) the
positive correlations observed among broad cognitive abilities, representing what
is common or shared across cognitive tests tapping different abilities (e.g. problem-
solving, memory, processing speed) and content areas (e.g. verbal, numerical, visuo-
spatial). Broad cognitive abilities refer to general classes of cognitive abilities, which,
as one moves down the hierarchy from the g factor, can be further decomposed into
more specific abilities, mechanisms, or processes measured by various cognitive
assessments.

For this chapter, we focus on three highly correlated domain-general cognitive
abilities and their relationships to real-world outcomes. Specifically, we consider
working memory capacity, which refers to the ability to maintain and manipulate
information; attention control, the ability to focus attention on task-relevant infor-
mation while resisting interference and distraction by having attention captured
by task-irrelevant thoughts and events; and fluid intelligence, the ability to reason
to solve problems novel to the individual. As we will discuss, there is considerable
theoretical and empirical overlap between working memory capacity and attention
control (e.g. Engle, 2002, 2018). In the next section, we review evidence suggesting
that attention control is important to measures of working memory capacity and
plays a large role in explaining working memory capacity’s relationship with other
constructs, including fluid intelligence.
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Visuospatial Central Phonological

sketch paid executive loop

Figure 7.2 Baddeley and Hitch’s (1974) classic model of working memory.

Working memory capacity, attention control, and
fluid intelligence

Working memory refers to the cognitive system that allows us to temporarily main-
tain information in a readily accessible state and manipulate it to serve task goals
(Baddeley, 1992). For example, solving the mental arithmetic problem ‘(3 x 17) + 2
=?’ requires working memory because one must compute and temporarily store the
product of ‘3 x 17’ in order to add 2’ to it. In classic models, the working memory
system includes a controlled attention component and a short-term storage compo-
nent, or components (Figure 7.2; Baddeley, 1992; Baddeley & Hitch, 1974; Cowan,
1988). Although some researchers argue that the term is antiquated (e.g. Logie,
2016), the controlled attention component is often called the central executive, and it
is responsible for coordinating the flow of information into, out of, and between the
short-term storage components. Whereas the central executive is domain general,
the short-term storage components are modality specific. For example, the visuospa-
tial sketch pad is hypothesized to store visual information, such as mental imagery,
whereas the phonological loop is hypothesized to store verbal and auditory informa-
tion, such as speech. The phonological loop and visuospatial sketchpad are the most
extensively studied of the putative storage systems, but others have been suggested
(Baddeley, 2012). For the purposes of this chapter, however, we are primarily inter-
ested in working memory’s interplay between controlled attention (i.e. the central
executive component) and short-term memory at a more general level.

Evidence suggests that the controlled attention component of the working
memory system can largely explain the correlations between measures of working
memory capacity and other abilities, such as fluid intelligence (Kane et al., 2001;
Kane & Engle, 2002). Early interest in the relationship between working memory ca-
pacity and fluid intelligence was spurred on by the discovery of very strong (i.e. near-
perfect) correlations between the two constructs. For instance, across a series of
studies of more than 2000 participants, Kyllonen and Christal (1990) found correl-
ations ranging from r = 0.80 to r = 0.90 between working memory capacity and fluid
intelligence when measured at the latent level.! This led to an exciting possibility: if

! By way of explanation, whereas observed measures capture both construct-relevant and construct-irrelevant
variance, latent factors extract variance common to a set of measures and therefore come closer to approximating
the theoretical constructs of interest. Latent variables also typically yield stronger correlations than observed meas-
ures because they are theoretically free of measurement error.
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working memory could explain individual differences in fluid intelligence, then, in
turn, it might also explain individual differences in g, because g and fluid intelligence
are often nearly perfectly correlated (e.g. Kvist & Gustafsson, 2008).

C7P8 This excitement was tempered by subsequent findings which revealed that
working memory capacity and fluid intelligence were highly correlated, yet distinct.
Meta-analyses indicated that the correlation between the two constructs at the la-
tent level was probably closer to r = 0.70 than 1.00, indicating that working memory
capacity and fluid intelligence shared approximately 50% of their reliable variance
(Ackerman et al., 2005; Kane et al., 2005; Oberauer et al., 2005). Nevertheless, this
raised the question of what cognitive construct (or constructs) could account for the
relationship between working memory capacity and fluid intelligence.

C7Pg Our position is that most of the variance shared between working memory ca-
pacity and fluid intelligence is attributable to attention control (Burgoyne & Engle,
2020; Draheim et al.,, 2021; Engle et al., 1999). That is, if working memory capacity
reflects the interplay between a central executive component and short-term storage
components, then it is individual differences in the functioning of the central execu-
tive that largely drive the correlations between working memory capacity and other
abilities and life outcomes. To test this idea, Engle et al. (1999) measured working
memory capacity, short-term memory, and fluid intelligence at the latent level, using
multiple tasks to measure each construct. They found that working memory ca-
pacity predicted fluid intelligence even after accounting for individual differences in
short-term memory. That is, while the path from short-term memory to fluid intel-
ligence was not significant after accounting for working memory capacity, the path
from working memory capacity to fluid intelligence was substantial and significant
after accounting for short-term memory (Figure 7.3). This result was corroborated
and extended by Conway et al. (2002), who found that working memory capacity
predicted fluid intelligence after accounting for both short-term memory and pro-
cessing speed. Taken together, these findings indicated that it was not short-term
storage or processing speed that explained working memory capacity’s relationship
with fluid intelligence, but rather, the fact that tests of working memory capacity,
short-term memory, processing speed, and fluid intelligence all require controlled
attention.

C7P10 More recently, we examined the relationships between working memory capacity,
attention control, fluid intelligence, and auditory discrimination ability, which was
operationalized as one’s ability to distinguish between different tones in terms of
pitch, loudness, and duration (Tsukahara et al., 2020). We found that latent factors
representing each broad cognitive ability were moderately to highly correlated with
each other (Figure 7.4; Burgoyne et al., 2021), corroborating over a century of in-
telligence research (Spearman, 1904). Next, we modelled a higher-order g factor,
which was specified to explain the relationships among the broad cognitive ability
factors. We found that attention control had the highest loading on the g factor (i.e.
a loading of 0.98), indicating that the domain-general ability to control attention
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C7F3 Figure 7.3 Inthis structural equation model adapted from Engle et al. (1999), working memory
capacity predicted fluid intelligence after taking into account the independent contribution of
short-term memory.
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C7F4 Figure 7.4 In this correlated-factors model adapted from Burgoyne et al. (2022), latent factors
representing attention control, working memory capacity, auditory discrimination ability, and
fluid intelligence are moderately to strongly related to each other.
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is closely related to g (Figure 7.5a). Finally, we put attention control in place of the
g factor, and found that once variance in attention control had been partialled out
of the broad cognitive ability factors, the residual correlations between working
memory capacity, fluid intelligence, and auditory discrimination ability were sig-
nificantly reduced, at times to non-significance (Figure 7.5b). Taken together, these
results suggest that attention control is a key construct for explaining individual dif-
ferences in cognitive ability, although it is almost certainly only one piece of a more
complicated puzzle.

Maintenance and disengagement

C7Pu If attention control is indeed key to explaining individual differences in cognitive

abilities and the relationships between them, one might wonder how, on a mech-
anistic level, it supports cognitive functions such as problem-solving and remem-
bering salient information. We have proposed the maintenance and disengagement
theory of attention control to explain these phenomena (Burgoyne & Engle, 2020;
Shipstead et al., 2016). Just as the central executive in Baddeley’s working memory
system is responsible for controlling what enters and exits short-term storage, we
think of attention control in similar terms; it is responsible for maintaining infor-
mation that is useful to current goals, and disengaging from information that is no
longer useful, or was never useful to begin with. Maintenance and disengagement
are brought to bear on a wide range of tasks, helping to explain why attention control
is closely related to the g-factor, or general intelligence.

C7P12 For example, maintenance and disengagement both contribute to problem-

solving. As we hypothesize about potential solutions to a problem, we must keep
track of the constituent ideas pertaining to each hypothesis and also remember
which hypotheses we have tested and which we have not, both of which require in-
formation maintenance. Even the act of hypothesis testing requires keeping track
of a prediction and comparing it against evidence, another role for maintenance.
However, once a hypothesis has been tested and rejected, we must abandon it in
pursuit of other hypotheses (i.e. disengagement). People who are able to flexibly at-
tend to what matters and discard what does not are better able to solve novel prob-
lems than those who are less able to control their attention (see Krieger et al., 2019;
Shipstead et al., 2016).

C7P13 Maintenance and disengagement also play an important role when completing

working memory tests. For instance, in the Operation Span task (Turner & Engle,
1989; Unsworth et al., 2005), participants must solve maths problems (e.g. ‘Does (4
X 2) + 2 = 10?’) while remembering letters, which are presented in an interleaved
fashion between each maths problem. The primary task is to memorize the letters,
placing a clear burden on information maintenance. The challenge is that partici-
pants must attend to the maths problems to solve them, and then rapidly disengage
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C7Fs Figure7.5 (a) This panel shows that when the latent factors depicted in Figure 7.4 are modelled
under a higher-order g factor, all cognitive abilities load significantly on the g factor, with attention
control having the highest loading (0.98). (b) This panel shows that when attention controlis
modelled as a higher-order factor that explains the covariation between broad cognitive abilities,
theresidual correlations between the broad cognitive abilities—representing the variancein each
ability not accounted for by attention control—are significantly weaker than before, and at times
reduced to non-significance. For example, compare the residual correlations depicted in Figure 7.5a
tothe correlations depicted in Figure 7.4. These figures were adapted from Burgoyne et al. (2022).
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from the arithmetic solution to attend to and remember the next letter in the se-
quence. This dual-tasking is a key feature of complex span tests of working memory
capacity, and places a strong burden on the ability to control one’s attention (Draheim
etal., 2021; Kane et al., 2004).

C754 Interim summary

C7P14 Thus far, we have discussed individual differences in intelligence, with a focus on

C7Ss

three highly correlated cognitive constructs: working memory capacity, atten-
tion control, and fluid intelligence. We presented evidence for the executive atten-
tion view, which places attention control at the centre of individual differences in
working memory and helps explain why working memory capacity and other broad
cognitive abilities are related to one another. In the next sections, we review evidence
for how individual differences in cognitive ability are related to real-world outcomes,
including school performance, career attainment, physical health, and psychological
well-being.

Predicting life outcomes from cognitive abilities

C7P15 Psychological science, done well, is a resource-intensive affair. Scarcity of time and

money limits the quality of data generated by researchers. Unfortunately, some of the
most sought-after data, such as those from national or internationally representative
samples or from longitudinal studies, are also the most resource intensive to obtain.
However, numerous longitudinal cohort studies, which often follow large, represen-
tative samples over time, have been conducted or are currently under way. While
limited in their own respects (e.g. studies that began decades ago are limited by the
knowledge and methods available at the start of data collection), these studies are
treasure troves. Since they are often overseen by a national government, researchers
have been able to track individual participants for follow-up testing for decades.
This also enables researchers to link participants’ data with governmental records,
including health status, census data, and death records. These investigations have
several obvious strengths. First, the sheer size of the samples, sometimes numbering
in the tens of thousands depending upon the specific study, obviates usual concerns
about power and type I (i.e. false positives) and type II error (i.e. false negatives).
Second, longitudinal studies mitigate concerns about cohort effects threatening in-
ternal validity (although cohorts may still meaningfully differ from one another),
while also making issues of causality easier to parse due to temporal precedence.
Third, these studies often have recruitment strategies that create more representative
samples than typical laboratory investigations, reducing selection effects and threats
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to external validity. That said, some (see Batty, Mortensen, & Osler, 2005; Calvin
etal., 2011) are heavily biased by participant characteristics such as sex.

These investigations have revealed several notable findings. First, cognitive ability
is quite stable over time. One study in which 101 participants tested at age 11 were
retested almost seven decades later revealed a test-retest correlation of r = 0.73 after
correcting for measurement unreliability, indicating astonishing consistency in rank
ordering over time (Deary et al., 2000). This provides some confidence that when
researchers attempt to measure intelligence, they are measuring a stable, persistent
trait, or at least a facet of one. This finding was replicated with a separate set of 550
participants (316 women) at age 80: the disattenuated test-retest correlation was
also r = 0.73. Bifurcating the sample by sex led to a disattenuated test-retest corre-
lation of r = 0.71 for men and r = 0.78 for women, providing further evidence that
intelligence tests are estimates of stable individual differences (Deary et al., 2004).
Finally, Deary (2014) reviewed evidence from several other studies which admin-
istered intelligence tests to the same individuals several decades apart. In each case,
the correlation was strong, with scores at each occasion correlating around r = 0.70.

This long-term stability provides reassurance that those studying the relationships
between intelligence and life outcomes are not doing so in vain. A recent study by
Brown et al. (2021) provides even more encouraging news. They analysed the rela-
tions between intelligence test scores and life outcomes (vocational/financial, social,
and health outcomes) using data gleaned from four large cohort studies conducted
in the UK and the US. In particular, they tested whether there were curvilinear re-
lations which would lead to different effects of intelligence across the range of test
scores. For instance, many laypersons believe that being too intelligent may actually
lead to worse life outcomes, or at least that being intelligent past a certain point con-
fers no additional advantage, a position sometimes called the threshold hypothesis
(Gladwell, 2008; Robertson et al., 2010). However, the Brown et al. findings showed
that intelligence tended to be a positive linear predictor of a range of outcome meas-
ures. Although intelligence test scores did not predict every outcome tested, there
was little evidence that greater intelligence was ever harmful. Furthermore, where
relationships with intelligence were detected, there was no evidence to support the
threshold hypothesis. Even among high-intelligence subsamples, higher intelligence
continued to confer benefits (Brown et al., 2021; Robertson et al., 2010).

In the following sections, we review evidence from large, longitudinal studies
wherever possible. Due to the relative recency of theoretical and measurement de-
velopments in working memory capacity and attention control, many studies focus
primarily or exclusively on cognitive ability as measured by intelligence tests, in-
telligence being the eldest of the three main constructs of interest. However, we
supplement these longitudinal intelligence studies by also describing smaller

laboratory-based studies of working memory capacity and attention control where
possible.
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C786 Academic achievement

C7P19 When it comes to academic achievement, why do some people rapidly prog-

ress through challenging courses while others struggle to master basic concepts?
Individual differences in intelligence explain considerable variability in school
success, with correlations typically ranging from r = 0.50 to r = 0.70 (Jensen, 1998;
Rohde & Thompson, 2007). Of course, intelligence is only one piece of a compli-
cated puzzle, and other factors such as motivation, socioeconomic status, and school
quality certainly play a role (Fortier et al., 1995; Heyneman & Loxley, 1983; Sirin,
2005). Nevertheless, individual differences in cognitive ability become increasingly
consequential in school as life trajectories diverge. Not only do people find their
interests and begin to pursue them in earnest, but many career prospects are con-
strained by measures of academic achievement, including grade point averages and
standardized test performance. We begin this section by reviewing evidence from
longitudinal studies and meta-analyses suggesting that working memory capacity
and attention control have an early influence on maths and reading achievement,
followed by a discussion of potential mediating mechanisms.

C7P20 Differences in cognitive abilities such as working memory and attention control

are detectable early on, and they predict subsequent academic achievement. As one
example, Blankenship et al. (2019) examined the development of attention con-
trol in infants and its relationship to reading achievement at age 6 in a longitudinal
study of 157 children. The researchers first measured the attention control abilities
of 5-month-old infants by showing them a 45-second video clip from the children’s
television show Sesame Street. The researchers estimated individual differences in at-
tention control by measuring the longest duration the children looked at the video as
well as the number of times they shifted their gaze.

C7P21 Blankenship et al. (2019) found that infants who were better able to control their

attention while watching Sesame Street performed better on a test of executive func-
tioning called the A-not-B task 5 months later. In the A-not-B task, the infants were
challenged to find a toy placed in a new location. To do so, they needed to avoid
perseverating on a previously learned location. The researchers also found that in-
dividual differences in executive functioning were reliable across development; they
measured executive functioning at ages 3, 4, and 6 using memory span tasks and
tests of attention control and found that each measure of executive functioning was
significantly related to the measure collected before it. Moreover, the relationship be-
tween the infants’ ability to control their attention and their reading achievement at
age 6 was mediated by executive functioning, a result which held even after control-
ling for verbal intelligence. This suggests that individual differences in the domain-
general ability to control attention can be detected at an early age and contribute to
reading achievement above and beyond domain-specific verbal abilities.

C7P22 As another example, Ahmed et al. (2019) longitudinally tracked 1273 children

from preschool (age 4.5) to high school (age 15) to examine the effects of working
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memory capacity, other executive functions, and the home environment on maths
and literacy achievement. They measured working memory capacity at age 4.5 using
alanguage recall task, in which the children were presented words, phrases, and sen-
tences, and asked to repeat them after a delay. The other measures of executive func-
tioning included a test of sustained attention, in which the children viewed pictures
of common objects and pressed a button when a target stimulus appeared, and a test
of inhibition called the Children’s Stroop task, in which they were shown pictures of
daytime and night-time scenes and asked to say the word ‘day’ in response to night-
time scenes and ‘night’ in response to daytime scenes (Gerstadt et al., 1994). The
researchers also measured the preschoolers’ academic performance using a picture
vocabulary test and an applied maths test designed for young children.

A number of control variables were also examined to help disentangle the effects
of cognitive ability from environmental effects. For instance, Ahmed et al. (2019)
measured the mothers educational attainment, the household income-to-needs
ratio, the amount of learning materials in the home, the parents’ level of involvement
and responsivity to the child’s needs, and whether the children were ever placed in
child care. They also collected demographic information such as race and sex.

Children with greater working memory capacity and other executive functions
had significantly better academic performance in preschool. Furthermore, child-
hood working memory and executive functions predicted adolescent academic
achievement at age 15 as measured by tests of reading comprehension, applied
maths problems, verbal analogies, and picture vocabulary. That said, these results
were qualified by including other predictors in the model, suggesting that some of
the variance accounted for by cognitive ability was shared with other factors. For
example, academic performance at age 4.5 accounted for meaningful variance in
academic achievement at age 15, but it also reduced the effects of most of the cog-
nitive ability predictors to non-significance. In particular, only working memory ca-
pacity remained a significant predictor of paragraph comprehension at age 15 after
accounting for childhood academic achievement. Nevertheless, working memory
capacity at age 4.5 remained a significant predictor even after also accounting for
demographic and home environment covariates, suggesting that it captured unique
variance in adolescent academic performance. Thus, measures of working memory
predicted children’s academic achievement more than 10 years later.

Ahmed et al. (2019) report more modest findings regarding executive functions,
but they should be interpreted cautiously. They found that childhood executive
functions measures were no longer significant predictors of adolescent achievement
after accounting for covariates. However, this does not indicate that executive func-
tions are unimportant in the early stages. To the contrary, all the childhood executive
function measures were significantly related to maths and vocabulary achievement
at age 4.5. One interpretation of these results is that the predictive variance of the
executive function measures may have been captured by childhood academic per-
formance. Another possibility is that the childhood executive function measures
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were not as reliable as the working memory measure was, and, as a result, had at-
tenuated predictive validity. Indeed, working memory capacity at age 4.5 predicted
working memory capacity at age 15, whereas the other executive function measures
were not significantly correlated across timepoints. This suggests that the test-retest
reliability of some of the measures may have been low, a common problem in devel-
opmental studies of cognitive ability and in the executive function literature more
broadly (Beck et al., 2011; Draheim et al., 2019).

C7P26 Meta-analytic evidence also indicates that individual differences in working
memory capacity predict reading achievement. Early evidence was provided by a
meta-analysis of 77 studies (Daneman & Merikle, 1996), which revealed that com-
plex span measures of working memory capacity predict reading comprehension to
a considerable degree, with correlations ranging from r = 0.30 to r = 0.52. Daneman
and Merikle (1996) also showed that complex span tasks with verbal stimuli yielded
the strongest relationships between working memory capacity and reading compre-
hension, although even complex span tasks that do not use verbal stimuli for the
processing subtask also predict individual differences in reading comprehension
(Turner & Engle, 1989). More recently, Peng et al. (2018) meta-analysed 197 studies
and found an average correlation of r = 0.29 between working memory capacity and
reading abilities. The magnitude of the correlation was fairly similar across types of
reading skills, and ranged from r = 0.26 for vocabulary to r = 0.34 for phonological
coding. Like Daneman and Merikle (1996), Peng et al. (2018) also found that verbal
tests of working memory had the numerically largest correlation with reading abil-
ities, but that tests of working memory that used non-verbal stimuli also predicted
individual differences in reading skill. These results suggest that tests of working
memory capacity tap a domain-general ability, which we would identify as attention
control, that is important for language processing.

C7P27 Meta-analytic evidence also indicates that individual differences in working
memory capacity predict mathematics achievement (Spiegel et al., 2021). For ex-
ample, a meta-analysis of 110 studies by Peng et al. (2016) found an average correla-
tion of r = 0.35 between working memory capacity and measures of maths ability. An
examination of specific maths domains revealed that the largest correlation was be-
tween working memory capacity and word-problem solving (r = 0.37), whereas the
smallest correlation, though still significant, was between working memory capacity
and geometry (r = 0.23).

C7P28 Although we have reviewed some evidence for the relationship between academic
achievement and cognitive abilities such as working memory capacity and atten-
tion control, the specific mechanisms by which these cognitive abilities exert their
influence has not been discussed. In light of our maintenance and disengagement
framework, we now provide illustrative examples suggesting that working memory
capacity and attention control contribute to school performance by supporting the
maintenance of relevant information and disengagement from irrelevant and no
longer relevant information.
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Being able to follow instructions is critical for students to learn new skills in the
classroom. Engle et al. (1991) investigated why some children are better able to follow
directions than others. Their sample consisted of 120 students from first grade, third
grade, and sixth grade. They asked students to follow 45 sets of directions varying
in complexity, such as ‘Point to the picture at the top of page three and copy it twice’
(p. 256). They found that working memory capacity was significantly related to
students’ ability to follow directions, and it also predicted their performance on a
reading comprehension test. Furthermore, Engle et al. (1991) found that as the dir-
ections became more complicated, the gap in performance between students with
the highest and lowest working memory capacity increased. One interpretation of
this result is that students with greater working memory capacity were better able to
ignore distractions and maintain focus on task instructions. Furthermore, it seems
that attentional abilities were especially important when dealing with more complex
information processing demands, which would have implications for learning com-
plicated course content. For a more comprehensive review of research on following
instructions, see Allen et al., Chapter 10, this volume.

The hypothesis that individual differences in attention control explain why some
students are better able to maintain focus on task-relevant information was later cor-
roborated by a study of mind wandering, attention control, and reading comprehen-
sion (McVay & Kane, 2012). The researchers had more than 200 participants read
passages of text ranging from a short article on volcanoes to five chapters of War and
Peace. As the participants read, they were intermittently asked to report instances
of task-unrelated thoughts and to describe what they were focusing on before they
were interrupted. McVay and Kane (2012) found that attention control was a strong
predictor of reading comprehension. Furthermore, participants with greater atten-
tion control had fewer task-unrelated thoughts, indicating that they were better able
to focus on the reading material and were less susceptible to distractions. In turn,
task-unrelated thoughts partially explained the relationship between attention con-
trol and reading comprehension performance, although the direct path from atten-
tion control to reading comprehension remained significant even after accounting
for task-unrelated thoughts. This suggests that the ability to maintain focus and re-
sist mind wandering captured part, but not all, of the covariation between attention
control and reading comprehension.

As a final example, Tolar et al. (2009) examined the contributions of working
memory capacity, computational fluency, and three-dimensional spatial visuali-
zation to algebra achievement and performance on a standardized maths test, the
SAT, in a sample of over 100 undergraduate students. They found significant rela-
tionships between the measures of working memory capacity and maths achieve-
ment. Furthermore, using latent variable analyses, they found that working memory
capacity had significant relationships with computational fluency and three-
dimensional spatial visualization, which in turn explained the relationship between
working memory capacity and maths achievement. Thus, two mechanisms by which
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working memory appeared to contribute to maths achievement was via computa-
tional fluency (e.g. being able to solve arithmetic problems such as 64 + 4), which
would facilitate solving algebra problems, and three-dimensional spatial visualiza-
tion (e.g. being able to mentally rotate shapes), which may be useful for solving ge-
ometry problems.

C7P32 Individual differences in intelligence, and, in particular, working memory ca-
pacity and attention control, explain considerable variance in academic achieve-
ment. Evidence suggests that differences in these cognitive abilities can be detected
at an early age and that they are relatively stable across development. The ability to
control attention to maintain and manipulate information in service of goals appears
to influence academic achievement via mediating mechanisms such as following
directions, resisting mind-wandering during task performance, computational flu-
ency, and spatial visualization, to name a few. In the next section, we discuss how
individual differences in cognitive abilities such as working memory capacity and
attention control contribute to success in the occupational sector.

C7S7 Job performance

C7P33 It is well established that measures of cognitive ability predict job performance,
training success, and career attainment (Bobko et al., 1999; Hunter, 1986; Schmidt,
2002). Indeed, companies and organizations use cognitive ability tests to select and
classify personnel because it increases the productivity of the organization (Schmidt
& Hunter, 1998). In this section, we review evidence for the relationship between
cognitive ability and job performance, paying close attention to the roles of working
memory capacity and attention control.

C7P34 In now classic work, Schmidt and Hunter (1998) synthesized 85 years of research
on the validity of personnel selection assessments for predicting job performance
and training success. Job performance was primarily measured using supervisor
ratings of worker performance, whereas training success was typically defined as the
amount learned on the job. Schmidt and Hunter (1998) found that general mental
ability, a term frequently used by industrial/organizational psychologists to refer
to general intelligence, was the single best predictor of job performance (r = 0.51)
and training success (r = 0.56) after correcting for the attenuating effects of crite-
rion unreliability and restriction of range among incumbent workers. Furthermore,
Schmidt and Hunter (1998) reported that the relationship between cognitive ability
and job performance was moderated by job complexity; for highly complex profes-
sional/managerial jobs, the average correlation was as high as r = 0.58, whereas for
completely unskilled jobs, the average correlation was somewhat lower, though still
meaningful: r=0.23.

C7P35 The validity of cognitive ability for predicting job performance remains substan-
tial even as workers gain experience on the job. McDaniel (1985) found that as the
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level of job experience increased, the validity of cognitive ability did not decrease.
At 0-3 years of experience, the correlation was r = 0.35, whereas at 9-12 years of
experience, the correlation was r = 0.44. This result runs counter to the circum-
vention of limits hypothesis (Hambrick & Meinz, 2011; Salthouse, 1991; Schmidt
et al., 1988), which suggests that cognitive ability will cease to predict job perfor-
mance after people have acquired domain-specific knowledge, skills, and strategies.
Although domain-specific knowledge and skills may enable performers to bypass
reliance on capacity-limited aspects of cognition in relatively simple, consistent
tasks (Ackerman, 1988), these results do not appear to generalize to real-world jobs,
which are often more complicated and change over time (see Hambrick et al., 2019).
Thus, cognitive ability often remains a significant predictor of job performance even
after years of training.

In addition to predicting job performance, measures of cognitive ability also
predict career attainment, operationalized as occupational level or prestige within
a field. For example, in a longitudinal study of over 3000 young adults (National
Longitudinal Survey—Youth Cohort; Center for Human Resource Research, 1989),
Wilk et al. (1995) found that general mental ability predicted subsequent job move-
ment 2-7 years later. Higher-ability people tended to move up the job hierarchy
during the intervening years, whereas lower-ability people moved down the job hi-
erarchy. Additionally, Judge et al. (1999) found that measures of cognitive ability at
age 12 predicted occupational outcomes 30-40 years later (r = 0.51), as well as adult
income (r=0.53).

Interestingly, the relationship between cognitive ability and career attainment
cannot be fully explained by socioeconomic factors or other environmental vari-
ables such as school quality or differential access to opportunities. Murray (1998)
controlled for these variables by sampling full biological siblings, who shared the
same parents and home environment but differed in cognitive ability. Despite being
raised in the same household, siblings with higher levels of cognitive ability were far
more successful in the academic and occupational sectors than their lower-ability
counterparts; they received more years of education, entered more prestigious pro-
fessions, earned a higher income, and had more regular employment. Thus, the
relationship between cognitive ability and career attainment is not merely a con-
sequence of environmental factors such as socioeconomic status; cognitive ability
apparently exerts an influence on career attainment above and beyond these factors.
Taken together, the prevailing conclusion to emerge from this research is that people
with greater cognitive ability learn more from job training programmes, acquire job-
related skills faster, perform better, and move up the professional hierarchy more
than individuals lower in cognitive ability.

Presumably, measures of specific cognitive abilities such as working memory ca-
pacity and attention control should also predict job performance to a considerable
degree, given their strong relationships with general intelligence (Burgoyne et al.,
2021; Conway et al., 2003). That said, while there is more than a century of evidence
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supporting the use of intelligence tests for personnel selection, research on the pre-
dictive validity of working memory capacity and attention control is, by comparison,
still in the early stages.

C7P39 Researchers have begun investigating working memory capacity and attention

control tests as candidates for personnel selection assessments because they may
reduce adverse impact relative to traditional tests, which often focus on acquired
knowledge and demonstrate substantial differences between majority and minority
groups (Burgoyne et al., 2021). Adverse impact refers to the disproportionate se-
lection or promotion of members of one group over another. For an example, con-
sider the Armed Services Vocational Aptitude Battery (ASVAB), the standardized
test taken by all US military applicants. Due to mean differences in performance on
the ASVAB, the selection rate for Black applicants is less than 80% of the selection
rate for White applicants (ASVAB Enlistment Testing Program, 2020). Although the
ASVAB predicts performance in the military to approximately the same degree for
White and Black enlistees (Wise et al., 1992), its use results in the inequitable selec-
tion of Black applicants and women (see, e.g. Held et al., 2014).

C7P40 One potential reason why the ASVAB results in adverse impact is because it

heavily emphasizes acculturated knowledge. Although acculturated knowledge
such as automotive and shop information is clearly relevant to some military jobs,
Outtz and Newman (2011) found that the subtests of the ASVAB with the largest
differences between White and Black applicants were those that measured technical
knowledge and those that measured verbal abilities. Along similar lines, Hough et al.
(2001) found that tests of acquired knowledge (e.g. verbal ability, science knowledge,
and quantitative ability) tended to result in larger group differences in performance
than tests of memory, processing speed, and spatial abilities. As an explanation for
these differences between groups, others have argued that measures of acculturated
learning may be especially sensitive to socioeconomic status and educational op-
portunities (Bosco et al., 2015; Outtz & Newman, 2011; Sternberg & Wagner, 1993).
Taken together, some personnel selection tests result in less equitable outcomes than
others, and so a critical goal for industrial/organizational psychology is to find tests
that maintain or improve the prediction of job performance while also reducing ad-
verse impact.

C/Py1 Preliminary evidence suggests that working memory capacity and attention con-

trol tests may predict job performance nearly as well as traditional tests while min-
imizing group differences in performance. For example, Nelson (2003) examined
the relationships between working memory capacity, general intelligence, and job
performance in a sample of 378 insurance agent support staff. Job performance
was measured using supervisor ratings, whereas working memory capacity was
measured using a reading span task and another verbal span task. Nelson (2003)
found that the working memory capacity measures had good internal consistency
reliability (as = 0.85 and 0.86) and significantly predicted a cognitive job perfor-
mance composite variable (average r=0.17; r = 0.24 after correction for criterion
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unreliability). For comparison, the correlation between general intelligence and cog-
nitive job performance was only slightly larger, r = 0.22 (or r = 0.31 after correction
for criterion unreliability). Importantly, subgroup differences were smaller for the
working memory measures than for general intelligence. Specifically, the standard-
ized mean difference in performance on the working memory measures was d = 0.40
for White and Black participants and d = 0.31 for White and Hispanic participants,
whereas the difference in performance on the general intelligence measure was
d = 1.03 for White and Black participants and d = 0.73 for White and Hispanic par-
ticipants. Thus, Nelson’s (2003) results suggest that tests of working memory could
have less adverse impact than tests of general intelligence, while predicting job per-
formance to a meaningful degree, perhaps due to working memory tests relying less
on acquired knowledge.

As another example, Guo et al. (2020) examined the contribution of working
memory capacity to job performance in a sample of 70 high-speed railway dis-
patchers. Working memory capacity correlated significantly with supervisor ratings
of performance (r = 0.90) and with an objective rating of performance, train delay
times in a railway simulator (r = —0.91). Guo et al. (2020) speculated that greater
working memory capacity allowed dispatchers to maintain salient information in
mind (e.g. tracking and controlling train routes) while performing their job.

Asyetanother example, Bosco etal. (2015) compared the validity of attention con-
trol and working memory tests to a conventional test of mental ability, the Wonderlic
Personnel Test, for predicting supervisor ratings and performance in a management
simulation. In a sample of 470 bank employees and undergraduate students, the at-
tention control and working memory measures predicted performance just as well
as the Wonderlic Personnel Test (compare r = 0.35 to r = 0.33) while reducing group
differences between White and Black participants. Specifically, a meta-analysis of
their results indicated that the attention control and working memory measures re-
duced group differences by around half of one standard deviation compared to the
Wonderlic Personnel Test (compare d = 0.68 to d = 1.09).

As a final example, Martin et al. (2020) administered an Armed Services
Vocational Aptitude Battery (ASVAB) practice test, attention control tests, fluid in-
telligence tests, and multitask paradigms which were used as a proxy for complex
work performance to a sample of 171 young adults. They found that a latent vari-
able representing attention control accounted for nearly one-quarter of the variance
in multitasking performance above and beyond fluid intelligence and the ASVAB.
Furthermore, a composite variable based on the attention control measures re-
duced group differences between White and Black participants by three-quarters of
one standard deviation compared to the ASVAB, and two-thirds of one standard
deviation compared to the Armed Forces Qualification Test (AFQT) (Burgoyne
et al., 2021). That is, the group difference was d = 1.86 (95% confidence interval
(CI) 1.47,2.33) for the ASVAB and d = 1.74 (95% CI 1.32, 2.23) for the AFQT, com-
pared to d = 1.11 (95% CI 0.75, 1.50) for the attention control measures. Although
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the absolute magnitude of these group differences is quite high, the relative differ-
ence across tests revealed much smaller group differences on the attention control
measures than on the ASVAB and AFQT. This suggests that attention control tasks
could reduce adverse impact while improving the prediction of work performance
(Burgoyne et al., 2021).

C7P45 To sum up, tests of attention control and working memory are valid predictors
of job performance, with validity coefficients that are nearly equal in magnitude to
those of general intelligence. While it has long been established that measures of
cognitive ability predict occupational success, an exciting possibility is that tests of
working memory and attention control might mitigate subgroup differences relative
to traditional tests, in turn reducing adverse impact. Ultimately, this research could
help attain more equitable outcomes in the world of work while continuing to ben-
efit the productivity of organizations.

C7S8 Physical health and mortality

C7P46 Serious investigations of the link between cognitive ability and physical well-
being are recent. In fact, protracted academic and epidemiological interest in the
cognition-health association did not emerge until the 1990s (Deary et al., 2010;
Gottfredson & Deary, 2004). Since then, however, several findings have been con-
vincingly established.

C7P47 First, childhood intelligence predicts later morbidity. Wraw et al. (2015) analysed
data from the National Longitudinal Study of Youth 1979, a nationally representa-
tive sample of adolescents and young adults in the US who were recruited in late
1978 and periodically provided information about their health, education, and other
sociodemographic details. As a measure of cognitive ability, participants completed
the AFQT sometime between the ages of 14 and 21, a test which is based on mathe-
matical and verbal ability. In a sample of over 5000 participants, adolescent intelli-
gence was associated with fewer self-reported physical ailments, greater fitness and
locomotor function, and higher estimates of health status in middle age. Greater ad-
olescent intelligence was also associated with reduced risk for specific disorders and
health conditions, including cardiovascular diseases, respiratory disease, joint dis-
comfort, and use of movement aids.

C7P48 These effects were only slightly diminished by controlling for childhood socio-
economic status, but were greatly attenuated when adult socioeconomic status was
controlled. In fact, after accounting for adult socioeconomic status, intelligence
test scores no longer significantly predicted any summary health outcome, but re-
mained a significant predictor of some specific problems, such as cardiovascular
disease—including hypertension and heart attack—as well as joint discomfort.
Wraw et al. (2015) note that the attenuating effect of adult socioeconomic status
on the intelligence-health relationship should be interpreted with caution, as it is

FBeflsgir030BsB BRIMBDYItide/ virtidation @ 14-Dec-22 22:42:25




OUP UNCORRECTED PROOF - FIRSTPROOFS, Wed Dec 14 2022, NEW(@

C7P49

C7Ps50

C7Ps1

172 Memoryin Science for Society

ambiguous with regard to causal direction. As Deary et al. (2010) note, some re-
searchers argue that adult socioeconomic status can serve as a proxy for intelligence,
in which case the attenuation observed by Wraw et al. (2015) would be an instance
of statistical over control. For instance, Kraft et al. (2018) report that, while lower ed-
ucational attainment predicts greater utilization of healthcare services even in early
adulthood, the effect is partly explained by intelligence measured at age 12, which
necessarily predates terminal education (see also Judge et al., 1999). This would be
inconsistent with a purely socioeconomic account of the cognitive ability-health
relationship.

Deary et al. (2010) review other evidence for an association between cognitive
ability and health, with lower intelligence being associated with higher rates of
self-harm, physical violence, cardiovascular disease (particularly coronary artery
disease; see Batty, Mortensen, Andersen, & Osler, 2005; Ferrucci et al., 1993), and
tentative evidence for increased rates of stomach and lung cancers, which are the
cancers most associated with poor health and lifestyle decisions (e.g. smoking), and
are thus arguably more preventable than other forms of cancer.

Increased rates of disease coincide with a diminished likelihood of surviving to
old age. Hart et al. (2003) found children with lower intelligence at age 11 were at
higher risk of dying within the succeeding 25 years. Accounting for several possible
mediators such as one’s occupation and neighbourhood affluence ameliorated but
did not eliminate the direct effect of low intelligence on mortality rates. These re-
sults are corroborated by a meta-analysis of 16 cohort studies (Calvin et al., 2011),
and a recent follow-up to the Scottish Mental Survey of 1947, which administered
the Moray House Test, a test of cognitive ability, to nearly every Scottish 11-year-
old born in 1936. The sample of over 70,000 individuals replicated the intelligence-
health association and also revealed that it is strongest for earlier (i.e. prior to age
66), perhaps more preventable deaths (Cukic¢ et al., 2017). Importantly, these mor-
tality data do not differentiate by cause of death, an interesting potential moderator
of the intelligence-mortality relationship. Thus, a more fine-grained analysis exam-
ining specific terminating events would likely add complexity and nuance to the re-
lationship between cognitive ability and longevity (cf. Deary et al., 2010).

The preceding studies provide compelling evidence that cognitive ability predicts
aspects of health and longevity. But why might this be the case? Several explanations
have been proposed (Gottfredson & Deary, 2004). The first is that intelligence and
health are both indicators of bodily/medical insults accumulated over the lifetime.
By this account, the accrual of harm over time, such as by protracted physical inac-
tivity or substance abuse, reduces intelligence while simultaneously leading to worse
long-term health outcomes (Gottfredson & Deary, 2004). This account has some
intuitive appeal, but the cohort studies previously described, in which intelligence
is measured in childhood and used to predict adult health status, suggests that it
cannot be the entire story. If it were, one would expect ability and health to track one
another closely across time, but one would not necessarily expect earlier cognitive
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ability to predict later health outcomes. The fact that they do suggests that those who
start with higher cognitive ability may behave differently in the intervening time,
and the differences lead to health disparities.

C7Ps2 This suggests a second explanation which supposes that the cause of the cognitive

ability-health association lies not in common causes, but that those higher in cogni-
tive ability are more likely to engage in health-promoting behaviours, avoid harmful
behaviours, and/or engage in better self-care (Gottfredson & Deary, 2004). There is
strong evidence to support this position. For instance, one study found no intelli-
gence differences between those who began smoking cigarettes and non-smokers for
Scottish people born in 1926, when the health risks of smoking were less well known.
However, among smokers, those with higher intelligence test scores were more likely
to quit smoking in adulthood than those with lower intelligence test scores (Taylor
et al., 2003). This may be rooted in a greater ability to act on emerging knowledge
about the dangers of tobacco use, such as being better at resisting the urge to smoke
or prioritizing long-term health over short-term pleasure, both putative functions
of attention control (cf. Shamosh et al., 2008). For example, working memory tests
have been shown to predict short-term relapses in cigarette smoking, particularly
when no pharmacological assistance is provided to mitigate aversive withdrawal ef-
fects (Patterson et al., 2010). Those who perform more poorly on tests of working
memory are more likely to relapse because they are less able to control attention
capture by their impulses to smoke, making them more likely to yield to nicotine
withdrawal. For a more detailed discussion of cognition and addictive behaviours
see Andrade, Chapter 14, this volume.

C7Ps3 Working memory and executive functioning also predict aspects of healthcare

management. For instance, one study found that a composite measure of working
memory and executive functioning predicted medication adherence in a commu-
nity sample of older adults (Insel et al., 2006). Even after accounting for variables
such as age, dementia and depression symptomatology, illness severity, education,
and financial well-being, the working memory/executive functioning composite
measure was the sole significant predictor (Insel et al., 2006; see also Stilley et al.,
2010). Moreover, interventions designed to reduce reliance on working memory
and executive functioning for treatment management have been linked to im-
proved adherence rates, particularly for lower-ability individuals (Insel et al., 2016).
Finally, those with low working memory capacity have been shown to struggle to
comprehend, internalize, and recall health-related information, such as that per-
taining to nutrition or signs of stroke, relative to more able peers (Ganzer et al., 2012;
Soederberg Miller et al., 2011).

C7Ps4 A third explanation for the relationship between cognitive ability and health is

that they share common physiological mechanisms (Gottfredson & Deary, 2004).
A recent notable example of this approach has been advanced by Geary (2021),
who suggested that mitochondrial functioning provides a common basis for under-
standing an array of psychometric and epidemiological phenomenon, including the
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uniformly positive correlations among cognitive tests (Spearman, 1904). In partic-
ular, Geary (2021) notes that poor mitochondrial functioning limits the efficiency
of important, long-range, energy-demanding neural networks underpinning com-
plex cognitive processes such as working memory and attention control, providing
a common limiting factor across many cognitive domains (cf. Detterman, 1991;
Kovacs & Conway, 2016), health (i.e. poor cellular metabolism is linked to numerous
adverse health outcomes and may be improved with lifestyle changes or harmed by
unhealthy lifestyle choices), and ageing (i.e. mitochondrial functioning declines
with age, contributing to joint declines in health and cognitive ability across adult-
hood; Geary, 2021).

Yet another explanation for the association between physical health and cogni-
tive ability is rooted in resource inequities across those high and low in cognitive
ability (Gottfredson & Deary, 2004). That is, those with higher ability also tend
to have greater monetary resources, educational attainment, occupational pres-
tige, and so on. These material advantages confer numerous opportunities, such
as greater access to nutritious food, healthcare, and health education. This would
mean that socioeconomic status may serve as a common cause for both individual
differences in cognitive ability and health outcomes. While they do not investigate
health outcomes, Hanscombe et al. (2012) report in a large, UK-based twin study
(N = 8716 twin pairs) that childhood socioeconomic status does affect individual
differences in intelligence, such that children from relatively more disadvantaged
homes have more variable IQ estimates than their more advantaged counterparts.
After partitioning variation in intelligence into genetic, shared environmental, and
non-shared environmental components, the researchers conclude that shared envi-
ronmental factors account for most of the observed increase in variability. That is,
for low socioeconomic status children, shared family and school environments play
a larger role in determining IQ than for their higher socioeconomic status peers.
Importantly, the genetic effect on intelligence differences was constant across the
range of socioeconomic status (Hanscombe et al., 2012; but see Turkheimer et al.,
2003). Thus, individual differences in cognitive ability cannot be dismissed merely as
artefacts of socioeconomic status, since low socioeconomic status affects primarily
the environmental but not the genetic variability in intelligence. This also clarifies
how controlling for childhood socioeconomic status can have little effect on the cog-
nitive ability-health relationship: if the association between the physical well-being
and cognitive ability is mainly driven by the genetic component of intelligence, then
controlling for childhood socioeconomic status should leave the relationship largely
intact (cf. Wraw et al., 2015).

In summary, high performance on cognitive ability tests is associated with re-
duced risk of disease, preventable death, and better functional outcomes. As with job
performance, most of the research in this domain focuses on ‘intelligence, broadly
defined. As such, continued investigations into the specific relationships between
health and working memory capacity and attention control will no doubt prove
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fruitful. In particular, we suspect that superior attention control may confer health
benefits through better impulse control and maintenance of long-term goals, and
future longitudinal studies should include valid measures of attention control to in-
vestigate this possibility. Despite this limitation, a major strength of the studies we
reviewed is that they indicate that cognitive ability may play a causal role in health
by showing that intelligence in childhood predicts health and mortality decades
later. Nevertheless, the relationship between cognitive ability and health is likely
bi-directional and influenced by other factors. Furthermore, future epidemiolog-
ical research should examine not only the effects of cognitive ability and health, but
also the relationship of health to other life outcomes such as education and career
attainment.

C7S9 Psychological well-being

C7Ps57 Performance on cognitive ability tests is impaired by many psychiatric disorders as
well as adverse life events. Simultaneously, high cognitive ability is a protective factor
against many clinical and non-clinical psychological ailments. For instance, Batty,
Mortensen, and Osler (2005) describe a study of over 7000 Danish men born in 1953
who completed an intelligence test at age 13. Participants were tracked via a gov-
ernment health database for incidents of psychiatric disorders occurring between
1969 and 2002. Children with lower test scores were at elevated risk of developing a
psychiatric disorder in the following years compared to children with higher intelli-
gence test scores, a pattern which held even after controlling for participants’ birth-
weight and their father’s occupation.

C7Ps8 Ohi et al. (2022) took a different approach by assessing whether developing major
depression, bipolar disorder, or schizophrenia lowered participants’ intelligence
test scores. Ohi et al. (2022) estimated premorbid intelligence using the Japanese
translation of the National Adult Reading Test, a measure of crystallized intelli-
gence. Crystallized intelligence is thought to be relatively stable throughout the life-
span and is often spared in psychological disorders (Horn & Cattell, 1967; Ohi et al.,
2022; Russell, 1980; Wang & Kaufman, 1993). Importantly, theorists (Cattell, 1987;
Kvist & Gustafsson, 2008) have proposed a causal link between fluid and crystallized
intelligence, such that higher fluid intelligence in youth coupled with more oppor-
tunities for learning and investment by the learner lead to higher crystallized intel-
ligence: an individual’s level of knowledge is a function of their fluid intelligence at
the time they learned that knowledge. Thus, the use of a crystallized intelligence test
to estimate premorbid intelligence appears sensible. For comparison, the researchers
measured current intelligence using the Wechsler Adult Intelligence Scale, which
incorporates aspects of both crystallized and fluid intelligence. Notably, fluid intel-
ligence is more sensitive to effects of ageing, injury, and disease (Horn & Cattell,
1967; Ohi et al., 2022; Russell, 1980; Wang & Kaufman, 1993). Consistent with Batty,
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Mortensen, Andersen, and Osler (2005), participants with a clinical diagnosis of
major depressive disorder, bipolar disorder, or schizophrenia had lower premorbid
intelligence than healthy controls (Ohi et al., 2022). More strikingly, they also dem-
onstrated marked declines from premorbid to current intelligence in participants
with a clinical diagnosis, whereas intelligence estimates for healthy controls were
stable across the two time points. These results held after controlling for age and sex
(Ohietal.,, 2022). Taken together, these results suggest that while those lower in cog-
nitive ability are at elevated risk for psychiatric disorder, disorders themselves may
also lead to further impairment.

Further evidence for an association between cognitive ability and psychological
well-being comes from the post-traumatic stress disorder (PTSD) literature. Macklin
etal. (1998) found that individuals with lower cognitive ability may be at higher risk
of developing PTSD. Superficially, they found that US Vietnam War veterans who
scored lower on pre-combat intelligence tests were more likely to develop PTSD post
combat; they also reported more severe PTSD symptomology. Importantly, these
results held even after accounting for combat exposure and post-combat intelli-
gence. This last point is crucial, since lower scores on pre-combat aptitude tests in-
crease the likelihood that one will see active combat (Macklin et al., 1998). Breslau
et al. (2013) also reported increased risks of PTSD symptomatology among adoles-
cents who scored poorly on childhood intelligence tests. In their study, 6-year-olds
were recruited from hospitals and administered the Wechsler Intelligence Test for
Children—Revised. They were contacted again at age 17 and asked to report in-
stances of traumatic events and completed PTSD diagnostic screenings. Of the 713
participants, approximately 75% reported some traumatizing event. Of these, 45%
met criteria for a PTSD diagnosis according to the fourth edition of the Diagnostic
and Statistical Manual of Mental Disorders. Within this subgroup, those with lower
childhood intelligence scores were at higher risk, with a one standard deviation
decrease in childhood intelligence being associated with approximately a 50% in-
creased risk of PTSD diagnosis following trauma exposure (Breslau et al., 2013).

As was the case for physical well-being, there are several non-mutually exclusive
explanations for why cognitive ability predicts aspects of psychological well-being.
Here, we focus on one aspect of psychological well-being in particular: emotion
regulation. Emotion regulation is a critical life skill, and studies show that effective
emotion regulation may be an important component of long-term psychological
and physical well-being. For instance, a nationally representative sample of over
1100 adults in the US answered questions about daily stressors (e.g. having an ar-
gument) and negative affect (Leger et al., 2018) for 8 consecutive days. Participants’
stressors and negative affect were then used to predict health outcomes 10 years later.
Importantly, researchers omitted days on which participants reported experiencing
astressor from their analyses, focusing instead on lingering negative affect on the day
following a stressor. Participants with greater lingering negative affect likely suffer
from poor emotion regulation and may be at higher risk for adverse health events,
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perhaps due to prolonged physiological stress responses damaging biological sys-
tems (Carlson et al., 2012; Geary, 2021). Indeed, lingering negative affect predicted
incidents of chronic disease and difficulties completing daily activities without as-
sistance. Moreover, these results held even after accounting for health 10 years prior,
sex, age, and educational attainment (Leger et al., 2018).

C7P61 Evidence suggests that those higher in cognitive ability may be more effective

at coping with stress and regulating negative emotions. Garrison and Schmeichel
(2022) probed participants to answer questions about their stress and affect as they
went about their day. Participants also completed two versions of the operation span.
The researchers found that, while participants generally experienced increased neg-
ative affect following stressful events, those who performed well on the operation
span tasks experienced less negative affect following negative events than parti-
cipants who scored lower (Garrison & Schmeichel, 2022; see also Coifman et al.,
2021). Moreover, a meta-analysis conducted by Moran (2016) which included over
22,000 data points found that working memory capacity moderately predicted anx-
iety (r = —0.33). In particular, domain-general, attentionally demanding working
memory tasks showed the strongest, most consistent relationship and was associated
with both facets of anxiety: cognitive (i.e. worry) and affective (i.e. arousal; Moran,
2016). This suggests that attention control likely has a particularly important part to
play in explaining anxiety.

C7P62 Indeed, attention control has been central to theories of emotion regulation more

generally (Ochsner et al,, 2012). For instance, Engen and Anderson (2018) contend
that proficient control of memory is the cognitive basis of emotion regulation. They
note that many affective disorders coincide with memory difficulties, including
rumination (i.e. the tendency to spontaneously elaborate on or reexperience emo-
tional thoughts and memories) and intrusive thoughts (see Buckley et al., 2000; Pe
etal., 2013; Yoon et al., 2014). Moreover, they propose several mechanisms by which
this may occur. The first is direct suppression, and involves preventing unwanted
negative memories from entering active memory, perhaps through cognitive in-
hibition (Cohen et al., 2014) or memory updating (Yoon et al., 2014). A second is
thought substitution, in which alternative memories to the problematic ones are re-
trieved. Over time, this strengthens retrieval structures for the preferable memories,
increasing the likelihood that they will be retrieved in contexts which previously
elicited negative memories.

C7P63 While Engen and Anderson (2018) prefer the term ‘memory control, the concepts

of direct suppression and thought substitution have clear conceptual overlap with
working memory, intelligence, and attention control. Rosen and Engle (1998), for
instance, found evidence that high-working memory individuals were superior at
suppressing unwanted items from working memory. Across two experiments, par-
ticipants learned three lists of paired associates. For some participants, all three lists
contained unique associates (i.e. the non-interference list). For other participants,
the first and third lists were duplicates, while the second list paired words seen in the
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Table 7.1 Examples of paired associates used by Rosen and Engle (1998)

List 1 List 2 List 3
Non-interference
Participant #1 dust-pan bird-dawn eye-glass
Participant #2 dust-pan eye—tear bird-dawn
Interference
Participant #3 bird-bath bird-dawn bird-bath
Participant #4 eye-glass eye-tear eye—glass

Table reproduced from Rosen and Engle (1998).

first list with new associates (i.e. the interference lists; see Table 7.1 for example list
items). This should have created competition for activation between the two asso-
ciates paired with the same word. After learning the lists, participants attempted to
recall the correct paired associate for a given word in a given list. The main question
of interest was what effect these interference manipulations would have on list recall
by participants determined to be high and low in working memory capacity.

When participants were instructed to rapidly recall items from the interference
lists, high working memory capacity participants had fewer between-list intrusion
errors in the second list than did low working memory participants. That is, high
working memory capacity participants did a better job of not recalling the word
that had been paired with the test item in the previous list. In a second experiment
where participants were asked to emphasize accuracy, high working memory indi-
viduals in the interference condition were slower to retrieve items from the third list
than items from the first list. Retrieval times for low working memory individuals,
meanwhile, did not differ. This pattern would be expected if high working memory
individuals suppressed paired associates from the first list in order to minimize in-
terference with the new associates in the second list. Together, these experiments
suggest that high working memory capacity individuals are better at suppressing un-
wanted items in memory.

Rosen and Engle’s (1998) results are similar to those reported by Brewin and
Beaton (2002), who employed the ‘white bear’ paradigm. Participants were first
trained on a think-aloud protocol in which they continually verbalized their stream
of consciousness. Next, participants were asked to avoid thinking about a white bear.
They were asked to ring a bell any time they thought about or mentioned a white
bear. Participants also completed measures of working memory capacity, fluid in-
telligence, and crystallized intelligence, to determine whether any of these cognitive
abilities predicted success at avoiding intrusive thoughts about white bears. Working
memory capacity and fluid intelligence were significant independent predictors of
participants’ ability to avoid thinking of a white bear, with high-ability participants

ie050622s BR_MEDEKiingyaliggtion @

14-Dec-22 22:42:25



@) UNCORRECTED PROOF — FIRSTPROOFS, Wed Dec 14 2022, NEWGEN

Working memory, intelligence, and life success 179

having fewer intrusive thoughts. Together, these results establish a clear connection
between memory suppression and cognitive ability as indexed by working memory
capacity and fluid intelligence tasks.

C7P66 We have argued that controlling the contents of working memory according to

current goals is the key function of attention control, and that working memory ca-
pacity tasks emphasize maintenance of immediately relevant information in working
memory whereas fluid intelligence tasks place greater emphasis on disengaging
from or removing no longer relevant information (Shipstead et al., 2016). In our
own framework, Engen and Anderson’s (2018) notion of direct suppression of ac-
cords nicely with attentional disengagement, whereas thought substitution likely
incorporates aspects of attentional maintenance (e.g. allocating attention to a pref-
erable memory/interpretation rather than a psychologically distressing one) with
attention control ability important to both. Engen and Anderson (2018) also nom-
inate direct suppression and thought substitution as conjointly undergirding cog-
nitive reappraisal of memories, one of the most well-studied emotion regulation
strategies, in which new, more positive/adaptive meanings, evaluations, or interpret-
ations are retrospectively made of negative experiences. This, of course, entails that
effective reappraisal is related to cognitive ability as indexed by measures of attention
control, working memory capacity, and fluid intelligence. This appears substanti-
ated (Andreotii et al., 2013; Cohen et al., 2014; Gan et al., 2017; McRae et al., 2012;
Ochsner et al., 2012; Zaehringer et al., 2018). For example, Pe et al. (2013) found that
participants who reported engaging in more attempts at reappraising negative mem-
ories also reported lower levels of negative affect. However, this effect only held for
participants who performed well on an n-back task that used emotionally valenced
stimuli, which was used to measure working memory updating ability. Furthermore,
updating ability moderated the association between negative affect and self-reported
rumination, such that habitual rumination led to less negative affect for participants
high in working memory updating ability (see also Cohen et al., 2014; Joorman &
Gotlib, 2008; Yoon et al., 2014).

C7P67 Better emotion regulation by way of superior attention control is unlikely to be

the sole explanation for why those high in cognitive ability seem to cope better with
stress and have fewer instances of psychological disorder. However, it is a promising
avenue of research that warrants further study.

C5S10 Conclusion and future directions

C7P68 In this chapter, we described the relationships between individual differences in

working memory capacity, attention control, fluid intelligence, and general intel-
ligence, broadly defined. We also reviewed evidence that these cognitive abilities
predict four important classes of life outcomes, including academic achievement,
job performance, physical health and longevity, and psychological well-being. We
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attempted to mitigate some common concerns about psychological research by
focusing on large, longitudinal studies where possible, and relying on smaller lab-
oratory studies to test theoretical explanations for the relationships between cogni-
tive ability and life outcomes. Overall, the evidence suggests an association between
cognitive ability and numerous life outcomes, with high cognitive ability generally
conferring benefits and low cognitive ability generally entailing greater risk.

While researchers have made efforts to control for plausible covariates, mediating
factors, and alternative explanations for the cognitive ability-life success relation-
ship, it is fair to ask how successful these attempts have been and how much we
should be persuaded by these findings. While much attention is given to adequately
measuring and/or manipulating independent and predictor variables, adequate con-
trol is equally important for sound interpretations of research findings. Of particular
concern to many readers, no doubt, are socioeconomic factors, and the risk of per-
petuating systematic disadvantages through the use of ‘cognitive ability tests. After
all, some studies report that cognitive ability tests add no incremental validity for
predicting some life outcomes beyond measures of adult socioeconomic status (e.g.
Wraw et al., 2015). In other cases, while cognitive ability tests technically provide in-
cremental validity over socioeconomic metrics, it is dubious whether the indicators
included by researchers adequately represent the construct ‘socioeconomic status,
which is typically operationally defined as familial income, educational attainment,
and/or occupational status. This is a clear weakness of many of the studies we re-
viewed, and one that future researchers ought to keep in mind. It is notable, however,
that measures of adult socioeconomic status partially or completely account for the
relationships between cognitive ability and life outcomes in several of the studies
we reviewed, whereas controlling for measures of childhood socioeconomic status
generally leaves these association intact. This is especially noteworthy in light of ev-
idence that higher cognitive ability may lead to greater educational attainment and
job success, both of which help comprise adult socioeconomic status (cf. Dearyetal.,
2010; Wraw et al.,, 2015). This is not to say that material disadvantage has no ad-
verse effects on cognitive ability nor that poor socioeconomic conditions are merely
a by-product of low cognitive ability. Indeed, low socioeconomic status can be quite
limiting (e.g. Batty et al., 2006; Hanscombe et al., 2012). It does mean, however, that
even within materially disadvantaged populations, greater cognitive ability is gener-
ally associated with better life outcomes.

We would like to close this chapter with a cautionary note for well-intentioned
researchers and practitioners about applying the knowledge in this chapter, partic-
ularly as it pertains to developing interventions to increase the health and success
of participants who are low in cognitive ability. We sympathize with the sentiments
that motivate such attempts, but warn that, if not done carefully, interventions in-
tended to aid those low in cognitive ability may inadvertently increase the dispar-
ities between them and those higher in cognitive ability, a pattern referred to as the
Matthew effect or the ‘rich get richer effect’ (Ceci & Papierno, 2005). While those low
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in cognitive ability may benefit from interventions designed to help them, they often
benefit less than their higher ability counterparts if resources are allocated equally
to all groups. From one perspective, this is unproblematic. After all, in this sce-
nario, everyone benefits, even if they do not benefit equally. From another perspec-
tive, however, this pattern can be frustrating, as interventions wind up benefitting
least the very people they were designed to help (Ceci & Papierno, 2005). We make
no claim as to which perspective is more correct, but believe it is a complication of
which everyone interested in applying psychological theory to solve human prob-
lems should be aware.
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