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Prominent expertise researchers have repeatedly emphasized that individual differences in
general cognitive abilities, in particular intelligence, do not play any role for the attained level
of expertise in a given domain. This strong claim is opposed with the current body of evidence
on the relevance of intelligence for expert performance in the prototypical expertise domain of
chess. Although the findings are not unequivocal, presumably due to methodological aspects,
several studies employing psychometric tests of intelligence have revealed that expert chess
players display significantly higher intelligence than controls and that their playing strength is
related to their intelligence level. In addition, by using the extended expert–novice paradigm
(comparing experts with novices of different intelligence levels) it has been found that both,
expertise and intelligence impact on the performance in expertise-related tasks. These studies
suggest that expert chess play does not stand in isolation from intelligence and could stimulate
interdisciplinary research on the role of general cognitive abilities in expertise development.

© 2013 Elsevier Inc. All rights reserved.
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1. Introduction

Individual differences in cognitive performance are the
result of the interplay between an individual's cognitive
potential and the exploitation of learning opportunities provid-
ed by the environment. The individual's cognitive potential is
typically measured bymeans of psychometric intelligence tests,
which have been developed and continuously improved since
thebeginning of the 20th century (Nisbett et al., 2012). The high
predictive validity for later educational and (though to a lower
degree) vocational success contributed to a meanwhile broad
application of such tests (e.g., Schmidt & Hunter, 1998). More
intelligent individuals are expected to be better able to exploit
learning opportunities and to display a higher probability to
succeed in a cognitive domain of interest.

The importance of intelligence as predictor of cognitive
achievement, however, has beenheavily questionedby expertise
researchers (Ericsson, 2005; Ericsson, Krampe, & Tesch-Römer,
ll rights reserved.
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1993; Ericsson & Lehmann, 1996; Ericsson, Nandagopal, &
Roring, 2005; Ericsson, Roring, & Nandagopal, 2007; Ericsson &
Ward, 2007). The principal aim of expertise research is “to
understand and account for what distinguishes outstanding
individuals in a domain from less outstanding individuals, as
well as from people in general” (Ericsson & Smith, 1991, p. 2). To
this end, the cognitive characteristics of experts are contrasted
with those of novices (expert–novice-paradigm; for a more
detailed description of the expert performance approach, see
Ericsson & Lehmann, 1996). This line of research has produced
strong evidence showing that the superior performance of
experts can be predominantly attributed to a large domain-
specific knowledge base acquired during extensive practice
(Ericsson et al., 1993; Rikers & Paas, 2005). Even though there is
presumably no doubt about the necessity of domain-specific
training during which such a knowledge base is built in order to
attain expert performance levels, individual differences in
general cognitive abilities such as intelligence have been
frequently regarded to be entirely negligible for expert perfor-
mance. Ericsson andWard (2007), for instance, summarized the
existing body of research by claiming that “individual differences
in more ‘basic’ cognitive processes (e.g., intelligence, memory
r performance in the prototypical expertise domain of chess,
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capacity, and perceptual functioning) have not, to date, been
predictive of attained level of skilled performance” (p. 348).
Rather, the achieved level of expertise is seen to be merely
a function of the amount of invested deliberate domain-
specific practice (Ericsson et al., 1993). Only individual differ-
ences in personality variables that affect the individual's
capacity to engage in long-term deliberate practice (e.g.,
motivation, persistence) were considered as relevant for ex-
pertise development.

Such strong claims from prominent proponents of expertise
research have not notably changed since the seminal paper on
the (exclusive) role of deliberate practice for expertise devel-
opment by Ericsson et al. (1993). The body of empirical
evidence on the relationship between intelligence and expert
performance, in contrast, has considerably grown in the past
two decades. Among many other expertise domains, this holds
particularly true for the domain of chess which has been of
particular relevance for expertise research. It is not only the first
domain in which expert performance was systematically
investigated — research in chess, moreover, has undoubtedly
provided the vastmajority of empirical findings, and, thus, most
strongly contributed to today's theories and understanding of
expertise. Simon and Chase (1973) put it as follows: “As
genetics needs its model organism, its Drosophila and Neuros-
pora, so psychology needs standard task environments around
which knowledge and understanding can cumulate. Chess has
proved to be an excellent model environment for this purpose.”
(p. 394). In fact, investigating experts in the domain of chess has
several advantages compared to other areas of expertise. First,
this domainmeets all theoretical and practical criteria of expert
performance, in particular the necessity of long-term practice to
achieve high performance levels (Ericsson, 1996). Second, an
objective and valid indicator of players’ expertise level exists in
terms of an international performance ranking system (the ELO
system; Elo, 1978). Third, over half a century of expertise
research in chess has put forth some well-established expertise
tasks which have been repeatedly applied to capture facets of
expertise in this domain (e.g., Chase & Simon, 1973; Saariluoma,
1990). And, finally, chess seems to be particularlywell suited for
the evaluation of the role of intelligence for expert performance
since it is an intrinsically cognitive domain which taps many
cognitive processes that are typically associated with intelli-
gence, such as mental speed, spatial abilities, working memory,
and reasoning (Charness, 1992; Howard, 1999, 2005).

The aim of the present paper is to provide an overview of
the current state-of-art regarding the question of how
important intelligence is for performance in the expertise
domain of chess. Mainly two research approaches have been
applied to address this question. First, chess players' intellec-
tual abilitieswere assessed using psychometric tests in order to
examine (a) whether expert chess players exhibit higher
abilities than non-experts and (b) whether individual differ-
ences in the attained expertise level are also a function of these
abilities. Second, the traditional expert–novice paradigm was
extended by the factor intelligence (resulting in a 2 × 2-
design) to elucidate the interplay of both, expertise and
intelligence, on the performance in experimental tasks devised
to capture critical facets of expertise. In addition to a brief
literature review of both research approaches, a major focus is
laid on the previous work by the author (Grabner, Neubauer, &
Stern, 2006; Grabner, Stern, & Neubauer, 2007).
Please cite this article as: Grabner, R.H., The role of intelligence fo
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1.1. Psychometric studies

As simple as the question of whether expert chess players
are more intelligent than weaker players or non-experts is, so
inconsistent are the positions addressing this issue. While
Howard (1999, 2001, 2005) regarded the observation that
the mean age of world-class chess players is progressively
declining in the last decades as real-world evidence that
human intelligence is rising, other researchers concluded
that “remarkable chess skill can exist in isolation, unaccom-
panied by other noteworthy intellectual abilities” (Cranberg
& Albert, 1988, p. 161). Notably, even among chess experts
quite diverse opinions exists. José Raul Capablanca, a former
chess world champion, once stated: “To play chess requires
no intelligence at all.” (cited in Cranberg & Albert, 1988,
p. 159). The British grandmaster Jonathan Levitt, in contrast,
answered the question about the connection between chess
ability and IQ as follows: “There are many reasons, some of
them simply common sense, to believe that the two are
strongly correlated.” (cited in Howard, 2005, p. 348).

In addition to the fundamental question about the rele-
vance of intelligence, there are also conflicting views about
which components of intelligence are required for expert chess
play and may, consequently, be related to playing strength. In
this context, a very plausible candidate is visuo-spatial ability.
Already early studies by de Groot (1946) and Chase and Simon
(1973) emphasized the relevance of visuo-spatial pattern
recognition for strong chess play, and more recent investiga-
tions on different facets of chess cognition have also substan-
tiated this view. For instance, the suppression of the visuo-
spatial component of working memory more strongly affects
chess performance than the distraction of the phonological
loop (e.g., Robbins et al., 1996; Saariluoma, 1992). Further-
more, investigations of blindfold chess play have revealed that
playing without sight of the board relies heavily on a strong
visual imagery component (e.g., Chabris & Hearst, 2003;
Saariluoma & Kalakoski, 1998). Thus, expert chess players
could be assumed to have particularly strong visuo-spatial
abilities, whereas other components (such as verbal or
numerical intelligence) may not loom large.

Psychometric studies addressing the aforementioned issues
have been conducted on both, child and adult chess experts. To
date, four studies have investigated children. Frank and
D'Hondt (1979) randomly allocated a sample of 90 adolescents
(around 14 years old) to a chess training class and a control
class. Several psychometric testswere administered before and
after the intervention. Results revealed that the achieved
playing strength after one year could be predicted by
participants' ‘spatial aptitude’ and ‘numeric ability’ subtests
from the Primary Mental Abilities test, the subscales ‘admin-
istrative sense’ and ‘numeric aptitude’ from the General
Aptitude Tests Battery, and ‘office work’ from the Differential
Aptitude Test. Horgan and Morgan (1990) investigated a small
sample of 15 child elite players (average age of 12 years) using
the Raven's figural matrices intelligence test. They reported
(age-corrected partial) correlations of intelligence with ELO
rating of .34 and with the performance in a chess-related task
(Knight's tour task; requiring participants to move the knight
so that it visits every square on the board) of .52. Frydman and
Lynn (1992) tested 33 child tournament players (average age
of 11 years) with the Wechsler Intelligence Scale for Children
r performance in the prototypical expertise domain of chess,
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(WISC) and observed significantly above average scores for
general intelligence (mean IQ = 121) and the performance
IQ (mean IQ = 129) but not for verbal intelligence (mean
IQ = 109). In addition, in dividing the sample into three
groups, they additionally observed significant differences for
the performance IQ between the strongest and the weakest
group (131 vs. 124 IQ points). Based on these findings they
concluded that “high-level chess playing requires good general
intelligence and strong visuospatial abilities” (p. 235).

In the most recent investigation of general cognitive
abilities in child chess players, Bilalic, McLeod, and Gobet
(2007) administered four subtests of theWISC (i.e., vocabulary,
block design, symbol search, and digit span) in 57 children
(mean age of 11 years) with about 4 years chess playing
experience. Chess skill was assessed bymeans of a chess test, a
recall task, and the Knight's tour task. It turned out that the
sample had an above-average IQ of 121.6 points and that the IQ
correlated significantly (around .50) with all three assessments
of chess skill. Within the WISC subscales, ‘vocabulary’ and
‘block design’ displayed weaker correlations (between .18 and
.33) compared to ‘digit span’ and ‘symbol search’ (between .42
and .58). A subsequent regression analysis revealed that
domain-specific practice was the best predictor of chess skill
but intelligence incrementally explained some variance. The
authors also performed an additional analysis in a sub-sample
of 23 elite child chess players possessing tournament rating
scores. Although these players displayed significantly higher
IQs than the rest of the sample (133 vs. 114), surprisingly, IQ
was negatively correlated with their expertise level after age
and practice was controlled for, with the visuo-spatial ‘block
design’ and ‘symbol search’ subscales displaying the largest
negative correlations. This discrepancy between the results in
the entire and elite samples was partially attributed to the
different measures of chess skill. However, even when the
same chess skill measures were used in the elite sample, no
significant relationship with intelligence resulted. One plausi-
ble explanation for this finding referred to the children's
practice: In contrast to the entire sample, in the elite sample
the more intelligent children invested less time in chess
practice. When practice, being the best predictor, was con-
trolled for, the influence of intelligence could be expected to be
negative. Based on the findings for the different intelligence
subscales, they concluded that “the common view of the great
importance of visuo-spatial ability is a myth” (p. 468).

Taken the results for child chess players together, two
studies (Bilalic et al., 2007; Frydman & Lynn, 1992) compared
child expert players' intelligence with those of controls and
reported above-average scores for the experts. Significant
correlations between expertise level and intelligence were
observed in all four studies with the exception of the elite
subsample in Bilalic et al. (2007). Thus, the studies on children
provide consistent support for the assumption that individual
differences in general cognitive abilities are related to expertise
development (see also Howard, 2008). The findings on the
relevance of visuo-spatial abilities, in contrast, are mixed:
While the studies by Frank and D'Hondt as well as Frydman
and Lynn suggest an important role of this content domain of
intelligence, Bilalic et al. found lower correlations of chess skill
with visuo-spatial subscales compared to other subscales.

Turning to studies in adults, the first investigation on the
relevance of general cognitive abilities for chess performance
Please cite this article as: Grabner, R.H., The role of intelligence fo
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was already conducted in 1927 (Djakow, Petrowski, & Rudik,
1927). The authors tested the intellectual abilities of eight
grandmasters (including world champions) and found no
evidence of above-average concentration ability, visuo-spatial
memory or general intelligence. An unpublished investigation
of Lane (reported in Cranberg & Albert, 1988, p. 161), who
tested a sample of players from novices to strong amateurs,
also did not report an association between chess expertise and
performance on a non-chess, visuo-spatial task. No relationship
between visuo-spatial ability and chess expertise was also
reported by Waters, Gobet, and Leyden (2002). They investi-
gated visual memory ability in a sample of 36 tournament
players ranging in playing strength from weak club players to
strong grandmasters. Participants worked on two visual
memory tasks: a modified version of the traditional chess
memory paradigm (re-construction of briefly presented chess
positions; Chase & Simon, 1973) and a shape memory test,
in which the players had to memorize and recognize con-
figurations of shapes. While the performance in the chess
memory task correlated significantly (r = .68) with playing
strength; shape memory performance was unrelated to chess
skill (r = .03). Thus, “at the very least, the data indicate that
individuals can become exceptional chess players without
having exceptional visual memory abilities.” (p. 563).

Unterrainer, Kaller, Halsband, and Rahm (2006) compared
25 club chess players (ELO scores between 1,250 and 2,100)
with 25 controls matched for age and education in the
performance on the Tower of London task, measuring planning
abilities. They observed better overall performance in the chess
players with increasing differences in more complex planning
problems. However, the intelligence of chess players (as
assessed by means of the Raven's matrices test) was neither
superior to that of the controls, nor related to their playing
strength. More recently, Unterrainer, Kaller, Leonhart, and
Rahm (2011) failed to replicate the superior planning perfor-
mance in chess players (ELO scores between 1,209 and 2,303)
in two experiments, but could again show that their intelli-
gence (as measured by a short version of the Wechsler
intelligence test) was unrelated to their playing strength.

The first comprehensive psychometric investigation of
adult expert chess players' general intellectual abilities was
conducted by Doll and Mayr (1987). Twenty-seven chess
experts (ELO ratings from 2,220 to 2,425) were screened using
two intelligence tests: (1) a test based on the Berlin Intelligence
Structure Model, measuring three content-related abilities
(verbal, number, figural), four operational abilities (processing
speed, memory, creativity, information processing capacity),
and general intelligence; and (2) a part of Cattell's Culture Fair
Intelligence Test (CFT-3). Compared with reference samples,
the chess players had significantly higher IQs for the BIS
operational subscales processing speed (mean IQ = 115.30)
and information processing capacity (mean IQ = 114.20) as
well as for the content subscale number (mean IQ = 116.40).
Moreover, the general intelligence scores of the BIS (mean
IQ = 106.50) and the CFT-3 (no IQ scores indicated) were also
significantly higher in the chess experts. However, no signifi-
cant correlations between the scores in the intelligence tests
and the ELO ratings were found, which was attributed to the
restricted variance in the players' ratings.

In the years 2003 and 2004, we (Grabner et al., 2007)
conducted a psychometric investigation of chess players with
r performance in the prototypical expertise domain of chess,
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the (so far) largest sample of tournament players. Specifically,
we tested 90 tournament players broadly ranging in their
playing strength (ELO scores between 1,311 and 2,387) with a
well-established German intelligence structure test (Intelligenz-
Struktur-Test 2000 R, I-S-T 2000 R; Amthauer, Brocke,
Liepmann, & Beauducel, 2001). This test allowed the assessment
of verbal, numerical and figural (visuo-spatial) intelligence (each
with three subscales, see Table 1) as well as general intelligence.
In addition to thesemeasures of fluid intelligence (i.e., the ability
to solve novel problems), the test also offers an extension
module which assesses crystallized intelligence (i.e., general
knowledge acquired during an individual's acculturation pro-
cess; Cattell, 1963). Specifically, the extension module assessed
general knowledge in three content areas: verbal (e.g., “Who
invented the light bulb?”), numerical (e.g., “About how many
bytes are a gigabyte?”) and figural (e.g., “Which symbol stands
for ‘registered trademark’?”). The results of the extension
module have not been published in Grabner et al. (2007) and
are presented for the first time here. In addition to fluid and
crystallized intelligence, several other variables ranging from
personality dimensions to domain-specific experience were
assessed (for details, see Grabner et al., 2007). Table 1 presents
the descriptive statistics of the intelligence scores aswell as their
correlations with playing strength. The following results are
noteworthy: First, the sample of tournament chess players
displayed a wide range of intelligence (in general intelligence
from values as low as 79 IQ points to values as high as 144 IQ
points) and displayed, on average, higher intelligence scores
Table 1
Descriptive statistics of the intelligence scores and correlations between
them and the ELO rating in the sample of 90 tournament chess players
described in Grabner et al. (2007).

r Min Max M SD

Fluid intelligenced

(IQ scores)
General intelligence .35** 78.87 144.38 113.53 14.05
Verbal intelligence .38** 72.02 134.09 108.41 13.36
Numerical intelligence .46** 77.78 135.95 116.41 14.15
Figural intelligence .02 69.77 140.87 106.14 15.41

Crystallized intelligence
(solution rates in %)
General knowledge .41** 45.65 100.00 74.93 12.39
Verbal knowledge .24* 50.00 100.00 85.91 12.24
Numerical knowledge .45** 25.00 100.00 70.42 16.28
Figural knowledge .30** 21.43 100.00 67.54 16.90

Fluid intelligence subscalesd

(IQ scores)
Sentence completiona .30** 78.68 131.80 106.77 12.53
Analogiesa .28** 70.36 132.05 106.56 12.74
Finding similaritiesa .30** 70.49 130.79 105.33 13.42
Arithmetic problemsb .38** 81.04 136.69 114.23 15.02
Number seriesb .44** 70.76 131.92 113.27 14.79
Arithmetic operatorsb .39** 78.70 130.00 115.81 12.54
Figure selectionc − .07 66.62 134.77 105.34 14.38
Cube taskc − .06 69.92 134.44 104.86 15.26
Matricesc .20 65.26 138.53 103.04 14.34

Note.
* p b .01; ** p b .01.

a Verbal subtests.
b Numerical subtests.
c Figural subtests.
d Correlations were computed between raw scores and ELO rating. For

reasons of comparability with other studies the descriptive statistics refer to
standardised IQ scores (M = 100, SD = 15), corrected for age.
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than in an age-matched reference sample. This was particularly
true for numerical intelligence whose mean was more than one
standard deviation higher. Second, we observed significant
correlations between ELO score and intelligence. The correlation
was ofmedium effect size for general and verbal intelligence but
of large size for numerical intelligence. Notably, figural intelli-
gencewas entirely unrelated to participants' expertise level. This
content-specific dissociation was also reflected in the correla-
tions of the individual subscales. A closer look at the insignifi-
cantly related figural subscales revealed that two subscales
(‘figure selection’ and ‘cube task’) displayed null-correlations but
the matrices test was slightly but insignificantly positively
correlated. Third, the crystallized intelligence of the chess
players' was also significantly related to their playing strength
with the highest correlation again for the numerical content area
(with almost large effect size).

In order to quantify how much variance in playing strength
can be accounted for by these measures of general cognitive
abilities, we conducted a multiple regression analysis between
the ELO rating as the dependent variable and the components of
intelligence test (fluid and crystallized intelligence in the three
content areas). Significant contributions to the prediction were
made by (1) numerical intelligence (β = .43, t = 3.08, p b .01),
(2) figural intelligence (β = − .34, t = −3.21, p b .01), and
(3) numerical knowledge (β = .29, t = 2.22, p b .05), totally
accounting for 32% (30% adjusted) of the variability of the ELO
ratings, R = .57, F(3, 86) = 13.49, p b .001. In the 2007 paper,
we could also reveal that numerical intelligence remains a
significant predictor of playing strength (β = .31), even when
domain-specific experience and practice, which loomed largest,
and other predictors were included.

Summarizing the studies on adult chess players, two studies
(Djakow et al., 1927; Unterrainer et al., 2006) failed to find
superior general cognitive abilities in expert chess players,
whereas two studies (Doll & Mayr, 1987; Grabner et al., 2007)
provided quite clear-cut evidence thereof. Importantly, the
latter two studies administered a broad battery of well-
established psychometric intelligence tests, whereas the ap-
plied tests in the study by Djakow et al. (1927) are largely
unknown and in Unterrainer et al. (2006)were restricted to the
Raven's matrices test. A significant relationship between
intelligence and expertise level was only observed in the
larger-scale study by Grabner et al. (2007). In that study,
however, about 30% of the variance in playing strength could be
accounted for by fluid and crystallized intelligence measures.
Regarding the importance of visuo-spatial abilities, the studies
on adults draw a more consistent picture than the studies on
children. Whereas in children, there is some evidence that
visuo-spatial abilities seem to be related to playing strength,
none of the seven studies on adults provided any hint for such a
relationship. In contrast, adult studies suggest that expert chess
players can be characterized by superior numerical intelligence,
whichmay be related to the (partial) numerical notation of the
chess board and the representation of moves by addition and
subtraction processes (for further discussion, see Grabner et al.,
2007).

1.2. The extended expert–novice paradigm

A more powerful approach to investigate the relationship
between intelligence and expertise is to extend the traditional
r performance in the prototypical expertise domain of chess,
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expert–novice paradigm with intelligence as a second factor.
This design allows the direct investigation whether (and to
what extent) individual performance differences in tasks
drawing on key facets of expertise can be accounted for by
expertise, by intelligence, or by both.

In the literature, several studies employing such a design
have provided consistent evidence that domain-specific knowl-
edge and skills (or the level of expertise, respectively) have a
strong impact on domain-specific performance (Hambrick &
Engle, 2002; Hambrick & Meinz, 2011; Hambrick, Meinz, Pink,
Pettibone, & Oswald, 2010; Hambrick & Oswald, 2005;
Schneider, 1997; Schneider & Bjorklund, 1992; Schneider,
Korkel, & Weinert, 1989; Stern, 1994; Walker, 1987). General
cognitive abilities, in contrast, were found to be of no relevance
at all (e.g., Walker, 1987) or to come into play when the
complexity of the task demands increases (e.g., Schneider,
Bjorklund, & Maier-Bruckner, 1996). Particularly noteworthy
are the studies by Hambrick and colleagues (Hambrick & Engle,
2002; Hambrick & Oswald, 2005), in which the interplay
between domain-specific knowledge or deliberate practice, on
the one hand, and working memory capacity as general
cognitive ability, on the other hand, were investigated. They
put forward and tested three models about this interplay:
(1) An interactive compensational model, according to which a
high level of expertise reduces the impact of general cognitive
abilities on performance, (2) an additive model, indicating that
expertise and general cognitive abilities exert independent
effects on performance, and (3) a rich-get-richer model,
postulating that a high level of expertise even amplifies the
(positive) impact of general cognitive abilities. In a nutshell,
their studies in different expertise domains provided quite
consistent evidence in favor of the additive model. Domain-
specific knowledge or deliberate practice had the strongest
impact on task performance and this was accompanied by an
independent but smaller effect of working memory capacity.

A central restriction of many previous studies not finding
any impact of intelligence on expert task performance lies in the
range of cognitive demands investigated. Actually, the majority
of them focused on domain-related memory tasks. Memory
tasks are the most frequently employed experimental tasks in
the history of expertise research, as experts in various domains
have consistently turned out to display superior memory for
meaningful domain-specific material (Ericsson, 2005; Ericsson
& Smith, 1991; Vicente &Wang, 1998). However, they may not
be the best choice to gain comprehensive insights into the
overall impact of general cognitive abilities.

To the best of my knowledge, the extended expert–novice
paradigm involving psychometrically assessed intelligence was
applied in tournament chess in only one study so far (Grabner
et al., 2006). In that study, we selected a sub-sample of
tournament chess players from the psychometrically screened
participant pool in Grabner et al. (2007) with the aim to
compare four groups of individuals: i.e., experts of lower
intelligence, experts of higher intelligence, novices of lower
intelligence, and novices of higher intelligence. In the final
sample of 47 participants, expertise and intelligence were not
correlated, so that the impacts of both factors on task
performance could be disentangled. In contrast to previous
studies focusing on memory performance, we administered
three types of tasks with chess material, which covered a broad
range of cognitive demands. The first task drew on speed of
Please cite this article as: Grabner, R.H., The role of intelligence fo
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information processing, representing an essential cognitive
correlate of intelligence (Jensen, 1998; Neubauer & Fink,
2005) and probably also of expertise (Reingold, Charness,
Schultetus, & Stampe, 2001; Saariluoma, 1985). Specifically,
participants had to determine the number of certain pieces on
the board as fast and accurately as possible (Saariluoma, 1985,
1990). The second task required memorization of briefly
presented chess positions, which can be regarded as the gold
standard task in expertise research (Ericsson & Lehmann,
1996). The third task was devised to draw on more complex
reasoning demands, whichmay be considered to reflect critical
(higher-order) facets of intelligence and chess expertise. Here,
the participants had to either solve chess problems (mate-
in-one problems) or solve a planning task involving chess
pieces. Each task was administered in a representative and
non-representative task version for the domain of chess. This
was realized by presenting actual game positions or meaning-
less chess positions on the board.

Analyses of the task performance revealed main effects of
expertise and intelligence but no interaction, reflecting inde-
pendent and additive effects of both factors. Interestingly, the
effects of both factors across all tasks for response latencies
(which were the more reliable performance indicators com-
pared to solution rates displaying ceiling effects) were exactly
of the same (large) size (both η2 = .19). Moreover, while
intelligence had a universal impact on task performance (i.e.,
was independent of whether the task was representative or
non-representative for the domain of chess), the expertise
effect was differentially pronounced for different task versions.
In line with previous findings, the impact of expertise was
larger in the representative task versions (involving meaning-
ful chess material) compared to the non-representative
versions in both, the memory and the reasoning task. In other
words, experts could take particular advantage of their
domain-specific knowledge and skills when the task at hand
was directly drawing on them. In Grabner et al. (2006), we also
assessed participants' brain activation during task performance
by means of electroencephalography to examine whether and
how expertise and intelligence are related to the efficiency of
brain functioning. Similar to the performance data, both factors
had independent effects on brain activity, with the intelligence
effect again being unrelated to the task demands.

Thus, the performance in tasks that were successfully
employed in expertise research to investigate the cognitive
bases of experts' performance (in particular memory tasks)
does not seem to be independent of the individual's level of
general cognitive ability in terms of working memory
(Hambrick & Meinz, 2011) or intelligence (Grabner et al.,
2006). There are several plausible explanations for this finding.
Hambrick and colleagues focused onworkingmemory capacity
reflecting the “limits on the ability to simultaneously store and
process information” (Hambrick & Meinz, 2011, p. 277) and
argued that this limit has some impact on how well
domain-specific information can be memorized. Meinz and
Hambrick (2010) even demonstrated that this limit is relevant
to expert performance beyond simple memory tasks. Specifi-
cally, they found that sight-reading performance in expert
pianists is not only a function of domain-specific (deliberate)
practice but also of working memory capacity with the latter
limiting the number of notes a player can look ahead in the
piece of music while playing. Similar influences of intelligence
r performance in the prototypical expertise domain of chess,
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on task performance can be thought of for the chess-related
demands in our study.When participants are required to count
as fast as possible the number of given pieces on a board, the
individual's general speed of information processing as well as
central executive processes such as selective attention
will likely be required. Also, the memory performance for
briefly presented chess positions may be influenced by the
individual's general short-term or working memory capacity.
Eventually, solving mate-in-one chess problems might, in
addition to domain-specific knowledge, also require keeping
in mind the results of intermediate steps in working memory.
Thus, general cognitive abilities, in particular intelligence,
cannot only be expected but were found to have an influence
on the performance in tasks that are frequently used in
expertise research.

2. Discussion

In chess, the Drosophila of expertise research, the current
body of evidence strongly challenges the notion that general
cognitive abilities, in particular intelligence, are entirely
unrelated to expert performance (Ericsson, 2005; Ericsson &
Ward, 2007; Ericsson et al., 1993). There are now findings that
expert chess players display above-average intelligence, that
their playing strength is related to their individual's intelli-
gence level, and that their performance in expertise-related
tasks is also a function of intelligence.

This body of evidence certainly does not suggest that
intelligence is a better predictor of expert performance than
domain-specific skills or practice. On the contrary, there are
several studies showing that playing strength in chess can be
best predicted by domain-specific practice (e.g., Bilalic et al.,
2007; Campitelli & Gobet, 2011; Charness, Tuffiash, Krampe,
Reingold, & Vasyukova, 2005; Gobet & Campitelli, 2007). This
was also reflected in our psychometric investigation of 90
tournament chess players (Grabner et al., 2007), where the
individual chess experience (represented by the age at which
participants entered the chess club and the number of
tournament games) was the strongest predictor of the ELO
rating. However, the assumption of an exclusive role of
domain-specific practice for expertise development indepen-
dent of any influence of cognitive potential, in contrast, is
meanwhile quite implausible. Apart from the studies reviewed
in this article, there is growing data suggesting that some
individuals require more and others less deliberate practice to
attain the same expert performance levels in chess (Campitelli
& Gobet, 2011). For example, Gobet and Campitelli (2007)
reported that the number of self-reported practice hours to
master level displayed a huge range from 3,000 to 23,600.
Howard (2009) analyzed the dataset of the International Chess
Federation and found that the number of tournament games
needed to attain the grandmaster titlewas normally distributed
similar to intelligence. Even a reanalysis of the famous Polgar
sisters case, which is often cited as proof that only practice
matters, revealed that despite the engagement in similarly
intensive practice the three sisters displayed quite different
trajectories of expertise development and attained different
levels of playing strength (Howard, 2011). In addition, also the
investigation of chess prodigies (who had attained the
grandmaster title before the 15th birthday) revealed much
steeper ELO score increases over time compared to other
Please cite this article as: Grabner, R.H., The role of intelligence fo
Intelligence (2013), http://dx.doi.org/10.1016/j.intell.2013.07.023
grandmasters,which is very unlikely to the due to differences in
the pure amount of practice (Howard, 2008). Since some of
these prodigies started learning chess only a few years before
achieving the grandmaster title (e.g., about 3 years), these
children “would have needed to pack in a lot more deliberate
practice hours in two or three years than other adult active
grandmasters do in 20 years, which seems implausible, but it
cannot be ruled out.” (p. 127).

The reviewed findings are also relevant for the widely-
discussed question about the importance of intelligence, as
measure of cognitive potential, in the development of expertise.
Asked differently: At what stages of expertise development
does intelligence come into play? One frequently proposed
assumption is that intelligence is a prerequisite for expertise
development. In this context, it is often referred to a threshold
model of intelligence, according to which a certain threshold of
intelligence needs to be met to attain high intellectual
performance but beyond the threshold “individual differences
in predominantly noncognitive variables such as commitment,
endurance, concentration, or motivation determine peak
performance” (Schneider, 1998, p. 424). According to Barron
and Harrington (1981) this threshold could be around an IQ of
120 in complex intellectual domains. Indeed, the analyses of the
data in Grabner et al. (2007) revealed that expert chess players
(defined as players with ELO scores over 2,200) can already be
observed with IQs slightly above average (110–115). Interest-
ingly, one of the world's greatest chess players, Garry Kasparov,
was also found to score in intelligence tests notmuch above 120
(Der Spiegel, 1987). Thus, if intelligence was indeed a
prerequisite for expertise development in chess, then above-
average rather than extraordinary intelligence could be suffi-
cient to attain outstanding performance levels. A related but
somewhat different view on the role of intelligence in expertise
development was proposed in the partial compensation model
(Schneider, 1998). According to this model, intelligence looms
large in the early stages of expertise development, whereas
later on (or at higher expertise levels, respectively) its impact is
reduced or even eliminated. Even though both models are
appealing and in line with the lack of significant correlations
between chess playing strength and intelligence in subsamples
of strong players (Bilalic et al., 2007; Doll &Mayr, 1987), studies
applying the extended expert-novice paradigm and longitudi-
nal studies tracing exceptional performers have produced
contrary results. First, in chess and other domains it was
observed that general cognitive abilities (intelligence or
working memory capacity) contribute to domain-specific
performance even in groups of experts (Grabner et al., 2006;
Hambrick & Meinz, 2011). Second, there is an increasing body
of longitudinal data revealing that even within samples of
cognitively exceptional individuals, individual differences in
intelligence are highly predictive of the attained level of
scientific expertise (Lubinski & Benbow, 2006). As an example,
among individuals scoring at age 13 within the top 1% in the
mathematical SAT, thosewho scored in the upper quartile (best
0.25%) were much more likely to have a peer-reviewed
publication (4.5 times) or to own a doctorate in the STEM
areas (Science, Technology, Engineering, and Mathematics;
18.2 times) compared to those who scored in the lowest
quartile (Robertson, Smeets, Lubinski, & Benbow, 2010).

Even if intelligence in general does not seem to entirely
lose its impact in later stages of expertise development, it is
r performance in the prototypical expertise domain of chess,
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conceivable that the importance of different facets of general
cognitive abilities underlie some change. This assumption can
be based on the findings that visuo-spatial abilities seem to
be more strongly related to playing strength in children
compared to adults. In light of the repeatedly corroborated
role of visuo-spatial processes in chess play (e.g., Chabris &
Hearst, 2003; Robbins et al., 1996), it could be speculated that
in early expertise development individual differences in
visuo-spatial abilities influence training success, whereas
later on, when superior domain-specific visuo-spatial skills
(e.g., pattern recognition) have been established, the rele-
vance of domain-general visuo-spatial abilities decreases.
The (relative) importance of different intelligence compo-
nents in the process of expertise acquisition may thus be a
fruitful research question in future (longitudinal) research.

It is important to highlight that the reviewed studies on
intelligence and chess expertise have not produced a consistent
picture and that they can be criticized on methodological
grounds. In the psychometric studies, on the one hand, one
major limitation lies in the lack of representative samples of
tournament players which comprises conclusions on the
intelligence distribution of chess experts. Nonetheless, the
majority of these studies suggest that expert chess players
possess above-average intelligence. The findings from correla-
tional studies, in contrast, were more diverse with the
apparently quite consistentpicture that among highly proficient
experts (e.g., subsamples of participants with high ELO ratings),
intelligence is no longer associated with playing strength.
Although this null finding corresponds to the aforementioned
partial compensation model, it can easily be accounted for by
methodological limitations (see also Robertson et al., 2010, for
methodological preconditions in the study of exceptional
performers). Basically, the null correlations could be explained
by the small and range-restricted samples that were investi-
gated. In addition, they could be due to the assessment of
intelligence. Since different facets of intelligence seem to be
differentially related to playing strength (probably also
depending on the stage of expertise development), it is critical
that broad intelligence structure tests capturing different
components of intelligence are administered. Finally, as em-
phasized by Bilalic et al. (2007), “the role of intelligence in the
acquisition of chess skill should not be assessed separately from
other relevant factors … [such as] practice, experience, age,
gender” (p. 468). Not considering how these factors interact
could indeed produce results in analyses thatmask influences of
intelligence. The application of the extended expert–novice
paradigm, on the other hand, is a more powerful means to
evaluate whether and how intelligence contributes to expert
performance. This paradigm, however, is restricted in that it
investigates performance in tasks that are only (though
strongly) associated with domain-specific expertise but do not
capture the essence of expertise. For instance, the superior
memory performance of expert chess players for briefly
presented chess positions is only a byproduct of their playing
strength (Chase& Simon, 1973; Simon&Chase, 1973). Likewise,
determining the solution to a mate-in-one problem is only one
facet of expert performance in chess. In this context, however, it
is important to keep in mind that such tasks derived from the
original expert–novice paradigm that aims at elucidating the
cognitive characteristics of experts. Consequently, there does
not seem to be a sound argument against the application of such
Please cite this article as: Grabner, R.H., The role of intelligence fo
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tasks when evaluating whether the performance is solely a
matter of domain-specific skills or also of domain-general
abilities.

3. Conclusion

The present paper presents a review of the current body of
evidence regarding the question of how important intelligence,
as an individual's cognitive potential, is for expert performance
in chess. Although the available studies have not drawn a fully
consistent picture, presumably partly due to methodological
differences, they produced significant findings suggesting that
chess expertise does not stand in isolation from intelligence.
Undoubtedly, there is a need for more comprehensive, ideally
longitudinal studies to elucidate the interplay between intelli-
gence and expertise at different stages in expertise develop-
ment. Such studieswould require and support the collaboration
of researchers from both disciplines (expertise and intelli-
gence) andwill likely result inmore comprehensive theories on
expertise development in which domain-general and domain-
specific cognitive functions are integrated.
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