


The bottom panels in this figure show scattergrams aggregating the first five fixations
for this position across intermediates (bottom left) and experts (bottom right). Each
circle represents an individual fixation, and fixations were classified as falling on an
empty square, or on a square occupied by a salient or a non-salient piece. To facilitate
visual comparison across scattergrams, the letter S replaces salient pieces and the letter
N replaces pieces that are not salient. As can be clearly seen by comparing the scatter-
grams, consistent with the chunking hypothesis, experts produced a greater proportion
of fixations on empty squares than intermediates (experts: mean = 0.52; intermediates:
mean = 0.41). In addition, consistent with de Groot and Gobet (1996), among fixa-
tions on pieces, experts produced a greater proportion of fixations on salient pieces
than intermediates (experts: mean = 0.80; intermediates: mean = 0.64).

Follow-up experiment
Whereas in Charness et al. (2001) the focus was on the first five eye fixations (approx-
imately the first 1–2 s) during the performance of the move-choice task, in the
follow-up experiment we recorded fixations during the first 10 s in each trial. We
hypothesized that an examination of changes in the number and duration of fixa-
tions, which may occur as the trial progresses, would be potentially useful in
distinguishing between perceptual encoding and problem solving, or solution
retrieval and evaluation. Specifically, perceptual encoding was expected to involve
shorter fixations and consequently a greater number of fixations in a given time inter-
val than problem solving. We were also interested in the proportion of fixations with
durations greater than 500 ms. Such fixations have been previously identified as
reflecting visual problem solving and evaluation (e.g. Nodine et al. 1978).

Figure 14.10 shows scattergrams aggregating all fixations in the first 10 s across
intermediates (left panel) and experts (right panel) for one of the positions used in
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Figure 14.10 Scattergrams aggregating all fixations in the first 10 seconds across inter-
mediates (left panel) and experts (right panel) for one of the positions used in the move
choice task in follow-up experiment. Each circle represents an individual fixation, and
the diameter of the circle increases as a function of an increase in fixation duration. Best
move for this position = white queen takes pawn at h5 check, black rook takes white
queen, white bishop moves to g6 mate.
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the experiment. Each circle represents an individual fixation, and the diameter of the
circle increases as a function of an increase in fixation duration. As can be clearly seen
by comparing the scattergrams, consistent with the chunking hypothesis and the find-
ings of Charness et al. (2001), experts produced a greater proportion of fixations on
empty squares than intermediates (experts: mean = 0.55; intermediates: mean = 0.43).
In addition, as indicated by a comparison of the relative size of circles across scatter-
grams, experts clearly produced a higher proportion of longer fixations than
intermediates.

To analyze this issue more formally, we divided the 10-s period of eye-movement
recording in the beginning of each trial into two 5-s intervals. We then computed the
mean number of fixations and the proportion of fixations with durations > 500 ms
in the first and second 5-s intervals across all trials for each player. Figure 14.11 dis-
plays these two dependent variables by skill group and interval. As can be seen in this
figure, the pattern of performance is qualitatively different across experts and inter-
mediates. Specifically, for intermediates there was no difference across intervals in 
the number of fixations and in the proportion of long fixations (i.e. > 500 ms).
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Figure 14.11 Number of fixations (Panel A), and the proportion of fixations longer than
500 ms. (Panel B) in the move choice task by skill and interval (first 5-s interval vs. second
5-s interval).
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In marked contrast, experts produced substantially fewer fixations and a much greater
proportion of long fixations as the trial progressed. This indicates that during the
second 5-s interval in a trial, experts started engaging in problem solving, whereas
intermediates were still perceptually encoding the chess configurations. This provides
further support for the hypothesis of enhanced efficiency of pattern recognition
processes in encoding chess configurations as a function of chess expertise.

Conclusions
The present review illustrates that eye-movement paradigms may prove invaluable in
supplementing traditional measures of performance such as RT, accuracy, and verbal
reports as a means for understanding human expertise in general, and chess skill in
particular. Specifically, by employing eye-movement methodology, the research
reviewed and reported here provided powerful and direct evidence for the suggestion
of de Groot (1946, 1965) and Chase and Simon (1973a, 1973b) that a perceptual
advantage is a fundamental component of chess skill.

The use of the gaze contingent window paradigm demonstrated that advanced
chess skill attenuates change blindness by improving target detection in meaningful,
but not scrambled chess configurations, and that this is due to a larger visual span size
in the former, but not in the latter condition. The methodology reviewed here pro-
vided compelling evidence that in the case of check detection, a task that is well
defined and for which positional uncertainty is minimized, experts, but not less-
skilled players, extract chess relations using automatic and parallel procedures. Such
procedures may help explain the greater reliance on parafoveal processing and the
larger visual spans demonstrated by experts while examining chess configurations.
In addition, the demonstration of a Stroop-like interference effect in experts, but not
in intermediates, highlights the fact that expert–novice differences are qualitative,
rather than just quantitative in nature. By examining the spatial distribution of fixa-
tions in both the simplified check detection task and the ecologically valid move-choice
task it was demonstrated that consistent with the encoding of chunks rather than indi-
vidual pieces, experts made fewer fixations, and fixations between related pieces, rather
than on pieces. Furthermore, in the move-choice task the finding that piece saliency
influences the selection of experts’ saccadic endpoints during the first 1–2 s following
display onset clearly supports the role of parafoveal or peripheral processing of chess
configurations in guiding their eye movements. This is the case because random or
systematic region-by-region scanning patterns (e.g. a reading like pattern from the
top-left to the bottom-right section of the chessboard) would not be expected to result
in similar findings of saccadic selectivity by piece salience. Finally, in the move-choice
task, the comparison of the number and duration of fixations across the first and
second 5-s intervals indicated that experts completed the perceptual encoding phase
and started the problem solving or search phase sooner than intermediates.

The results of the eye-movement and chess studies reviewed and reported here are
consistent with other demonstrations of superior perceptual encoding of chess-
related material by experts in immediate recall tasks (see Gobet 1998b for a review),
check detection tasks (Church and Church 1983; Milojkovic 1982; Saariluoma 1984),
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enumeration tasks (e.g. count the number of bishops – Saariluoma 1985, 1990), and a
same-different task for side-by-side quarter-board positions (Ellis 1973). The present
results are also consistent with another line of research investigating the importance
of perceptual pattern recognition processes in mediating expertise in chess. Recently,
convergent evidence for the critical role of perceptual encoding processes is emerging
from studies that investigate the influence of extreme time pressure on chess perform-
ance (Burns 2004; Calderwood et al.1988; Chabris and Hearst 2003; Gobet and Simon
1996c).

Time pressure would be expected to be very detrimental to the slow and effortful
problem solving or search and evaluation processes. In contrast, the fast perceptual
pattern recognition processes should be much less impacted by time pressure. Based
on this logic, Burns (2004) conducted a very extensive investigation of archival data
on blitz chess. In blitz chess tournaments players are afforded less than 5 per cent of
the time available during regular chess tournaments. Burns (2004) demonstrated that
up to 81 per cent of variance in chess skill was accounted for by how players per-
formed under the tremendous time pressure characteristic of blitz chess. More
importantly, by computing for each player a score that quantified the degree to which
their relative performance was influenced by time pressure associated with blitz chess,
Burns (2004) was able to document that among weaker players skill differences were
attenuated by playing blitz chess thereby demonstrating the importance of problem
solving and search processes for less-skilled performers. In contrast, this effect all but
disappeared for top players (with ratings > 2200).

Consistent with the findings of Burns (2004), Gobet and Simon (1996c) used rat-
ings to analyze simultaneous exhibition matches played by world champion Gary
Kasparov. Despite having substantially less time than his opponents, the decline in
Kasparov’s performance in such matches was rather modest (his rating in simultane-
ous matches was 2646 whereas his regular tournament rating at that time was 2750).
Similarly, although in regular chess tournaments players are allowed on average about
3 min per move, Calderwood et al. (1988) demonstrated that chess masters generate
promising moves even when allowed only about 5 s per move, and Chabris and
Hearst (2003) showed that when world-class grandmasters are allowed on average less
than 30 s per move, there was only a slight increase in the number of errors per 1000
moves (5.02 in regular games vs. 6.85 in speeded games). Thus, consistent with the
findings of the eye-movement research reviewed and reported here, the results from
investigations of the influence of severe time pressure on chess performance suggest a
greater reliance on fast perceptual pattern recognition processes by top chess experts
than by their less-skilled counterparts.

Finally, the studies reviewed and reported here provide a powerful illustration that
in addition to the seminal contribution of chess research to the study of expertise,
chess offers cognitive scientists a valuable model task environment for the study of
complex cognitive processes such as perception, problem solving, and memory. For
example, a fundamental research question in cognitive science concerns the effects of
stimulus familiarity on perception in general (e.g. word, letter, object, face and scene
superiority effects; see Reingold and Jolicoeur 1993), and visual search in particular
(see Shen and Reingold 2001). As shown in Fig. 14.12, chess ratings are highly 
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correlated with the degree of familiarity and experience with chess specific knowledge
and materials. Consequently, skill effects reviewed here, such as ones obtained with
the manipulation of notation in the check detection task, which kept the semantics
constant while changing the familiarity of the surface representation of a chess prob-
lem, and with the manipulation of configuration type (i.e. chess vs. random) in the
gaze contingent flicker paradigm, provided powerful demonstrations of the effects of
familiarity on perception. Thus, similar to other visual context effects, for experts, but
not novices, the coherent and familiar context of a chess configuration enhances the
perception of constituent chess relations.
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