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Abstract

The remarkably efficient performance of chess experts reflects extensive practice with domain-related
visual configurations. To study the perceptual component of chess expertise, we monitored the eye
movements of expert and novice chess players during the performance of a novel double-check
detection task. Chess players viewed an array of six minimized chessboards (4 x 4 squares), with each
board displaying a king and 2 attackers. Players rapidly searched for the target board containing a
double-check among distractor boards which either displayed a single check or displayed no check.
During each fixation, chess pieces were only visible within the fixated board, while all other boards
were replaced by empty boards. On half the trials, chess pieces were represented using the familiar
symbol notation, while on the other half of the trials, pieces were represented using an unfamiliar letter
notation. The analysis of overall response times and several fine-grained eye movement measures
indicated that in trials using the familiar symbol notation, experts were much faster at identifying the
double-check board, and this advantage was substantially attenuated in trials using the unfamiliar letter
notation. In addition, an ex-Gaussian distributional analysis documented similar expertise by notation
interactions. We discuss the implications of the present findings for theories of visual expertise in
general, and skilled performance in chess, in particular.
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Introduction

There is a growing body of literature across wide-
ranging areas of expertise demonstrating superior
perceptual encoding of complex domain-related
patterns by experts as compared to their less skilled
counterparts (for a review, see Reingold &
Sheridan, 2011). The origin of modern expertise
research in general, and the study of the perceptual
aspects of skilled performance in particular, can be

and Chase and Simon, demonstrated that, unlike
novices, chess experts displayed a remarkable
ability to remember and reproduce briefly
presented chess positions. In addition, Chase and
Simon (1973a, 1973b) demonstrated that the
expert's advantage in encoding and recalling
structured chess positions does not generalize to a
condition in which chess-related patterns are

traced back to the pioneering investigation of disrupted by randomly rearranging pieces on the
expertise in chess by de Groot, (1946/1965) and chessboard. Specifically, with such random

Chase and Simon (1973a, 1973b). Both de Groot, configurations of chess pieces, Chase and Simon
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(1973a, 1973b) documented no difference in
performance as a function of expertise. More
recently, a very small but reliable expert’s
advantage was demonstrated with random board
positions (Gobet & Simon, 1996¢) that is probably
attributable to the occasional presence of familiar
configurations within random board positions.
Taken together, the powerful effects of skill
obtained with actual game positions (i.e., where
chess-related patterns were intact), coupled with the
weak or absent effects of skill obtained with
random chess positions (i.e., where chess-related
patterns were broken down), led to two critical
insights with far reaching influence on subsequent
research on expertise. First, the specificity of the
experts’ advantage ushered a dramatic theoretical
shift in the conceptualization of expertise away
from viewing skilled performance as the product of
superior general intelligence and innate talent, and
toward the recognition that expertise largely
reflects domain-related knowledge acquired
through extensive practice (for reviews, see
Charness, 1992; Ericsson & Charness, 1994; Gobet
& Charness, 2018) Second, both de Groot and
Chase and Simon concluded that the efficiency of
the perceptual encoding processes was a critical
determinant of skilled performance. In particular,
the specificity of the expert's advantage indicated
that when processing complex domain-related
displays, the main advantage for experts is not in
the identification and localization of individual
display elements (i.e., individual chess pieces and
board locations; this type of information was
available in both structured and random chess
boards), but rather in the ability to rapidly encode
larger clusters of related display elements (i.e.,
familiar chess configurations; this type of
information was available in structured chess
boards and only very infrequently by chance in
random chess boards). According to Chase and
Simon (1973a, 1973b), through extensive practice,
players construct representations in long-term
memory of chunks which correspond to
recognizable configurations of pieces that are
interrelated by type, color, or role (e.g., attacker—
defender, etc.). Expert players are able to use this
knowledge in long-term memory to encode and
manipulate more chess-related information in a
given mental operation than do less skilled players,

who utilize smaller chunks. The size of an expert’s
vocabulary of chess related configurations was
initially estimated to be 50,000-100,000 chunks
(Simon & Gilmartin, 1973). However, a more
recent estimate puts the number of chunks at
approximately 300,000 (Gobet & Simon, 2000). In
addition, small perceptual chunks are most likely
supplemented by larger structures termed templates
(Gobet & Simon, 1996hb, 1998).

The hypothesis advocated by de Groot, and
Chase and Simon, that a domain-specific
perceptual advantage is a fundamental component
of chess skill, received strong empirical support
during the past several decades. A comprehensive
review of this literature is beyond the scope of the
present paper (see Reingold & Charness, 2005;
Reingold & Sheridan, 2011 for reviews). Instead,
we briefly summarize in Table 1 some of the main
findings from studies which demonstrated
enhanced perceptual encoding by chess experts. To
illustrate better the linkage between these findings
and the theoretical frameworks proposed by de
Groot, and Chase and Simon, we organize our
summary around several interrelated predictions,
which implicitly or explicitly motivated the vast
majority of previous research on the topic. These
predictions were most clearly articulated as part of
a research program by Reingold, Charness, and
their colleagues (Charness et al., 2001; Reingold,
Charness, Pomplun, et al., 2001; Reingold,
Charness, Schultetus, et al., 2001; Reingold &
Charness, 2005) that focused on testing the
hypothesis that the processing of larger chess
configurations (such as chunks or templates)
mediates at least in part the enhanced perceptual
encoding by chess experts. As can be clearly seen
by an inspection of Table 1, there is strong
empirical support for the idea that when processing
structured (but not random) chess configurations,
experts encode larger chunks rather than individual
chess pieces, resulting in fewer fixations and more
fixations between pieces, larger visual spans,
parallel and automatic extraction of chess relations,
and more rapid access to task-related (i.e., relevant
and/or salient) aspects of the display. Furthermore,
convergent evidence establishing superior
perceptual encoding by chess experts was recently
obtained in neuroimaging studies that have
uncovered expert/novice differences in brain
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activation in regions associated with object and
pattern recognition (Bilali¢ et al., 2010, 2012a;
Bilali¢, Kiesel, et al., 2011; Bilali¢, Langner, et al.,
2011; Langner et al., 2019; Rennig et al., 2013,;
Wright et al., 2013; See Bilali¢, 2018 for a review).

Finally, consistent with the findings summarized in
Table 1 (see P4 in particular), chess expertise was
shown to modulate ERPs (Event-Related
Potentials) to chess-related stimuli as early as 240
ms post-stimulus (Wright et al., 2013).

Table 1. Predictions and evidence related to the frameworks of de Groot and Chase and Simon concerning the

perceptual aspect of chess skill.

Prediction

P1 - encoding of chunks

rather than individual pieces

should result in fewer
fixations, and fixations
between rather than on
individual pieces.

P2 - encoding of chunks

rather than individual pieces
requires a larger segment of
the chessboard to be
processed during each fixation
constituting an increase in the
size of the visual span.

P3 — efficient encoding of a
particular chunk might be
accomplished by using
automatic and parallel
extraction of some of the
chess relations from which it
is composed.

P4 — the expert’s advantage in
encoding complex chess
related patterns should result
in faster identification of task
relevant aspects of the display.

Empirical findings and references

Several early eye movements studies (Ellis, 1973; Jongman, 1968 reanalyzed by
de Groot & Gobet, 1996; Tikhomirov & Poznyanskaya, 1966; Winikoff, 1967)
provided weak support for this prediction. In contrast, Reingold, Charness,
Pomplun, et al. (2001) provided strong support for this prediction in a check
detection task, and similarly Charness et al. (2001) clearly demonstrated such a
pattern in a choose-a-move task.

Using a gaze-contingent moving window paradigm that manipulated the size of
the visible area of the chessboard during each fixation, Reingold, Charness,
Pomplun, et al. (2001) demonstrated that while processing structured chess
positions experts displayed dramatically larger visual spans than either
intermediate or novice players. In marked contrast, for random board positions
there was no difference in visual span size as a function of expertise.

Reingold, Charness, Schultetus, et al. (2001) and Reingold & Charness (2005)
used a check detection task that contained a king and two potential attackers.
When asked to only respond to one of these attackers, which was cued, experts
(but not novices) showed no advantage of cuing, even though cuing narrowed
the search space, and experts also exhibited Stroop-like interference if a cued
non-checking attacker was accompanied by an attacker that was checking.
Similar difficulty ignoring familiar chess configurations has been shown in the
investigations of the Einstellung (set) effect in chess (Bilali¢ et al., 2008a,
2008b; Sheridan & Reingold, 2013). In addition, Waters and Gobet (2008)
demonstrated a disruption to chunking when chess pieces were shifted to the
intersections between squares.

There is ample support for this prediction in a variety of chess related tasks
including a choose-a-move task (Charness et al., 2001; Reingold & Charness,
2005; Sheridan & Reingold, 2013; Simon & Barenfeld, 1969; Tikhomirov &
Poznyanskaya, 1966), a memorization task (de Groot & Gobet, 1996), a
relevance search task (Bilali¢ et al., 2010), a threat detection task (Bilali¢ et al.,
2012), and a simplified Knight tour task (Sheridan & Reingold, 2017).

The main goal of the present study was to

(Reingold, Charness, Schultetus, et al., 2001,

explore further differences in encoding efficiency
as a function of chess skill. To accomplish this
goal, we monitored participants’ eye movements
during the performance of a novel double-check
detection task. Parallel and automatic extraction of
chess relations by experts might result in more
efficient encoding of complex patterns such as
double-check configurations, which by definition
depict multiple interconnected chess relations

Sheridan & Reingold, 2017). Specifically, in the
present task, chess players viewed an array of six
minimized chessboards (4 x 4 squares), with each
board displaying a king and two attackers. Players
rapidly searched for the target board containing a
double-check (double-check board) among
distractor boards which either displayed a single
check (single-check board) or displayed no check
(no-check board) (See Figure 1).

https://www.journalofexpertise.org
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Figure 1. An illustration of the double-check detection task. Chess players were asked to rapidly locate the target miniature
chessboard that contained a double check (Panels a, b), among distractor boards which either displayed a single check (Panels
¢, d) or displayed no check (Panels e, f). Chess pieces were shown using either the familiar symbol notation (Panels a, c, ) or
the unfamiliar letter notation (Panels b, d, and f). During each trial, six boards were arranged around a central fixation cross.
However, during each fixation, chess pieces were only shown within the fixated board (Panel g illustrates the display change
that occurred when the gaze moved from the top-left board to the top-center board). See text for further details.
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In Figure 1, note that expert chess players were
demonstrated to make extensive use of parafoveal
and peripheral processing during each fixation (i.e.,
resulting in larger visual spans; see Reingold,
Charness, Pomplun, et al., 2001). Consequently, in
order to obtain an accurate measure of the
processing time for a particular board, during each
fixation a gaze contingent window restricted
processing to the fixated board, while all other
boards were replaced by empty boards (See Figure
1, Panel g for an illustration). This ensured that
despite their larger visual spans, experts were not
able to pre-process a board prior to their first
fixation on that board, and they were also not able
to use such pre-processing to guide their search
(i.e., choose to fixate or skip a board based only on
parafoveal or peripheral processing). Given our
interest in obtaining a measure of perceptual
encoding speed for each of the three board types
(double-check, single-check, and no-check), we
focused on the analysis of first-dwell duration
(defined as the sum of the duration of one or more
consecutive fixations during the very first
encounter with a particular board type during a
trial, prior to the eyes moving to another board).

We also manipulated the familiarity of the
notation (symbol vs. letter) that was used to
represent the chess pieces. Symbol and letter
notations were used to represent identical chess
problems. However, the symbol representation is
much more familiar to chess players than the letter
representation. Consequently, if perceptual
encoding efficiency is related to chess experience,
then any skill advantage should be more
pronounced in trials using the symbol notation than
in trials using the letter notation (Reingold,
Charness, Pomplun, et al., 2001 used this rationale
in introducing this manipulation; see also Chase &
Simon, 1973b). The above prediction is predicated
on the assumption that long-term memory
representations of chess configurations are
perceptually specific (i.e., preserve
perceptual/surface details such as notation;
henceforth, the perceptual specificity hypothesis).
Thus, obtaining skill-by-notation interactions
would demonstrate that the expert’s perceptual
encoding advantage is due to the acquisition of
domain-related representations of chess
configurations and that these representations of

relational information are at least in part
perceptually specific.

Finally, another unique aspect of the present
study involved our use of a distributional analysis
technique to investigate the effects of chess
expertise and notation on the distributions of first-
dwell durations. Specifically, in order to study the
time course of expertise and notation effects on
first-dwell duration, we used an ex-Gaussian fitting
method which was previously successfully used to
model RT distributions (see Balota & Yap, 2011
for a review), and fixation times in reading
(Reingold et al., 2012, 2015; Sheridan et al., 2013;
Sheridan & Reingold, 2012b, 2012c; Staub, 2011,
Staub et al., 2010). The ex-Gaussian distribution is
a convolution (sum) of two stochastically
independent random variables, a normally
distributed random variable and an exponentially
distributed random variable. The ex-Gaussian
distribution can be fully specified with three
parameters 1 (Mu, the mean of the Gaussian
component), ¢ (Sigma, the standard deviation of
the Gaussian component), and t (Tau. the mean
and standard deviation of the Exponential
component). The sum of the Mu and Tau
parameters from the fitted ex-Gaussian distribution
equals the mean of the empirically obtained dwell-
duration distribution. Importantly, a comparison of
the best-fitting Mu and Tau parameters can reveal
whether a variable’s effect on the mean dwell time
is due to an overall shift in the location of the
distribution and/or a change in the degree of skew.
Whereas a shift effect (i.e., a difference in Mu
between conditions) indicates that the variable has
an early acting influence on the majority of dwell
durations, a skew effect (i.e., a difference in Tau
between conditions) indicates that the variable
influences long dwell durations. Given the previous
findings of enhanced perceptual encoding by chess
experts, we would predict that when encoding
chess related patterns that are presented using the
familiar symbol notation, the distribution of first-
dwell durations for novices should be shifted to the
right of the expert’s distribution. Furthermore, to
the extent that experts’ memory representations for
chess configuration are perceptually specific, such
a shift effect should be weaker or even absent when
the letter notation is used.

https://www.journalofexpertise.org
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Method
Participants

Forty-two chess players (18 experts and 24
novices) were recruited from online chess
forums and from local chess clubs in Toronto
and Mississauga (Ontario, Canada). The mean
age was 30 in the expert group, and 27 in the
novice group. There was one female player in
the expert group, and there were six female
players in the novice group. For the expert
players, the average Elo rating ranged from
1876 to 2580 (M = 2231)*. All the novice
players were unrated club players who were
familiar with the rules of chess but had never
participated in a rated chess tournament. All the
participants had normal or corrected-to-normal
vision.

Materials and Design

As shown in Figure 1, the experimental stimuli
consisted of minimized 4 X 4 chessboards. Each
of these chess boards contained a king that was
always located in one of the four corner squares,
and two potential checking pieces (from the
combinations of rook, bishop, and knight). As
discussed earlier, these chessboards were used
to examine three different conditions. For the
“Double Check” condition (see Figure 1, Panels
a and b), both of the pieces were attacking the
king. For the “Single Check” condition (see
Figure 1, Panels c and d), only one of the two
pieces was attacking the king. For the “No
Check” condition (see Figure 1, Panels e and ),
neither one of the two pieces was attacking the
king. Each trial in the experiment contained six
of the miniature chessboards, such that three of
the boards were in the “No Check” condition,
two boards were in the “Single Check”
condition, and the remaining board was in the
“Double Check” condition. These six boards
were arranged around a central fixation cross (as
shown in Figure 1, Panel g).

In addition, we manipulated the familiarity
of the notation (symbol vs. letter). For the
symbol notation condition (see Figure 1, Panels
a, ¢, and e), all of the chessboards in a trial
contained chess symbols that were created using
standard chess software (Chessbase 11). For the
letter condition (see Figure 1, Panels b, d, and

f), all of the chessboards in a trial contained
capital letters instead of symbols (i.e., B =
bishop, K = king, N = knight, or R = rook).
Across trials, there were equal numbers of
boards containing each type of attacker (rook,
bishop, and knight), and each color of king
(white, black). The locations of the six boards
were randomly varied across trials such that the
“Double Check” condition board had an equal
chance of occurring in each of the six locations,
and there was variation in the spatial layout of
the boards (i.e., the positioning of the king and
the two potential checking pieces). For more
detailed information see OSF
(https://osf.io/wdcjv/?view_only=87957b174ac8
412e94150ac5395h947f).

Apparatus and Procedure

Eye movements were measured with an SR
Research Eyelink 1000 system with high spatial
resolution and a sampling rate of 1000 Hz. The
experiment was programmed and analyzed
using SR Research Experiment Builder and
Data Viewer software. Viewing was binocular,
but only the right eye was monitored. A chin
rest and forehead rest were used to minimize
head movements. Following calibration, gaze-
position error was less than 0.5°. The miniature
chessboards were presented using images
(212x212 pixels). These images were displayed
on a 21 in. ViewSonic monitor with a refresh
rate of 150 Hz and a screen resolution of 1024 x
768 pixels. Participants were seated 60 cm from
the monitor. The width of one square on the
chessboards equaled approximately 2.1 degrees
of visual angle, and the interest areas
surrounding each of the four chessboards
extended slightly beyond the edge of each board
(by 0.80 of a degree of visual angle on all four
sides of each board). The distance between the
center of each of the chessboards and the central
fixation cross varied slightly depending on the
board’s location in the array (as shown in Figure
1, Panel g); Specifically, this distance was 10.6
degrees of visual angle for the two boards
located directly above and below the fixation
cross, and 13.7 degrees of visual angle for the
four boards located on either side of the fixation
Cross.

https://www.journalofexpertise.org
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Prior to the experiment, the participants
were instructed to select the Double Check
board in which two pieces were checking the
king. They were asked to respond as quickly
and accurately as possible. At the start of each
trial, the participants were required to look at a
fixation point in the center of the screen and to
press a button to initiate the presentation of the
six miniature chessboards. When the participant
had reached a decision, they looked at a gray
fixation cross located at the center of the screen
and pressed a button on the response pad. This
caused the fixation cross to turn green, which
signaled the participant to then fixate the
chessboard they had chosen in order to select it.
Upon fixating the chessboard to be selected, a
chime sounded, and the trial ended. We
recorded the participants’ gaze location to
determine which board they had selected. We
used this procedure for collecting responses to
ensure that any delays and eye movements
associated with providing a response did not
impact the data that was collected during the
trial (see Glaholt & Reingold, 2012 for a similar
gaze selection procedure).

The experiment contained a total of 384
trials (i.e., 96 practice trials, which were
followed by 288 experimental trials), and the
experiment was approximately 45 minutes in
duration. These trials were divided into blocks
(with 24 trials per block), and the participants were
encouraged to take a short break between each
block of trials. As previously mentioned, during the
experimental trials, the participants viewed the
chessboards through a gaze-contingent moving
window that was continuously centered on the
participant’s current point of fixation. This window
allowed the participants to view only one of the six
chessboards at a time, because the chess boards
outside of the window contained blank squares (as
shown in Figure 1, Panel g). To allow the
participants to become familiar with the content of
the chessboards, the gaze contingent window was
not used during the practice trials (i.e., all six chess
boards were always visible during the 96 practice
trials). Finally, the same notation (i.e., symbol or
letter) was used for all 24 trials within each block,
and notation type alternated across blocks (i.e.,
Blocks 1, 3, 5, etc. vs. Blocks 2, 4, 6, etc.).

Before beginning the practice trials, the
participants were informed about the letter
and symbol manipulation (They were told
that “On some trials, the chess symbols
have been replaced with letters. For
example, the bishop has been replaced with
the capital letter B.”). The participants were
also told to locate the board that depicted
the king in a double check situation ““as
quickly as you can.” After the practice
blocks were completed, and prior to
beginning the experimental trials, the
participants were informed about the gaze-
contingent moving window (They were
told that “you will be viewing the chess
displays through a window that will
continuously be centered at the point at
which you are looking. This window will
effectively allow you to view only one
chess display at a time; chess displays
outside of the window will be blank.”)

Results

To test our prediction that chess expertise
entails a rapid perceptually-specific advantage,
our analyses focused on contrasting expertise
effects in the symbol versus the letter notation
conditions. We will begin by analyzing the
global performance measures of accuracy and
response time (RT) using a 2 x 2 analysis of
variance (ANOVA), with notation (symbol,
letter), and level of expertise (novice, expert) as
independent variables. We will then examine
three eye movement measures that provided an
index of the early perceptual processing of
chessboards (first-dwell duration, first-fixation
duration, and the probability of a single-fixation
dwell). These dependent measures were
analyzed using a 2 x 2 x 3 ANOVA, with
notation, level of expertise, and board type
(double check, single check, no check) as
independent variables. Finally, we employed
Ex-Gaussian fitting to model individual
participants’ first-dwell durations. Ex-Gaussian
fitting provides fine-grained time course
information that is useful for exploring the
influences of expertise and notation on rapid
perceptual processing.

https://www.journalofexpertise.org
Journal of Expertise / March 2023/ vol. 6, no. 1

11



Reingold & Sheridan (2023)

Eye Movements in Chess

Accuracy

The percentage of incorrect trials was extremely
small for the experts (Symbol condition: M
=0.6%, SE = 0.15%; Letter Condition: M =
0.7%, SE = 0.16%) and for the novices (Symbol
Condition: M = 0.5%, SE = 0.13%; Letter
condition: M = 0.8%, SE = 0.14%). The
interaction and main effects were not significant
for accuracy (all Fs < 2.4, all ps > .13). For all
the remaining analyses reported below, we
excluded the small proportion of inaccurate
trials (less than 1% of the data).

Response Times

As shown in Panel a of Figure 2, response times
(in milliseconds) were faster for the experts
(Symbol condition: M = 3629, SE = 181, Letter
Condition: M = 4754, SE = 254) than the
novices (Symbol condition: M = 4929, SE =
302; Letter Condition: M = 5539, SE = 284),
F(1, 40) = 7.73, p < .01, 1% = .16. Also,
response times were faster for the symbol
condition relative to the letter condition, F(1,
40) = 67.39, p <.001, n% = .63. More
importantly, in support of our perceptual
specificity hypothesis, the symbol condition
elicited larger expertise effects than the letter
condition, as shown by a significant interaction
between expertise and notation, F(1, 40) = 5.93,
p <.05, 1% =.13.

First-dwell Duration

To provide an index of the time required to
perceptually encode the chess boards, we
analyzed the duration of the very first dwell on
the chessboard (i.e., first-dwell duration). A
dwell was defined as one or more consecutive
fixations on the chessboard, prior to the eyes
moving to another board. As shown by the
pattern of means in Panel a of Figure 3, first-
dwell durations were faster for the experts than
the novices, F(1, 40) = 7.70, p < .01, n% = .16,
and for the symbol condition relative to the
letter condition, F(1, 40) = 86.81, p <.001, n%=
.69. First-dwells were faster for the “no check”
condition relative to the “single check
condition”, and both of these board conditions
were faster than the “double check condition”,
as reflected in a main effect of board condition,

F(2, 80) = 108.44, p < .001, n% = .73. As further
support of our hypothesis that the advantage of
expertise is perceptually specific, the symbol
condition elicited larger expertise effects than
the letter condition, as shown by a significant
interaction between expertise and notation, F(1,
40) = 10.59, p < .01, n% = .21. This pattern of
expertise by notation interaction was separately
significant for each board type condition
(double check: F(1, 40) = 9.60, p < .01, 0% =
.19; single check: F(1, 40) = 8.94, p < .01, n% =
.18; no check: F(1, 40) = 7.36, p < .01, %=
.16), and the three way interaction was not
significant (i.e., Expertise X Notation X Board
type, F <1).

https://www.journalofexpertise.org
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Figure 2. Expertise by notation effects for response time (Panel a) and for the best-fitting ex-Gaussian parameters, Mu (Panel
b), Sigma (Panel c) and Tau (Panel d). The error bars represent the standard error of the means.
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First-fixation Duration

Although the first-dwell duration variable
constitutes the primary measure of perceptual
encoding speed in the present study, we also
analyzed first-fixation duration (i.e., the
duration of the very first fixation on the
chessboard) as an indicator of early perceptual
processing of board information. As can be
clearly seen in Panel b of Figure 3, the pattern
of first-fixation duration differed dramatically
between experts and novices. Specifically, for
novices, notation did not influence first-fixation
duration (i.e., there was no main effect of
notation or an interaction between notation and
board type, both Fs < 1.24, both ps > .27). The
main effect of board type on first-fixation
duration for novices was significant, F(2, 46) =
16.57, p < .001, n%, = .42, reflecting longer first
fixations on double check boards than on either
single check boards (both ts > 2.20, both ps <
.05) or no check boards (both ts > 3.12, both ps
<.01). In marked contrast, for experts, there
was a main effect of notation reflecting longer
first fixations for the symbol notation than for
the letter notation, F(1, 17) = 23.01, p <.001,
n% = .58), and a significant interaction between
notation and board type, F(2, 34) = 13.48, p <.001,
1% = .44, reflecting much larger differences as a
function of board type for the symbol notation than
the letter notation. The above differences between
novices and experts in the pattern of first-fixation
durations resulted in a significant three way
interaction (i.e., expertise x notation x board type,
F(2, 80) = 7.738, p < .001, n% = .16). Importantly,
consistent with the perceptual specificity
hypothesis, there was a significant interaction
between expertise and notation reflecting an
influence of expertise for the symbol notation but
not for the letter notation, F(1, 40) =29.47,p <
.001, W% = .42, and this interaction was separately
significant for each board type condition (double
check: F(1, 40) = 24.61, p < .001, n?% = .38; single
check: F(1, 40) = 27.68, p <.001, n% = .41; no
check: F(1, 40) = 10.38, p <.01, n%=.21).

Probability of a Single-fixation Dwell
As summarized in Table 1, when encoding

chess configurations, experts were demonstrated
to make extensive use of parafoveal processing

during each fixation resulting in fewer fixations,
and larger visual spans (e.g., Reingold,
Charness, Pomplun, et al., 2001). Consequently,
we predicted that experts would be more likely
than novices to demonstrate a single fixation on
a board prior to moving to a different board
(henceforth, single-fixation dwell). In addition,
as part of our perceptual specificity hypothesis,
we predicted that the pattern of a greater
probability of single-fixation dwells for experts
than novices would primarily occur in the
symbol notation condition, and that such an
effect would be diminished or even absent in the
letter notation condition (i.e., expertise by
notation interaction). As shown in Panel ¢ of
Figure 3, the pattern of findings for the
probability of single-fixation dwells was
consistent with our predictions. Specifically, the
probability of single-fixation dwells was larger
for experts than the novices, F(1, 40) = 12.66, p
<.001, n% = .24, and for the symbol condition
relative to the letter condition, F(1, 40) = 18.32,
p <.001, n? = .31. The probability of single-
fixation dwells was larger for the “no check”
condition relative to the “single check
condition”, and both of these board conditions
demonstrated larger probabilities than the
“double check condition”, as reflected in a main
effect of board type, F(2, 80) = 31.99, p <.001,
n% = .44. Most importantly, consistent with our
hypothesis that the advantage of expertise is
perceptually specific, there was a significant
influence of expertise for the symbol notation
but not for the letter notation, as reflected by a
significant interaction between expertise and
notation, F(1, 40) = 20.37, p < .001, n%, = .34.
The pattern of expertise by notation interactions
was very similar across all board type
conditions (double check: F(1, 40) = 16.04, p <
.001, n% = .29; single check: F(1, 40) = 18.35, p
<.001, n% = .31; no check: F(1, 40) = 20.21, p
<.001, n% = .13), and the three-way interaction
was not significant (i.e., Expertise X Notation X
Board type, F <1).

Distributional Analysis of First-dwell
Duration

To further test our hypothesis that the experts’
encoding advantage was driven by rapid
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perceptually specific processing, we used the
Ex-Gaussian distributional analysis technique.
The ex-Gaussian distribution is the convolution
of the Gaussian normal distribution and an
exponential distribution, and the shape of the
ex-Gaussian distribution can be specified with
three parameters: i (Mu, the mean of the
Gaussian normal distribution), o (Sigma, the
standard deviation of the Gaussian normal
distribution) and 7 (Tau, the mean and standard
deviation of the exponential function). We fitted
the ex-Gaussian distribution to the first-dwell
duration data using an algorithm known as
quantile maximum likelihood estimation
(QMPE; Cousineau et al., 2004; Heathcote et
al., 2002). The first-dwell duration data was
fitted separately for each participant and for
each condition.

Importantly, ex-Gaussian fitting allows us to
clarify whether the influence of expertise on
mean first-dwell duration, which was discussed
earlier, is due to a shift in the location of the
distribution (a shift effect indicates a rapid
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influence on both short and long dwells) or due
to a change in the degree of skew (a skew effect
indicates an influence that is primarily restricted
to long dwells). Accordingly, if the influence of
expertise is due to rapid processing, then such
an influence should be reflected in a shift effect
(i.e., a difference in Mu as a function of
expertise). Furthermore, the perceptual
specificity hypothesis predicts that the
magnitude of the shift effect should be greater in
the symbol notation condition than in the letter
notation condition. Consistent with these
predictions, Figure 4 illustrates the dramatic
pattern of the expertise by notation influence on
the distribution of first-dwell duration.
Specifically, in the symbol condition, in both
the histograms (Panel a) and in the density
functions generated from the best-fitting ex-
Gaussian parameters (Panel c), the Novices’
distribution is shifted to the right of the experts’
distribution. In marked contrast, such a shift
effect is not visible in the letter condition
(Panels b, d).

T T T T T T T T T
200 400 600 800 1000 1200 1400 1600 1800 2000
First Dwell Duration (ms)

Figure 4. Histograms (Panels a, b) and density functions generated from the best-fitting ex-Gaussian parameters (Panels c,
d), demonstrating the influence of expertise for symbol notation trials (Panels a, ¢) and letter notation trials (Panels b, d).
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In addition, we analyzed each of the ex-
Gaussian parameters (Mu, Sigma, Tau) using a
2 X 2 ANOVA, with notation (symbol, letter),
and level of expertise (novice, expert) as
independent variables. Consistent with the
pattern seen in the histograms and density
functions, the expertise by notation interaction
was significant for Mu, F(1, 40) = 25.27,p <
.001, n% = .63 (see Panel b of Figure 2),
reflecting a large expertise effect (i.e., shift
effect) in the symbol condition, t(40) = 4.89, p <
.001, d = 1.52, and no expertise effect in the
letter condition (t < 1). A similar expertise by
notation interaction was obtained for the Sigma
parameter, F(1, 40) = 6.79, p < .05, n% = .15
(see Panel c of Figure 2), demonstrating that in
the symbol condition, the variability of first-
dwell durations was larger for novices than
experts, t(40) = 4.75, p < .001, d = 1.48, and
there was no difference in variability as a
function of expertise in the letter condition (t <
1). In contrast to the analyses of Mu and Sigma,
which demonstrated large expertise effects in
the symbol condition and no influence of
expertise in the letter condition, for Tau, there
was no such effect (see Panel d of Figure 2). In
fact, for the Tau parameter there was a small
numerical difference in the direction of a larger
expertise effect in the letter condition than in the
symbol condition, but the expertise by notation
interaction did not reach significance, F(1, 40) =
1.88, p =.178, 1% = .05). The differential
pattern of results for Mu and Sigma versus Tau
is consistent with our interpretation that the
experts’ advantage in the symbol condition
reflects, at least in part, rapid perceptually
specific processing that impacts the entire
distribution of dwell durations. Our findings
also suggest that the effect of expertise on skew
is mediated by a different mechanism that is not
impacted by the notation manipulation (i.e., is
not perceptually specific), and which primarily
influences long dwells.

Discussion

The present study builds upon a growing body
of literature (see Table 1), which convincingly
demonstrated enhanced perceptual encoding of
chess configurations by expert players in

comparison to their less skilled counterparts.
Replicating the pattern reported by Reingold,
Charness, Pomplun, et al. (2001), and consistent
with the perceptual specificity hypothesis,
robust expertise by notation interactions were
demonstrated for overall response times and for
the fine-grained eye movement measures (first-
dwell duration, first-fixation duration, and the
probability of a single-fixation dwell).
Specifically, in trials using the familiar symbol
notation, experts were considerably faster at
identifying the double-check configurations, and
this advantage was substantially attenuated or
even eliminated in trials using the unfamiliar
letter notation. In addition, for the symbol
notation there was a very dramatic experts’
advantage that occurred within an extremely
rapid time course (i.e., affecting both short- and
long-dwell durations), while for the letter
notation there was a much smaller and delayed
effect of expertise (i.e., that was confined to
long-dwell durations).

In order to examine the implications of the
present findings, it is instructive to compare the
notation manipulation to the configuration-type
manipulation (chess configuration vs. random
configuration). Note that in random
configurations, the symbols used to represent
individual pieces are preserved, but both the
appearance and semantics of chess
configurations are irrevocably altered. In other
words, in the case of random configurations,
chess knowledge is rendered largely irrelevant
because such configurations are both
perceptually unfamiliar and semantically
incoherent. In contrast, the influence of the
notation manipulation is much more selective.
Specifically, the letter notation disrupts the
perceptual/surface familiarity of chess
configurations, but the semantics of the
configurations remain intact and chess
comprehension and problem solving can
proceed. Despite this difference between the
notation manipulation and the configuration-
type manipulation, both were shown to strongly
interact with expertise, and these interactions
were used as the basis for the conclusion that
experts’ superior encoding of chess
configurations was due at least in part to their
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chess experience, rather than to a general
perceptual superiority (see discussion by
Reingold, Charness, Pomplun, et al., 2001).

However, the interaction between notation
and expertise can be used to further pinpoint a
mechanism which might underlie visual
expertise in general, and skilled performance in
chess, in particular. This is the case because the
expertise-by-notation interaction suggests that
experts’ rapid encoding processes are at least in
part reliant on memory representations of chess
configurations (or chunks), which preserve
perceptual/surface details such as notation. In
other words, there is evidence for the perceptual
specificity of the memory representations which
are involved in the encoding of chess
configurations by experts, and when there is a
mismatch between such representations and the
notation used to represent chess pieces (i.e., as
is the case with the letter notation), pattern
recognition processes are impeded, and the
experts’ advantage is substantially reduced and
delayed. If memory representations contained
only conceptual information concerning the
meaning of chess configurations (i.e., perceptual
features such as notation are discarded) then we
would not expect experts to be differentially
affected by the notation manipulation, and the
magnitude of the influence of expertise should
not have been reduced when the letter notation
was used instead of the familiar symbol
notation.

Therefore, the expertise-by-notation
interaction provides strong support for the
argument by Chase and Simon (1973a) “that the
most important processes underlying chess
mastery are these immediate visual-perceptual
processes rather than the subsequent logical-
deductive thinking processes” (p. 215). Thus, in
a radical departure from previous
conceptualizations of skilled performance, de
Groot, and Chase and Simon, hypothesized that
chess grandmasters use efficient perceptual
encoding of chess configurations to generate the
most promising candidate moves and to restrict
their reliance on the effortful and slow serial
search through the space of possible moves. In
other words, expert-novice differences were
hypothesized to reflect qualitative rather than

merely quantitative differences. Specifically, the
frameworks of de Groot, and Chase and Simon,
suggest greater reliance on fast and automatic
perceptual pattern recognition processes by top
chess experts than by less skilled players that
tend to depend more on slow and effortful
problem solving and search and evaluation
processes.

Methodologically, investigating such
predictions of qualitative expert-novice
differences require going beyond the ubiquitous
(albeit impressive) main effects of expertise,
and instead focusing on experimental
manipulations that might differentially affect
(i.e., dissociate between) the performance of
experts versus novices. As explained above, due
to the disruption of perceptual encoding
processes, the letter notation condition exerted a
much greater effect on the performance of
experts than novices, resulting in a substantial
attenuation of the influence of expertise on task
performance. However, establishing qualitative
differences as a function of expertise also
requires demonstrating the opposite pattern in
which a manipulation affects novices to a much
greater extent than experts. Precisely such a
pattern was obtained in investigations of the
influence of severe time pressure on chess
performance. Time pressure would be expected
to be very detrimental to the slow and effortful
serial search processes that are characteristic of
novices’ performance. In contrast, the fast and
effortless perceptual pattern recognition
processes that largely determine experts’
performance should be much less affected by
time pressure. Consistent with this prediction,
several investigations reported little effect of
extreme time pressure on the performance of top
chess players, and a substantial effect on the
performance of weaker players (e.g., Burns,
2004; Calderwood et al., 1988; Chabris &
Hearst, 2003; Gobet & Simon, 1996a). For
example, Burns (2004) conducted an extensive
investigation of archival data on blitz chess. In
blitz chess tournaments players are afforded less
than 5% of the time available during regular
chess tournaments. Burns (2004) demonstrated
that among weaker players, skill differences
were attenuated by playing blitz chess, thereby

https://www.journalofexpertise.org
Journal of Expertise / March 2023/ vol. 6, no. 1

18



Reingold & Sheridan (2023)

Eye Movements in Chess

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). Thus, the investigation of the influence
of severe time pressure on chess performance
provided important convergent evidence in
support of the hypothesis of greater reliance on
fast perceptual pattern recognition processes by
top chess experts than by their less skilled
counterparts.

Finally, the increasing theoretical and
empirical emphasis on the crucial role of
domain-specific perceptual processes in
determining skilled performance in chess is
reminiscent of a similar trend in the memory
literature. Specifically, the memory literature
has undergone a shift from a primary focus on
conceptual and semantic influences on memory
performance in the 1970s, towards a growing
acknowledgment of the role of perceptual
influences (for a review see Reingold, 2002). Of
particular relevance for the present study is the
work by Paul Kolers (e.g., Kolers, 1976) using
the transformed text paradigm. In order to study
the perceptual specificity of memory
representations, Kolers applied geometrical
transformations to normal text such as inversion
or mirror reflection. Similar to the notation
manipulation in chess, the transformed text
manipulation selectively disrupted perceptual
familiarity but preserved the semantics. Using
this paradigm, Kolers (1976) provided a
dramatic demonstration of long-term retention
of superficial perceptual details (i.e.,
typography) supporting the existence of
perceptually specific memory representations
(see also Reingold, 2002; Sheridan & Reingold,
2012a, for eye movements studies using similar
paradigms). Thus, we would argue that an
important goal for empirical investigations of
visual expertise would be to study further the
perceptual specificity of memory representation
that might underlie the experts’ advantage, and
to consider related paradigms that were
developed for that purpose in the memory
literature.

Endnote

1. We used the chess players’ CFC (Canadian
Chess Federation) ratings in these
calculations, with the exception that one of
the expert players did not have a CFC rating;
In this case, we used this chess player’s
FIDE (Federation Internationale des Echecs)
rating in lieu of the CFC rating.
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