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Abstract The ability to play chess is generally
assumed to depend on two types of processes: slow
processes such as search, and fast processes such as
pattern recognition. It has been argued that an increase
in time pressure during a game selectively hinders the
ability to engage in slow processes. Here we study the
eVect of time pressure on expert chess performance in
order to test the hypothesis that compared to weak
players, strong players depend relatively heavily on
fast processes. In the Wrst study we examine the performance of players of various strengths at an online chess
server, for games played under diVerent time controls.
In a second study we examine the eVect of time controls on performance in world championship matches.
Both studies consistently show that skill diVerences
between players become less predictive of the game
outcome as the time controls are tightened. This result
indicates that slow processes are at least as important
for strong players as they are for weak players. Our
Wndings pose a challenge for current theorizing in the
Weld of expertise and chess.
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Introduction
One of the important challenges for cognitive science is
to shed light on the processes that underlie expert
decision making. Across a wide range of Welds such as
medical decision making and engineering, it has been
shown that expertise involves both slow processes
such as selective search and fast processes such as the
recognition of meaningful patterns (e.g., Ericsson &
Staszewski 1989). This distinction between fast and slow
processes is very applicable to the game of chess and
therefore research on chess is of considerable importance for the understanding of expert performance.
Ever since the groundbreaking work of De Groot
(e.g., 1946, 1978), cognitive psychologists have been
interested in the skills that distinguish strong from
weak chess players. Generally two types of skill are distinguished; the ability to calculate variations (search)
and the ability to recognize and remember meaningful
patterns on the board (pattern recognition). The early
work by De Groot (1946) indicated that strong players
are hardly any better when it comes to search. Similarly, Charness (1981), Holding and Reynolds (1982),
and Saariluoma (1990) have shown that experts search
slightly deeper than weaker players but that they do not
search wider. In other words, they calculate selected
variations somewhat deeper, but they do not calculate
more variations than weaker players. This relatively
small eVect of skill on search has led Charness (1981)
to conclude that at high skill levels the ability to search
probably becomes uniform.
In terms of the skills that do distinguish strong from
weak players, De Groot (1946) found that strong players are much better than weaker players in their ability
to memorize and recognize patterns of pieces on the
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board. This eVect has been replicated and extended by
Gobet and Simon (Gobet & Simon 1996, 2000; Lassiter
2000). These Wndings have led psychologists to believe
that at a certain level expert skill in chess is predominantly determined by the number of chunks a player
has in his “chess vocabulary” which he can access relatively fast and eVortlessly (e.g., Simon & Chase 1973).
Holding (1985, 1992; see also Gobet & Simon 1998),
however, has challenged this view and has emphasized
the importance of search.
An important diVerence between search processes
such as calculating variations on the one hand and pattern recognition on the other is that the former takes
relatively more time. In other words, search is often
labeled a slow process, while recognition is seen as a
fast process. Consequently, restricting the time available to a player will have more of an eVect on the
(slow) search process and comparatively little on (fast)
pattern recognition. Gobet and Simon (1996) have
applied this assumption in a study where they compared the performance of Garry Kasparov (generally
considered the strongest player of all time) under normal tournament circumstances to his performance
when Kasparov was playing a simul (i.e., playing several players at the same time) and the time to contemplate his moves was restricted. Gobet and Simon
(1996) showed that Kasparov’s chess rating (a numerical measure of skill, cf. Batchelder & Bershad 1979)
drops from 2,750 to 2,646 when he has to play faster.
Gobet and Simon concluded that imposing a time constraint lowered Kasparov’s quality of play only to a
slight extent.1 Calderwood, Klein, and Crandall (1988)
asked grandmasters to rate the quality of moves made
in fast (blitz) and slow games, played by strong and
weak players. Their results showed an interaction
between skill and game type, in the sense that stricter
time constraints decrease the quality of play particularly for weak players. On the other hand, Chabris and
Hearst (2003) have recently shown that even grandmasters make more and bigger mistakes under conditions where they have less time than usual to select
their moves.
Like Gobet and Simon (1996), Burns (2004) hypothesized that increasing time pressure selectively reduces
the eVectiveness of slow search processes. Analysis of
several blitz tournaments, in which a player has only
1

One can question whether Kasparov himself would actually consider a 100-point decrease in rating “slight.” At the time of the
simultaneous exhibitions he would have dropped to somewhere
around tenth place. In our view, and probably in the view of the
strongest player of all time, still a signiWcant decrease. At this moment he would drop from being the strongest player in the world
to somewhere around the 60th place in the world ranking.
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5 min to complete a game, demonstrated that blitz performance and chess skill are very highly correlated.
Moreover, time pressure attenuated skill diVerences
among weak players, but not among strong players.
Based on the latter Wnding, Burns concluded that skill
diVerences in chess are predominantly based on diVerences in the eVectiveness of fast processes, and that this
holds particularly for strong players. However, this
conclusion may be premature, as several alternative
explanations exist.
From a theoretical perspective, it is indeed plausible
that time pressure reduces the contribution of slow
processes in an absolute sense. However, in a game
between two players it is the amount of search relative
to that of the opponent that is crucial. To illustrate,
assume that a strong player calculates eight moves
ahead under normal time controls, and his weaker
opponent calculates four moves ahead. Under time
pressure, the strong player and the weak player may
only calculate, say, four and two moves ahead, respectively. It is unclear which time controls are more favorable to the stronger player in this example.
When the distinction between absolute eVectiveness
and relative impact of search processes is taken into
account, Burns’ theoretical claim is severely undercut.
In a way this resembles the discussion between Gobet
and Simon (1996, 2000) and Lassiter (2000) about the
increased strength of computers in blitz chess as compared to normal time controls. While Lassiter (2000)
argues this is likely due to the fact that the human ability to engage in search is more hampered by the
increased time constraints, Gobet and Simon (2000)
reply that the human diYculty could just as well be the
consequence of having less time for pattern recognition.
Another alternative explanation of Burns’ Wndings
can be found in the speciWc factors that come into play
during a blitz game that may cause strong players to
beneWt from faster time controls. For example, blitz is
associated with more stress and (perhaps consequently) more “blundering” (making very gross mistakes) than normal time controls. Being less
experienced, a weaker player is less used to dealing
with stress during a game than a seasoned professional—hence, the weaker player may fall victim to
blundering even more often than during a normal
game. This diVerential increase in blunders due to
stress might also explain the Wnding that strong players
become relatively stronger as a result of increased time
pressure. In short, the fact that reducing the time available leads to more variance in results among weak
players than among strong players could be due to
many factors other than the enhanced reliance of
strong players on pattern recognition.
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A second issue is methodological. Burns used chess
ratings as an objective measure of chess skill, as is
indeed accepted practice. However, low ratings are
estimated less reliably than high ratings. The standard
deviation in the rating of amateurs is about twice that
of grandmasters (Jonker 1992). This diVerence in reliability occurs because many amateurs have ratings that
are based on very few games. When using chess rating
as an index of skill, one should ensure these ratings are
suYciently reliable.
On the whole, the existing research on the importance of fast and slow processes in chess raises a
number of interesting ideas, which deserve further
investigation. We believe that the most adequate test
of his hypotheses would also involve a within-subjects design, where players of various strengths are
compared in terms of their performance in fast and
slow games. In the present paper we present two
studies in which we examine the impact of time pressure on playing strength, taking into account the concerns outlined above. In the Wrst study we examine
the ratings (for various time controls) of an online
chess club. In the second study we analyze the results
of the last world championships, where matches were
played with both normal (slow) time controls as well
as with faster time controls. We relate these results to
the player’s skill level and examine whether strong
players suVer more or less from increased time
pressure.

tionale des Echecs (FIDE) masters (FMs) and 75 players with no title. All of these players were very active
on the ICC and had highly reliable ratings.
On ICC there are generally two methods of Wnding
an opponent. One can directly challenge another
player to a game of bullet (1–2 min), blitz (3–10 min),
or standard (10–60 min). A second option is to enter a
pool, where one is automatically paired to a player of
similar strength. There is a pool for 5-min games and
one for 1-min games. For each of these options players
receive a separate rating. The ratings of the players in
the various categories show that playing strength in
terms of title is predictive of success on ICC. The ratings for the diVerent title groups in each of the rating
categories are presented in Table 1.
It is important to note that ICC has invested a signiWcant amount of eVort into the detection of fraud.
Two types of fraud may be distinguished; computer
fraud and having stronger players use your account.
The former form of fraud is now increasingly uncommon because the ICC team of “computer busters” regularly checks games and examines whether or not an
unusual number of moves by a player under consideration is predicted by chess playing software. The second type of fraud is detected by examining the extent
to which a player performs signiWcantly better if he logs
on from a diVerent IP-address. Of course, as during
real life tournament play, it is impossible to eradicate
fraud altogether but there is no reason to assume it is
less common for strong players than for weak players.

Study 1

Results and discussion

In order to test our hypotheses using highly reliable ratings, we examined ratings of players of various strengths
on the Internet Chess Club (ICC; http://www.chessclub.com). This is a club with over 30,000 active members, including many of the best players in the world.
Thousands of games are played on this server daily and
each player has diVerent ratings for diVerent time controls. Only after having played a suYcient number of
games, players receive a stable rating. This allows for
analysis of reliable ratings based on thousands of games
and compare players of diVerent strengths in terms of
their vulnerability to an increase in speed.

We examined the correlations between 1- and 5-min
ratings, blitz and bullet ratings and blitz and standard
ratings for each of the various title categories.
The results, shown in Fig. 1, indicate that the correlations between ICC ratings associated with diVerent

Method
In order to examine the eVect of time pressure on playing skill we randomly selected 300 active players from
the ICC lists of players in four categories, decreasing in
playing strength: 75 international grandmasters (GMs),
75 international masters (IMs), 75 Fédération Interna-

Table 1 Mean ratings for grandmasters (GMs), international
masters (IMs), FIDE masters (FMs) and untitled players (none)
Title
GM
M
SD
IM
M
SD
FM
M
SD
None
M
SD

Standard

Blitz

Bullet

5-minutes

1-minute

2,439.16
166.05

2,973.17
251.16

2,445.68
187.34

2,405.77
142.63

2,261.85
168.77

2,419.28
180.83

2,786.66
262.78

2,389.01
197.30

2,300.05
156.28

2,206.45
182.70

2,321.79
142.83

2,581.70
209.29

2,234.31
196.04

2,178.36
128.53

2,068.64
197.23

1,510.30
469.68

1,960.27
467.68

1,762.19
411.58

1,696.68
394.93

1,510.30
469.68

123

594

Psychological Research (2007) 71:591–597

0.4
0.2

correlation

0.6

0.8

1.0

weak and for strong players, this constitutes a larger
relative increase for the stronger player. This explanation suggests that faster time controls beneWt the
weaker player in the sense that the game almost
becomes a game of chance once time pressure
increases severely.
A drawback of the current dataset is that a random
selection of untitled players will have a much larger
variance in rating as compared to the groups of title
holders. These diVerences in variance can of course
have an impact on the correlational data, although the
standard deviations presented above show that this
alternative explanation does not account for the diVerences found between the three groups of title holders.
The next study examines the eVect of time pressure
within a more homogeneous group: contenders for the
world championship.

0.0

1–min & 5–min
bullet & blitz
blitz & standard

GM

IM

FM

no title

title

Fig. 1 Correlations and standard errors between chess ratings for
strict and lenient time controls, clustered in four categories
according to playing strength. In order of decreasing status, the
four categories are: GM international grandmaster, IM international master, FM FIDE master, no title

time controls decrease with playing strength: correlations are highest for relatively weak, non-titled players,
and correlations are lowest for GMs.
The pattern of results from Fig. 1 is interesting
because it points to the opposite pattern than the one
obtained by Burns (2004) and Gobet and Simon
(1996). According to these researchers, skill diVerences
between strong players are based to a larger extent on
diVerences in fast processes than are skill diVerences
between weak players. Burns (2004) argues that slow
processes suVer more under time pressure than fast
processes, because the latter are more automatic and
eVortless and thus do not rely on time as much as the
more intensive search processes. Consequently, Burns’
hypothesis predicts that correlations between ratings of
various time controls should increase with playing
strength. The data from Fig. 1, however, shows the
opposite result. A simple explanation for the current
Wndings is that increasing time pressure enhances the
probability of errors on both sides. When the absolute
number of errors increases in the same amount for
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Study 2
In 1999 the FIDE introduced a new format for the
world championship. Whereas previously the title was
disputed in a series of very long knockout matches of
often 24 games in the traditional time controls (i.e., 2
or 2.5 h for the Wrst 40 moves, followed by 1 h for the
subsequent 20 moves), FIDE now had players engage
in 2-game knockout matches, which would in case of a
tie be decided by a 2-game tiebreak with a faster time
control. If this tiebreak was tied as well two more
games were played and if it was still tied after that,
players had to play blitz games until a winner did arise.
This format allows us to study whether an increase in
playing tempo beneWts the weaker player, as was the
case in Study 1.
Method and results
Since the new format was installed world championships were held in 1999, 2000, 2002 and 2004. We examined all 441 matches played in these world
championships. Three hundred and seventy-four
matches were decided during the games with normal
time controls. During the so-called rapid playoVs
(25 min per game + 10 s per move) 37 matches were
decided. The remaining 30 matches were decided with
blitz games. Ratings of the players ranged from 2,257
to 2,797 (M = 2,617.47, SD = 57.18).
For each match we examined a diVerence score
based on the ratings of the two players. This diVerence
score ranged from 0 to 923 with a mean of 97.65
(SD = 85.68) and we correlated this diVerence score
with the result of the matches in each of the various
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time controls. A score of 1 was given to the result of a
game where the higher rated player won and a score of
0 when the higher rated player lost. A score of 0.5 was
given to a game that ended in a draw. These scores
were added up over the diVerent games that were
played in the match. Thus, over a 2-game match, the
score ranged from 0 to 2. The correlation between the
rating diVerence score and the result during the regular
games is 0.44 (P < 0.001) and for the rapid games this
correlation slightly decreased to 0.38 (P = 0.002). Interestingly, for the blitz games the correlation with rating
diVerence dropped to ¡0.02.
Of course it is quite likely that pairings that are
closely matched in terms of rating are more likely to go
“all the way” and reach the blitz stage. Thus it could be
that the range of the rating diVerence score is simply
not suYcient to allow for signiWcant correlations with
the result of the blitz match. Examining the ranges for
the matches decided in each of the three (normal,
rapid, blitz) stages does indeed show that the range is
highest for the normal matches, where the rating diVerence ranges from 0 to 923 points (M = 103.36,
SD = 90.58). The rapid matches show a much smaller
range; from 0 to 151 points (M = 67.95, SD = 32.67).
For the blitz games the rating diVerence ranges from 5
to 166 points (M = 63.10, SD = 41.76). The fact that
there is no signiWcant diVerence in range and distribution between blitz and rapid games (t < 1) indicates
that the low correlation with match result for the blitz
games is not attributable merely to a restriction of
range. It appears that (even) among grandmasters in
contention for the world championship, performance
in blitz games seems to rely on skills very diVerent from
the ones used during regular tournament play.

General discussion
The two studies reported here both show that while
previous research has suggested that increasing the
playing tempo during a game of chess will beneWt the
stronger player due to his decreased reliance on slow
skills such as calculation of variations, data of online
play and world championship matches indicates otherwise. Our data suggests that once players are forced to
play faster, their ability during regular play under normal time controls becomes less predictive of their performance.
This eVect is particularly apparent when the players
engage in a game of blitz or even faster playing tempos.
The data of the world championship matches showed
that speeding up to a rapid game (approximately
30 min per game) does not have such a strong eVect.
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Only when the games become even faster does the rating advantage of the stronger player become insigniWcant. Exactly why the diVerence between normal play
and rapid is less important than that between rapid and
blitz is an open question.
What causes the attenuation of diVerences in playing
strength when people are playing blitz? Several possibilities should be considered. As we have mentioned
before it could very well be that increasing the playing
tempo also increases the possibility of making very
serious mistakes during a game. In fact such blunders
often end a game immediately because the consequences are beyond repair, even by a stronger player.
If it is the case that increased time pressure increases
the likelihood of blunders regardless of playing
strength this increase constitutes a larger relative
increase for the stronger player because weak players
make blunders anyway.
Another possible explanation lies in the fact that
when playing blitz diVerent skills come into play. A blitz
player needs to be able to cope with the increased stress
that is associated with blitz. With respect to the world
championship data it could even be the case that the
higher rated player experiences relatively more stress
because he has not been able to capitalize on his rating
advantage. Moreover, because of the importance of
moving quickly, even reWned motor skills can be a signiWcant advantage in blitz. Many chess players specialize
in blitz, but many others do not want to have anything to
do with it, which suggests we are almost (but of course
not entirely) dealing with a diVerent game.
If it is indeed the case that playing with faster time
controls induces a lot of “noise” into a game, then
maybe examining quality of play with fast or slow time
controls is not the best way to study if expert skill in
chess is based on fast processes like pattern recognition
or slow processes such as search. In fact we believe that
an experimental test of this question with a “choose-amove” paradigm (Campitelli & Gobet 2004; van der
Maas & Wagenmakers 2005) would be more appropriate, where one can present players with both typical
search items and pattern recognition items and manipulate the time players have to select the best move.
Nonetheless, we believe that the current data is useful
because it helps to put the Wndings of Burns (2004) and
Gobet and Simon (1996) into perspective.
One of the origins of the fact that the recent literature on chess continues to emphasize the relative
importance of fast processes such as pattern recognition might be the fact that it still very much relies on
relatively old work on the psychology of chess (e.g., De
Groot 1978) and the limited attention paid to chess
literature. The view on the thinking process of the
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(strong) chess player relying on pattern recognition
and rules of thumb that is generally found in scientiWc
literature on the issue, if anything, seems related to the
old (and somewhat outdated) views of Nimzowitsch
(1930). Nimzowitsch stressed the importance of certain
rules and principles, to which chess players should
abide such as not putting knights on the edge of the
board, do not move pawns in front of your king etcetera. Modern chess on a high level, however, no longer
relies on rule-oriented and principle-oriented thinking
(fast processes) but focuses on concrete analysis of the
position at hand (slow processes). Watson (1998)
argues that this emphasis on concrete analysis is what
constitutes the core of the modern Soviet School of
Chess. One exponent of this school is Alexander
Kotov, who in his inXuential Think Like a Grandmaster (1987) argues: “Having examined the games of
other players, particularly masters, I became even
more convinced that the ability to analyze clearly a
suYcient number of variations so as to clarify the position was the basic condition for success.” Kotov
describes a process of self-examination subsequent to
his participation in the Moscow championship, when
he already was a very strong player. In other words,
reliance on slow processes such as calculating variations also diVerentiates among strong players.
A rapidly growing body of research indicates that
thousands of hours of training are necessary to attain
expert level in any domain. Charness, TuYash, Krampe,
Reingold, and Vasyukova (2005) for example show that
extensive deliberate practice is the fundamental factor in
the development of expert chess performance. Such
deliberate practice often takes place in a form where a
chess player goes through a large number games by
grandmasters and for each move tries to Wnd the one
that was played by the grandmaster (e.g., Ericsson 2004,
2005; Ericsson, Krampe, & Tesch-Römer 1993). Such
intensive methods of training may very well be aimed at
making slow processes more eYcient and thus faster and
not at learning and memorizing entirely new patterns.
This quality to direct slow processes toward the most
appropriate target may over time turn into a fast process
and as such the two processes become intertwined.
The study of how time pressure inXuences thought
processes in chess is of considerable theoretical interest. The question whether or not strong players rely
less on search processes than do weak players is something that has an impact on our understanding of
expert behavior in a wider range of domains. Our
results suggest that experts do not use completely
diVerent tools when creating their work or play their
game, but they use these tools more eVectively than
those who are less skilled.
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