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Planning abilities and chess: A comparison of chess
and non-chess players on the Tower of London task

J. M. Unterrainer*, C. P. Kaller, U. Halsband and B. Rahm

Neuropsychology, Department of Psychology, University of Freiburg, Germany

Playing chess requires problem-solving capacities in order to search through the chess
problem space in an effective manner. Chess should thus require planning abilities for
calculating many moves ahead. Therefore, we asked whether chess players are better
problem solvers than non-chess players in a complex planning task. We compared
planning performance between chess (N = 25) and non-chess players (N = 25) usinga
standard psychometric planning task, the Tower of London (Tol) test. We also assessed
fluid intelligence (Raven Test), as well as verbal and visuospatial working memory. As
expected, chess players showed better planning performance than non-chess players,
an effect most strongly expressed in difficult problems. On the other hand, they showed
longer planning and movement execution times, especially for incorrectly solved trials.
No differences in fluid intelligence and verbal/visuospatial working memory were found
between both groups. These findings indicate that better performance in chess players
is associated with disproportionally longer solution times, although it remains to be
investigated whether motivational or strategic differences account for this result.

Studies on chess have a long history in cognitive psychology (e.g. Binet, 1894; Djakow,
Petrowski, & Rudik, 1927). Chess allows the assessment of expertise in a knowledge-
rich domain (Chase & Simon, 1973; de Groot & Gobet, 1996; Waters, Gobet, & Leyden,
2002) and offers the possibility to study higher order cognition (Newell & Simon, 1972;
van der Maas & Wagenmakers, 2004).

From an individual approach, the focus of cognitive research on chess abilities has
mainly been on intelligence and memory capacities. Some authors have stressed that
intelligence is associated with chess skills in children (Frydman & Lynn, 1992; Horgan &
Morgan, 1990) and male adults (Doll & Mayr, 1987), whereas others found no
differences between chess players and non-chess players in general intelligence
(Djakow et al., 1927). Concerning memory, a lot of research has been conducted on the
recall of chess positions (e.g. Chase & Simon, 1973; Ericsson & Kintsch, 1995; Ericsson,
Patel, & Kintsch, 2000; Gobet, 1998, 2000), as well as on visuospatial memory assessed
with non-chess specific psychometric instruments (Schneider, Gruber, Gold, & Opwis,
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1993; Waters et al., 2002). The pattern-recognition account of chess expertise (e.g.
Chase & Simon, 1973) suggests that experts have stored more and larger ‘chunks’ of
meaningful gameboard configurations than do weaker players. As a consequence of
recognizing these patterns, they can make relatively good decisions, even under time
pressure. This account has strongly influenced research on expertise and decision
making in other domains such as fire fighting, medical diagnosis and aviation (e.g.
Zsambok & Klein, 1997).

On the other hand, the importance of planning in chess has been highlighted (Gobet,
1997; Holding & Reynolds, 1982; Holding, 1985, 1989; Saariluoma & Hohlfield, 1994).
In contrast to the pattern-recognition account of Chase and Simon (1973), Holding
(1985) emphasized that the central activity of chess consists of choosing moves, which
is an active process of looking (search) for the best (evaluation) moves. The search
process is viewed as including elements of planning, since the player must find a path
through the search tree that leads to the designated position. Holding and Reynolds
(1982) showed that when experts are asked to make a move on a random board game,
they make better choices than non-experts. This result indicates that at least some
components of chess expertise must be based on search and planning rather simply
reflecting retrieval of stored move sequences in response to a recognized pattern.

To the best of our knowledge, no studies have been conducted to explore the
relationship between chess skills and planning abilities as measured by means of
psychometrics. According to van der Maas and Wagenmakers (2004), chess is commonly
classified into three basic skills: tactical ability, positional insight or judgment and
endgame knowledge. Tactical ability should be closely related to some aspects of
planning and problem solving, since it is defined as the discovery and accurate
calculation of ‘combinations’. Tactical ability thus requires the calculation of concrete
sequences of moves and countermoves. The generation of move sequences resembles
the concept of planning which underlies common neuropsychological diagnostic
instruments like the Tower of Hanoi or the Tower of London (ToL; Shallice, 1982). The
ToL was introduced by Tim Shallice (1982) to study planning deficits in frontal lobe
patients. Carlin et al. (2000) describe the cognitive processes involved in the ToL task as
(1) a look-ahead mechanism designed to generate multiple sequences of hypothetical
events and their consequences, (2) the development of stored structured event
complexes that can guide movement from an initial to a goal state, (3) execution-linked
anticipation of future events and (4) recognition of goal attainment. Note that ‘planning’
in the chess literature has a slightly different meaning: It is defined as ‘strategic thinking’
or ‘long-range planning’ (Saariluoma & Hohlfeld, 1994).

In the present study, we compared planning abilities as measured by the ToL test
between chess players (ranging from advanced beginners to very experienced chess
players) and participants with no experience in playing chess. We also assessed fluid
intelligence as well as verbal and visuospatial working memory, which may help to
explain possible planning differences between both groups.

Methods

Participants

A total of 25 chess players were recruited from two chess clubs in Freiburg (2 female, 23
male). The mean age of the participants was 29.3 years (SD = 8.6). The chess players’
DWZ-values (the German one-to-one equivalent of the Elo rating) ranged from 1,250 to



Copyright © The British Psychological Society

Reproduction in any form (including the internet) is prohibited without prior permission from the Society

Planning abilities and chess 301

2,100, with a mean of 1,683.32 rating points. Participants had played chess for 15.7
years on average, with a range of 1-40 years. The control group consisted of 25
participants who had no experience in playing chess (14 female, 11 male) and was
matched with the chess group on age (p > .05) and level of education (p > .05). All
participants gave their informed consent prior to the experiment. Participants were
tested individually.

Cognitive tasks

ToL

Participants were administered a computerized adaptation of the ToL. In the computer
presentation, the goal state was presented in the upper half of the screen. In order to
match the goal configuration, participants operated on the start state in the lower half of
the screen by moving the balls with a computer mouse. Participants were told to
transform the start state into the goal state following three rules: (1) only one ball may be
moved at a time; (2) a ball cannot be moved when another ball is lying on top of it; (3)
three balls may be placed on the tallest rod, two balls on the middle rod and one ball on
the shortest rod. Note that the computer programme did not allow rule-incongruent
moves.

For all problems, the minimum number of moves was indicated on the screen. In
addition to the description of the tasks, participants received instructions to (1) always
plan ahead the optimal solution to a given problem first and (2) only thereafter start
moving the balls.

ToL problems

Participants had to solve four 4-, 5-, 6- and 7-move problems each, presented in pseudo-
randomized order. Concerning problem structure, only structurally unique problems
(Berg & Byrd, 2002) with a single path for achieving an optimal solution were selected.
Across the levels of minimum number of moves, ToL problems were counterbalanced
according to the following global problem parameters - the ambiguity of goal hierarchy
and the patterns of subgoal generation (Kaller, Unterrainer, Rahm, & Halsband, 2004). In
addition, existence and number of suboptimal alternatives were also controlled for.
Furthermore, problems featuring specific parameters (e.g. counter-intuitive subgoal
moves, alternative goal moves) were not included in the problem set. Controlled
selection of structurally unique problems and individual iso-forms (Berg & Byrd, 2002)
ensured, for all problems, that within the sequences of the first as well as the last three
moves, all inherent two-move sequences were unique. This was done in order to
prevent potential learning of state-move contingencies caused by nestings of
subsequences across problems. (See also Appendix for a more detailed description of
the problem set).

Since task difficulty and cognitive demands also vary within the particular levels of
minimum number of moves according to structural problem parameters (Kaller et al.,
2004), the systematic item selection procedure applied in the present study allowed for
a controlled increase of problem difficulty ranging from very easy four- to very difficult
seven-move problems.

Tol measures
The following measures were recorded for analysis: accuracy, preplanning and
movement execution time. Accuracy of solution reflects whether the problem was
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solved in the minimum number of moves or not. Preplanning time, as an indicator for
the planning process, was defined as the time between the presentation of a problem
and the first touch of a ball. Movement time was defined as the time between the first
touch of a ball and the final solution of the problem.

SPM (Standard progressive matrices; Kratzmeier & Horn, 1979; Raven, 1960)

The SPM consists of a series of visual pattern matching and analogy problems pictured in
non-representational designs. It requires the participant to conceptualize spatial, design
and numerical relationships among visual patterns, ranging from the very obvious and
concrete to the very complex and abstract. Each item contains a pattern problem with
one part removed and participants have to choose the correct missing pattern piece
from six to eight pictured inserts depicted below the pattern. Participants had to point
out the pattern piece they select. This test was designed to measure visuoconstructive
‘fluid’ intelligence involving reasoning, problem solving, judgment and concept
formation. Participants’ performance was accounted in raw scores.

Verbal working memory: Digit span (digits forward/digits backward)

Both tests are subtests of the WAIS-R (Tewes, 1994) and consist of seven pairs of random
number sequences that the examiner reads aloud at the rate of one per second. In the
forward condition, the participant’s task is to repeat each sequence exactly as it is given
whereas in the backward condition the digits have to be iterated in exactly reversed
order.

Visuospatial working memory: Corsi block-tapping test (forward/backward)

Both tests (Milner, 1971) consist of nine black cubes ‘randomly’ fastened to a black
panel. Each time the examiner taps the blocks in a prearranged sequence, the subject
must attempt to repeat the tapping pattern - in the given sequence order for the
forward condition and in the inverted sequence order for the backward condition.

Results

Since reaction times are very sensitive to error variance induced by outliers, preplanning
and movement execution times for correctly and incorrectly solved trials were
examined prior to statistical analysis. Detection of outliers considered every single
problem across subjects. Items with values outside a range of 2.5 standard deviations
above/beneath item mean (Hair, Anderson, Tathan, & Black, 1998) were classified as
outliers (2.9% of observations). Preplanning and movement execution times were
analysed separately for correctly and incorrectly solved trials to avoid possible
confounding of different cognitive processes.

ToL accuracy

For accuracy as the dependent variable in a repeated measurements ANOVA, significant
main effects of group, F(1, 48) = 16.13, p < .001; partial m? = .25, and difficulty,
F(3, 144) = 37.85, p < .001; partial n? = .44, were found, as well as a significant
interaction between difficulty level and performance group, F(3, 144) = 2.93, p < .05;
partial m? = .06. Chess players revealed better overall performance than non-chess
players, and the difference between both groups increased with more complex
planning problems, as can be seen in Fig. 1.
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Figure |. Means and error bars (standard errors) of planning accuracy across four difficulty levels of
chess and non-chess players.

Additional correlational analyses failed to reveal any significant association between
overall ToL-performance score and DWZ-values in the group of chess players
(r = —.067; p > .05).

Given that there are known gender differences in spatial abilities, we carried out an
additional analysis with respect to the influence of sex in the control group. The results
showed that there were no performance differences between male and female
participants, F(1, 23) = 0.61, p = .445.

Preplanning times
The preplanning times of correctly solved trials as the dependent variable in a repeated
measurements ANOVA showed significant main effects of group, F(1, 48) = 16.22,
p < .001; partial * = .25, and difficulty, F(3, 144) = 32.41, p < .001; partial 2 = .40.
In addition, a significant interaction between difficulty level and performance group,
F(3, 144) = 4.63, p < .01; partial 1? = .09, could be observed. In general, chess players
needed longer to preplan the problems than non-chess players and the observed
interaction demonstrates that this difference increases with problem difficulty (Fig. 2a).
For incorrectly solved trials, only 6- and 7-move problems were included in the
analyses for group comparison, since 4- and 5-move problems were solved by almost all
chess players. A repeated measurements ANOVA showed a significant main effect of
group, F(1,36) = 13.51, p < .001; partial m* = .27, with chess players exhibiting
longer preplanning times than non-chess players (Fig. 2b) for incorrect trials. No main
effect for difficulty or a significant interaction was observed.

Movement execution times
For correctly solved trials, a repeated measures ANOVA showed no significant main
effect for group, but movement execution times differed depending on problem
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Figure 2. Means and error bars (standard errors) of preplanning times in seconds of chess and
non-chess players for correctly (a) and incorrectly (b) solved trials.

difficulty, F(3, 96) = 39.14, p < .001; partial n* = .55 (Fig. 3a). No significant
interactions were observed.

When analysing incorrectly solved trials, no significant main effect for group emerged,
but again, movement times differed with respect to problem difficulty, F(1, 36) = 4.19,
p <.05; partial m*=.10. Also, an interaction between difficulty and group,
F(1, 36) = 4.59, p < .05; partial m* = .11, was observed (Fig. 3b). Chess players’
movement execution times increased substantially from 6- to 7-move problems, whereas
non-chess players needed the same time for 6- and 7-move problems during incorrect
trials.

Fluid intelligence

Chess players (mean: 28.56; SD: 2.33) and non-chess players (mean: 28.6; SD: 1.22) did
not differ in fluid intelligence scores (p > .05). There was also no significant correlation
between DZW-scores and intelligence (» = —.076; p > .05) in the chess playing group.
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Figure 3. Means and error bars (standard errors) of movement execution times in seconds of chess
and non-chess players for correctly (a) and incorrectly (b) solved trials.

Working memory

In the verbal working memory task, no significant differences between groups were
observed (chess players: mean 19.12, SD: 3.80; non-chess players: mean 18.52; SD: 3.45;
p > .05). For the visuospatial working memory task, chess players showed a slight
tendency towards better performance (mean: 20.12; SD: 3.64) than non-chess players
(mean: 18.64; SD: 2.87; p = .11), which was most pronounced in the block-tapping
forward condition (chess players: mean 10.48, SD: 2.2; non-chess players: mean 9.306;
SD: 1.91; p = .006).

Discussion

In the present study, chess players clearly outperformed non-chess players on ToL
planning tasks. The superior performance of chess players increased with more difficult
problems. One might argue that chess players are experienced in ‘thinking ahead’
(Holding, 1985) and therefore our results are not too astonishing. These results are
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partially in line with the study of N’Guessan (1992), who compared chess players and a
control group learning awele, an African board game. N'Guessan found that chess
players were learning faster and reached higher skill levels. However, against
expectations, in the present study, chess players were extremely slowed in problem
solving compared with non-chess players in both correctly and incorrectly solved trials.
This slowing was especially prominent in more complex problems, where chess players
needed about 40 seconds longer in correct trials, and as long as 60 seconds in erroneous
trials. As already described, there was no significant correlation between the German
Elo equivalent (DWZ score) and ToL performance. Additional analyses showed that
DWZ score and planning times were unrelated too (7 = .26; p = .24). These results
indicate that better performance of chess players in the ToL cannot be accounted for by
chess-related skills. Instead, they support the assumption that chess players adopt a
different approach to the ToL compared with non-chess players. Chess depends on the
deliberate selection of the optimal move while taking into account the opponent’s
possible countermoves. This requires the evaluation of many possible moves. Chess
players might reveal a more complete or more accurate search through the problem
space. As a consequence of a more thorough processing, chess players might also re-
evaluate their preplanned sequences in a more detailed manner than non-chess players
in order to avoid executing the solution of a problem prematurely.

Despite being speculative, an explanation of these results in terms of strategic
differences is also supported by the data obtained in the execution phase. During
movement execution only, no differences between groups were observed for correctly
solved trials; once the problem is preplanned correctly, movement execution can be
performed quickly. However, during incorrectly solved trials, chess players again
needed much longer than non-chess players mostly expressed in 7-move problems.

What did the chess players do in this additional time? Did they replan the problem or
did they simply keep moving the balls until they attained the goal state? Additional
analyses of incorrectly solved trials during movement execution revealed that chess
players made significantly fewer unnecessary moves than non-chess players in 6- and 7-
move problems, F(1, 35) = 8.22, p < .01; partial n? = .19; chess players: mean 1.76,
SE: 0.27; non-chess players: mean 2.73; SE: 0.21). Furthermore, detailed analyses of
single moves revealed that chess players compared with non-chess players
showed extensively prolonged movement execution times for the second move,
F(5, 884) = 5.57, p < .05; partial n?> = .03 (Fig. 4a and b). Interestingly, in 6- and 7-
move problems, the first moves display a phase of successive subgoal moves
critical for efficient problem solution. Thus, after error commission, chess players
tended to be aware of their mistakes and made an effort to replan the problem in order
to solve it - although no longer feasible in the minimum number of moves - with as few
moves as possible. In contrast, non-chess players either seem not to have recognized
their errors or were less motivated to spend additional time on replanning.

Hence, it seems that chess players spent more time on additional replanning of
problems during movement execution than non-chess players and did not try to
complete the problems randomly until they reached the goal state. Again, this is in
accordance with the view that chess players take a different approach to solving ToL
problems than our non-chess participants.

Apart from strategic differences, the prolonged processing times we observed in
chess players might additionally point to higher ‘sports motivation’ in chess players (van
der Maas & Wagenmakers, 2004). The chess players may simply have found the ToL tasks
more engaging than the non-chess players. This might have been amplified by the fact
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Figure 4. Mean times (in seconds) and error bars (standard errors) of single moves of chess players
and non-chess players for incorrectly solved; (a) six-move problems and (b) seven-move problems.

that chess players were informed about the comparison of planning performance
between chess and non-chess players in the recruitment phase. Thus, the present results
cannot answer the question whether the superior ToL performance in chess players
reflect differences in skill or motivation.

Our findings failed to demonstrate any differences in fluid intelligence scores between
chess players and non-chess players, and are thus in line with the results of Djakow et al.
(1927). There was also no correlation between chess performance rating and
intelligence, suggesting that better chess players are no more intelligent than poor
players. For verbal and visuospatial working memory tasks, chess and non-chess players
obtained the same performance scores, which shows that non-chess specific memory
abilities did not differ between groups (cf. Waters et al., 2002). There was only a slight
tendency towards better visual spatial memory skills for chess players in the Corsi block-
tapping forward condition, representing short-term memory capacities. This additional
information provides evidence that better planning performance in chess players cannot
be accounted for in terms of differences in general intelligence or differing working
memory capacities between the two groups. These psychometric data also suggest that
chess-specific memory skills are not directly transferable on to general memory
requirements as measured by standard psychometric assessments. Gobet, de Voogt, and
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Retschitzki (2004) provide an excellent overview of empirical results on transfer of chess
expertise. While some authors reported positive effects of chess instruction on
psychometric measures and school scores (e.g. Christiaen & Verhofstadt-Denéve, 1981;
Frank & Hondt, 1979), Gobet et al. point out the methodological weakness of these
studies and the resulting limitations on the conclusion that can be drawn about transfer of
chess expertise. Thus, Gobet et al. conclude that there is little empirical evidence from
chess research that contradicts the ‘official’ opinion that cognitive skills do not transfer
much from one domain to each other.

Due to the exploratory nature of the present study, future research should control for
motivational differences between chess and non-chess players by providing incentives
for performance in both groups. Another possibility may be to set a maximum or
minimum time for a move. If chess players really have better planning skills, then a
performance advantage may be retained even if time is restricted, or if non-players are
encouraged to use more time.
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Appendix

The Tower of London problem set

Across 4-, 5-, 6- and 7- move problems, two structural ToL problem parameters (goal
hierarchy and subgoaling patterns/search depth) were experimentally manipulated in
the problem set while the number of suboptimal alternatives was controlled for. Due to
structural properties of the ToL problem space, the latter intention could only be
implemented by confounding the number of suboptimal alternatives with search depth
(Table Al).

Goal bierarchy concerns the obviousness of goal priority gathered from the
structure of the goal state (Kaller et al., 2004). Goal states can be unambiguous (1),
partially ambiguous or completely ambiguous (3).

Search depth is defined as the number of subgoal moves that must be considered in
order to gain the first goal-reaching move on the optimal solution path (cf. Spitz et al.,
1982). In the ToL, it depends on the two prominent subgoaling patterns; for the last four
moves, one can differentiate optimal solutions demanding sequences of subgoal move
followed by three successive goal moves (i.e. a pattern of 0-1-1-1 with digits 1 and 0
indicating a goal move' and a subgoal move, respectively) from sequences of a goal
move followed by a subgoal move and two successive goal moves (i.e. a pattern of 1-0-1-
1). Hence, the search depth for the initial goal move varies with the respective
subgoaling pattern.

Within a range of three moves away from the start state or a goal move on the optimal
solution path, suboptimal alternatives compete with the optimal solution and allow to
solve a problem in one to two additional subgoal moves. In Table Al, the numbers
indicate the number of suboptimal alternatives for a given problem. Start and goal
states are referred to by the Berg and Byrd (2002) notation.

' A goal move directly places a ball into its goal position. In contrast, a subgoal move is defined as a move that is essential to the
optimal solution, but which does not place a ball into its goal position (Kaller et al., 2004).



Table Al. The problem set

Structural problem

parameters 4-move problems 5-move problems 6-move problems 7-move problems
Goal Search  Start and goal Suboptimal Start and goal Suboptimal Start and goal Suboptimal Start and goal Suboptimal
hierarchy depth state alternative state alternative state alternative state alternative
| | 65:11 0 2341 | 41:61 | 55:21 |
| | 53:14 0 14:34 | 56:24 I 42:16 |
3 2 66:54 I 63:43 2 24:63 2 26:53 2
3 2 32:25 | 15:55 2 16:35 2 11:45 2
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