
Cognitive Science 43 (2019) e12771
© 2019 Cognitive Science Society, Inc. All rights reserved.
ISSN: 1551-6709 online
DOI: 10.1111/cogs.12771

When the Solution Is on the Doorstep: Better Solving
Performance, but Diminished Aha! Experience for Chess

Experts on the Mutilated Checkerboard Problem

Merim Bilali�c,a Mario Graf,b Nemanja Vaci,c Amory H. Danekd

aDepartment of Psychology, University of Northumbria at Newcastle
bInstitute of Psychology, University of Klagenfurt
cDepartment of Psychiatry, University of Oxford

dDepartment of Psychology, University of Heidelberg

Received 18 June 2018; received in revised form 10 June 2019; accepted 14 June 2019

Abstract

Insight problems are difficult because the initially activated knowledge hinders successful solving.

The crucial information needed for a solution is often so far removed that gaining access to it through

restructuring leads to the subjective experience of “Aha!”. Although this assumption is shared by

most insight theories, there is little empirical evidence for the connection between the necessity of

restructuring an incorrect problem representation and the Aha! experience. Here, we demonstrate a

rare case where previous knowledge facilitates the solving of insight problems but reduces the

accompanying Aha! experience. Chess players were more successful than non-chess players at solv-

ing the mutilated checkerboard insight problem, which requires retrieval of chess-related information

about the color of the squares. Their success came at a price, since they reported a diminished Aha!
experience compared to controls. Chess players’ problem-solving ability was confined to that particu-

lar problem, since they struggled to a similar degree to non-chess players to solve another insight

problem (the eight-coin problem), which does not require chess-related information for a solution.

Here, chess players and non-chess players experienced the same degree of insight.
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1. Introduction

Insight problems are notoriously difficult. Typically, the first attempts to solve such

problems are not successful, because they require a new and non-obvious solution which

does not readily emerge from the way the problem is presented (Dominowski & Dallob,
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1995). It was shown that insight problems mislead the problem solver into setting up an

inappropriate initial problem representation, in contrast to non-insight problems such as

standard arithmetic problems which have no misleading structure and can be solved by

directly applying familiar routines (Ash, Jee, & Wiley, 2012). Take, for example, the

eight-coin insight problem presented in Fig. 1B (Ormerod, MacGregor, & Chronicle,

2002). The task is to move only two coins so that each coin in the new constellation

touches exactly three other coins. Stacking coins on top of each other solves the problem.

The presentation of the problem as a two-dimensional picture, however, leads to the

implicit assumption that one can only move the coins around each other, in the same

plane. This inappropriate representation makes it difficult to think of the stacking solu-

tion, which requires the third dimension.

Classical theories of insight postulate that insight problems automatically activate prior

knowledge and assumptions (e.g., solving only in the plane), which prevent finding the

right solution (Duncker, 1945; Ohlsson, 1984, 1992a, 1992b). Solvers need to disengage

from their initial, inappropriate view of the problem, in order to notice the crucial, but

remote information and relate it adequately to the given problem. This process is called

restructuring and refers to change in the mental representation of the problem: A funda-

mental alteration in how the problem is perceived and encoded (Ohlsson, 1984, p. 119).

According to the Representational Change Theory (Knoblich, Ohlsson, Haider, & Rhe-

nius, 1999; Ohlsson, 1992b, 2011), possible mechanisms to accomplish restructuring are

elaboration (adding new information), re-encoding (categorizing or perceiving the prob-

lem elements differently), and constraint relaxation (overcoming self-imposed assump-

tions). For example, in the eight-coin problem, the realization that a 3D representation of

the problem is possible would represent constraint relaxation (€Ollinger, Jones, Faber, &
Knoblich, 2013; Ormerod et al., 2002). It has been shown that the difficulty of a problem

is directly determined by the degree of necessary constraint relaxation (€Ollinger, Jones, &
Knoblich, 2006).

Fig. 1. Insight problems used in the study. (A) The mutilated checkerboard problem, where the task is to

check whether one can cover the remaining 62 squares (after removing two) with 31 dominoes, if one dom-

ino always covers two squares. It is impossible to cover all the squares, since one domino would always

cover one black and one white square. The removed squares are both white, which leaves 30 white squares

and 32 black squares. (B) The eight-coin problem, where the goal is to find a way of moving two coins so

that each coin in the new constellation touches precisely three other coins. The solution is to move the two

middle coins onto the top of the remaining two groups of three coins.
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Most researchers agree that, besides the cognitive component (restructuring), the insight

phenomenon is also characterized by an affective component, a strong positive response

(Bowden, Jung-Beeman, Fleck, & Kounios, 2005; Danek, 2018; Duncker, 1945; Gick &

Lockhart, 1995; Kaplan & Simon, 1990). When solutions to insight problems are eventu-

ally reached, they tend to be rather sudden and surprising, often leaving people with a

strong feeling of Aha! (Gick & Lockhart, 1995; Gruber, 1995). Karl Duncker, one of the

key figures in the Gestalt movement, first noticed the connection between the cognitive

and affective component: “The decisive points in thought-processes, the moment of sudden

comprehension, of the ‘Aha!,’ of the new, are always at the same time moments in which

such a sudden restructuring [emphasis added] of the thought-material takes place”

(Duncker, 1945, p. 29). Many insight theories therefore propose that the process of restruc-

turing is one of the main factors driving the Aha! experience (Dominowski & Dallob,

1995; Gick & Lockhart, 1995; Kaplan & Simon, 1990). For example, a recent model of

insight (Danek, 2018) postulates that if the initial problem representation is correct, no

Aha! will be triggered because a search within the initial representation allows to retrieve

the crucial problem element, without any restructuring. Fleck and Weisberg’s four-stage

model of problem solving also makes the same prediction, namely that if any given prob-

lem can be matched with information that is easily accessible in memory, the solution

transfers and there should be no Aha! experience (Fleck & Weisberg, 2013). Knoblich and

colleagues (Knoblich, Ohlsson, & Raney, 2001) propose that the sudden emergence of cru-

cial information in working memory constitutes an Aha! experience. In their eye-tracking

study (Knoblich et al., 2001), they demonstrated that, shortly before the solution was

found, successful solvers allocated their attention to those elements of the problem that

had been ignored previously (for a similar finding, see also Grant & Spivey, 2003).

So far, there is hardly any empirical evidence for the theoretical link between the cog-

nitive and affective component of insight. An exception is a recent study which demon-

strated the difference in the subjective Aha! ratings of solutions arising from objectively

sudden or incremental changes in solvers’ problem representations (Danek, Williams, &

Wiley, 2018). Sudden changes produced stronger subjective Aha! rating than incremental

changes. One reason for this lack of research is the long-held assumption that solving

insight problems inevitably leads to an Aha! experience, without ever measuring the

affective component (for a critique of this approach, see Weisberg, 1995). For example,

the eye tracking study (Knoblich et al., 2001) discussed above never asked about the

actual experience of the solvers. Only recently have researchers started to measure the

affective or phenomenological component of insight, which is necessary to determine

whether insight was indeed subjectively "experienced" by the solver (e.g., Bowden et al.,

2005; Danek, Fraps, Von Mueller, Grothe, & €Ollinger, 2014). This line of research com-

monly employs self-reports and ratings on a number of different aspects, which are

believed to constitute the Aha! experience (Danek et al., 2014; Danek & Wiley, 2017;

Bowden & Grunewald, 2018; Topolinski & Reber, 2010; Webb, Little, & Cropper,

2016). Although a consensus about what constitutes an Aha! experience has not yet been

reached, there are theoretical and empirical reasons to focus on the dimensions of Sud-
denness, Surprise, Pleasure, and Certainty.
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Gick and Lockhart (1995) argue that the Surprise aspect stems from the fact that the

new, changed problem representation is fundamentally different from the one used in ini-

tial solution attempts. A feeling of Suddenness arises because this new representation (if

correct) yields the solution more or less immediately. Insight problem solving has often

been related to feelings of pleasure or happiness (e.g., Gruber, 1995). A recent study

(Danek et al., 2014) found that the feeling of pleasure featured prominently both in sol-

vers’ open-ended self-reports about how an Aha! moment felt, and in quantitative ratings,

where it was more strongly endorsed than any other dimension. Finally, a feeling of con-

fidence that an insightful solution is correct (before any conscious verification) is often

reported not only in the context of scientific discoveries where experts are supposed to

have an “intuitive sense of success” (Gick & Lockhart, 1995, p. 215), but also in experi-

mental settings involving non-expert problem solvers (e.g., Danek et al., 2014; Hedne,

Norman, & Metcalfe, 2016; Webb et al., 2016).

These four dimensions (i.e., Suddenness, Surprise, Pleasure, Certainty) were chosen for

this study not only for theoretical reasons, but also on the basis of recent empirical evi-

dence. In a study using magic tricks as problem-solving tasks, Danek and Wiley (2017)

asked participants after each solution attempt to rate their solution experience on six dif-

ferent dimensions, together with an overall Aha! rating. They found that Pleasure, Sud-

denness, and Certainty all contributed unique variance to the overall Aha! rating and

concluded that these are core aspects of the Aha! phenomenology. The role of Surprise is

currently unclear, as the same study (Danek & Wiley, 2017) found that Surprise had the

lowest correlation with Aha! compared to the other dimensions. However, in another

recent study, Surprise was highly correlated with Aha! ratings (Webb et al., 2016).

Here, we investigate the hypothesis of a close relation between restructuring and the

Aha! experience by making the crucial piece of knowledge more accessible. We

employ the checkerboard problem, in which participants need to prove whether or not

it is possible to cover the remaining 62 squares with 31 dominoes after the two diago-

nal corner squares have been removed (Fig. 1A). The checkerboard problem is difficult,

as evidenced by the unfortunate student from the study of Kaplan and Simon (1990)

who spent almost a full day trying to devise a mathematical proof for the problem.

This anecdote illustrates how prior knowledge and its initial activation may lead the

solver onto the wrong path, because the problem triggers an initial representation that

hinders a solution. The initial representation usually includes the concept of "covering"

and, at first glance, it seems possible to cover 62 squares with 31 dominoes. This leads

problem solvers to an exhaustive testing of possible coverings, which in turn is rather

taxing on working memory. Solving the checkerboard problem requires a switch from

the incorrect “covering representation” to a “parity representation.” Parity means taking

into account the alternation of the squares (i.e., black–white–black–white) and realizing

that the two removed squares are of the same color which renders the task impossible

(see Fig. 1A).

We argue that the critical feature of parity will be more readily available to chess players

because they engage with this property on a daily basis. The color of the squares also plays

an important role in the game of chess. For example, some chess pieces such as bishops can
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access the squares of only one color. The color feature is engrained in the chess mind to

such an extent that proficient players can retrieve the content of a particular square, includ-

ing its color, without having the chessboard in view (Oliver & Ericsson, 1984, reported in

Ericsson & Staszewski, 1989). Therefore, chess players will be more likely to set up a cor-

rect initial representation, which allows them to quickly solve the problem. In contrast, the

problem was shown to be scarcely solvable without hints (Kaplan & Simon, 1990) for non-

chess players. We therefore hypothesize that we should find higher solution rates for chess

players compared to non-chess players. The neutral eight-coin problem (Fig. 1B) should,

however, be similarly difficult for both groups of participants.

The second hypothesis tested here is that the availability of the crucial information will

have an impact on the solving process and thus on the likelihood and strength of the

Aha! experience. We hypothesize that, on the checkerboard problem, chess players who

solve the problem will experience fewer Aha! than non-chess players, as operationalized

by self-reports of Suddenness, Pleasure, and Surprise. In contrast, both groups should

experience the Aha! phenomenon to a similar extent on the neutral eight-coin problem.

We also assume that chess players should be more certain of the checkerboard solution

due to their expertise. No such differences were expected for the eight-coin problem.

Finally, we gave hints during the problem-solving period to those participants who

could not find the solution within the first 5 min. This intervention had a twofold pur-

pose. On the one hand, it shortened solution times, which may otherwise be too long for

laboratory testing. On the other hand, hints presented an additional check as to whether

the parity feature really constituted the crucial solution element. Should the information

provided by the hints be the crucial one, we should see a considerable rise in solution

rates after hints.

2. Method

Please note that the stimuli, raw data, and bootstrapping code including its results can

be found at the Open Science Framework site: https://osf.io/g7fvq/?view_only=001931f

1366644f3b6cbad80377c8100

2.1. Participants

There were 85 students from Klagenfurt University and Ludwig-Maximilians-Univer-

sit€at M€unchen1 (82% female, Mage = 23.7 � SDage = 6 years) who participated voluntar-

ily or for course credit. One participant was excluded from the final sample because it

was not possible to track his responses, while two others were not shown the checker-

board task due to technical problems. Therefore, 82 were tested on the checkerboard

problem, while 84 were tested on the eight-coin problem (see Stimuli section below).

There were 34 chess players (94% male, Mage = 29.6 � 8.4 years) who were recruited

from local chess clubs in Klagenfurt, T€ubingen, Tuzla, Sarajevo, and Newcastle. The dif-

fering number of the participants in the two groups reflects their availability. While it is
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not difficult to get access to undergraduate students, the most common participant group

in psychology, skilled chess players are much rarer. Expertise studies often involve only

a dozen participants because experts are by definition rare (Bilali�c, 2017). Our chess play-
ers, for example, were particularly skilled, as they were better than 90% of all chess play-

ers. Chess skill is measured by an interval scale where the theoretical average is 1,500

Elo points and the theoretical standard deviation is 200 Elo points (Elo, 1978; Vaci &

Bilali�c, 2017; Vaci, Gula, & Bilali�c, 2014, 2015). Players had an average rating of

2,083 � 192 Elo (range: 1,710–2,416), which makes them three standard deviations

above average chess players. The small number of experts in expertise studies is also

reflected in the typically large effect sizes for the differences between experts and novices

(Bilali�c, 2017; Campitelli & Speelman, 2013). We also provide an additional analysis to

demonstrate that the larger sample size of non-chess players is not responsible for the

results (see the Results section, as well as the OSF link above). All participants signed a

written consent and the local ethics committee in Klagenfurt approved the study.

2.2. Stimuli, task, and design

Two insight problems were used. For the mutilated checkerboard problem (see

Fig. 1A), participants were given 5 min to solve the problem and were instructed to indi-

cate that they had found a solution and then to describe it. If they did not solve the prob-

lem within 5 min, the first hint was presented: “It is impossible to cover all the squares.
Can you see why?”. If a further 2 min elapsed without a solution, the second hint was

given (at the 7-min mark): “Consider the color of the removed squares.” Finally, the third

hint was given after an additional 2 min (at the 9-min mark): “Compare the number of
black and white squares.” Participants were allowed to continue attempting to find a solu-

tion for another 2 min. Altogether, including the three hints, the maximum time allowed

was 11 min (660 s). All solutions that clearly explained the impossibility of covering the

remaining squares were considered correct. Here all the correct solutions involved the

color property of the removed squares.

The second problem was the eight-coin problem (see Fig. 1B). Again, participants

were given 5 min and, if no solution was found, they were provided with the following

hint: “Please consider all three spatial dimensions.” We could not come up with useful

additional hints without repeating the information already given. Therefore, the eight-coin

problem was considered not solved if two more minutes had passed after the hint was

given (maximum time 7 min, or 420 s).

After each problem, participants who had solved the problem filled in an Aha! phe-

nomenology questionnaire about their subjective perception of the solution process,

addressing the following four dimensions of the Aha! experience (adopted from Danek &

Wiley, 2017): Suddenness (“The solution came to me. . .stepwise/suddenly”), Surprise

(“The solution came to me. . .surprisingly/expectedly”), Certainty (“I felt about the solu-
tion. . .uncertain/certain”), and Pleasure (“At the moment of solution, my feelings
were. . .pleasant/ neutral”). Answers were given on a 5-point Likert scale (no numbers

shown) with only the extremes being labeled (see Fig. 3).
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The students were tested at the Department of Psychology in Klagenfurt and the

Department of Psychology at LMU. Eight of the chess players were tested in the labora-

tory while the other chess players were tested at the chess club (a space away from the

main playing hall was used).2 All participants were tested individually. Participants were

given instructions and a couple of warm-up unrelated problems. The order of presentation

of the two problems was randomly assigned to each participant, but overall half of the

participants in each of the two groups were given the eight-coin problem first, and the

other half the checkerboard problem. The order of presentation was not a statistically sig-

nificant factor in any of the reported analyses. For student non-chess players, the two

insight problems were given as part of a larger set of problem-solving tasks (the two

problems were always presented one after the other and at the beginning of the session).

For chess players, other chess-specific problems were presented instead of the problems

solving tasks that the non-chess players were solving (as with control participants, the

problems presented here followed each other and were presented at the beginning of the

session). After testing, participants were debriefed on the nature of the study and asked

about any specific strategies used for solving the problems.

3. Results

Fig. 2 presents the cumulative solving rates across time for chess players and con-

trols on both problems. Chess players were more successful than controls on the

checkerboard problem in the first 5 min (e.g., 20 or 59% chess players vs. 11 or 13%

controls). This difference persisted throughout the entire problem-solving period (33 or

97% of chess players solved the problem in the end, compared to 68 or 83% of con-

trols). In contrast, there was little difference in the eight-coin problem (e.g., 6 or 18%

of chess players vs. 10 or 13% of controls in the first 5 min, and 19 or 56% vs. 51 or

61% after 7 min).

Chess knowledge had an impact on performance in one problem (checkerboard), but

not in the other (eight-coin). To see whether the interaction between chess knowledge

and problem type was indeed significant, we ran a logistic regression with the two vari-

ables, group (chess and non-chess players) and problem (checkerboard and eight-coin),

on the binary outcome of the success in the first 5 min (i.e., before hints). This analysis

showed a significant main effect of the group factor (b = 2.02, SE = 0.46, z = 4.39,

p < .001; odds-ratio = 7.58). The results indicated that chess players were more than

seven times more likely to find the solution in the first 5 min compared to the control

group. The main effect of the group factor was driven by the chess players’ success on

the checkerboard problem because the problem type factor did not reach significance

(b = �.22, SE = 0.44, z = .51, p = .61; odds-ratio = 0.8) while the interaction between

the group and problem type was significant (b = �1.67, SE = 0.72, z = 2.32, p = 0.02;

odds-ratio = 0.19, Nagelkerke R2 = 0.18). Not surprisingly, when we ran two separate

logistic regressions on the two different problems, the chess players were significantly

better at solving the checkerboard problem (b = 2.03, SE = 0.46, z = 4.31, p < 0.001;
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odds-ratio = 7.58, Nagelkerke R2 = 0.24), whereas there was no significant difference on

the eight-coin problem (b = 0.35, SE = 0.55, z = 0.64, p = 0.52; odds-ratio = 1.42,

Nagelkerke R2 = 0.01). Overall, we can say that chess experience in combination with

problem type changed the probability of solving correctly in the first 5 min (see the

Appendix for the analysis on the time and hint(s) needed to solve the problems).

Fig. 2. Cumulative solution rates in percentage over time. (A) The mutilated checkerboard problem, where

the first hint was given after 5 min (It is impossible to cover all the squares. Can you see why?), the second

hint after 7 min (Consider the color of the removed squares), and the third and final hint after 9 min (Com-

pare the number of black and white squares). Chess players (solid circles, n = 34) were much more success-

ful than controls (open squares, n = 82 for checkerboard and n = 84 for the eight-coin problem). (B) The

eight-coin problem, with only one hint, which was given after 5 min (Please consider all three spatial dimen-

sions). There was no difference in success between the two groups of participants.
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The Aha! phenomenology questionnaire revealed differences between the two groups

of participants with regard to their subjective solving experience. Fig. 3 presents the

average answers for the participants who solved the checkerboard (left) and the eight-

coin problem (right) at any time. Fig. 3A shows that chess players (dark gray bars)

who solved the checkerboard problem felt that the solution came to them less suddenly

than controls (dotted white bars) who solved the same problem (independent samples t
test, t(99) = 2.5, p = .01; d = .54). In contrast, for the eight-coin problem, the subjec-

tive feeling of Suddenness did not differ between the two groups (t(68) = 0.6, p = .52;

d = .18).

It is important to note that the Suddenness ratings on the two insight problems had

opposite patterns in chess players and controls (Fig. 3A). Chess players reported signifi-

cantly less sudden solutions in the checkerboard problem than in the eight-coin problem

(dependent samples t test, t(18) = 3.8, p < .001; d = .86). In contrast, there were no dif-

ferences among controls with regard to Suddenness in the checkerboard and the eight-

coin problem (t(44) = .3, p = .77; d = .04). Solving the two insight problems felt similar

for controls, but different for the chess players.

The dimension Surprise produced similar results (see Fig. 3B). Solutions in the

checkerboard problem were significantly less surprising for chess players than for controls

Fig. 3. Aha! Phenomenology Questionnaire. Average ratings (independent from the actual solution time

point) as a function of problem type (checkerboard and eight-coin) and test group (chess players and non-

chess players) on four dimensions of the Aha! experience: (A) Suddenness, (B) Surprise, (C) Certainty, and

(D) Pleasure. *p < .05; Error bars represent standard error of the mean (SEM).
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(independent samples t test, t(99) = 3.8, p < .001; d = .80), while there were hardly any

differences between the two groups on the eight-coin problem (t(68) = 1.1, p = .30;

d = .28). Further, chess players reported significantly less Surprise upon solving the

checkerboard problem than for the eight-coin problem (dependent samples t test,

t(18) = 2.4, p = .026; d = .55). Similar differences were found among the controls, but

these did not quite reach the significance level (t(44) = 1.9, p = .06; d = .28).

Participants also differed in how certain they were about their solutions (Fig. 3C). Chess

players were significantly more certain than controls regarding the checkerboard problem

(independent samples t test, t(99) = 4.2, p < .001; d = .89), but there were no differences

for the eight-coin problem (t(68) = .4, p = .68; d = .11). Controls were less certain about

the checkerboard problem than for the eight-coin problem (t(44) = 3.3, p = .002;

d = .50). Chess players displayed a reversed pattern where they were more certain about

the solution on the checkerboard problem than for the eight-coin problem, but this differ-

ence did not reach significance (dependent samples t test, t(18) = 1.6, p = .13; d = .36).

Finally, controls experienced a stronger feeling of Pleasure (Fig. 3D) after solving the

checkerboard problem than did chess players (independent samples t test, t(99) = 2.7,

p = .009; d = .56). Again, the differences between the two groups were negligible on the

eight-coin problem (t(68) = .4, p = .69; d = .11). There was no difference between the

ratings of Pleasure among controls between the checkerboard and eight-coin problems

(dependent samples t-test, t(44) = 1, p = .31; d = .15), but chess players were signifi-

cantly more pleased when they solved the neutral eight-coin problem than the chess-re-

lated checkerboard problem (t(18) = 2.4, p = .026; d = .56).

In summary, chess players clearly differed from controls in their solution experience

on the checkerboard problem, but not on the neutral eight-coin problem. As hypothesized,

they experienced less Suddenness, less Surprise, and less Pleasure, but more Certainty in

their solutions.

It is known that hints can change the insight process and subjective ratings (Bowden,

1997; Cushen & Wiley, 2012). To rule out the possibility that the insight questionnaire

ratings are influenced by hints, we analyzed the ratings depending on when the solvers

found the solution (and received the hints). There were no significant correlations for

Suddenness (correlation between time and Suddenness for checkerboard: r(101) = �.13,

p = .19 and for eight-coin: r(70) = �.06, p = .63) and for Surprise (checkerboard: r
(101) = .09, p = .35; eight-coin problem: r(70) = .17, p = .16). Participants who needed

less time for the solution felt more certain about it in the checkerboard problem (checker-

board: r(101) = �.36, p < .001) but not in the eight-coin problem (r(70) = �.17,

p = .15). There was a marginally significant effect where the feeling of Pleasure was

lower with more time needed for the solution on the checkerboard (checkerboard:

r(101) = �.20, p = .048) but again, this was not observed in the eight-coin problem

(r(70) = �.03, p = .81).

Although there was a trend that ratings for certainty and pleasure changed after the

hints (and consequently the time needed to solve the problems), most of the rating differ-

ences between the two participant groups persisted over time. We can therefore be certain

that the differences found between chess players and controls in their subjective
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perception of the solution process (Aha! phenomenology questionnaire) were not a direct

product of the differing time needed to solve the problems.

As an additional test, we used bootstrapping to investigate whether the differences

found between the two groups were influenced by the differing sample sizes. We equal-

ized the number of participants per group (chess players or non-chess players) by ran-

domly sampling non-chess players and calculating all individual statistical tests. This

procedure was repeated 1,000 times, resampling participants from the non-chess player

group in each run (see https://osf.io/g7fvq/?view_only=001931f1366644f3b6cbad80377c

8100). The results confirm the differences between chess and non-chess players on the

checkerboard problem, where the significant differences were constantly reproduced dur-

ing bootstrapping. In contrast, the analyses on the eight-coin problem reached the signifi-

cance level only a handful of times. Overall, the bootstrapping procedure fully confirmed

the results reported throughout the study.

4. Discussion

In contrast to the traditional conception that prior knowledge is a hindrance for insight

problem solving (Duncker, 1945), this study demonstrates that prior knowledge can also

be helpful. We manipulated whether restructuring was required or not for successful prob-

lem solving by comparing two test groups with differing prior knowledge. Chess players,

who were familiar with the chessboard’s critical feature of parity (black–white character-

istics of the squares), had higher solution rates than non-chess players for the checker-

board problem, for which the color of the squares is crucial to a correct solution. In the

neutral eight-coin problem, both groups struggled to the same extent. This supports the

assumption that chess players had set up a correct initial representation that allowed them

to quickly solve the problem without restructuring. This result aligns with increased solu-

tion rates also for control participants once they had received hints which pointed to the

crucial information in the checkerboard problem. This indicates that attending to the cru-

cial element was necessary for restructuring and solving the problem. Hints also helped

both groups to more readily solve the eight-coin problem (see Fig. 2).

The second main finding of our study is that there is a connection between the necessity

of restructuring an initially incorrect problem representation and the subjective solving

experience. When the crucial information was readily available, participants experienced

less insight: Chess players had higher solution rates, but lower insight ratings than controls

in the checkerboard problem. Apparently, chess players did not need to restructure their

problem representation, because their prior knowledge allowed them to start out with a cor-

rect view of the problem, taking into account the critical feature of parity, which was over-

looked by controls. This supports one of the key tenets of insight theories, namely that

restructuring is a driving factor for Aha! experiences. Arriving at the solution presumably

without any restructuring elicited weaker feelings of Suddenness, Surprise, and Pleasure for

the chess player group than for controls. In contrast, controls who needed to restructure their

problem representation reported higher Suddenness, Surprise, and Pleasure ratings after
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solving. We argue that this indicates that the availability of the crucial element altered the

subjective phenomenology of the solution process (see also, Danek, 2018; Fleck & Weis-

berg, 2013). Participants who did not require restructuring because they could transfer their

prior knowledge reported less Aha! (i.e., less Suddenness, Surprise, and Pleasure) than those

who had to restructure. This finding is in accordance with a recent study by Danek et al.

(2018) that offers the first empirical support for a close relationship between patterns of

restructuring and the Aha! experience.
The specific pattern revealed in the questionnaire analysis highlights the importance of

assessing the individual dimensions of the multifaceted Aha! experience separately, as

proposed by Danek and Wiley (2017), instead of obtaining only one global “Aha!” mea-

sure. Key dimensions of Aha! such as Suddenness and Pleasure were lower for the chess

group in comparison to controls, but their Certainty was higher. These opposing trends

would have been obscured in a global Aha! rating. That the pattern for Surprise fitted the

overall trend of lower ratings for chess players is in accordance with the findings of

Webb et al. (2016), although this dimension was previously reported not to be a good

predictor of Aha! experiences (Danek & Wiley, 2017). Certainty, which in prior studies

was always rated in alignment with the other dimensions (Danek & Wiley, 2017), showed

the opposite pattern here. At first glance, this may suggest that Certainty may not be an

important dimension of the Aha! experience after all. However, we argue that this is a

special case for experts, who are likely to be very confident in solutions to which they

could apply their expertise (as in the case of the checkerboard problem), as opposed to

non-experts. For the neutral problem, experts and non-experts showed the same level of

Certainty.

There is a caveat that prevents us from claiming with certainty that the differing accessi-

bility of the crucial problem feature is the main reason for the differences with regard to the

Aha! experience. After all, we did not obtain any online information on solution strategies.

Think-aloud protocols are a potentially useful method of gaining access to participants’

thoughts, but we decided against using them because they tend to be disruptive on insight

problems (Schooler, Ohlsson, & Brooks, 1993; although there are opposing findings by

Fox, Ericsson, & Best, 2011). However, when we asked solvers during the debriefing proce-

dure how they came up with the solution, they all inevitably mentioned the color of the

removed squares. This may look obvious, but it excludes the possibility that an exhaustive

strategy of covering the checkerboard with the dominoes was employed. Given that chess

players as good as those in the present study (almost three standard deviations above aver-

age chess players) can automatically access the color of the square without actually looking

at a chessboard (Ericsson & Staszewski, 1989), it is plausible to assume that they would

notice more easily the color parity of the removed squares. Similarly, the large differences

in success rate and solution time indicate that the crucial feature was easier to access for

chess players than for non-chess players. It should be noted, however, that chess players

also needed 2 min to solve the problem (and 40% of them needed at least one additional

hint). This speaks against the possibility of that for chess players, the checkerboard problem

does not really constitute a problem, because they might solve it by simple retrieval of the

crucial solution element and its application in chess players.
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Alternative explanations for the present differences between the two test groups need to

be considered. One could argue that playing chess is a problem-solving exercise not unlike

insight problem solving (Saariluoma, 1995), so that in general, a better performance for

chess players on insight problems could be expected. But this idea can be refuted because

not only is there no clear connection between insight problems and other more analytic

problems (Fleck & Weisberg, 2013; Gilhooly & Fioratou, 2009; Gobet, Chassy, & Bilalic,

2011; Wegbreit, Suzuki, Grabowecky, Kounios, & Beeman, 2012), but chess players per-

formed on the same level as controls on the neutral eight-coin problem. This speaks against

the assumption that chess players’ generally higher cognitive ability compared to non-chess

players (Burgoyne et al., 2016) might have helped them. Similarly, the comparable perfor-

mance on the neutral problem is evidence against other factors, such as age and gender,

which were differently distributed in the chess players and controls.

One could still argue that the high difficulty of the eight-coin problem, and its low

solution rates before hints, may have masked a possible overall advantage of chess play-

ers (floor effect). Other, less difficult insight problems may have revealed the difference.

We do not believe this is the case as the hints, which improved the performance, resulted

in near-equal performance of both test groups (Fig. 2B). Similarly, the fact that controls

had similar solution rates on the eight-coin problem as on the checkerboard problem fur-

ther indicates that the problems are of similar difficulty. Although using one single com-

parison problem may not completely remove doubts about possible pre-existing group

differences, it goes a long way toward accounting for them. The advantage of chess play-

ers over non-chess players on the checkerboard problem is very large, not only in this

study, but also compared to the typically extremely low solution rates for that problem

(e.g., 6.5% as reported by Gick & McGarry, 1992). Should chess players indeed be supe-

rior solvers of insight problems, one would expect that some of this advantage would be

retained on neutral insight problems. Instead, the differences are negligible. Given what

we know about chess players and non-chess players (see the preceding paragraph), it

would be rather surprising if the differences on the checkerboard problem were not the

product of chess players’ expert knowledge in the domain of chess.

So far, the manipulation of prior knowledge has mainly been achieved by hints

(Kaplan & Simon, 1990; €Ollinger et al., 2013), but the present approach of choosing test

groups with differing prior knowledge presents another way of tackling the issue of

restructuring. Future research could expand this approach to other traditional insight prob-

lems, such as matchstick arithmetic problems (Knoblich et al., 2001; €Ollinger et al.,

2006) where mathematical knowledge may significantly alter the solution process and

experience. Mathematical knowledge may also influence the way people solve and experi-

ence Luchins’s classical water jar paradigm (Bilali�c & McLeod, 2014; Luchins, 1942),

which is essentially an arithmetic problem.

The present finding of a diminished Aha! experience concurrent with higher solution

rates demonstrates the importance of measuring the subjective feeling of Aha! on several

dimensions to obtain a more differentiated picture of the individual problem-solving

experience, as suggested by Danek and Wiley (2017). Ultimately, this study shows that

only the investigation of both insight components, cognitive as well as affective, and also
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the interaction between them, is likely to lead to a full understanding of the complex

insight phenomenon.
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Notes

1. There were no significant differences between the two groups of students on any

relevant variables (e.g., problem solving rates, solution times, or Aha! phenomenol-

ogy questionnaire).

2. Testing in a chess club may have provided additional unwanted hints about the

square color. We cannot exclude this possibility, but we note that most of the chess

players who were tested in the laboratory solved the checkerboard problem within

five minutes and needed a similar amount of time to those who were tested in the

chess club.
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Appendix

Time and Hint Analyses

Fig. 4 presents the time needed to solve the problem. If participants did not solve the

problem within the first 5 min, we attributed to them the maximum time (300 ms) so as

to keep them in the analysis. A two-way ANOVA with participants as a group factor

(chess players vs. control) and problem type as a within factor (checkerboard vs. eight-

coin) confirmed the differing patterns between chess players and controls (interaction

group 9 problem: F1,114 = 5.53, MSE = 14496, p = .024, g2
p ¼ :05). Participants needed

less time for the checkerboard problem than for the eight-coin problem, but the effect

was not significant (main effect problem: F1,114 = 3.1, MSE = 8563, p = .08, g2
p ¼ :03).

The chess players were generally faster on both problems (main effect group:

F1,114 = 11.5, MSE = 53014, p < .001, g2
p ¼ :09). A t-test for independent groups con-

firmed that chess players were significantly faster in solving the checkerboard problem

(t(114) = 4.3, p < .001; d = .88) but that there was no significant difference between the

two groups at the eight-coin problem (t(114) = 1.3, p = .21; d = .25).
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Unsurprisingly, the same pattern of results was found when we checked the number of

hints the participants received (Fig. 4). Considering the first 7 min (one hint maximal),

fewer chess players needed a hint in general (main effect group: F1,114 = 17.9,

MSE = 3.02, p < .001, g2
p ¼ :14). However, this effect was driven by their better perfor-

mance on the checkerboard (interaction group 9 problem: F1,114 = 11.7, MSE = 1.54,

p < .001, g2
p ¼ :10). Fewer participants in general needed a hint on the eight-coin prob-

lem (main effect problem: F1,114 = 15.2, MSE = 1.99, p < .001, g2
p ¼ :12). The t test

confirmed that fewer chess players than controls needed a hint when solving the checker-

board problem (t(114) = 5.1, p < .001; d = 1.04), but the difference between the two

groups was not significant for the eight-coin problem (t(114) = 1.02, p = .31; d = .20).

Fig. A1. Time and hints needed. (A) Chess players (dark bars) were much faster than controls (white bars)

on the mutilated checkerboard problem (left) while there were no differences on the eight-coin problem

(right) in the first 5 min of the problem-solving period. (B) The same pattern was observed in the number of

participants that needed a hint during the first 7 min. Fewer chess players needed a hint than controls when

solving the mutilated checkerboard problem (left) while there were no differences on the eight-coin problem

(right). Error bars represent standard error of the mean (SEM).
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