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Gois a classical Chinese mind game and a highly popular intellectual pursuit in East Asia. In a survey
at two Go tournaments (one of them the largest in Europe), we measured cognitive reflection and
decision in strategic games (using the classical “beauty contest” game) (N = 327). We found that Go
players in our survey had outstanding average cognitive reflection test (CRT) scores: 2.51 among all
participants and 2.80 among players of high master level (dan). This value easily outperforms previ-
ous measurements, for example, of undergraduates at top universities. The CRT score was closely

G
OA i related to the playing strength, but not to the frequency of playing. On the other hand, frequent
weiql
5 dq . players tended to have higher theory of mind, regardless of their playing strengths. However, self-
a
X ! reported patience was not statistically significantly correlated with Go strength or playing frequency.
chess
INTRODUCTION

Human behavior is influenced by cognitive ability. Traditionally, these
abilities have been summarized in one dimension, intelligence, but
subsequent research focused on finding more and more facets of intel-
ligence that are important for specific tasks. In particular, researchers
found that performance in computer games (Bonny & Castaneda,
2017; Bonny et al., 2016) and chess (Grabner, 2014a) can be related to
different cognitive skills. In this study, we concentrated on two of these
facets: cognitive reflection and theory of mind (or mentalizing).

The cognitive reflection test (CRT) is designed to test the ten-
dency to resist intuitive incorrect answers through reflective reasoning
(Frederick, 2005). The CRT consists of three questions, each of which
has an intuitive but wrong answer, and the correct answers require less
impulsive and more reflective thinking. It captures not only thinking
ability, but also personal thinking style and characteristics.

The theory of mind is the ability to think from other people’s per-
spective and predicting their intentions and actions. It is critical for

social interaction and learning. This ability is also important when

playing strategic games that require adopting the other person’s point
of view, for example, the famous “beauty contest game or “Keynesian
beauty contest” (Nagel, 1995).! The name of this game is inspired by
comments from the brilliant economist John Maynard Keynes on the
similarity of professional investment and a newspaper competition
where the prize is awarded to the competitor who chooses the six most
beautiful faces from a hundred photographs that are closest to the aver-
age preference of all competitors. Keynes (1936, p.156) noticed that “(i)
tis not a case of choosing those which are really the prettiest, nor even
those which average opinion genuinely thinks the prettiest. We have
reached the third degree to anticipating what average opinion expects

the average opinion to be. And there are some, I believe, who practice
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the fourth, fifth, and higher degrees” This insight can be formally rep-
resented by the cognitive hierarchy model which captures the level of
reasoning (Camerer et al., 2004). The low-level reasoners do not expect
others to behave strategically, whereas high-level reasoners take into
account the strategy of others.

The experimental beauty contest game, analogous to the news-
paper competition described by Keynes, is a number guessing game.
Instead of guessing the most beautiful face chosen by all competitors,
each participant is asked to choose a number between 0 and 100 and
the winner is the one who chose a number that is closest to 2/3 times
the average of all chosen numbers.

The unique Nash equilibrium of this game is zero, which can be
derived by eliminating the dominated options iteratively. However, the
winning numbers that emerge from experimental and survey studies
never reach this rational equilibrium. The reason is that the partici-
pants differ in their level of reasoning, so that the winner is one who is
good at predicting average responses by other players rather than one
who follows the rational equilibrium. The neuroimaging experiments
by Coricelli and Nagel (2009) provide clear evidence that a higher level
of reasoning in the game is associated with different brain areas when
compared to simpler mental models. Higher level answers engage the
medial and the ventral prefrontal cortex more while low level reason-
ing involves the rostral anterior cingulate cortex. In a literature review
of neuroimaging studies, Carrington and Bailey (2009) suggest that
theory of mind reasoning may activate several distinct brain regions,
forming an integrated functional “network,” which is composed of
“core” regions (e.g., parts of the prefrontal cortex and superior tempo-
ral sulcus) and several “peripheral” regions. In addition, studies also
found that subjects with higher cognitive ability give answers closer
to the Nash equilibrium in the beauty contest game (Branas-Garza
& Teresa Garcia-Munoza, 2012; Burnham et al,, 2009). In particular,
Branas-Garza and Teresa Garcia-Munoza (2012) found that CRT score
predicts better performance on the beauty contest game whereas the
Raven test score does not.

Patience, or more precisely, time discounting, has been studied
theoretically and empirically for a long time in economics. Recently,
the connection between patience and cognitive abilities has been inves-
tigated in several studies. Studies on judgment and decision-making
reveal two distinctive cognitive processes: “effortless intuition” (System
1) versus “deliberate reasoning” (System 2; Kahneman, 2003; Stanovich
& West, 2000). Delay of gratification requires the cognitive ability to
resist impulsive instinct and engage in more deliberate thinking.
Empirical evidence shows that high cognitive ability is associated with
increased patience, consistent with the hypotheses based on the two-
system view (Benjamin et al., 2013; Burks et al., 2009; Dohmen et al.,
2010; Frederick, 2005). In particular, Frederick (2005) demonstrated
that CRT scores have high predictive power for patience. The simplicity
and reliability of the three-question CRT makes it an ideal instrument
to proxy reflective thinking.

To some extent, future-oriented choice also requires the cognitive
ability to imagine future mental states of a different self, an ability that

could be associated with theory of mind (Jamison & Wegener, 2010).

Using false-belief task to test theory of mind, researchers found that
children with better in theory of mind are more willing to wait longer
for larger outcomes (Marchetti et al., 2014; Moore et al., 1998).

It is also interesting that although older children are on average
more likely to wait, the age effect disappears after theory of mind is
controlled for, implying that individual differences in theory of mind
have a stronger influence on patience than the direct effect of the de-
velopmental stage.

While the limits of our cognitive abilities are an obvious problem
when trying to perform intellectually challenging tasks, the experience
of reaching this limit and at least partially mastering such challenging
tasks is considered by many as rewarding and stimulating. This ex-
plains the relative popularity of spare time activities that involve large
amounts of cognitive effort. Examples involve such diverse activities
as studying foreign languages, solving sudoku, or playing chess. One
such activity that requires particularly intense cognitive efforts is the
mind game of Go, known also under the names weiqi (in Chinese) and
baduk (in Korean). Go is probably the oldest board game that is still
played and its origin dates back around 3000 years (Potter, 1984). It has
been invented in China and later spread to Korea and Japan. It came
to Europe, America, and the rest of the world only in the 19th century.
Estimates for the number of Go players worldwide have been set be-
tween 26 (Carlisle, 2009) and 60 million (Britgo, 2016), but the true
number is likely much higher, as became clear when in March 2016,
more than 100 million people watched the match between AlphaGo
and Lee Sedol, see below (Choe, 2016). This number can therefore be
seen as a lower bound for the actual number of Go players worldwide.
Most players still can be found in East Asia, and most professional
players also live in East Asia where Go is considered to be a part of tra-
ditional culture, similar to calligraphy, traditional music, or paintings.”

Similar to chess, Go is an abstract strategy board game for two play-
ers. The standard Go board has 19 x19 grid of lines, containing 361
points. The two players (black and white) take turns placing stones on
the intersections of the board, with the aim to surround more territory
than the opponent. While in Europe and America chess is still much
better known than Go, Go is widely considered to be far more complex
in its gameplay, although its rules are relatively straightforward. The
reason for this is the much larger number of possible game variations
and the difficulty to evaluate a given position. For this reason, com-
puter programs have for a long time been notoriously incompetent at
Go: the world champion in chess, Gary Kasparov, has been defeated by
the IBM program Deep Blue that used brute force computation meth-
ods already in 1996, but the first Go professional has been defeated
by a computer program only in 2015. This program, AlphaGo, was
developed by the DeepMind subsidiary of Google and used a neural
network approach that tried to mimic human thought processes in a
highly sophisticated way (Silver et al., 2016). AlphaGo has defeated Lee
Sedol, a Korean Go world champion, in a match that attracted wide-
spread media attention.

Given that Go is therefore not only one of the most intellectually

challenging human activities, but also seems to require human-like
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cognitive processes to be played well, Go players are suitable to be
tested for their cognitive skills.

Indeed, there are two possible effects that can be expected: on the
one hand, Go players might be, by self-selection, different from the av-
erage population. To master the game, special cognitive abilities might
be required. On the other hand, playing Go might help to develop cer-
tain cognitive skills. We know that the brain, even for adults, is flexible,
and training effects have been found for certain cognitive skills, for
example, spatial orientation (Maguire et al., 2000), working memory
performance and function (Soderqvist et al., 2012), and so forth. There
are also previous studies on children suggesting that studying Go may
improve certain cognitive skills and even facilitate structural brain
changes (Jung et al. 2014; Lee et al., 2010). Professional training, at
least in China and Korea, often replaces general education which could
explain why outcomes of IQ tests of professional Go players in Lee et
al. (2010) were slightly below average.

In this paper, we try to find such effects on the aforementioned three
specific aspects (cognitive reflection, theory of mind, and patience) in
a survey experiment conducted at two Go tournaments in Europe:
the annual European Go Congress (EGC) 2015 in Liberec (Czech
Republic) and the Mannheimer Aji 2015 in Mannheim (Germany). The
two-weeks long EGC is Europe’s largest Go tournament (see Figure 1).
Including side tournaments, nearly one thousand people participated
in this event. On the other hand, the annual Mannheimer Aji, is a small
weekend tournament with predominantly German participants. In the
year of our study (2015), less than fifty players participated.

We found evidence that cognitive reflection helps to perform bet-
ter in Go and that, on the other hand, frequent Go players have better
theory of mind. However, patience was not related to Go strength or

playing frequency.

FIGURE 1.

The paper is structured as follows: first, we describe the survey de-
sign and the procedure of the experiment. Then, we present the empiri-
cal results. Finally, we summarize the results and discusses potential

extensions.

METHODOLOGY

We conducted our survey at the EGC and the Mannheim Aji Go tour-
naments. For a few participants who took part at both tournaments,
data from the second measurement were excluded from the analysis.
At both tournaments, the survey was conducted at the beginning of
a round. A verbal announcement was made explaining the procedure
and that players should fill in the questionnaires independently and
truthfully. The questionnaires had been put on the tournament ta-
bles before the start of the round and collected during and after the
subsequent games. The survey was conducted in collaboration with
the European Go Federation and included—besides the questions of
primarily academic interest—additional questions on when and where
participants had learned Go, what they like most about it, and so forth.
This had the side benefit of increasing the participants’ motivation and
adding credibility to the survey.

The survey was bilingual (English and German) because most
participants spoke English, and German was the native language for
the highest proportion of participants. As an additional incentive for
participation, a total of €200 cash payment was awarded as prize to
the winners of the beauty contest question, with the prerequisite that
all other questions had to be answered as well. This led to comparably
few missing items: on average, only 8.6% in the three main tasks (CRT,

patience, and beauty contest).

The annual European Go Congress (EGC) is the largest Go tournament in Europe with several hundred participants. The survey was

conducted on participants of this tournament and a smaller one.
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FIGURE 2.

» Contents of the survey.

The main questions used for our survey are shown in Figure 2.

With these questions, the cognitive reflection score of the partici-
pants was measured. The questions were taken more or less verbatim
from the original study by Frederick (2005). We took the liberty to
change the “bat and ball” question slightly, since outside the US, base-
ball is uncommon, and pretests showed that Europeans often strug-
gled with the word “bat’, since they were rather thinking of the flying
mammal than the sport instrument, causing unnecessary confusion.
For specialists in this field, the CRT is well-known and hence there
might be concerns that subjects had already taken the CRT at other oc-
casions. To mitigate this concern, we collected feedback from some of
the participants. Moreover, Meyer et al. (2018) showed that repeating
the task does not significantly diminish performance differences. No
participants recalled having taken the CRT before.

For each correct answer, one point was given, so that a total score
between zero and three could be reached.

Next, we provided the formulation of the theory of mind measure,
the standard beauty contest question, as explained in the previous sec-
tion (see Figure 3). Six participants came closest to the winning num-
ber, thus the prize of €200 was divided between them.

Patience was measured with a question taken from the socioeco-
nomic panel (SOEP). The exact wording of this questions was: "Are
you generally an impatient person, or someone who always shows
great patience?” The answers are coded on an 11-point Likert scale
(0-10), with 0 referring to very impatient and 10 to very patient. This
measurement instrument has been validated by Vischer et al. (2013) as
a simple, but reliable method to elicit patience.

To measure Go playing frequency of the participants, we combined
the answers to three Likert scale questions for the frequency of playing
Go (in a Go club, with friends, and online) into one variable, each with
the possible answers nearly every day, around once per week, around
once per month, and less or never (see Figure 4). We defined a value of
3 for all participants who stated that they played Go nearly every day
(at a Go club, with friends, or online), 2 for all participants who stated
that they played around once per week (but not more) in any given
context, 1 for all participants who stated that they played around once
per month, and 0 for all who played less frequently or never:

The complete questionnaire and codes can be provided by the au-
thors on request.

Using the names of the participants that they had to fill in for the
beauty contest competition, we could find more information about

them using the European Go Database (www.europeangodatabse.org).

This publicly available database records all tournament games ever
played in Europe since 1996, including more than 10000 tournaments,
and tracks all participating Go players, calculates their Go rating score
(GoR) as a measure of their playing strength, and provides other useful
statistics.

For our study, we collected the GoR® of all survey participants who
stated their name. We also recorded their country of residence, the date
of their first tournament participation,* their number of tournaments

played (since 1996), and so forth.

RESULTS

Descriptive Results

A total of 327 participants took part in our survey (N = 296 at the
EGC and N = 31 in Mannheim), 75.5% of them were male and 17.7%
were female. The average age was 33.5 years (SD = 16.3), and 85.9%
were adults (i.e., 18 years and older). The age distribution can be seen
in Figure 5. Roughly half of the subjects (44.7%) were from a country
that had either German or English as native language (the two lan-
guages in which the survey was conducted).

The playing strength of the participants who provided their names
was taken from the European Go Database and had an average of 1691
points, corresponding to a level of 4 kyu. That is, most participants

where weaker than master level (dan). This is representative to the

FIGURE 3.

. Beauty contest question.
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FIGURE 4.

. Go playing questions.

average population of Go players in Europe that participate in ranked
tournaments. Of course, there are many more people who know the
rules of Go, might play a few games with friends and family, but never
participate in tournaments. Neither the number of such hobby play-
ers nor their playing strength are known, but their ranks typically
start with 30 kyu. This was also the lowest GoR level in our survey.
The strongest participant in our survey had a GoR of 2704, which cor-

responds to a (low) professional level (see the last panel of Figure 5).

Correlation Analysis

The CRT, theory of mind, and patience are well-known to be inter-
related (see the Introduction section). Table 1 shows the correlation of
these variables. It shows that cognitive reflection is significantly cor-
related to theory of mind, consistent with the results by Branas-Garza
& Teresa Garcia-Munoza (2012).

However, we did not find statistically significant correlation be-
tween patience and theory of mind.> A further surprising result was
that participants with higher CRT scores perceived themselves to be
less patient. One reason might be that we measured patience with a
self-reported measure, different from the monetary payoff questions
in Frederick (2005). The verbal questions reported by Frederick (2005)
also gave mixed results. For example, CRT is not related to the tenden-
cy to procrastinate, and people with higher CRT think less about the
future. Moreover, Frederick (2005) also found no correlation between
CRT and time preferences for a longer time horizon. These results raise
the question to what extent CRT is related to different dimensions on
time preference, for example, the general time preference questions
used in the current study and by Frederick (2005) or the time discount-
ing questions with specific payoffs in the short versus long horizon (see
Frederick et al., 2002, and Wang et al., 2016, for further discussion on
different characteristics of time preferences).

We now relate the above three measures to Go playing strength
(GoR rating) and frequency. We found statistically significant correla-
tions of playing strength with cognitive reflection (r = .22, p <.01). This
was not surprising, as it emphasizes that one needs to be less impulsive
in thinking (i.e., having a high cognitive reflection) to play Go well.
Further analysis showed that the correlation was .22 (p < .01) for the
top 50% of the players, and .15 (p < .01) for the bottom 50%, so the
correlation was not weaker for strong players.®

We also found statistically significant correlations between Go
playing frequency, theory of mind, and patience. The most straight-
forward explanation for this relation is that playing Go improves these
skills. If, on the other hand, these skills would merely make people
better Go players and, therefore, lead through self-selection to higher

skills for frequent players, we would also expect to see a significant

correlation between playing strength and these cognitive skills, which
indeed was the case for theory of mind (see Table 1). Additionally, the
lack of correlation between playing strength and playing frequency is
less surprising than it might seem at first glance: Playing strength can
be the result of studying Go intensively without playing often, or the
player might have played Go frequently in the past.

In the following subsections, we present these relations in more

detail.

Cognitive Reflection

The first remarkable result of our survey was the average CRT
score. The scores for the general population are usually below 0.7 (e.g.,
de Mel, 2010) and the test has been described as “demanding” (Kahan,
2013). Finance professionals score better (1.87, Kirchler et al., 2016)
and students of top American universities score around 2 on average
(e.g., the average score of MIT students in Frederick, 2005, was 2.18).
The mean score among Go players was substantially higher, 2.51 (SD
= 0.05), even higher than for expert chess players (2.08; Campitelli &
Labollita, 2010). To the best of our knowledge, this is larger than all
previously measured values for subject groups. Figure 6 summarizes
selected scores.”

The CRT score among Go players was highest for the strongest Go
player (2.80), as was expected given the results of the previous section.
Table 2 shows the results for groups of different playing strength: fairly
weak players (up to a GoR of 1150 or, in traditional ranks, 10 kyu) that
are usually referred to as “double digit kyu” (DDK), average players
(up to GoR of 2050 or 1 kyu, called single digit kyu, SDK), low master
players (up to GoR 2350 or 3 dan) and high master players (above that
level). In the latter category, professionals were also included.

While all of this strongly suggests a relation between cognitive
reflection and Go playing strength, this might be a spurious effect of
other characteristics. We therefore conduct a regression analysis con-
trolling for various other variables, in particular demographics, Go

playing frequency, whether the subject was from a country where one

" TABLE 1.
Correlations Between Measured Cognitive Skills, Playing
Strength, and Playing Frequency, N = 246

Theory of X Go playing Go playing
Patience
mind strength frequency
CRT score 0.30** 0.08 0.22** 0.01
Theory of mind -0.05 0.10 0.12%
Patience 0.05 -0.09
Go playing strength -0.09

*p<.05*p<.001
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FIGURE 5.

Distribution of age, playing strength (GoR), and answers to the beauty contest game among the
participants; relation between playing strength and CRT score.

FIGURE 6.

Cognitive reflection scores of subject groups from selected previous studies in comparison with
the level measured for Go players.
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! TABLE 2.
Cognitive reflection for different skill levels in Go: from the begin-
ner (20 kyu) to the highest amateur (7 dan) and professional level.

CRT score
Playing strength 0 1 2 3 n N
20 kyu - 10 kyu (DDK) 14% 7% 21% 57% 221 45
9 kyu - 1 kyu (SDK) 2% 8% 22% 68% 2.56 144
1 dan - 3 dan (low dan) 2% 5% 22% 71% 2.62 60

4 dan - 7 dan (high dan) and

. 0% 5% 10% 85% 2.8 23
professional

of the survey languages is spoken and what tournament he or she took
part at.

The results confirm the previous findings: There is a significant re-
lation between cognitive reflection and Go playing strength, but none
to playing frequency. In summary, this supports the idea that in order
to excel in Go, an exceptionally large degree of cognitive reflection is

needed.

Theory of Mind

We now turn our attention to the second cognitive skill, theory of
mind, measured in our study by the classic beauty contest question
with answers in the interval [0, 100] and the winning number being
two thirds of the average of all answers.

The average of the answers was 34.3 (SD = 22.5, SE = 1.3). The win-
ning number was therefore 22.9. Since the number of participants was
large and the majority chose integer numbers as answer, it was natural
that more than one person won. Indeed, six participants chose 23 and
thus came closest to the winning number and shared the prize of €200.

Figure 5, left-bottom panel shows the distribution of the answers.

| TABLE 3.
Ordinary least squares regressions on the CRT score, N = 246,
CRT score
Model 1 Model 2 Model 3
Go playing frequency 0.042 0.009 0.021
(0.670) (0.132) (0.319)
GoR rating 0.212** 0.145* 0.160*
(3.381) (2.207) (2.437)
Gender 0.102 0.095
(1.548) (1.439)
Native language dummy 0.105
(1.544)
EGC dummy -0.042
(-0.628)
Age 0.713** 0.699*
(2.609) (2.588)
Age x Age —0.644* -0.653**
(-2.383)  (~2.440)
Patience quartile 0.136*
(2.196)
Adjusted R*in % 3.762 6.772 8.981

*p <.05** p<.001

Figure 7 shows that the target number for the Go players in the
current study was in line with other studies and that is was very simi-
lar to the average number for chess players (Bithren & Frank, 2012).
Lower numbers have typically been found in newspaper surveys where
participants had more time to reflect on their decision, and at the same
time, the participation rate was much lower, which implies that peo-
ple who were not interested in such task and otherwise would have
given a more or less random (and therefore relatively high) number
did not participate (Bosch-Domenech et al., 2002; Schou, 2005; Selten
& Nagel, 1998; Thaler, 1997, 2015). Student samples gave similar, but
usually slightly larger numbers than our Go players (Belot et al., 2015;
Nagel, 1995; Rubinstein, 2007). The nonstudent sample from Belot et
al. (2015) gave by far the highest number among these studies.

We defined the variable of theory of mind as 100 minus the answer
given to the beauty contest question. We were interested in the ques-
tion whether theory of mind is related to Go playing strength and fre-
quency. Therefore, we conducted an ordinary least squares regression
with these variables, adding the same controls as shown in Table 3. The
results (see Table 4) confirmed the previous correlation analysis: There
is a clear relation between theory of mind and Go playing frequency
but not playing strength. We also found a statistically significant rela-
tion with cognitive reflection. The predictive power of this (and the
following) regression, as expressed by the adjusted R?, was fairly low,
but it is to be expected that playing Go has a smaller impact on Theory
of Mind than many other individual differences that we did not meas-
ure in our study.

In summary, the most likely interpretation of these findings are two
simultaneous effects:

« theory of mind is enhanced by a high degree of cognitive reflection,

« playing Go frequently may improve theory of mind.

Causality usually cannot be identified in a regression model, but we
propose at least some evidence in favor of a causal relation:

Suppose that a higher degree of theory of mind would lead to play-
ing more Go. This might be the case if it increases playing strength, and
hence, the wish to experience more success. However, this is ruled out
by the lack of relation between playing strength and theory of mind.
Alternatively, it might be that high theory of mind increases the fun
of playing Go and thus the motivation to play, but the participants of
the European Go Congress were highly motivated to play Go, given
that they travelled long distances and spent a significant time of their
vacation to participate in the event. Moreover, we did not find any
statistically significant relation between the frequency of tournament
participation and theory of mind, as could be expected if motivational
factors were involved.® Therefore, it seems more likely that differences
in Go playing frequency (outside of the tournament) can be attributed
to nonmotivational factors like differences in workload, family situa-
tion, competing hobbies, and so forth. For these reasons, it seems less
plausible that high theory of mind increases Go playing frequency, but
all of these arguments would also apply if an unknown third factor

resulted both in increased theory of mind and in higher Go playing
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FIGURE 7.

Average answers to the classic beauty contest game in select-

ed previous studies in comparison with the current results of

Go players. (Studies with unlimited thinking time, like newspa-
| per games, are marked in light color)

frequency. Therefore, we consider the results to at least indicate a causal
impact of Go playing frequency on theory of mind.

Since the answers to the beauty contest had large skewness, we
conducted the same analysis for the logarithm of the answers as a ro-

bustness test. The results confirmed the previous analysis (see Table 5).

Patience

The observed distribution of answers to the question measuring pa-
tience was highly similar to the patterns found by Vischer et al. (2013)
for the SOEP sample (see Figure 8). We found a slightly higher level
of patience (u = 6.2) than in the SOEP sample (p = 6.1), but since our
sample was far from representative, this was not surprising. However,
there are two reasons why we expected to see a lower average for our
sample. First, patience is particularly high for Germans (Wang et al.,
2016) and the SOEP is a German data set, but most participants at the
EGC were not German. Second, adults are more patient than children,
but in our sample were many children who participated in the tourna-
ment. When considering only the adult German participants (n = 93),
the average value indeed increased to u = 6.3.

Like for theory of mind, this suggests that frequent Go players de-
velop a higher patience on average, since other possible explanations
for this effect are not supported by evidence. In particular, there was
no significant relation between frequency of tournament participation
and patience.’ Therefore, it is again most likely that external constraints
prevent some of the players from playing more frequently, but motiva-
tional factors are not relevant in this sample. Thus, the most parsimo-
nious explanation is to assume that playing Go frequently enhances

average patience.

CONCLUSION

Go is sometimes considered to be the most complex of all clas-
sic mind games, which makes Go players an interesting subject pool

for studying cognitive skills. Compared to the numerous studies on

the cognitive ability of chess players (see a recent meta-analysis by
Burgoyne et al., 2016), the cognitive characteristics of Go players are
under-researched. Our empirical study of tournament Go players
showed that there is a robust relation between Go playing strength and
cognitive reflection for both strong and weaker players. This is in line
with recent studies on intelligence and games of strategy, such as chess
(Grabner, 2014a; Grabner, 2014b) and videogames (Aung et al., 2018;
Bonny et al. , 2020; Kokkinakis et al., 2017; Li et al., 2020), but less con-
sistent with the line of research claiming that “individual differences in
more ‘basic’ cognitive processes (e.g., intelligence, memory, capacity,
and perceptual functioning) have not, to date, been predictive of at-
tained level of skilled performance” (Ericsson & Ward, 2007, p. 348, see
Ackerman, 2014, for a review on individual differences in talent and
expert performance).

Note that the CRT, although composed of three mathematical
questions, does not only measure mathematical ability and intel-
ligence, but also the ability to resist an intuitive response and the
disposition to actively open-minded thinking (Campitelli & Gerrans,
2014; Campitelli & Labollita, 2010). Toplak et al. (2011) also found
that it is a unique predictor of performance on heuristic-and-biases
tasks. Our analysis suggests that a high degree of cognitive reflection
helps to achieve a high level of Go playing strength. This explains why
the average level of cognitive reflection is the highest recorded so far
in a survey, easily surpassing data collected among students from
elite universities (Frederick, 2005), as well as expert chess players
(Campitelli & Labollita, 2010). Studies on brain imaging also show that
Go playing activates brain areas related to problem solving (Chen et

al., 2003). Therefore, further studies may disentangle the training and

| TABLE 4.
Ordinary least squraes regressions on theory of mind (defined
as the answer to the beauty contest question subtracted from
100), N = 246.

Theory of mind
Model 1 Model 2 Model 3
Go playing frequency 0.199** 0.207** 0.204**
(3.198) (3.166) (3.228)
GoR rating 0.101 0.074 0.037
(1.628) (1.107) (0.568)
Gender 0.079 0.037
(1.173) (0.567)
Native language dummy -0.005
(~0.075)
EGC dummy -0.073
(-1.103)
Age 0.061 -0.171
(0.223) (-0.636)
Age x Age -0.068 0.150
(-0.250)  (0.564)
CRT score 0.296**
(4.667)
Adjusted R*in % 3.919 3.334 11.094

*p<.05*p<.001
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TABLE 5.
Robustness test: regressions on the logarithm of the answer
to the beauty contest question, N = 246.

log(beauty contest)
Model 1 Model 2 Model 3
Go playing frequency -0.143% -0.140% -0.138%
(-2273)  (-2.119)  (-2.131)
GoR rating -0.100 -0.076 -0.039
(-1.591) (-1.128) (-0.585)
Gender —-0.050 -0.025
(-0.738)  (~0.373)
Native language dummy -0.031
(-0.451)
EGC dummy -0.014
(-0.211)
Age -0.162 0.030
(-0.583) (0.110)
Age x Age 0.150 -0.017
(0.546) (-0.062)
CRT score —0.251**
(-3.846)
Adjusted R*in % 2.041 1.253 6.079

*p<.05*p<.001

self-selection effects. The relationship between cognitive reflection and
Go playing can be in both directions.

We also found a relation between theory of mind (i.e., the abil-
ity to anticipating others’ thoughts or intentions, as measured by the
classical beauty contest guessing game) and Go playing frequency.
However, playing strength had no relation with performance on the
beauty contest game, consistent with a previous study on chess play-
ers by Bithren and Frank (2012). Our finding is also consistent with
the results by Jung et al. (2013), who observed a difference between
long-term and novice Go players concerning the connectivity within
the default-mode network, which is thought to be related to theory of
mind. They suggest that long-term Go playing may change this part of
brain structure because it requires the capacity to infer the opponent’s
intentions when playing Go.

Previous studies on Go players showed that Go training also

changes brain areas that are related to self-control, working memory,

FIGURE 8.

Comparison of patience between the SOEP data in Vischer et
| al. (2013) on the left and the current study on the right.

and attention (Lee et al., 2010; Kim et al., 2014). Further neuroimaging
research demonstrates that individual differences in time discounting
can be caused by differences in working memory (Shamosh & Gray,
2008). A controlled experimental study conducted by Kim et al. (2014)
showed that, after only 16 weeks of Go training, children with ADHD
had significantly improved executive functions, which are associ-
ated with planning, cognitive persistence, and working memory. They
further suggest that Go training changes the activity of the prefrontal
cortex, which is important for regulation of impulses, controlling, and
decision making. This suggests that Go playing may improve patience.
However, we did not find a statistically significant relationship between
Go playing frequency/strength and patience. It is not clear to what
extent such lack of relationship is caused by response errors in the self-
reported measurement of patience and playing frequency. Therefore,
we encourage future studies to more directly test the effects of game
playing (e.g, Go, chess, other board games, and video games) on pa-
tience and time discounting.

Our study was based on a relatively large, representative sample of
tournament Go players, which allows us to control the effects of age,
experience, and other factors (Grabner, 2014b). A slight limitation of
our study is that it did not include top level professionals. It would be
interesting to see whether the relation between cognitive reflection and
playing strength still holds on the highest level. However, it is challeng-
ing to find a sufficiently large number of these elite players who would
be willing to participate in such a study.

In summary, Go players show remarkable characteristics regard-
ing cognitive reflection. Moreover, Go seems to have positive effects
on certain important cognitive characters, such as theory of mind and
patience. Given that Go playing involves much richer dimensions of
brain activity than chess, we hope that these results can encourage
further studies on the relation between playing Go and various aspects

of cognition.

FOOTNOTES

! Researchers have used different tests to measure theory of mind, such
as “reading the mind in the eyes” test (Engel et al., 2014), and “refer-
ential communication task” (Dumontheil et al., 2010). We chose the
“beauty contest” game because of its more crowd-tapping and strategic
potential whereas the other tests may focus more on the individual
and their respective emotions. Moreover, other tests are lengthier and
harder to set up and they may appear as relatively easy, which leads to a
ceiling effect. We thank an anomynous referee for this insight.

2 All four are summarized as the four arts “Qin Qi Shu Hua” in classic
Chinese education since at least the Tang dynasty.

3 The minimum GoR is 100, professionals’ GoR is typically above 2700.
4In case this was before 1996, we used their first recorded tournament
as data point. This might affect a few players that were active before
1996, but the first recorded tournament was in 1996 for only 35 partici-
pants, this did not have a large effect on the data.

® Given that the distribution of patience was highly skewed (indeed, the
Kolmogorov-Smirnov test of normality gave a p value below 0.1%), in

further analyses, we used nonparametric (Spearman’s) correlations or
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transformed the variable to quartiles. In our sample, the first quartile
(the most impatient subjects) ranged from 0 to 5 (38%), the second
ranged from 6 to 7 (28%), the third was 8 (18%), and the fourth ranged
from 9 to 10 (16%).

¢ This is different from the findings of Burgoyne et al. (2016) on their
(related) test of numerical skills, where the correlation became sub-
stantially weaker for strong players, a phenomenon referred as range
restriction (Detterman, 2014; Deary et al., 2010).

7 The value for Go players is statistically significantly higher than that
of the second best group, the MIT students (p-value of ¢-test: 1.4%).

8 The correlation between the number of tournaments that a player has
participated per year (since first time playing in a Go tournament) and
theory of mind was insignificant (p = —0.026, p = .677). Same for his
total number of tournaments (p = 0.047, p = .442). Regression analysis
did not lead to any other result.

9 Correlation with tournaments played per year: p = —0.049, p = .429,

correlation with tournaments played in total: p = -0.03, p = .630.
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