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Doing cognitive ressarch in games can give new indghts into the proocesses invalved in - human
problem solving. By gudying different games it is possble to compare smilar behavior in different
domains In this paper we presnt the results of cognitive experiments in shogi, a Japanese game
smilar to chess We have conducted two memory tasks and one problem solving task in shogi. In

general, wegoat Smilar resultsasin chess but wealsofound evidencefor anew typeof chunking, which
wecall causal chunking.

INTRODUCTION

The cognitive processes involved in human problem solving have been the subject of
numerous sudies. Probably mogt famous is the work by Newdl and Simon (1972), which hes
ingoired many other ressarchersin thefidd.

From early on, games and game theory have played an important role in the sudy of humen
problem solving behavior. The advantage of usang games for cognitive dudies is that they
provide an environment thet can be easlly defined and isdmogt noise-free Mogt gameshave a
smple st of rulesand behavior within this st of rulesisfixed. Y et games have dl thecomplexity
of ather, more generd, human problem solving tasks Alo, the behavior of experts can besudied
and compared to the behavior of playersthat areless skilled, asin most gamesit isdear who the
expatsae

Chessisbang played dl over theworld, S0t isnot surprigng thet most of the cognitive Sudies
in games have focusad on this game (De Grooat, 1965; Chase & Simon, 1973; Cooke, 1993). The
game of Go has ds0 been ubject of cognitive Sudy (Ratman, 1976; Burmader, 1997; Saito &
Y ashikawa, 2000).

Sudying cognitive behavior in different games makes it possible to compare Smilar behavior
in different domains. To this end, we have garted to conduct a cognitive dudy into  shogi
(Japanese chess) as there have been only very few cognitive dudiesin shogi. Shogi isagamein
which thegod of the gameisthe same asin chess cgpture of the king of the opponent. Themost
important difference between chess and shogi is thet in shogi the pieces that have been captured
do not disgopear fom the game. The pieces a player hes cgptured from the opponent become
piecesin hand and when it is a player’ s tur to move, a choice can be made between playing a
movewith one of the pieces on the board or put one of the piecesthat was previoudy captured on
an empty square (thisiscdled adrop).

In chess the mogt famous cognitive experiments are on memarizing poditions and have been
performed by De Groot (De Groat, 1965). Asafallowup to De Groat’ swork, Chaseand Simon
(1973) introduced the theory of chunking to explain why expert game playersperfom sowel in
memoary tasks Chunking is the process of dividing a chess padtion into smdler parts thet have
meaning. Chase and Simon showed thet stronger players have bigger chunks of chessknowledge
then wesker players.
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As a fird gep in our cognitive gudy of shogi, we repested some experiments that were
conducted in chess  We fdt that repeeting these experiments is necessaxy, s there are some
important differences between chess and shogi from a perception paint of view. Both the pieces
and the souares of a shogi board have the same cdlor (one's pieces can be disinguished from
those of the opponent by the shgpe of the pieces). Also, in shogi the pieces in hand have no
relaion to asquare on theboard, thus potentialy complicating perogption. Furthermore, thereare
more piecesin shogi thenin chess, 40 indeed of 32. Fndly, it isundear how the Kanji characters
thet are written on each shogi piece influence perception.

We will now presant the experimentd resuits of two memory tasks and one problem solving
task inshogi.

MEMORY TAX 1

EXPERIMENTAL SET-UP

The firgt question we investigated was how much time it takes for shogi players of different
playing srength to memorize shog positions. We had nine subjects three beginners three dub
players (Jgpanese grade: amateur 3-dan) and three experts (professond 8-dan). Our experiment
conggted of 10 podtionsfrom 10 professond gamesthat were taken from the game collection of
expat games on aShog Y earbook CD-ROM. We sHected 2 postions eech after 20, 30, 40, 50
and 60 moves played from the darting podtion in those games Fom each game only one
podition was sHected. To make sure that there are no Smple opening paditions, we darted a
move 20.

Each podtion was shown to the subject on a computer monitor. The subjects were given as
much time as they thought they nesded to remember the pasitions. When the sulject decided thet
he had memoarized a postion, he would dick an OK button. After dicking the button, an empty
shogi boad is digplayed with the pieces next to the empty board. The position could now be
recondructed by dragging the pieces to the squares. Our system meeaures the time between the
gppearance of the pogition on the screen and dicking the OK button. The system also recordsthe

number of piecestha have been placed correctly during the recondruction Sage.
Fndly, the eye movements of dl subjects were tracked with an eye camera during both the
memoarizing $age and the reproduction dage.
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Figure 1. Averagememarization timefor 10 padtions(notimelimit)
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RESULTS

In Fgure 1 we can see that beginners use more time to remember the pogtions than the dub
players, who in turn use more time then the expart players We can do s in the figure thet the
beginners dow down & postions tha are laer in the game Even though this effett is less
pronounced for the dub players, in Figure 1 we can see that the dub players dso dow down a
little for podtionsthét are later in the game. In contragt, thereis amogt no difference between the
different pogtions for the expert players A find observation was that the beginners were often
confused during the reproduction gage while the dub players and the experts confidently put the
pieceson the board.

CONCLUSIONS

We have shown that the expert players can do this memoary task vary quickly. In Fgure 2 we
can =2 how the eyes of an expert moved during the 6 secondsit took to remember this position.
The subject focuses on the center of the board and the only time he foouses outside the board is
when he congders severd times to push the OK button (pogitioned outside of the board on the
right). Thisindicates thet the expert player can memoarize the position fagter than the 6 sscondshe
actudly took, but thet he just checked the pogition acouple of timesto make sure. The difference
with Fgure 3 is dear. Fgure 3 gives an example of the eye camera data of a beginner. The
beginner neadsto look & every piece of the board and triesto remember themindividualy.

Figure2. Eyetracking diagram of an expert Figure3. Eyetracking diagram of abeginner
MEMORY TAXK 2

EXPERIMENTAL SET-UP

In this experiment we will show the connection between shogi playing drength and
memoarizing daility. The s-up is Smilar to the previous expeariment, but thistime thereisatime
limit of 3 seconds. Of coursg, different pogtions from the ones usad in the previous experiment
are presented to the subjects After showing the pogtion for 3 seconds, the pogtion is removed
from the display automaticaly and an empty board is digdlayed onto which the subjects must
move the pieces with the mouse. We dso wanted to andyze the connection between memorizing
abiliiesand shogi knowledge To thisend, we dso presented anumber of random pogtionsto the
ubject in the same way asthe“meaningful” pogtions. In this experiment, the eye movements of
the subjects were dso tracked with an eye camera



RESULTS

In Fgure 4 the accuracy results by playing srength are given. The average soore of the
beginnersisvery low and getslower asthe number of moves played to reech apostion increases
The soores of the dub playersand the expert playersaredmost equily high a the Sart. However,
as the number of moves increases, the dub players accuracy rates dedine, while the expert
playersaredill cgpable of scoring doseto 90% in the positions after 60 moves (advanced midde
gamepostions).

In Fgure 5, the reults by playing strength are given on the random positions. From these
resultswe can seethat thereisamog no difference between the subjects Indl casestheaverage
aoourecy isvey low.
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Figure 4. Accuracy rates for memorizing 10  Figure5. Accuracy ratesfor memorizing 10 random
postionswith 3 secondstimelimit. postionswith 3 secondstimelimit

CONCLUSIONS

Likeinthefirg experiment, we can see from the eye cameradatain FHgure 6 that the beginner
tries to memorize each piece individudly. However, soon time runs out and the beginner is only
ableto put afew pieces on the right Kuares. On the other hand, the dub player isableto get the
same accuracy results asthe expert player inthe early sages of the game, but in positionsthet are
more advanced in the game, the accuracy goes down rapidly. Unlike the dub player, the expert
player is dill ale to achieve a 90% accuracy rate in middle game pogtions, S it can be

conduded that even for difficult middle game positions, the expert has chunksto hdp memoarize
postions

Figure6. Eyetradking diagram for thebeginner in memory task 2

Furthermore, the expart players scored jugt as low as the beginners in the random postions
gengraed for 20 to 60 moves from the garting pogtion. Therefore, we can condude that the
outstanding memory performance of the expertsisnot aresult of exceptiond memorizing ahility,
but is caused by the availability of superior shogi knowledge (chunks) to memorize postions.

-4-



PROBLEM SOLVING TAK

EXPERIMENTAL SET-UP

We have presented 15 shogi problems that were congiructed with the help of an advanced
player to the nine subjects. During the problem solving sage of eech problem, we asked the
ubjectsto think aoud and a0 used the eye cameratto track the eye movements

RESULTS

Here arethreetypicd examplesof thethink-doud protocalsby the subjects
Problem 6 (Beginner)

Lag move: R7d. It searslike the defense of the opponent is quite weak. If we play R3b+ next,
ign'titimmediatdy finished. . Maybeit isnot finished. . .R3b+ S3b. Not good. Hey, but | want to
do something like that. How about P* 2?

Problem 6 (Club player)

Next, after BX7g+ thereisa fork on king and rook and thet is the end. So we should play R3f,
but then P*2h loses the knight, so we should move R2d and then after BX7g+ S<7g Rx2d, we
havethefork on rook and king B* 1e, after which P* 2c Bx2d Px2d stopsthe drop of the pawn on
2h, 30 black ssasto be better .. If wejust play B*8c, then. .

Problem 6 (Expert)

Thisdoesnot look like a position | have seen before. But then again, itlooksfamiliar. Itisblack
to move, right? This pogtion resuited from P*3h SGh B*4d, in't it? P*3h SGh B*4d, pawn
drop, pawn drop, pulling back the rook. R2d isny firg impresson. Then BX7g+ SK7g R2d B* 1e
R 2e...

CONCLUSIONS

The beginner andyzes the pogtion in pats redizing on the way thet catain moves ae
possible (*How about P+2b?") and changesthe eva uation of the pogition accordingly, ending up
with the best looking move The dub player ssems to andyze the postionasasngle chunk, and
beses his move sdection upon cartain typicd fedures of the pogtion (“After Bx7gt+ thereisa
fork on king and rook”). The expert player isableto andyze nat only the postion asitis but dso
has chunk knowledge of how it came about (“ This pogition resulted from P+ 3h Sx3h B*4d, isn't
it?"), whet plan should be pursued and how the position should be evauated. As can be seenin
the think-doud protocal example, the expert taks aout which move sequence leed to the
pogition, ad combinesthiswith the evaluation of the pogtion.

DISCUSSION

In the three experiments that we have conducted, it has been shown thet in shogi, chunks smilar
to the ones observed in chess are being usad. In the experimentsit was shown thet the perceptud
differences between shogi and chess do nat have an important effect and lead to Smilar resultsas
those obsarved in chess. Espedidly expart shogi players are able to indude pieces in hand into
their full board chunks and can reproduce a pogtion from memory with about 90% accuracy
even when the memarization timeislimited to only 3 seconds
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In the firg experiment we saw that the beginners tried to memorize pieces one by one.
Therefore, the beginners seem to have only chunks thet are the sze of asngle piece ad
memorizing a complete board pogtion tekes a very long time. In contragt, from the eye camera
data of the dub players we can condude thet they are able to divide the position into severd
aess A paodtion is divided into severd chunks, eech containing severd pieces. Thisiis further
evidenced by the think-aoud protocol of the third experiment, where the dub players taked
about common piece configuraionslike Yagura and S3g-formation.

Fndly, the expat players ae cgpable of recognizing large chunks someimes even
complete board pogtions as a Sngle chunk. From the eye camera data we can see that in some
pogtions the expart players only focus on the center of the board, s it is quite likdy that the full
board pogtion is recognized asasingle chunk. In the think-aoud protocal for these postions, the
expert players do not say anything about the pogtion as it currently is, but immediatdy gart
tadking about the passble move ssquences, about how this pogtion came about ad how the
pogtion should be evaluated. This dso seems to indicete that not only the pogition is recognized
asasdnge churk, but dso that it is part of alogicd flow of pogtions or dynamica chunks The

reasoning from the pogition a hand to the evauation and the next best move ssamsto bepart of a
causd chan.

Tablel.
Playing Strength and Chunk Structure
Board leved Saquenceleve Evduation level
Beginner Individud piece
Clubplayer From individud piecetofull | Smplecombinaions,
boad Standard opening moves
BExpat Full boad Applying combinetions, Correct search supporting
Subtieopening play correct evaluation

Our reaults are summaized in Table 1. The expat player not only relies on board leve
recognition, but aso uses dynamic sequencelevd and evauation leve knowledgeto support the
problem solving. Therefore, we bdieve that chunking is not only done on theleve of piecesand
their positions, but that aso dynamic chunkslike move combingtions and opening ssquencesare
being usad. Furthermore, these causal chunksaso are used to eva ugte the pogition.
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