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Abstract

Artificial intelligence (AI) techniques are actively researched in various fields,
such as natural language processing and image generation. Games are also good
testbeds for Al thats are actively researched. In recent years, Al players have
already achieved superhuman levels and beaten top professional players (e.g., Al-
phaGo for the game of Go). Research on Al pursuing “strength” has archived a
certain level of success, and research on “teaching” and “entertaining” are new
directions to focus.

Fighting games are a kind of digital game where each player controls a character
to fight one-on-one in real-time. Fighting games are known as a genre with high
barriers to entry for several reasons. One is difficult operations; another is that
luck is almost not involved in the gameplay, making beginners hardly win against
experienced players. We consider that “mind games” are another big problem
preventing beginners from keeping playing the games.

“Mind games” means that players mutually decide their own actions, where
guessing the opponents’ decisions is also taken into consideration. Mind games
occur in daily life, such as the rock-paper-scissors game. In these games, it is
basically possible to calculate the optimal strategy by game theory, even without
mind games. However, in fighting games, possible actions and their risk-return
varies with various conditions. Therefore, it is difficult to calculate the optimal
strategy, and players need to guess the opponents’ actions (read the opponents’
minds). The same is true for the opponent, so mind games occur.

The purpose of this research is to help beginners of fighting games to understand
mind games. Fighting games contain various elements, such as real-time game-
play and difficult operations, which requires considerable practice before players
can experience mind games. Therefore, it is difficult to teach beginners to play
mind games in actual fighting game environments. So, we developed a game
where players can play mind games in fighting games without real-time gameplay
and difficult operations. The game is based on rock-paper-scissors game, and the
trilemma of rock, paper, and scissors is replaced by “attack”, “throw” and “guard”
from fighting games. Also, we created a curriculum that provides comprehensive
supports for beginners to understand the concept of mind games.

We selected several ways of thinking for mind games that we want to teach
and prepared multiple opponents for each way. The combination of a way of
thinking and the corresponding opponents formed a learning unit, and in this
research, six learning units were created. The six created learning units were
arranged in order of difficulty, from those with typical ideas to those with gradually
more complex ideas. The opponents’ actions were designed to reflect the way of
thinking in the corresponding learning unit, and the order of the matches against



the opponents was also arranged in a similar way to the learning units, from
opponents who take typical actions to those who gradually get more complex.
During the matches, participants were asked to answer the probability distribution
of the opponent’s next action through choice problems. We used the accuracy of
these choice problems to judge whether or not the participant understood the way
of thinking set to the learning unit. In each learning unit, we also supported
players by presenting hints such as information such as the way of thinking set to
the learning unit and the points to be focused on for each opponent. The order of
the learning units, opponents for each learning unit, and the hints set for each are
collectively referred to as the curriculum.

An experiment was conducted to verify the effectiveness of the created curricu-
lum. Meanwhile, the effectiveness of the order of the learning unit was also verified.
The experiment compared the results from three groups: a group receiving the cur-
riculum (hereinafter called Curriculum group), a group randomly playing against
opponents within the curriculum (hereinafter called Random group), and a group
playing against participants in the same group for the same amount of time as the
other groups (hereinafter called PvP group). A pre-test and a post-test were done
before and after the experiment of each group to compare the accuracy of choice
problems. This experiment was conducted with a total of 12 participants, four in
each group.

The result of the experiment showed that even the group with the highest accu-
racy only increased by 9.0%, from 10% to 19.0%. The accuracy for each participant
varied widely, and no tendency was seen from all the groups. In a subjective sur-
vey, only 2 out of 8 participants in the Curriculum group and the Random group
felt an improvement in their prediction accuracy. The overall results were poor,
but valuable insights were gained about the curriculum and game design. Points
to be improved included probability deviation, the criterion of correct answers for
choice problems, and the difficulty of the test opponents.

The biggest issue arose when playing against an opponent who chooses actions
based on probability, where the influence of luck was too strong. For example,
consider an opponent who chooses each of the actions of attack, throw, and guard
with a probability of % Assume that the opponent made 7 action selections with a
deviated frequency: attack 4 times, throw 3 times, and guard 0 times. In this case,
choosing the choice of attack 50%, throw 50%, and guard 0% as an answer to the
choice problem is reasonable, but in this experiment, we judged this answer to be
incorrect because it is not the true probability distribution. As a result, we often
saw participants who could not proceed with the curriculum due to low accuracy
of choice problems. Therefore, in the first place, we attempted to improve the
curriculum by correcting the probabilities to prevent the frequency from becoming



deviated and by judging not only the true probability distribution but also choices
close to the actual frequency of the opponent’s actions as correct answers.

About the difficulty of the test opponents, both of pre-test and post-test had
very low accuracy of choice problems, so we consider the test opponents were too
difficult. Therefore, we reduced the difficulty of all opponents and increased the
variety of the test opponents to let participants match against opponents with
various difficulty. In addition, we attempted to improve various points obtained
from first experiment.

The second experiment was conducted after improving the curriculum and game
design by addressing the issues found in the first experiment. The experimental
method and comparison method were the same as the first experiment. The num-
ber of participants in the second experiment was 20, with 6 participants in each of
the Curriculum group and the Random group and 8 participants in the PvP group.
In the result, the difference in accuracy between the pre-test and post-test showed
an increase of 11.0% from 34.0% to 45.0% in the Curriculum group, 14.0% from
41.0% to 55.0% in the Random group, and 2.0% from 34.0% to 36.0% in the PvP
group. However, no significant difference was shown between pre-test and post-
test or between each group. As for the accuracy of each participant, the growth
rate varied, and there seemed to be a relationship with proficiency in Japanese.
According to the subjective survey from the questionnaire, the results improved
compared to the first experiment, and 11 out of 12 participants in the Curriculum
group and the Random group answered that they felt the accuracy had increased.
Compared to the first experiment, the numerical growth and subjective survey
showed good results, but new issues to improve were also found, such as finding
concise and easy-to-understand hints.
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VR LR L TIEERDMUDPREVWESICRHZS. LirL, Kss5Z2RH2E, 5
VR LEHOHFTH KIBICIEERZHIIL2ER, MICIEERN oY, M
UEEDNTOERKEV. ZROLDHERI S, —BIEFROMULRRVWT VX
LHTHH->TH, 7LTAMERANTAINTEEREERD D LIXEZX R WVIERY
otz 72, MBEEROBWT VELHORA M T AFTEZ, 19.0%E 7 &
FOIEBERL L TEZD KT E2HE o TEBD, A MHCPUIRELTOR
BELEIKRETHLEEZD.

0.19 [ Pre-test
[ Post-test
0.175 -
0.150
o 0.14
©
—_
g 0.112
& 0.100 0.101
© 0.088
.
@]
Y 0.075 -
—_
(@)
v
0.050 -
0.025 -
0.000
Curriculum Group Random Group PvP Group

X 5.4: EER1ICBIIARHDO T LT A M ERZX M TR FDIEER
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X 5.5 ICHEWERED S LT A MERA M TR MNDIEERD Y7 7%/F. K55
WRBLT, YORICEVWTS, FEBREDMUIMEDO N DX REIWV. KD
PIEHLEGAIZBWTYH, HUIEIZAZDOWT WS R EHERE D IEER 2/
L7, LT R MNERTOEZERMENEERE DT BHPIERKE W, 2D
HEARD LS5 2HDD AL,

RBWERE 1ICELT, R+ 7F A bOERKEEORIE O KEDF U EE
Ko Tz, BRUTWEER T8 LR il 3 b w5 b0 THD, Th
WEFEERDFHDERIZ, T ¥ X 2IGERT % 2 W5 BERROERE 223, XOHEFD
FOFTEPOPRVGERIGERLTHRV) EHHAL TV 23D THSE.
7z, BERE 11X, LT A MIBOTUIFIL T 2.2 M1F & CERAREICEE L
TV, KA M TR MIBUIZFHRIERNZ04IEE ERoTWE,. Thb
DZehs, REMICHOEZEBDZ N L ARENDLS, ROF%ETHIT 23R40
Motz FEZD. ZDEIIZ, HVF2T7LICEIDRAMLRAZKUKITRD
WKHRoTLEo>TRAKRERTHZ7-0, 7V FadshFEEHE AN REE
ZABWVWEIICTARENPDLETH B.

[ Pre-test [ Post-test

0.35 4
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0.30 - group group group

0.25 4

0.20 4

0.15 4 1| —

correct answer rate
|
|

0.10 4

0.05 1 ‘
0.00 I:l:' T T
1 2 3 4 5 6 7 8 9 10 11 12

player number

X 5.5 BEE1LICBIIA2{WEHREDTL T A FERAMT A MDEER
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AREBIIHEE L CW-EEBRRE 2 BB L C L E o A cEREY D EiF7-.
HRRCEFRIC D0 o TR TV 7 A D53 45 47, SZEERRE Y 3 RffE 30 9, KA b
TAMDBIDTHoTz. BVF 2T LBHRNCBEVWTRDIY 27 2D
BREICBWTDH, X—AL5DCPU2ETTHolz. BV Fad 805 CPU ZE
T532FCIRRE LTy —2BEFE L1277 7 %K 5.6 1RT. B 5.6 DA
D CPURZERLEDBDTHD, 3-2 THIUREX—L3D CPU2ERT. K56
PRZY, BEBEIITIC, F—L3DCPU2ERX—2L4DCPURIETT 2T
WEWHBEZELTWAZ A5, ZOMRICET 2 XM ERIT5.5.1
JEIZTRR 3.

AEBEPBELTH)F 2T 5978 —2DHFER LI L THARKETRES
PREATDHIENTERLD, XETIEZNLHIZOWTHANS.

7 4
number of players
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2-Players

~ ol
1 1

w
1

mean number of games

(=]
(=]
(=]
o
o
o
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5.0 EERZBLTELONEHBZIINRTS

AECIFER1 L FEBRICBE T2 77— FOHBEGBMICTEERLD o7z,
HVF 2T LT —LDMEHEOEETRELHERNS,

5.5.1 AUFxaSLICEALT

ARIETIEL Y PP CPUDBMERE A ) F 27 AICERTAIRETRESICEL
TR T WL,

A.FEERDRD

K56%R2%Y, HEREIEZ—230CPU2DETICMD CPU & HEL T
DF—LBEEL TS, X—2L3DCPU2IE “ETOFRL 1 DERT1O%
BEIRT 2 b WO ITERAI 2o T3, EEICH YV F 27 2HOKE T LA YD1
F—LAEHKRTREAOSTOHESR, 53187, YOHEBED 207V FET
F—ABHITT0E720, HFEEZZZ 22 TOT7THBREICKR 2D, FEBE
W2, #HEERE 4 DT R 1 ELIEBIREIATOWARVWE DR FEAEL TWY
5. TODXIRMERDFEVICL-T, FHEHEZLITCPUDIRSZFHVHIE L < Bz
ZEOICRZBZIX, XU ATLE LTIHELL RV, HERDFD &b
2T B EIBNNRBRBELE Z T,

£ 53 X—L3DCPU2ICBIARTLAYD 15— LHORFOENHEE (5
B5 1)

WERE RS | ITEEIREEL | BB REE | BRI

1 5 [A] 4 [A] 11 [|]
2 4 [A] 6 Al 10 [|]
3 4[] 4[] 12 [H]
4 12 [A] 10\ 7 [H]

B. ZRAEEDEEDEE

5.3. 1 THICBWCEIRAMETIES & 5 2 # IR “BEOMERSA DAL REL
7. L LEBROEBRTIIRARO@E D HERORD REICE-T, BOMWRIMML
ZRL DRI HEN T 2R D 5. HlRIE, “BTOFH,S L DR T
DEFEIRT 27 L WHITEIFRAIO CPU MiE L, MEICH I TV R 15T v
YREETD5 7wy Rl CHEINEIXNIGE, ZDORETO “EFEDEF4H
B REIGTRT, FTROE, fF0HE, #1008 THL. 2D, BERED
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EFG - Z BB 568, KOF ORI DEIRA 5 0:0:10 DR % 3R
L7ceLThH, TRIEARMENTH D, ZOREZ LML T 2DIFFE L <
BV, ZDESIBI TS0, IEEORELLET LRNEDNDH DL E X,

C. 2—LBHEO > ~DRRE

M56%H22, 2—243DCPU2LRIUETDT —218% %—21 4D CPU3
WELTWE, R—=—24056D CPUIFRI4ARZHORTEYBED R —LDEER
EATTEIIRA 2O k0, BEOLYrDOX—AEELTWATEIHRAIZ D%
EZERLTHFORDODFOTFHEITORDENDS. LELEEIREBEDX—L
BERZILLEZ—L20b ¥ ME, M45ITRT X — LERBUREE T O AER X
N, CPU & Xk E/ D IR SRNIIER LR o7z, ZD-DWEREIX, B—244D
CPU3 L ONEEEMED IRTHT, R—L3DHEERTH 2 “MWRNLTOER 2&
BLRTNEROBRWI e EENTLE>2BICEDZL D7 —28% Z D CPU
WEPRPLTLE#HILE. cheliiy 2720, x—2FEobv Y McBL
T, T2 ITRELEEZ .
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D. X FHCPUQH#ZE

TLTAPERAMNTAMIERLEZTZX VHCPUIKE LT, 2zt CPU
DIFERZX5.7I1ZRT. CPUL 2 CPUSICE L TCIEERNEFEL LKL, A MH
D CPU L WO I RETH 2 EZ7-. CPU2ICE L THIEERIENDITTIE
BNz, 7 A MHCPU OfTEIFRANCEA L C, 2R ZEEZ NF22 DR
BLAREREEZ 7.

[ Pre-test
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0.30 |

0.25 +
(0]
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©
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O
)
_
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O 0.10 0.1

0.07 0.07
0.06
0.05 -
0.00
CPU1 CPU2 CPU3

X 5.7: EE& 1128157 A MHCPU Z & DIEER

5.5.2 T—LOERRICEALT

ARIETIIEREANDERICE T2 7 > 7 — MR 7= B R DB THERE 5
LEZFLTH S o7z, F—L2DMHRICET 2RE I NE L ERRD.

E.7—LATXRTY 315k

EER 1 CTHEHALZZ —212BWT, F—2AMNIZ, B LT “EIE3H0ERL
72F LHEE Y LT BRIGEIRLFOLMEE” 2R L TWE. L LIRS
e TBEIMOBRESIEHRE LTHRRLTUILY] CWIERNRD /2. B—L4412
BOTEEOBEHEZ b L IfTEZE I MBEFZHELTWS 226, B
BOIERDIERIERTH D R T,
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F. BRI EE DR IRKIR RS &

FEE 1BV, BRI 51 0 X 5 RERTHEMLZ. = 0FIRKRE
DIFRAEBE LT, &2 o NEFRGEREOER D 2 THa»r DR XED
AN RBVTHD BV TRE Y EEIRI DXL 2 RS 2 DI B LIS |
NEINAMEORMZ S 5D LMX L TEL W 57— 2 NOBESRHEE 22 ¥ D1
WMOMBEIME D) L Vo BEAD D - 7. FRXBEEIIAD Y F 2 7 2128V
THELREEH ZH> TV 7D, ERAMEI R L OS5V b, HEIRARE
ANDEIE DB & 725 7 — LANIERORRMEAIMR N & ¥ 13 dE TR EFHEERME
TH5.
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F6E H2[EHEERERE

FEER 1 RWUTELNNETANEACELT, BAREERITL, FEDY
¥ a2 7 LDFHME, BV F 2T LBHMRT 2R —LDIEEDOFMEEMHRT 572
DI 2 EHOWRERBEAT o7z (IERE 2 LWH) . 2B, Bohlkr—2%
i, WELHMALFICBE L THREEZTTS. 6181k 628 T 5.5 #ITTHS
NIBETRERMST 28ER L 2 OMOEE LI OWTIAN, 6.3HiL 6.4 Hi
TIFEBRHAN e FHROEZ, 6.5 HTIIFBGRZABNRS. 6.6HITIL6.1HiL 6.2
BN TN 72 EER DRI ONTDOERZLT 5.

6.1 AVFaSLICEATIHER

ARETTI, 55.1THICTIENRZ, AV F 2T LI L THEITAREAANDBER
Y ZOMDOEFE Iz OWTIHRARTWL.,

6.1.1 HMHEXRDRD ZER

5.5.1 THTR = “A fERDIF D I L TOHREREZDBRS. HERDORD 2K
WL, ZEECE>TH)F 257D CPUDIRZT|ADLZENTZYRIE RT3
CrEHNE L, EROETFHEE L HEOIHFHEDOZICDH L OXMEROMIELRTT
S5zrelr.

flzZE, BTOFH»S L ORTI VX LCFRBINT 2, 2o ATEHHI
D CPU LD ZEZS. 6 7YY FETIRAT, EFHEOMFHMEX, FTE2
M, #F 210, BHE2ETH 35, EBIIZFTE R, #7208, BFE4ETH -
735, ZOBRED, 77V RTOEFOERERE, FTRIIFEROEFHED
HFE LD D2 0EER O TEWIERIZ, FiENIIHEE X D 200 TEROVRER
clLiw. ZhzeEHRT 20, &£F0, HFEL ERoEFHEOEZZH W
I EZ AT 5.

WERIZ AT —Z ala > 1) BFEHAL, oWFE-REORTFRD v 17 Eiiof)
Ta=2058%252 5%, MIEMEIIITEN 4, I, PR kb 20
EEZHH L CSTOERERERD 2 &, T8 76.0%, %17 19.0%, B5fE5.0%
ERY, fTEPEVHERTHENMRWEREZEHTETWS., —f{bL7=xX% 6.1
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RICHAS. i & Ik 1 2 OIS, #09, By L, c dRiEROSFORR
WK, o LETHEOWEE, [IZHROETHIEL T 5.

ati—fi

Z?:l i

ZOBITHW/A CPU X, YD X5 RIRWT D [F CHERITMDOITEFRAITH - 72
B, A F 2T LD CPUIRIE, RIS TRR MR TFLIVET 5 CPU
DBEET 5. 2D K57 CPUDHE, EROEFHEDMEICIE, 2ROETFHE
TIERL, KRR L TV I EEOEFHEZMHFHT 2. BRfle LT, K
B A 2IRWL B THl % DHERDHTFEIRET S CPUEEZ 5.

EERICETF OERMERZ KD 2 X%, K6.1127~3. K6.11dH25 CPU D
1677 FHOFRRDZGBETHS. 2D CPUIEZ, KHAIBVWTE2TOTF
25 3 DHERTZ X LMCF BN, KB IXBWTITEZ 18], &% 14,
Fifil e S BICHEIRT 2. KOHFEHIET 7 FZ DR BIRFORBEEFRRL
TED, 167V FEHPRNATHZZ 005, RO NEICEHEHL TWDEE
D, BIRLETFIXRH S EFEEIRTED, 1677 FHORWIZATHS7-
B, KA OBEFEEZHWT 6.1 IR LMERDERDFTEZITV, DR
DIECTFEERET 5.

(6.1)

C; =

1: {TEHARAN ~N

RRATIE $TE 33%, 50T 33%, BAfH 33%
KRBT FTE 10%, T 10%, BHiE 80%

i;tf\:} t“?’&i*w;a "

2: 5> RO

&‘\/ J

Rif: [A|A|B|A|B A|A|B|A
SOYR:[1[2]314(5] 00 [0 [O3[14]15][16
BIRF @ [#7|47|85|3%|$T T4 |B5| 2
(3:1659> R (RRIRA) OFDRE)
( CPUD PRRA : #T5E, #8206, B53ME )
CNETOEFHE | jjnp : 3710, 1216, F3E

TE :c, =0.13 (EEIREESE 13%)
1%UF 1 c, = 0.53 (GEIRFEE 53%)
B5E : c; = 0.33  (EEIREESE 33%)

FTE : a1 /1) = 0.46
18U : a2/ = 1.87 |:>

B5E @ ales—f3) = 1.17

6.1: fIERZ HW =BT OERERDEH (o =1.6)
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ZDESIT, BFRICHELT, KN OEBEOEFHEHEELZ D 21T, 6.1 UK
DFEL7MExR KD, MEMEZFHLUSFOERERTERT 2. ZOLHEICK
D, HERXDIFENICK S, FEHEZ LD CPUDIRZBEVDERKIRT 2 Z & 2 HfF
TE 3.

6.1.2 FERABMBOEZOEELZLTE

5.5.1 THTh Rz “B. BRAEEO I FEOHAE 1B L TOWEBRE RS, E
Bi1TlE, ROROREDLS, EROEFHENEOHR ML #H L  THEL
TLEIZ Doz, FDXIRIGEI, REEOETHED & RS & HEH
UTCHE UBIRENE, #EHle LCTEZS RN E o7, L L, Yk
HiZe LT, BEOMRSMHOATZIEEL L TWEOREMRE Ko TV,

ZZT, BOWRNMIZITRL, M DEREOEFHEIZD & DOV
BOMOIEEFLITEZe L7 UL, #RBIIEIMCHELZDDTHD, E
BR D& FAHE D3E BRI & [J CHER DT & 72 2 ATREME IR V. 270, FEE
DETFHEICH 2EELVHERSATHIIEE L Lz, kBT 2EEOE
FHEIZX, K61DHLRUL, WRZLIRELEZDORFEHT 3. ERIMD
B2 FTE T 2% 6.2 TR T, p 13D 2 BINBORTOMER, f 1 3FEBEOET
BHEEICH L OWRTOMRTH 3. i 1X 100 EHICHE, #17F, BHEr L, p i
B BB TROMREZE®RT 2. ZOLHICED, CPUDIRZEHWEERL
7z, EREICEA XN, KD IEMRE THESHRTE 3.

3
=1

6.1.3 FERAMEDOEEEIHDEE

EE1LI2BWT, #ERABEEZ L Y FERSEMLE. LrL, 20 CPU
L DOXERBHDTOLHE, 177 FHOERDAN S, CPUDRDF DR
iz THST2 I 3ERLERARETHS. 22T, HARICIEERMELS 2o T
LES Zexltiy27-0, MEkBHta» 587 v > MIGERAXMEZEML 2w
e L7z AUFaT L%, B EDHERPMHTCTER2RET 2D TIERL, R
M IWCTFEREST DHERDHBEIL D X 57 CPUDTEET 5. ZD7=0, #iR
REEDBE > TH oD TEB T 2 RHOGEIIE, £ OERAMEDEE I
FEARDFIEICED W L. 2H60MEIEALTY, B0 D E[HE
UK, FELETAERLDTH 2. EFRIIEDRVNERAMELFEHT 2D
X, LAY, ZORNBPHHE SN e BT 2-0TH 5.

BRI LT, IRA, IREBIZBWT, ZRAZFNELR 2RI TEEIET
5CPU%REZS. ZOK, 57V FEHETITSERAMELZE LRV, 107 v
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YRFEHETRHANEGL, 10 77> FEHIZHID TR B 23RE LGS, 10 7
v FHTOERAMEIIERS 25, ZORBRIIEEROFIHEICEERN. 0D
ZEIZED, HIHEFELC CEARCIEBERI T2 Z e 2li< Z L ifF T 5.

6.1.4 HX—LEHEOEY FDOBET

5.5.1 TR “C. X — A BHEDO b >~ b OFREEC ICB L TOWEKRZ DR
5. AV FaT AHOEERED, FUNMEHET OFRZEDIRT I B, X—2A
BUHOL Y 2SN TLES R ELE. ZhEliET 2720, 70X L8
ERTL, MEEFZ oy PR UHEEIZCZ —LH5EHOL Y P 2R T 5 2
e L7 %, “BEINZIBEEOMUE ICEH L TIEEETH 5729, RXF
TFRT 3. EREOF — AHEZN 6.2 1273, HidRo@ED, HEEOERIXX 5.3
CHRILL, EX&—LBHEHOEBY N, FHCPUZEDOEY FERSTWVS.

BEDEBHZ © & ISTE & o THEF A~ OXHiL
BIDERN G A>T %

BEDEBHZ S & (STEERIHFE DXL
BIDERDTAS D> TL S

I A\ S DOXTILIE
2= LIS B ATEN @ tE = IEE OXTL

EIRT N EOTIE
RN e e EE NG R

. E> b
@B > T 1= 5 2ERH tﬂ;é/—cl\@c\ =" 3 =E @H???Ef: BERERY, ﬂ%f@g&?’éﬁ\i %ﬁﬁi
& - ress g to start @BIEIN b\ = DR FHEZRRYIS S % 225
P press S to start

(a) e hr1D (b) &Y FRER

6.2: FEBR 2 1B 2 MEKETO b > R

6.1.5 CPUCrDkt> D&M

AU CPU L O D#EDIRLT, RIFFMEEEE>TLED 2 I3 HFEL LRV,
ZNEET 27201201, b FREZBBEINCHEST IO ORITIRNPEZI SNS. L
ML, EEE1DOHY F 2721280 T, FU CPU LHEKORIZL > MIFRRX
NBRE I THo7. 22T, —ERBHEHELALGEIIERT Sy M 2EeT
el FHEZ eI en—HTO»5 L5, A/
IR THIHZRIR Lz, BERIR 7 — AEAZX 6.2 12T, (a) (3N %
1558507 —AEETHD, LY MI1DOULrRRINTOVR. (b) 1XEEE
HERZLZZ2T, 2Tok Yy MW RREINZF—LHETHD, > ME2D
FREINTWS., 2B, HEIOHMMKIIK 53 LT, EXX—L5HDL » h,
IHCPUZ DY heRoTW:, YOI TREICEL T, 6437
TR 3.
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6.1.6 7T L7=-CPUDTEHRAIDIRT

FEIRAMEO EEREDOETE L, HIHORNZ EEROFEIIEDRVWRED
ZHIZXD, CPUDITHHRAIZ % hHEHITE o701, BTRMEMZL
TLESHBADRETZLEZ. 22T, 7 L7 CPUDTEIHRAIZ, 28
NIRRT 2 X5 L. ITEIRAIOFIRICE D, HF DTEHRAIZHERIT & b o
72 EFEITBWTS, CPUMNMIZH> TFEEEIRL TOW e 82 5 Z 8T
E O RAAVOEBEILHEHEMBTZ R EZIDTH . EERIITHIR
HIZHERT 207 — AHE 2K 6.3 1SR,

€% Guriko_Random - x

3

BRILERFICRBIERY S8 ZE RS E 5 F 7 1ER
Press T to Title

X 6.3: & T RROITEER IR

6.1.7 AUVXaSLTHNETS CPUHZRST

BN, BRI-REEUL-BEZEL 22, IBYIRY R OB
D OEERKEZFFD. UL, REBRICBVWTIE, VX272 HREETR
DETZENTETCVWRWIEDAPERRMEE ML, 22T, AVFa
Z LB S L, EEBEEFANICA Y F 27052738232 2HM
2, X — LANORLE - 7ATEIRAI 25 CPU Z2HER L, CPU &Kz ls L
72, BARANICIE, [ERB.LICiBE Lz, ¥— 241128133 CPUDH, “ITEDA
IR PO A RREIR @ X S - 72TEHERI R RO CPU R S o0
JiDAE L.

6.1.8 TAMHCPUODEE

5.5.1JHTIEAR= “D. 7 X FF CPU OG5 & 12 L CORERZ RS, ik
LIZBWTT A MNHCPUDHE G EREGTE/-Z 22k, LTAMERAMT
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AFDELLIZBWTHIEEFRNE THEL, 7RXA P L TREUIBHRE o
2. 22T, TAMHCPU O2KNLR#EZEZ NPz, £/, EBR1II3EDT
ZMHCPUTHo7h, Zhesfr L, LhcR#EESED CPUZHWTT
A MZATS. 7B, BERATEFRRI R R ¥ ORI R E X, 6.3 HilcT

YRR 3 .

6.2 T —LOMEHKICEAY BHER

ATETIX, 5.5.2THIC TN, 7 — 2 DRI L TE TR E SIS 3 2%
EBRIZOWVWTHBR S,

6.2.1 4—LRAIBEHRDEN

5.5.1 TR “B. 7 — ANTERT 2 EHW (B L TONREREZIDNRS. B
MET3 ST Y FRERREND ZIZHbET, #Hizic MEE3 v FOBBU

EWOEIRZEML. BRBUE, BRIZR, BdizE, sl2p0rzRe L, HEWN
WZHDLDRLTWERIERERZ K51 LTz £, KETRRZEIIXFED
FORHEH & HbE T, BOBBOERE LIHICHIBRT 2 X5 CEHE L. B
FI 7220 BRI X, 6.4 CTmRd. EBLICTHEALEY — 42045 — AHEIZN 4.2
DEIChoTED, B2 CTHEHAT 24— 2MHETIE, HEEANEHBOERED
2, HIEM L BB RS I A TWS. £, HiE EROEAICIX, #
NENDT LA YDOERD BHHFH I T VS,

@ Gurike - X
mY B BEoa fER: 8 o %Y
68~ FEHE: B}:T ﬂ Tﬁ JERE: +] #1747 604>

SERE: $]2 171 SRR $13 172 50
Player % CPU
ROUND
/ .\ N
%Y 8 [.] %Y
1% | 682> 1% | 605 | By
gtk |——v 8% || 4%

6.4: FZBR 2123513 2 ATk
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6.2.2 FERABEDERBIRTHEDEE

5.5.1 TN 7z “F. EIR AR OEIREAR R E 1B L TOWERZ RN S .
728, FEER1 AL ERREORREEE, K5.1 THhs. HHILDIITE
LNERED LI, BEITANEA, TXXFOEY) » THEHKRZ Y OME] &
W 2R EZ . 1B, 10 00FREZES L2 eickh, —RUKE
2, FRNFRDOBIRFEDOENA LD O5VWE WS METH S, 2 5HIZ, Ry
MOERE BIEHDREZ VDEENTGICH D, X512, FIEHDREX VP
EOLNTVWEZIZED, o THIOEREZRIZELTL X S AREMEDH % &
WO EETH 5.

IS DOMEEZENT 272512, K6.5D &5 B R EOIERGEICEEL
Tz, Wil RAETIE, VL—X—F v — b LicB I L2RIERREZ 2 ELE
TEH5IIC&oT, —HREEIT, YOS RHERDHINERBICH Z2D0%

WAEETH 5. B, WRISMDERVBZDEEFRX e R->TVED, <
T 2AF—N—LBICIE, WEPEEICEL TS LD ICREL .

F 72, BIRABEEOFPREE TIX, FORBRECHER COERPEOSLVEWN
SBR Do nE, FICERELLTVARERIPIRZBZ L5 —K—F v —
FRELE L. ZAHDEHEIZED, EREOMBREDM L, o ThloE%E
ZIEIRNT 2 I ADEBLHFEINS.

4 Gurike - X
®mY B Boa BEEL: & 5B %Y
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=acl&FT 32 h ‘
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6.3 EHEROHMEHRTE

6.1HNCTEEEMA =AY F27 2B LT, BEHRBEERREZITS. AHIT
X, EBROHKY, T MHCPUREEZ ¥ OEBRNE L C RS EERDFKE % b
N5, EBEMNZER1LFELL, AVF27LZFZ05DH ) Fa25 25T
R —LDIEFED 2O LT, EMOBIETHS. T2, ZNENOLEHE SN
WRELTYH, 7T oERERDDIIZDOHELERT 5.
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HERES. TRAMHCPULLT, 5O CPURHELS. AELETAMH
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F7, B MIELTY, E 1 eFRICIERLRD» o .

7 A M CPU1 CPU D% 2803, ##E 7L 4 YL EDGEE TR D &V Fl
BOF%, CPU DD BEBHHERE X D Dl WGEIciE, wbas
TLAYDORDEWHEOFIHER T2 FE2RINT 5. (X—202
DN NFTENHRA
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DN NTEIFRAD

7 2 M CPU3 #ilElZ v >~ K OEHAS, CPU OBFTHIIFE L F2EIRL,
CPU otk d v ThiuX, milEl s > KT CPU MERL
B 2DFENDL, FirDMHERTERT 3. (X—20 4D
IR WATEIRRAND

7 X M CPU4 #i#E 7L 4 Y23, milElZ vy RTERLEFITHNZ DL ETH
T32F2f%, FLAIGEIRT 3. (X—2 5 ONBIZIWTEIFRAD

7 A N CPUS #8& 7L A4 YOBRETFD, 1 ODGEIEEIUHBHT 2 F%
FEIRL, 22005 EEZNLIHBATEIFrSOFLTIEIRL, 3
DDA T VX LCFZERT 5. (X— 245 ODNFITIEWT
EpEl)

BT o - HBABRICE L TARRS. AU X2 LB ABHIER 1 2 FH
FOEBNETHS. HVF 2T LBEZ—L100EICHY X2 22D, %t

46



NBEEAMEE & RN, BN THEHTFZ ANE X R0 52175, 70X
LERZ, B 1 ENBWEFRUEDFE T CPU & OMNERAIED R 5. EEi2 Tldh
VF 25 AHTLB3CPU L I Y RAICHEEL, BT 320 3EETHERZMED
B3 (EEBR1ITIMET T2020FTOMNER) . BB, VX LHTH-TDH, B
T LG AEICIZ6.1.6 HTNED, FIEZHEBRENIERT 2. £, &S
X —=RDFEIWCEH L TRNS., EEOHRMEICE LTI, 6.2 X THBRZFERED 0.8
UTFTthuIEEe L, HEROMEICEL T, 61 XDaZz 16 L.
LB 1 TR Z 3R & L7223, MR LT3KREFETH I AV X274
PR T TERMPo 720, FHEiE2 OFEERRRIZ, L7 RXME 305, EEBEREZ
4R, RA P T A2 3008 L. EE1 CARICERFIRI, 77— %
Lz, 77— FARIER 1 LAKETH 2. EFRFTOH 0N NEM 1: Gk
BWEHlo T\ B 2: SiAEVWERBLI-ZR D2 OD2OTHD,
FERRIE TER 3: 5iARVWERHRTE 0 T8 4: B0 THIOREED E o
TWBERL B0 D2DOTHoz. THHDHEMANEET NIV 2 oz
ToEZE L.

6.4 EER2ICHIFTBRHVFaSLDERTE

EER 2 BEMT 2ICHT-o T, BIRABEOHAER L A4 YO EERRZ YD
HVF 2T AOFREERTICTHAT S, B, HVF2a7 L THEHALEZCPUD
fTERAIY b > MIcBEL T, f18% B2 Z2HER X =0,

6.4.1 ERFE

FEE1 LFEIU X512, #EREICIE CPUDRDFOMERS /% FHIL, R
HEFELTHSS. FHEE1 D oH7ICERE L E RO REHIEK 6.5 127
T, 6.1 2HTHNRZZE DL, FHB1IDLOEHELT, BEOMRIMMDA TR EE
DOEFTHEISOWVERE D FS Y Lz, &8, BIRFENICKHT, BRSNS
FELTWEZIXERL LFAETH 5.

FOEIREEE & BN EA DA BN, EBR1 R GbET30HE L
2. L2 L, 6.1.3THICHARED, #RAMEZE LRI VY RBFEET 5.
F 7z, BEIRAMEE T 2021, EB1 07 7 — McTiE sz HERRM
FBIZBWTKRHATNET 2 WO BERZIERT, REHOETZEE L. B
RN, SEIRAEEZEM L2V T 7 > FTIE, FOERROHIRRERZ 150
L, BERAMEZEST 2 77> FTIE, HlRFEZZhZ2h, FOER? 108,
BEIRAEES 200 2 L=,
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6.4.2 FVLCPUODIEEZEXRDHE

425 TRz D, CPUIIZZENZR, KD CPUIHL /20D, [EERD
BIMEZREL TWD. FEh1 DBRIE, X—243D CPUIKRD, [EZFRINDILMLE
HETEMEE LTHELTWE., UL, E2 TRz s DIEEFRDIA DL
A LB o7, £2E 1 EFRUL, =Lz onT CPU OfTEIFHI
EMER DD B 70, BFEMICEEZ NFTna.

6.1.2HTIERZz X512, EBFEORMELZH UENELBO T LI LD, %
NPT TR, EBR1LHBRLTEZ—2 1A OMED RF-. EEOHMELE
WINZTRIMERZ RT3 2 2id, 51 LLE, TCPU OfTEIHRAIE & % b #Ell© =
o=, BTRGEMZLTLE -85S 203 rEEEREW. Ly
L, TOREEER K L7z 5 2 CRIEZ NIF7-DiX, 1 omREE805H )
Xaou%Y) EFe WO RREZT, AV F 2T 22REANICRHYIZ
WEBEECEZ PO THS. T2, 6.16HTHRN=D X S512, BT LIEATEHR
HIZ3R$ 5 22T, CPUMIEH-> TFEEIRL Tk 2 H 2%
J, MBREICED R — A TIRATWEZAMRD SRV WS REOHE L]
RERPR D BN D X DICLTW3. £6.1ICECPUDBTREERED-REH
T, 2B, ERLICBIZBTHREEZ DRI, R51LIHEHLTWS.

3 6.1: EE 212815 CPU Z & ORE

&% —L%S | CPUHKE | EEROMIME

1 1~3 0.8
2 1~3 0.75
3 1~3 0.7
4 1~2 0.65
4 3 0.6
5 1~2 0.6
6 1 0.55

6.4.3 FCPUDEk Y MEREME

X 621252 TOe Y NORREEZRT. 6.14HTHARNL@ED, X—L4E
BHOb Y b2, MO Y P BDbETIERTAIOICEELS. £/, 6.15
HETHARZ L5112, EBi2DH ) F 25 4 TlE, FL CPU L HEZEDIETICD
NTeY FPEIMLTHL., Y MIRDBZWVWCPUTH 3DETTHD, D
A 3EHDOHERD S 1 OFTOEML TV ESRRELE. XoT, BV A
&xbHZWV CPU DA, 4HDOMEN S TN TOe Y MR EINSE. T, E
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BRl12REUL, #HREISF—%M N2 T, TEDEXA IV TCPULED
SR Z BB T 2 N TE 3.

6.4.4 TSIURALEBEANDEY METR

6.3 i TIRN/Z@E D, 7V X LBIHRA3IEETLIHKEZITORWV. 20729,
LY bR 3IORESINSCPUDEEIIE, HVUF T LB LFERRICE Y F2HEMN
XHZY, BEOL Y F2RTZIENTERL. ZDRD, 70X LHICEB
WX, 2HEHONERHE2TOL ¥ FAMEREINS XS ICKELT-.

6.5 EHERER

7= FTHEERZ NEv eEEFELEANEE, K621CFeHb. £/, £
6.3ICHBRLICBUYSEREEET 2. kb, BHESENEDONINX, 6.3Hi%
MERX v, BT 41X, 548CTlNE X512, THKEE OB MR 28
MThh, KAMFECIEELREMTHS. ERITEIVF 278070 X A
BEL DI, 4B 1A IEREICEWVERTH -2, L, EE2TREA VX275
LB 654, TUXLHP6HTF 6D NIV EET VS, BWE
REE-. LarL, SABCBWTD, SEHT7EH NIV xEEFLTWS. Z
DZehs, H)VFaT7LOEHEIZEZDBDEWVWHIRTIERL, F—2DMHHEE
BT 2 M CPU O#EGER NP2 e A ER»EZ 5. BERIICIX, 57— A
DItk UTHIIERZMA -2 T, #HllZ L3 kol e, 7A M
CPUDHZEZ NF7Z T, BVWHCIHIEZITZA 2 L5 ICR o722 REDE
ZAoNb. ZOLSICHCDOHMEEZK LGNS Z X, FEEMKET 25X TOD
EFR—arehdidh, BERERERTHLEEZSD.

# 6.2 EB21CBII2 77— MER

Bt GRRAKD ECREGRIECERELEE
AV F a7 L8 (64) 4 2 6 5

AT INN(ED 4 4
X ARE (844) 5 2 7 7
Gak 0%) | 13 | 8
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£6.3: FER1ICBII 377 — MER (H8)

it (AR

EEREGPIEEREEE

HVFa2TLE 45) 3 3 3 1
7 VX LB (448) 2 2 3 1
MNAE (444) 2 2 4 0

aak 2g) | 7 | 7 10 | 2

B 31X, JRIRC 2 ATAT =0, SIABVEToTVWE ZENEKTES
BID, LWH ZEIHEDLIERTHY, 2086F 1940 NIv, 2 EFZX . FEE
1 DFEREEDLETD, IR SATAT —LDRRAEVWEEETEZIRETH D
CERD. F, HE1CEM 21X, FiAGVOREREERICEST 2EM 2o T
BY, FEEMR»S, EFR2 BB EEIHEDTHABTVEHEBR L &
BN HTH o 7.

K 6.6 ICHEDTLTAMERAMTFTAMDIEERD S 7%/RT. HVFas
LERCEAL TIX11.0%, 7 X ABRCE L T 14.0% D IEERD FRNA ST
M, vanrarzy ryofFEMNBENRREZI T 24, ML T X bE
RAFTRAMIEEREZIAONLRP o, T2, VIRV T 5 ) ABEICLS 3
HOZHRMKEEM LIz 25, ZHHRBELTHOAERERALNLL .

0.7 A

0.6

correct answer rate

0.1+

0.0

correct answer rate of each group

0.51

0.4 4

0.3 4

0.2 4

0.45
0.34

0.55

0.41

[ Pre-test
[ Post-test

0.34 | 036

Curriculum Group

Random Group

PvP Group

X 6.6: EER21CBIFARHDO T LT A MERZX M TR FDIEER
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BRELTUE, AVF2T76Br 7 XAaBICBVWT, HBENEWRETOIE
BERD EFEPASNTZD, MEEL HIIANTOENKEN 72720, BEEADHS
3N o, ZORERERZY, AV F2TLDRDEETRNERLE LT, Z
DNFZOEEMRIBESBTRPVETHEEERD.

T/, AV F 27 20EMEICE LT, CPURMHFICIEERDS LR T 207200
T L, EEOXABIZBWTHERNIZELT 2 0I3EERIBETHS. LrL, b
VX 2762207 O LAY, RARD T LA VELOMEIE, AREERT
BITA ol ZO10, HUVXFaT73L68ZF32212k%, A TORER
ANDFETIL VIMGEET 2 TR,

X 6.7 ICEWHHEED T LT AMNERAMNTRAMNDIEERD S 7%RT. HV
¥ 2 7 LBHE, £ TOMEREDIMIE D SEMOEA 2 B8 T\ a23, HIE O
FEHICB LT, & 1133.0%, #EE 213 1.8%, #ER#HE 413 0.97% DN L 8=
DHF L F-oTHDRWETH -7, BB, HEE 4L, DV F2T7 %2R PTYD
FFEEBECTH -7z, TR LBHL, BHERTRIESEREMILEHTH-
72, HRE OD IS ICKELLEZREMILZdb0d0IUR, #EREF 11D LS
WIEERZ RNF2d0d 8D, £ERMERZR EEEZT sk, AR
HNTOZINIWEETH o 7203, HRE 16 D X IR E S IEEREZMI L7128
BRE D WAUX, BERE 1T XS ICRKRELSEBZTENELL-DD B, 26563v %
RIICEm 72 IR RZT sk ofz. FMUT, COBBREICBEVLTHHUIEZ
FHbELTHo7. ¥/, HREBOBFAMEFICL2EELDH L LH5T, KREL
IEBERZ XU 7B T HARGEHEAE LR E N Z L, HEBEOLDITE, bV
MR Y DOEHRICE LT, 22 AN—H L THOLDRTVHENRNBER L EZ 2.

curriculum random PvP
group group group

o
=9

o
N

[ Pre-test
[ Post-test

correct answer rate
o o o o o
A O P
]
]
|
]
1
1
|
|
]
]
]

o
=

©
=}

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
player number

X 6.7: EER21CBIFI2ZWHREDTL T A ERA M TR FDEER

o1



FEER1ICBWT, 2 F27 2 HOWRE 4413, £2ERED CPUETREED
BLZrliETEhrolz. EEE2TIE, REDCPUETAHEDBEVWLZTL A YIiX
6/HFAZTHD, 28I 7Y F 275 2DBRPCTEEBREFBNKT Loz )
h EiF7. 1412 =230 CPULDZREFTHD, b5 1#4IFX—2450DCPUL%
BT LR THo72. EBR1ICBIT 2% CPUDK T ETOFE T —28%K 5.6
WR L7, EBR2 B 2RO 72K 6.8 1IR3, 28, K68 L
KER2ICBIZHMETH D, TEIIER 1 TORETHS. £/, EF2077 7
WBWT THIER) 272oTW3 CPUI, 6.1.7HHICTHRRZXS1IZ, HUF 2T L
PORDERWZCPUTHD, EER1 DT 71I2BWT TREERL] 2o TW»
% CPUIZ, EB2U)b LiF77-012, #DNHT 22 DR -7 CPUTH 5.
X 6.8 DEEEHEZ YD CPU D E/RLIZHDTHD, 3-2 THIUXX—L 3D CPU2 %
R

i number of players
g 6 M 6-Players
< M 5-Players
8o 4-Players
G
p - 4 1
0
o
£
=]
c
c 27
©
o
1=

0 -

0 -
»
o
s
a0 2
Y 2.0
o
p -
2 4 number of players
% M 4-Players
< 2-Players
S
@ -
e 6

6.5 6.5

X 6.8: LB 212815 CPUDETIZE L FEr — 280 (FERISER 11281
23535 — KD

R—2520D CPUBIZEBWT, HRAREEZEL 72ICBD S I — 28038
mLTwa. 2k, sido@FTch EiF7271 4 Y23 12 0FEKEIT-72 2
YICKBHETHY, MHEBEOKR T ETOVE S — 281322 ThHhoT-. ZOH
BRED 12M S HEZI T2 I LT, Y MEAL, WmEeEs, Rk
FLEoHEBOEREMMR T2 Z L ICKMZEL, s v L TZ D
F—LBEBER L T LE-o T E X
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EER 1 TR T ETOFEE T —28DOHKRIF 6.5 7 —LTHoTzh, FEER2 TlE
RARTHA4A4T =L ZMZAZ e TERE. ZHUE, BERORDIHT2WERE
Y O, EEROREZHR Y OLEFERPHEL TVWEEEZILN, LWL
EEIIRENTTIT .

6.6 WELRDYE

AREITIX, 6.1Hi%° 6.2 8 TNz, HEITREAUTT2EED, EEi21Z
BOTENREOMEND > =02 ERKT 3.

6.6.1 HFEXRDRD DIERE

6.1.1 TR/ X 512, EER2ICBIT2H V) F 27 L TlE, HBEDRFD ZHS
TR T, MEEE A WEMHELERERA L. B2 RE 6.1
WRT. 28, EB2WZBIF R 7 X=X aDfEIX1.6 & LTV .

55.1JHD “A MERDRD 7 TR LT, K53 LFALL, “BTOF,L ;D
HERT1O%HEIRT 2 L WHTTEFAIZ RS, X—24 30D CPU2 DEFHET
teEg 2175, 6412, EBR21TBIT 3, SHBRED 1 75— 2R TRADOEFD
PHE R RS, 28, MROWHRE IV VF 2728 THD, #HRELEEX—23D
CPULICTEEREZYID LT85 LTuwiwn. £64%2 /28, #£5.3 &g
LT, #HEEZDIRGBODEN TR TETWEIEEZS. L, Z0D
X9 %M@ D DL, ARDOEEZ FBARICIRET 21T/ THD, RO ZEB
B X551, EREREGATHIRNLDH S, X—216 3D CPU2THI
X, THEDRDIZWEISLFEES] CVLWoBEETHS.

£6.4: X—L3DCPU2ICBIARTLAYD 15— LHORFOENHEE (5
% 2)

WERE RS | ITREIRERL | BB EE | BRI

1 6 [H] 8 [H] 6 [H]
2 7 [\ 7 [|] 6 [A]
3 8 [[] 7 [|] 5 [A]
4 - - -

5 7 [|] 6 [A] 7 [|]
6 8 [A] 6 [A] 6 [A]
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6.6.2 IXICKDHEERNCPU TOEERDOZEI

6.5 DX 6.8 1TRT LH1Z, FEB1 LB L T2 CPUIRBWLWTEIMICET
FTOT —2BDW->TWb. ZHUCEL T, IEBFROIRMELTE » CPU DRIHED
ZEH rWH2O0DEBEENEIHEL TWINEERT 3. B, 2 T3,
6.1.2 JHTN7Z 6.2 iz K D 3KRD 5N 2 FEHEEDS, 0.8 UN DR Z Efdflon e L
TW/=.

HVF 2T ALBHCBITS, ZRZ—2D 15— LHDOIEERZX69ITRT. 75
LT, ROHT I 7 3EDOWRSTMHDAZIEEL LEBROESER, F1L v
POET T 713FEEH 2 THOWEBHEICBI 2 1EERTHS. X—L4 3LHED
R— 2%, HERMATEZEZ T CPURRELTED, EEROHELELFL /-
TrZ&oT, HOWRDHDARIEEL LGS LKL, SWIEERL k-
TW3., ZHCED, CPUZBT T30 N— AR Ko/ EZS. B,
R—=L50DEH LDIEERBEICBWTHEICEEZ DX, F-2T7HFEANIMHEE
7 d DT, HERNBITEHNID K FTTHHAO—ETH 27072 ELLT-.

1.0 4 [ original condition
[0 eased condition

0.8 A
0.68 0.68
0.6 A

0.49

0.4 1 0.37

correct answer rate

0.2 4

0.0 -

Terml Term2 Term3 Term4 Term5 Term6

X 6.9: EER21ICBITBZX—LZDEEER 145 —4H)
TR H DRI DA TDIEER
F Ly OPEEKRDIEEHRMETDIEEH
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FER 2 DIEBHMEICBIT S, ECPUDHEBREZ D 1 75— 2 HOIEEERZX
6.10 /RS, B, 77 7OMENIY D CPURERLEZDDTHD, 32 ThHi
X, R—23DCPU2%KT. T/, V7 70RGICBELT, BROFERUIER 11
BlF3 CPUORKIHE, BEOBHHIEE21CBIT3 CPUDHMIEL EoTWa. kB,
IO T — R EBRIZALIERT 5.

1.0 A &3 ® o & m o] 203
X 0]
A iy
g ¥ i
0.8 * (0] 0 *
o S S N 8- 2
0
2 0] ] A -5 _________ 1 1
&
o B i
-064 |\ 0 0 0 00 A0 & || e ememe——— -
() & L3
2 x -3-
Z G )
©
+ m m
& 041 X P A
- %*
S o o
© A
0.2 1 P A *
A
]
0.0 4 X
1-1 1-3 1-4 2-1 2-2 2-3 3-1 3-2 3-4 4-1 4-2 4-3 5-1 5-2 6-1
O Playerl O Player2 A Player3 X Playerd ¥ Player5 Player6

X 6.10: SEER 2 12BI1F 5% CPU O#RE Z L DIEER (15 —24H)

X 6.10 % 2 ¥, BEE R eIk D IETREZ UgERE ML
TWABZ o h5. BRINCIZZ—43D CPULRYTHS. FICPUDBTS
il U= aE L, EB1OMHEOEEX6 P24 TH 205, FEhi2 ORIfHE
TR6HFA4ZBEWMLTWS., oD e bBEEZ NFR-Z X, BT%
R LRI TR CIRER DB EZT-.

INSDMERPS EEREOEH | v HREOEM X, 55 bHEEN
BTEE2HEZ LRSI RZEETHE A0 5. LirL, KKK, X—A
TRATWEZGEHEB LT LAY ‘O ZENEICEAINZWE S HET
LZZENHMNTHS. 20, EEOHEYREOMFE2EET 22T, M
ENDWERENE TEEEHIZLTLES X5 THIZE, CHEO0RFTOEED
AEBEHAT LA ETIEEZ .
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6.6.3 TANHECPUODH#EE

5.51THD “D. 7 A b CPU O#EGE” I TR L7z, K57 2REUL, EEi2
WBIIE, TANHCPU ZDIEERD 7 Z 7 %K 6111~ T. EER 1 CHEHL
727 A MHCPU T 2 2, RANCIEERIZEL, AN LT, H5EE
WY RHZER o7& 2%, £ CPUIELT, warar Yy ORFSHIERF
MEZFEMLI-E 25, a=0.025DEEKEIBNT, CPU2 L CPUSICERZE
MAHELNTz., D EBZROMUENERVDIZ CPUL M, NTOERRKENVENT
BEAZZALN I/, T2, £62263%RTH, B4 IFHEED L
HUET 200 12 NV EBEZRANED, 12 N2 N5 Dh320 AH
IBAREZTWS, ZoZehrbd, TAMHCPUDHGER NiF-22 T, &
BRFHMETCIX THD EZELTW2 ) 22 e TER2HBRENEZTED,
EBEFANR=Tarvzhbdy, M2 EE 2 RIBAZRE»DD, ZOEHEIIR
R THoTEZ 3.

0.5 [ Pre-test
0.5 4 [ Post-test
0.4 0.46 5 45
: 0.43
i 0.39

I3 0.4
© 0.35
—
= 0.32 0.32
2
= 0.3 A 0.28
c
©
4
@]
L o02-
(@)
)

0.1

0.0

CPU1 CPU2 CPU3 CPU4 CPU5

X 6.11: EEE212BIF2 57X MHCPU Z 2 DIEEXR

6.3 BiTlbR7=ED, 7 A M CPUL &7 2+ CPU2 IZBAI 72 T B R A oD
CPUZRELTWE., LaL, EBIQIIM3FED CPU & 22 £ TIEERDAEIZ
Hhhot. Zhid, MROEHFZ S 2L L-22ickd, X HCPUS
7Y R U 72tk A7 5 2 R A CPU & xfile L7=Bic, etk z LTL
FW, EERE RNTAIREMEDRH 5 5 X 7.
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F72, CPU4 P IHIIEERN IR0/, #£6.512 CPU4 OERK %, X6.121Z
CPU4 OFEIN Z e o REZRT. 2O CPUIR, RRZLITH22o00FH
5 & DIERTFEREIET 2ITHHAITH 2720, IEE L7225 &REEHIO2 5
OehoTWwa. M612%H2y, FLTFRXFOEICZ, @OroseD k5%, 4
BUL7-MER DM BIR L T0 b, ZOEREEOHICIE, YO &5 R EBWT
b, EEOETFHE L OHEHES 0.8 IO DRTFEET 2 a[HEMESE V. LA L,
RZA M T A MO, O256@D X5k, WIET 2 XS RHERSHDER Y
ZTED, ZOFEREEE, COXIBRRHITBVTD, EEOEFHE L O
BEDY 0.8 X D EEN TV B ATREMED E V. ZDEWIZ X D IEERDB FA - DTl
WhrEZD., ZLOMBERERBR L2 T, F—alZHT2EAY, B
DA EELY->TLES 2 EDLS, O S5Q)DFEREEKAEZ M7 X M T
BWIMLUZ0TIR 0w h e ERLT-.

£ 6.5: CPU4 2B 2 BIRARE OZ#IRE, (T @ %15 © BAfED

(1 10:0:0 ® 8:1:1 (@) 0:5:5
@ 0:10:0 (5 1:8:1 (® 5:0:5 @9 3:3:3
(3 0:0:10  (® 1:1:8 (9 5:5:0

1 Pre-test 110
[ Post-test
100 A 97

84

801 76

71
68 67

64 63 63
60 -

42 43 43
40 A 39 39

chosen count

27 27

20 A 18

@ ® ® ® 6 ©® ® ©® 0 O
X 6.12: CPU4 D& IR E IR 7= B8
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EBTE BbHbhIC

AFETIE, HBBIY — 2B 27AEVOMRICE T 2 00E B LT, 1§
BT — LADGRAEVWERBRTELZS5 -2, ZOFX—LLETIT5HVF250%
VERR U7z, B U727 — 20X, V7 AR A LB T 7> aEly, 90E&E A
BWVWEITOHTERE TOERE Y 72 288817 — L OBRE L T2 Z & T, #AS
WEESINCIKRERT 2 Z L BAJREL LTz, 72, MERLF —213H L £T, Hik
BVWERERT 27-0DRETH 5720, Hi&, SABVDEITEILZS72DD
B e A MEHEEBDETH -, 22T, HAGWVWCHETIEZHON,
BTTET 2HFAOMIL 2 BRAEDITENESZICT 2HFAOHL Y, ¥
IDEICBADZRNE LM LB EBOEEL, TNZUTEBRONEMETF L
BRE LTz, ¥z, T2720HEFEZ AR UM X 27200 Th <, Mie1T S IEE %
RELED, HHEEY N ERIERT 2R EOZEDFERIITY, 22 h Y Fas
LEe L7

ER L7V F 27 2L T, BWMEEMRGEET 2729, BEEIC X 5 s
BEEMLY. EBROFRE, VX5 aREMAICKRT LEEBENELR1oT-
XA, TR OGRS FHIFHEZ & DKL, 2ERINCEWERE o 7.

EEREE U TR ONTEBOREZEITNERUSH LT, THERORD Oy % 7
A N HONEHFDZ) R DRkABREEZITY, BEDY ¥ 27 20
ERAE T D HERE R EIT o7, 2EBHOEROMER, 1 EHOERLIEL, 7
2 P FHOMEHFO—ERICBNT, FLTAPERAFTFAMDIEERICAERE
BEON, BEFHMHBE LT KIBICH EL/Z. L2L, AV FaT8HATOD
EERDODMPRIZEIANTODEDRRKRELoT. 2L, AV F2T7612BF5k> b
PRICHAGEEZFH Lz RS, HREORFEAMFFEIEBZL TVWEDT
FhnwheEZ 7.

SHOBLEL LT, IRLTW3 kY b2, FERYSOMFACHEM LR Y
DHEZITO 2T, HRBOBFAMEFELAINRVWEIBRIV X2 T 0%
REHRT2280, IVFao3b2 T LA LETLAYEESTRWI LAY LR
TERXERRY, TAMNUNTHY ¥ 25 LOENERRTT 2 EBR21T5 N
MHBEEZTWVWS., X5, SEER LAY F 27201, FIC GA” ZEA
FNZITS 9% dbDeHRoTWE., FIT, AVXaoLs2@BUTELNEYEY
BFOFOERT &R Z2dbiz, ¥EEZETNMELL, ZOETNVIZOTAL
IO RMEBHTEHAET S Ze A TEUR, XDRELS “GAEV DEELR
ADBEYEZS.
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[1] #ERE, Hsueh Chu-Hsuan, {tH/D. #8517 — A 000FE D2 DFiAE VIR R
SRF N S — AT UL T IV T =5 3y 7 (GPW), pp.227 234,
(2022).

99



Eaf

ARESE, EHEDAREIIRRI AR R EGER Y. SeimBl 2Rt 7ok T =
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