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Abstract: In this paper, we propose a system that enables non-singing people in karaoke to enjoy the karaoke
by supporting their tambourine performance. In karaoke, it is often difficult for non-singing people to enjoy
the songs being sung when they do not know the songs. This is because they do not find how to enlive
the singing of such unknown songs and accordingly they cannot do anything other than listening to them.
Here, we focus on the tambourine, which is provided in most karaoke spaces in Japan. Our system auto-
matically generates the tambourine part of a singing song and instructs how a non-singing person plays the
tambourine. The system feeds back how correct the user’s performance is through the display in a common
music game style. However, if only one person is enabled to play the tambourine, only he/she may enjoy to
play the tambourine, accordingly causing a different result from our goal that both singing and non-singing
people enjoy karaoke together. We therefore imporve the system so that all participants including singing
one join in the tambourine performance. The results of experiments in an actual karaoke space imply the
following possibilities: (I) Our system avoids monotonous tambourine performance. (II) It makes it easier
to play the tambourine for songs that the player does not know. (III) Playing the tambourine together with
all participants is effective to improve a sense of unity. On the other hand, we found the following issues:
(i) Our system sometimes generates tambourine scores that are difficult to play in accurate rhythm, and it
makes singing difficult. (ii) The tambourine somtimes sounds too loudly. (iii) It is sometimes difficult for
singers to play the tambourine while singing.
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Fig. 3 A screenshot of the menu mode. The user can select

the practice mode or a song to be played back with the

cross key of Wii Remote.
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Fig. 5 An example of the display during karaoke. The tam-

bourine score and the lyrics are displayed on the upper

part and the center in the screen. The display of the

tambourine score consists of two lines, each of which

corresponds to one measure. This example represents

to beat the tambourine at the 2nd and 4th beats in

each measure. The performer is specified by the color of

the circle behind the tambourine icon. The correspon-

dences between those colors and the lighting patterns

of Wii Tambourine’s LED displayed on the lower part

in the screen.
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Table 1 Tambourine icons used in the tambourine score dis-

play. We do not use combinatory icons such as “beat-
ing strongly at the upper position” to avoid too com-

plicated instructions.

FAaAY Bk
R 4 < GASBIRAL)

";O BN

(§ 55
@ & £Tml
é A TTK

T, MEFIFIWiL & >3 v 201<,
TAALDBR 7N EILZE2RTT A 313,
g o) vBLOTOEBEZOFROBODOWVWIHT
BREINTVE, ZOMHOEFINET (4D Wii ¥ ~
N ZEDBTENID) 2FKT. T4 32 OEKRD
IR 1 1R
%EwLﬁLDbﬁfiTwwﬁ 2HTTOFEIRHLDH b,
BUE OEZRE DS FERO/NFH O AL, TERIZIEZDRD
INETD & o) VREDSRIRE NG BAEOHEME (K
H) DB EERO/NHEORBIIELZS, TEO/NIORMIZ
BhH., OB, TEONHPIEELIA I T EaN
RILT L7720, TEO/NNIPHEELZL LAirs TED
K EFRT S (EROKRAICERL, NIORIBIZY A
IVTNBEIEIICHEIIBE SED). 2F ), TEO/A
HiAMaE 2N, ETFTEROMFICKHEISERINSZ
Wl T, BEOEBMENTERICEL L, LK
BEDORDNHDY N VERZT YY) Bb s, TR
D/NEIAHE A o T EEO/NEICR 2 B4 OB, FE
POTERICBDBELAKTSH 5.

o T} F L
T PSRRI AL R O A T 4 7k FARICHREI TR SIS,

1076



[EHRNIBFLERIEE Vol.58 No.5 1073-1092 (May 2017)

HSF T THERIN TV EHERIER
qorn] AxO [ BB | HE | BE | ---

. 2

REEDEE (BEENIADHZEDH)
TAr—[FLav—2FL1v—3 28 [FLav—1
AvhO| AXO | BXE | HE HES

7 MEFRRomN
Fig. 7 Flow of taking turns in playing the tambourine.

KaratanM

B I8EMITHAT

=A% Ey

Wil EI> DHome Ry > TiELE

X8 HYoLXxDI AT AWM

Fig. 8 An example of the display in chorus sections.

LFOEDHMOMITEFM LTS L )18k T 5.

o [HH R
W EERD & X)) VO T A a2 ofd Wii 7 23 v
DID DMFEE Z 2 TERT A, % ID IZHIET A EOM )
RS 1, HA2, |3 L LTHEREN, 20T LTI Wil
VEIYDLED OREINY — UV PERENDL. ED Wii
FUN) yREDID RO niE, Wii Y EI XD 4200
LED OY:AMETKNT A EATES (722213, ID
B2 oaE ORO0 O X9 12ED2S 2% DO LED %
HIT5).
2.5.2 Z2NYEEROHE 71— KNy

7N VEHIHEOWT =y N Y ERIIL &
Z N VICHE STV A Wil ) 3 2 ATIIERE % 5Tl
L, K27 L03Z2DEH % Bluetooth TZ/EL, IEL W
HEPE)DEHET L. BEMIZE, PREY L3I
7T, MESNME T, fEdhcms, fFEdne
FOMBETININTWE2HET S, ELLIIFTWS L
FEEIND L, HOFOKD TOK] 12ZEb 5, BARK 72 H]
ETEE A FETHERS,
2.5.3 MEFORXRKDIER

Z N Y OHBEIZF Y TRERICHE UHERIRRL,

LK BOFOMEOIRR 2B L T AL, Mlnie 20F0
PLEIZHIE O RITIZ AL 22\,

© 2017 Information Processing Society of Japan

FELA TR SN2 1 ADTERT L. HEZDOFRER,
HONPLDATI L TB WA ERE b &1/ v o
EFTLAYLIDNESRE, AA02 T LAY 2PEEL VST
IHICHDEHT A YA IV S THEHENIED S X ) IR

T2 (®7). £EPY 2N v EICHETIE, 8D

I EFERTHICE, ERICEHY BTENREHIH

WEIN5., %k, MEFOZMOHKERIE, WMAYICITE L.

3. N CEERFE
NTFTrTOY N AEBROH LWL, RACHIC

WETLE, ZHOFOREICL->TLEILTHL. K

D EAD LD BRERT, POTCFORMEL L)

MR T BEMEICE) &) BEEATLLENH L. T2,

HLETHEY EIFAZEHFENTHY, —HODTH T %

HRAHEE 2 LI 2 WIS LWLy s i w2 %

WOT, BEICEZENEL VL DSBS ALENH L.

NODEMR Ty N VEt e el T 570D F§

%, LFC#md 5.

o ) uh (MIDI 7—%) 123§ BE
KW TlE, HERDH 747 T—HMIZH LN TWE R

Cag—FRE20RE$ 5, ffd 5 MIDI 7— % (kD

FhxhizTboLT 5,

— RILN=I BN, AXT FTLPERINTVDS,
AAT BT LMTHRRIERICR S L)1, #lic~o
DT ANWEAPTITENTHwAEDLDET L, Wh)b
NG — KO ZFIZART KT LDEEN
Bb AT 505, —MICF D LD Z i #7205
HMTHDEIEDNEL, AFT KFILDA->TWAHER
IZHARTY ) VEEOBEBERIIHICE 2w
CHIETL, TS ET 5.

— AGDANTOEMTHS.

— FEADOETRICHE T — 5 (HEFDKELF L Z DR -
FTHHD) DAFT AR FELTIHASNLTNA,

— MR TR ] &) CFHIPHFT—2 L LT
FASN TV,

— [zl TA 20| [Bxua] [$¥] %o ilitEaE
W (FHHOLHRETHEOUEZ DY A I 7)) DA
ENTVEPHIERESRTYS, [INEFozt] o
BREAHENIL TV LASEFEIINSOFEHRITRLTY
v, Zougs, YEOEE HEINICHEET 4. B
FYICHEET 281, [1F (A Au—>B Au—i
¥) >2% (AAO—>BAu—->H%¥)] 0ok iR
T HRIIBIT MBI AR IS o T Tk
HIFEE T 5.

— WD Ty 7 ERER (AFH ) RE - ) &
hoTWnh,

o FEARSE
F N VERIE, Y BT Ao ERICEbECE

1077



HH
3<a
=
ke
|
HIIII
)<}
’E'PI_
g
o
©
4
o
o
—
=
N
>
—
=
@
N
)
=
)
<
n
o
—
N
N

A
Dm B’ [ Om 14 ¢
0 ¢ . I . ]
2 R e s s e s o e ]
O e e e i o e e e o o e s o o e |
e e et s e e L e e e e e e s |
== [ g —=
e e S e S i | L e S e ¥
rat e = B = e e B S = o s =
Boss ?
HTHPE Y CHILH T i
Druws [F—4—4 4+ 4 1 44 I 4 e d—|
H—g 7 i = g - e 4
I [ ) I -] | | -] I ]
Hod 3 ; - 5 ‘ . — —
G tE—=—1 e—C £+ =1
= f i f \ (I —

X9 [TAE] (FEll- fF3 0 B S P) [5] ® A AUDFIH 4 /1
(FZ S — b DAk, 755D Z I THREE, o
[#%). [Hand Clap & Tamb. | (ZFADPLF LW EEZ LT
HFBLOY 2N VRO Y — 2 (UOKS FEE). 24
TRZAN2H - AHEEHRLIEZELTBY, FHF- 5~

N U ZNUTEDE TN = Th D
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and tambourine patterns in our opinion, in which the
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and 4th beats as the snare is played in the same way.
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Fig. 10 The first four measures in the Introduction of “Sen-
bonzakura” [5]. The snare drum is beaten at eighth-
note offbeats unlike Figure 9. We consider that hand
clapping and the tambourine should also be played like

this snare pattern.
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Fig. 11 The first four measures in the chorus section of “Sen-

bonzakura” [5]. The snare drum is beaten at all beats.
We consider that the hand clapping and the tam-

bourine should also be played in the same way.
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Fig. 12 The part right before the chorus section, so-called

tutti, of “Senbonzakura” [5]. The hand clapping and

tambourine should be played in the same rhythm as

the tutti.
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Fig. 13 Automatic generation of tambourine score.
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Fig. 14 The chorus section right before the modulation of

“Senbonzakura” [5]. To enhance the excitement of

the chorus section after the modulation, all instru-
ments are played quietly in the chorus section before
the modulation. Accordingly, the hand clapping and
tambourine should also be played quietly. One possi-
ble approach is to beat only at the head of each mea-

sure.
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Fig. 15 An example of typical structures of popular music.

Horizontal bars represent melodic sections, and the

bars in the same row represent the same melodic sec-

tion. When a certain melodic section s is included in

the longest melodic section S and s is played again

after S, s is likely to be a chorus section.
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Fig. 16 The acceleration direction of Wii Tambourine.
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Fig. 17 The equipment layout in the experiments.

18 Wii # ¥ 3 > (B 1 - %852 THW/b0)
Fig. 18 Wii Tambourine used in Experiments 1 and 2.
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F2 FE1ICBILHNTFE~DOT 7 — MER (SD : iR %)

Table 2 Questionnaire results for singers in Experiment 1.

| WY AF A | Ky AT 4
¥ SD ¥ SD

QL. HEFA AR LATV2 | 500 1.95 | 450 1.19

Q2. T VBB 5.37 051 | 5.00 0.92

Q3. & N YHHORBEIZEL | 5.62 1.06 | 4.87 0.99
oo

Q4. HEY A I VP HWICE->T | 475 158 | 3.75 1.66
RV AN

Q5. 7N yOMEFH 072 | 450 1.69 | 3.37 1.50
wiyp

£3 ER1ICBILNETADT ¥ 7 — MR (SD @ FE(R)
Table 3 Questionnaire results for tambourine players in Ex-

periment 1.

1 R A7 4 | KV 2T 4
¥ SD ¥ SD
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Q3. TRy =TI oz h 262 226 |5.37 1.76
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Q5. AN T A&k LiFsh | 312 1.35 | 4.12 1.35
72
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K4 FERIICBIDIEEFADOT ¥ — MR (SD @ ) x5 FEER1ICBUAAMMBE Bk
Table 4 Questionnaire results for listeners in Experiment 1. Table 5 Answers to open-ended questions in Experiment 1.
H Wy AT 4 | KV AT L a| HR
F¥ SD F¥ SD VAT ADYA I TIZEDE T DPRELD
Ql. faE &L ooy 5.00 1.06 4.25 1.66 7io7z
Q2. HZHIR 2T/ 4.50 0.53 4.00 0.75 o TVARFIFEDPRICIELST, HoTdRT

Q3. WD) B 8L ooz | 525 070 | 3.62 1.84
Q4. HZENHIZH > TWizp 487 180 | 412 1.88
Q5. HNFrx Ry 72w 3.50 092 | 4.37 1.18
Q6. MEFERY 72wnp 2,75 1.48 | 4.37 1.18

B AT LD EVEHEI & 7o 7.

o METFITHLTIE, Q2 (FRIADETHETE:
) DIHCOWTARY AT A0y A7 2 X0 b5
VR & 7 o 72, BEIS, Q3 (T Uy =TI ho
72%) 2oV TUE, AVATLALEHEYATLETE
BRSO 9 B 2.0 DLEDOZEND W, Q2 (FHICH
bETHEETE D) 1220 TUE, KV AT LDOHN
W A7 24 X0 FTEFli2s Tl 54558 & 7% o 7z,

o PEXFITHLTIE, Ql XX EL L o72%), Q2
(HICEEZFCTzp), Q3 (HZEA) 2 3L kot
), Q4 GEZEDHICH > TWzh) IOV TAHRY A
T LD Y AT A% Fl- 72, 812, Q312
DWTIE L0 ETFRHAHERE o7, —F, Qb (#
WEERLD2v), Q6 (MMEFER) 2nd) 1220
WTIEARY AT L OFHIEiS I Y A7 4% B> 7z,

72720, WINOHEREL DR (BEE AT O), MK

R FEAEZ RBTICEE s Tw i,

7= rOHMBERICFEA SN EROR YR 5

WORT. TNFELSITHED Y A I v PR B LT

WV, IIEFEPSIIERDT 287 — 12 D IZ L WIS,

ZOREEZEDE L GENH S5, BWE T SILHEED

ZA IV TICET AEAECHE D B WEIEEITT- T

LI ERENER I N

5.1.7 E%

I Tl R7z G ROV TERT S

o MWnFlzonT

FNFORY AT LOFHE LI Y AT 4 L) K-
TZHHELT, 3200008 FE26N15. 12HIE, £50
WEFOBERIZEH D LHIZ, ¥ N VHEHBICHEES —

LD XD M S SN2 LT, BEFELNEL 5T
B#%i%t&ot:tﬁﬁé.@k%%%ﬁ%%%bk
TWeh) OFHA T o 7-00%, FEXTH N Ui
RIEHT A L) 1o/ &TQ‘@%%%WwT(h
Gl ol E R U722 ERRRDOWRESELSH . Z ORE
[ZOWTIE 6 EDHEMAIZ L BHBICB VTR ZRS.
2 OHIE, MEF2HRM%E LMo Tnizzdiz, ¥
ONY VEEL LICHSHIICH o EBESTE TV ET
HhH. EE MEFLZOILEILNET /FEHEETHD,
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LEDbLL R WE- ST

T | BEESIEED - 7205, FEDOREOEENTII % - 72
FOHD ) TEL AN DT,

HEOY A IV IREAE SN Lh o

H N ISRV B EHRGED S T

FERL) RLDENE L TT VNG = VIl
L7

A TEHEZ TV ALiEs TV TR, 72
MMEF | HEBELTRWE S A I V7D 0 6 R0
HHLDTERDEDH > TR

N Th Lo EHEL o7z,
HEESEIRTE 2 L v

TR EHEIEL, ROBRITOVTWIF Loz
FUN) DY A I T LEEE R 7
TN UBHDLEELVD, LEEVWHIETEZW
AT ADRNIRY, LY EZ S XD ITHEES
BXF | oz

FUNY UPRLE ) oT2DT, o THhIzVE
Bo7-

TF= LB > TRP- 7205, MIZH > ThRVERGD
R0z

BBy A7 A TH T ICHICH - EBEF TE TV, Q2
(R T WEREEZ 57200, Q3 (8 2N Vs ORRIEE IS
U Zrolzd), Q4 (HEY A IV P RIZE-> Tn i
) WL THEY AT L OFMAE - 72D, It
HfiThrEZONL., MEFIHTLRMEANS B WVE &
IZZDFERDE BT BTN TIE, 5.2 HiDFEE 2
THED» D 5.

3OHIWE, MEFEIWOTHL Y N Vilkae 5 F N
I3, ZOLDIHEEIA IV TRTLIV, £
FICCEOFERE o N TH D, FHIZ, MEF4
D) HLEREBO W 1 ZIZonTI, KV AT L5
RTBHY N VElkE S FINTT, ) ALICALDED
L5TENE otz Q2 (R T WVERESZS72h), Q3
(7 230 VB OREEIE L o 7220), Q4 (HZES A
IV ITHHITE - Tz D) OFIIAS T > 7201, i
WCEEPH S EZEZ 65N5. HHEE (£4) THROFED
5[ N) XL B EHVEDPoT], NET0E [
FEASE Y, BEFEEANEIRNTE B L] W) BERVH - 72
Zrdh, INEEDISIFTWE, COMEERRRETL1IOD
FHEE, BT 25 N VRO S 2T & FOHZERE
DIZEDLETHIBICENSEL L THD.

e MIEFIzonT
MEFICLBEFMICELT, Q3 (T2 %% — > Tld%
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Table 6 Questionnaire results for tambourine players in Experiment 2.

B2 Fsnh

5| WY ATL | KVATL | WRVATL | AVAT LA

F¥ SD B SD | E¥ SD ¥ SD
QL. Z 2N YIFN&E RS Do 72 450 0.57 | 500 1.15 | 325 1.70 | 5.00 0.81
Q2. TRICEDETHETE 2» 5.50 0.57 | 4.75 1.50 | 4.00 0.81 5.50  1.00
Q3. BT Ny — IS hrozh | 175 150 | 425 236 | 1.25  0.50 1.50 2.36
Q4. fi% ) Xalzonizh 500 081 | 475 0.95 | 250 1.29 | 550 0.57
Q5. BN T4 r &%) LiF s 2.75 095 | 450 1.29 | 200 0.81 | 4.00 0.81

Mo72h) IZOVTRAY AT LD A7 L% 2.75 |k
Moz, 2OZEiE, REFRICIDEEMEGDbESY
YON) VEEDARA, FHMEE NI LEZ DI ENTED.
Z ORI, F M RER O DSH W EFTA S ), HHE
BTl [HESEY, BESBERTEZLL0nn] Lnoit
BRMEON, F7o, XK LT, HICEDE TR
DEE 2 ANTY N Y aRIIPR L TUEWIT R Wiz 0iHE
EHEBOROBE L) /NS LEZIZh>TLEY, 9
FLHEESNGEWVWE VST EDH o7,

o HXTIZONT

Ql (FaXZE U d o727, Q2 (IR A FET22),
Q3 (GHEN ) A EL hrolzd), Q4 (HEIHICH > T
WA) OWTIUSH L TY, KY AT 2 OFMIEILE >
AT L& FE- 7z, ZHUZDOWTIE, TRWTIC & 5 2EFE
Bk, M) EFAEEREERE QLIS AT 4 TH 1547
F YN VBN TETWZ &, NEFEIFERERE T
VAR ARY AT AL LY Ny VEEDSEELC, )R
PWZALPEL TV BB TH L LRSI NS, —
7, Q6 MEFTz220 2nh) IARY AT A0 HEY 2
TLE o7, ZOZ LI, RVATLIIZEDF N
VHBRERT LA, —EHEI L T A REMEZ R LT
W5,

o IL®

Do X912, MEFEITLA M- T D EIIZOWTIE
TR BAERE IR T I E N TERDP DTN, TNy =
WEEFCZEDNTEDLEIZODWTIE, I L T RE
PEASTRIB E N, LA L, THICOWT O KEI g B
ERTICIEE TR W, SOLLRLREENLETHA.

5.2 B2

5.2.1 EEROBH

FBR 1 TI, B L FRROFERE O NDSERICH T 4
THETECH o ThRBEIE RN, K27 410%, #K
WRDEDTI S 7 R ISR L T D AR R ST 5 &
bbb, 22T, TTICH->TWAEM (B & %o
7o IS A CGRAE) OWF ISk L TR AT 4L
Wy A7 2 2R LT, BEAh & D b R0 J5A5, K
AT ADNEFOY N VEEQ A - FoREEREL ¥ N
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VIRZEOHE - T 4 — FNy ZEREORRESIKEN L F

NI

5.2.2 fHERE

FEEE 1 L F UHEBRE BBV L2, 2L, ZOFERKRT

Fko & BY) RWC ISR EHE T — & X — 2 D% % ff

AT 5720, #HKOTIWEZOEEEHRZ L LHICHZTD

S5AVENH L. WEEIZE > TIOEMBIZKE WV EHWT

2, COEMEELD, BoFIREmERE T - 7.

OFD, HBMHEENEF 44, MEFL4HD0E584T

5.

5.2.3 EERIRE

FEEE 1 LRETH B,

5.2.4 EBFHKEZ

9, BEHSIT L7208 EDN T+ 7 otz Hw

T1HH-THEHIDE, ZORIZ [#HHEE—F] T Wi

Z YN OB ELT) DL, FEBE1 EFEMTHD.

ZOBOERRTIE, 4D L 2/MIIRTATLIZLS

WZE (Bpan, RamolE, DTFREE) 247- 7251

AT LXK BEBEERT, K) O 2MITHE Y AT A

L BEER T o BRIIRY AT AL BEER T 7.

5.2.5 {FFH

BEAIBRICIEFERR 1 THW2 2o [Zex LT) (R

AT LH) & R REOTF— ) (s 257 2H) %

A, RAERICIE, RWCHIZEHEE T — 7 X— 2 [12]

DG HIAER S 7z J-POP JA DS (AT 25

LM E LT [REAL % 547], e 27 aMeL Tl

TUH]) BHWE. FF—5 X— 2D Web — 3

TEAT L TWwA MIDI 7 7 4 VI AF T L5 %

AL T L7,

5.2.6 EERER

EBERER 6, T 7T IURT. EB1 LA, 6 BERGE

i, 1234774 7REE, 603K T4 7HAETH

B RERIE, RDLHICFELDLIENTES,

o RAMMIZOWTIE, MEFLEXFOMKGIZBWT,
FTRTOEHHE TR Y AT L OFHE O FEE D H# S A
TLADOZFNED SE LA ERE- 72, i, NE T
T2 Q4 (i ZLZEND), Q5 (HENS T4
RN BP0 1L, 2.0 LEDES OV,
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Table 7 Questionnaire results for listeners in Experiment 2.

Vol.58 No.5 1073-1092 (May 2017)

B ih ARz

B WY 2540 | KRVAFL | WEBEYATL | KRYAT L4

F¥) SD F¥ SD | F¥ o SD F¥ o SD
Ql. fE % &L o 72 550 0.57 | 475 0.95 | 3.25 1.25 | 4.25 0.95
Q2. IR 2 F¢ T 72 550 0.57 | 475 0.95 | 3.75 0.50 | 3.75 1.25
Q3. HEDN ) S erolzh | 450 129 | 4.00 1.41 | 3.75 2.06 | 5.25 0.50
Q4. FHEHNHICH > Tz 4.00 1.82 | 4.00 1.15| 2.50 1.29 | 5.00 0.81
Q5. HNWFE2 R 72w 475 1.25 | 4.00 1.41 | 225 150 | 3.75 1.25
Q6. MEFERY 72w 500 1.41 | 425 095 | 1.75 095 | 5.00 0.81

x 8 FEW2.IBFsAMMEE (Hok)

Table 8 Answers to open-ended questions in Experiment 2.

=S

MEXFH /)R TVOTEDY A5
TSNy Y AN

WY AT LATHEETHEE, VALERALRL
&L, WM REREICRY, BY LS %0

Z ) UIH o TE) BHEERIII R DL
HMERWHZE ) RLBEDEVWZ ERH D
MEBWIIT ) b s kL THHMIZANIAD )
B2

Mo Wl7ZE NFNFNED L) B2 45D T
Y IR B

KYAT LA TR ZFRRTLHILETHLEED L
DN HEIS 2 o 72

LoD TE v zn

ARABRDY) XLDHE—SNTEY L5

Ho Wl Z 7272 NTWwA723 X)) AL %25
TR D

HEWH T Th7zw (IET%E L THRZW)
MBI CIEHRZENEE L 29

el

IEES

T

o 7277, Q3 (HENT Ry =L IZhblirold)
IZoWVWTIE, MY AT 4 & LERWEHEITH - 7.

o — 75, BRAINICOWTIE, MPEFITHT S QL (# o
YA ER T o720, Q3 (HENT v I8F —
Wb heho7zdy), Qb GEEIA T4 72k B
SN7H) LA TIE, K AT A DO TFHEEA
BYATLADZENL D SR UL FRLHERE o7z,

¥/, HHRBIZ TR 8 IIRTERIE LN,

5.2.7 E%

HIH TR 72 FEBRFER T L TEEZ1T) .

o KAMIDZEIZ, $XTOHH TERY AT L3 HH Y
AT L EYE L2 BRI AFHT S22 &6, 5.2.118
TAVCHEBY, 7 0N VREOARK - £IRFERE
BIOF N VEBEOHE - T 14 — KNy ZHEREDS,
MMEFIHLEMEHS e XA TH D 2 LA
YA sy

o HHMEIZIIBWVWTYH, [N AT LTHET L L X
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(HmE) TR 222222 ), &Y BB v ] [RY
AT L TERMZFIRT LI ETHIIED L NV
BRI E 072 HREDRIEND Y, FTieDHNE
BYOREPELN L VR D,

o METFIXT S Q3 (HBENT VXY =L bladho
eh) IZoWTUE, RIS LTy A7 A1I2BW
THERWRERE o/, 2L, RufiE LTHW
[REAL % 5 4] DSHEBMHAZMTH 5720, %
FHE Lo THERENT Y 2N VEED L L DI
LoTLEolohbiZeEZONA.

o MEFITWHTEHQ6 (MEFERhwpy) TiE, B
HBCTIEARY AT A DFMAILE Y AT 4% Fll- 72
B3, RN TEAR Y 2T 4 OFH O E A i S A
TL%E 30U LR/ ZOZENS, KV AT L
D1I2OOHMTH B N VIEHERET I L2
TELERENESVWEEZ S,

2L, EBR1 EFERERE S DR, RET A B

EHERCETCVWRWVWDT, SO RLBIEDPLETH 5.

6. EBR3: EHAICL D EFDOIROIEELE

WEOFEBRTIE, KVAFLICHWLEZ EIZLY, T
NG =Ty N VHBEERITAIENTELI L, §F
WP E TS e WEEH IS LT, ) XA E-TY »
N PHRIIC ZENTE, MEFITGTHAIRHUETE
HZEDVHLRNIE 7. LaL, Ty r—NoHHEEE
W THED D=5 EDN ICEEI V-] B EDER
BHY, R AT NI & N VIHEIZY — L E )
ML7-& 25, HBENOFEAMAERICR ST, 2O
T L, WEE LIEREEL R LTI T RLED
WL E W) RO ARROH A, BERTLE-
TWEIZERRTHDTHA.

CORREZBEL, FEESFOEESY N ViEE
WCEMTAL)IE>TWwWA, LaL, #EE1-FEE2 T
X, 77— bOEER L RSB ROEEY LT L
572012, MEFoZf T mAICL, EirzHEL T
17 rNOEE RwF, MEF, HEEF) 2Rz L.
ZZTARETIE, ZoOMMEFRAERICEIDERPY N
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19 3D 7 ¥ T L7z Wil & v o3~ (58 3 THEH)
Fig. 19 Wii Tambourine that we made with a 3D printer for

Experiment 3.

D VEBIZSMT A EOMRERGET 5 ([FE53] &
If-53) .

6.1 EEBROEM

KREBRTIEZ, £ 0N VEHBIZSINT A2 & T
D—REDPE L, BTATNLVEN 235 & DORGE % T
T, CORMDEZUEEEBEET S, 2070, FEig1-2 L
FERICH T - MIEF - X FA2EE LA ([HHE
2| &) LT L ED TEENY YN VEHEIZS
oG (ERHEZE] &) OMGFOFNETRI AT L%
vy, ZOfR %z T 5.

6.2 tHERE

MBI L, MUY =2 VBT % 9 %o kFA (19~
23%, P64, W3 %) THDH., 095 5 4HHE
(T o B D B, EBR 1 - EBR 2 TROHK
BENOFEHOE T ARNET 52 L ICERPELIN TS
7o, JFEHNE U CHERR 1 & UHERE 12 1 & W U
FRFE L7z, 72720, A7 Va—Vvofat, 9434
TFERR 1 LR EE AL, 1 4/EFERL L3RR
(1 AN AR YAl

6.3 EERIRIE

FEE1 -2 LAETH S,

72720, Wil # 28 13D 7 v ¥ TR L7 D %
YA, Wil # N & LT, ThIETRHROE >
F—FN) I WH Y BT Y REET— T CRERELL
FEEEEE Th o 7285, RIEROBERIIBWT, BET—7
DHBND, Wil VED Y DEEDGINT-DF VN v %
WHIZC W, EVvio ek FABIgE SN, Tk -
FE)F A OKTIRLI—FTr A2 (UX) %%
9 [13]. BET—TOHBNE V-T2, Fr DEREX &
R Z LR E VLS, RERIELE, Wil )
EIVENEIRER Y » /3 YIEKE CAD T#EFL T 3D
7)) & CTER L7, & 19 ER LB TV ERT.

7, HFDLF oNY) VERERERTLIDT, YA 7%

TR OFDRE DY YNV DN BT OO RN Y N1 .
8 FEHIE PolyMax PLA #fIlL, FDM ARIC L Y REE L v
F13 0.2 mm.
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x99 HEREOEE
Table 9 Role of participants.

HiRzR | 4REZE
HEL | BT BT T
HE2 | MEF s

BE3 | ST s

FoTr ) vefioFoMBELREREBY ICBEIT4
DL WEFHINL 20, TOFEBETIZY N V%
M FOMEDI/EIIITO R VEREIC LT

6.4 EERFHEZX

T, BENO A7 @O0 T 4 7 OfEE v
T1Hi#K->THEHIDE, ZORIZ [#HEE—F] T Wi
Z N OB ET) DI, ER1-2 EFEETHS.

Z0%, 3HMOH b 2 M [HMEZE | 50 ([kxe L<
<l, TEOmMS wiEl OlF) of%ic [2B#EZ] &0
(R Ko7 — ¥ ], [TA%] OIE), %H o 141
[eRiHZ] FHoklc THMEZ] &0 (GHRofiEE
ML) OIECTEREIT- 72, WEMFICBIT S 3 /0%E %
RODELIHITEFHRTAS.

FEBET R, Trr—M&efro/z. TOFERTIE, FI
ERBY N VHBIIBINT A LITL L RERED
ERY) DM EEHEIDLONFEHNTH L7720, FEil1 =
FEER2 THWAT7 v r— b EA»S 5 2N YEHEO@Y)
ERHNRLT EEMH) LOEHIKRL, Y L) 2 —R,
LDz, E ) M T AHE 2B 7.

6.5 f&HAY
FEE 1 LR, [oa LTl [BomS wigsE] [5RE:
BFRMEOT—X] [TA] %7,

6.6 EERER

EBHREZR 10 I8 F. ZE 10 Q7 (¥ 3N) Yid
PVEER), Q9 HIEEZR) 720h) 2B E, &kBl04%
MIZDOWT, @BREBESFNOHPHMEESM L) b R%
OFHEE o7z, DT, HETLIHET T LD 5.
o E|1IZOWVT

Q1~Q6 TEREBESRNONEDOFEL 5.0 ez D,
B ITHMIEZESM T Bl 7278, Q7 (5 08N VIZE
7)), Q9 (FWEEZRY 2vh) T, EEEREEN
PHEZ S TH AR L o7,

o & 220V T

TRTOHBIIBWT, EREERFOREDOTIMHEDL 5.0
UETHo7 552, QL (BT T7 28 L), Q3 (—
FREEEONTZD), Qb (&Y RIFICEHBKCT & 722 T,
W 34) OEEFREBNTHL (6] 2HE L.
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Table 10 Questionnaire results in Experiment 3.

1

el 2 el 3

H HUphiER 22 EREE

Ui ZE A2 HUphsRZE

A
A

b

o

¥ SD | F¥ SD

P¥) SD | P¥ SD | ‘F¥  SD | ‘F¥  SD

QL AT refELOlh 5.16 0.40 | 5.50 0.83
Q2. fEAIFHE L ATV 29 4.50 0.54 | 550 0.83

Q3. —fKEEES Nz 4.33 1.03 | 5.66 0.81
Q4. & o7z 5.16 1.32 | 5.66 0.51
Q5. &Y EVFICEmM kA2 | 433 0.81 | 5.16  1.69
Q6. &Y EASo 7220 4.33  0.81 | 5.00 1.67
Q7. 7 VN AT 5.16  0.75 | 4.50 1.64
Q8. HZEIFMIIE-> T2 | 3.66 0.81 | 4.66 0.81
Q9. HIEH I D 72w 5.33  1.03 | 4.83 1.83

5.50 0.83 | 6.00 0.00 | 466 1.50 | 5.33 1.03
466 1.21 | 5.66 0.81 | 416 1.60 | 5.16 1.32
4.50 1.51 | 6.00 0.00 | 3.66 1.03 | 5.33 1.21
533 1.03 | 5.83 0.40 | 3.00 1.89 | 4.66 1.96
483 1.16 | 6.00 0.00 | 2.16 1.16 | 5.33 1.96
466 1.21 | 5.83 040 | 3.50 1.22 | 533 1.03
4.33 1.36 | 5.83 0.40 | 3.66 1.03 | 5.00 0.63
4.66 1.50 | 5,50 0.54 | 3.83 1.16 | 5.66 0.51
3.83 194 | 550 0.54 | 450 1.51 | 5.33 0.89

A1Q5 (BEY RIFICEBTE 270) 13, AP HOE) LIFICEMTE 722892, Q6 (B LA o7z20) 1, &fke LTHPED L7k

L7720 % M) HETH 5.

E2HEL O QIICOVTIE [HIBHEICR D 20vh] TlEARL [FAHEEZRLD 2] LW,

o HHE3IZOVT
Q4 (FaEho720) AT RTOEHIZBWT, &8
MBSO MZEDOFIED 5.0 ML Th o 72

7272l FEBRL - ERR2 LREBRICHEBREN DR (&
H 34T D), MW AFBEALZRTICEE > TWiAwn,

6.7 EE

FIF Tl 72 EBFRE RIS LT, ROL ) IZEET 5.

e QI~Q6IZBNVT, LOEENIODVWTHEHHEDS
AHIHZSM L 0 b RO FIIESE - 722 & h
5, LD I IFHOWEEEICONTIE, £ED
FUNY VEBICBINT A LT, ~HREEED, &
SATELVED B, XDELDLZIDIZTLI L
NTELEVZA.

o HEI1D QT (N VIZLED), Q9 (F7-HIE
FZxaRD) ) I2BWT, SBRMELM HMNEZE
G T2 812x35 1208 E LT, #fw
BIHY VN Y REBETHONEE L o702 L
ZAbNb, EE, Tryr—bOREETIER WY, EE
Bl [HE 2 Rh s & Ny VERd BTG L iEE
DT E LEWVEWITRVDATKRE] Lo Tk
BREH N WEE Y L) VDR R T
b, HBHVIE, FFEFRLMEFOLY N &
EOMEE T AR EOMNHENLEEND.

REBRTIX, FEBR1 LFE CHEBREFSIML TWb. KE

BRoHEz ML, EB 1 LIZIZRABOERTH S 7

B, EB1TRY AT L2 RKEREATH 5 2 &S mIZ I

LD EERIZTLTWAUEEESH L. €2 T, £l

& EER 3 OHMEZR M TR U 2 2 L 7R 2o

W, MZEOREOHEY L7 (MERTILEOZRM

DH). ZOFERER 11 1IRT. WEFO [HEEFWIC

HoTWlh] DIHIoWTIE, SEE - £%BIcE L
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11 FEBR 1 LT3 IIBW T LEEI 2 Y L 2o oblE o
A, TH) TR THE] 1388, 7)v 7 7 Xy MIHEE %
FY. [FEBR 1] 3FER 1 OKRS A7 4, [FER 3] 13FEH 3
DHIHEZEGMI BT B 0E (%4 2 M50 F)

Table 11 Differences of questionnaire results between Experi-

ments 1 and 3 for participants who played the same

role in both experiments.

B FEBRFERR Kb EB
13 13

O NTELAKS | B 5.0 45 | D 45 4.5
#w| sy I ES” | B 5.0 55 | D 3.5 45

Hizé-> Tz B 35 35 | D 45 45
i &Y EFs i F 3.0 4.0

&G holh C 35 45 | G 25 3.5
| mhicd->Twizhy C 1.5 40 | G 45 3.0

HnFrEeh/znwh | C 35 40 | G 40 3.5

TENFIOUHNTH 72, FD0, EE1 TRY AT A
REREATH L L 1L, KEGEEILL T wilRert:
BEWEEZ TWVAD,

7. BEREMICHT 2FHM

KETIE, WL ¥ 280 Y OFER & >N Y EED R
T ERBEFMLANANVTORMEEIT) . Wil 7 w3 v e L
THEE1-FEB2 THW b0 (X 18) 25,

7.1 HEROFEE r, ra, rs ORLUMDER

42~44 FiT, WHE—FEEIN LY 2N Y %2550
Wl ETOHOMW EHIES NS LI, BREry, re, 73
REA L. ThHORKIE, 42 HiThlh~RzLH I,
RETHIUE, #EE— FTHES N D NHEESE DR
Y, -FONMEHDOIEEDEDREIZIEDTHD S
RETHLY, HHOZD, —HIZ0TICL7 FEBR1O
WEE (IXT) 449, WHE-FTy >N 2% (A
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Fz 12 HEE— FTHRICIPV & & OO & s FE,
FoN—H

Table 12 The means, standard deviations, and coverage rates

of acceleration differentials when each participant

beats freely at the practice mode.

] e S | N
R 1 | 19.9847 | 5.3826 0.8673
Wil 2 | 24.4983 | 7.7973 0.8270
Wl 3 | 19.9750 | 7.9297 0.7751
WeER# 4 | 29.8533 | 7.8253 0.8738

13 BT BRI b & OIS OFE) & B (R,
J N — R

Table 13 The means, standard deviations, and coverage rates

of acceleration differentials when each participant

beats strongly at the practice mode.

T @i | A N—R
el 1 | 24.3804 | 5.6256 0.9032
Wil 2 | 24.1185 | 8.9453 0.7907
Wil 3 | 24.2819 | 9.0355 0.7899
Wil 4 | 36.4117 | 14.057 0.7814

R 14 HEE—- FTEo 2L EONMEEEDFY L EHERFE, 7
IN—

Table 14 The means, standard deviations, and coverage rates

of acceleration differentials when each participant

shake the tambourine at thepractice mode.

| B EAE | AN
Wi 1 | 5.2727 | 0.9045 0.8550
Wi 2 | 8.0000 | 3.4641 0.7391
Wik 3 | 5.0555 | 2.3632 0.9275
el 4 | 8.5200 | 3.5487 0.8854
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® 15 FONE OB FELHER

Table 15 Experimental results of hand position classification.

Wl | ME R (R | #EEE (F) | EESE
1 AH 35 38 96%
2 AH 32 64 49%
3 AH 41 66 99%
4 ANH 36 30 97%
5 AH 33 22 100%
6 NH 40 36 | 100%
7 ANH 52 47 93%

R 16 ¥ 2 N1) VALK R

Table 16 Results of tambourine score evaluation.

] AR | ANRRFEL | AR
FHDOZIFIE 175 5 6
INE RO 564 1 0
FA % 563 6 0
K KD T —+¥ 300 7 4
B oS ik 687 6 8
T y— 480 1 0
ZAELLT 232 2 1

DDA OKEE % F- L 72, EERIL, THENRICER
1, EBR2 FARICHEE T — N CTROMED /Ny — 58 %
WERE DS F TR R L, [ETIp ] [ETid ]
[TFCii<] [TFTII<] % 25 [, 5100 BIIIWT D B
EMZEEL CHETE 2D EE L 72,
EBROMHERIIR 15 OLBY)THA. 2 NHOWEED.
WEVIEMRR L 572, 2 AHOWEREIZOWTE, [T
<] oo [FTIid], BLOTFTIL] oD
[ECTHIC] TRREALREESNIIL TV, ZoZehs, ¥
PN Y RIWTWARFIZY VN v 2FL FITAE1E
#LTLESTBY, MLEEETOY 2N v OESHE
BRICZR > T LE o726 TH L EHESNS,

7.3 ERINAZNY LI B

R AT LD HBER L7y 28 VA BA 1272
MENH, FERFEEELFEOEME 1413 L
Tbbol., HELAZMIDI 77 A VIZY 2N VEkDiE
BRBIL, &N VEOFIRICEDETENEHEL
72D RTH 5V, ARG (F03) r 2l RELED
M CHRRDT TV 2R WERT) EAZRF (2 2oN) &I
ZWHDBET LA ARV T TV A ERT) 2#HESAA
THbHol, HEER 16 IIRT. IXTOHDITLAL
DEFTIZONWT, —EREDERENZ LD D D 2 LHoy
Mholz. ARFFIZOVWT, FULRY —rh T, 2%
TeEART FT 0RO YT 1 P& o7z72002, H5HHE
HiDOFF 0380 SN7612, ZofEmd ¥ 3 &l
REZLEVI)EHICOPR LN,

K AT LTI, ART KT L0 /NHIZITES TR

1089



1BRIEF=Ew G Vol.58 No.5 1073-1092 (May 2017)

JIUSNER DI R ERT 20w istr b o7z, 20
itz & 0 BEICAFASEE R & N/ N IZAREC 327 /N B
B, D9 L 33 /NHEAEF S AT N Lo
2. ZOZENL, ZOHHP—EOFEiZE TSI L
Wb, —T, TOHEEE SO ERDRE L
EHHEE LT, YERI YT 1 vV OREDEHI NG
Plzo TIHYTWDS & &2, ZO/NHOFEIFFER SN
T —ARBITENDE. DL % — A, Y/NEH
W/ = F U A=V DHENEIPICL o THRILTE
BDT, 4, THVolr— A0 EEAT BLEN
H5.

7.4 SEFEIZDONT
KYATFLTIEE ON) v DFENGY o) YEED Y >~
VP BIT LD, &) ViEo#RE MIDI 7 7 4
VOFEDMIGREIED 2 17 1UE, K12 Bluetooth D J8AE 12
BIEDS S o728 LTH, 7o) vy oHEFERLD EL
ol VT AR EDFRIIAL 2. BIEIZ DWW TERW
HERHINEAT > TW WS, 5 &, 6 B THRAEERITBW
TEMEDOEIZ %5 &) HREBIEIIFEAE L Rh o7z,

8. EEIh/-R&E

ARETIE, SR IREPEIIOWTERT 5.

8.1 MWHEREHEEX L/ A TOREL

KEETIIREA L FEBREIT-> TE 275, RE L OWEE
M 3~4 %L REDL L, BetiE CAEAZRTI2IE
Eo Lol #0720, PHE L EEREOTEDS L O
FRICHEDLEBRICE YT L L Lol EtHE R
T2AHREEIHEBREZHC L, AEEOREICL ) ESEY
19283, BELRASHBROBED 1 OTH 5.

8.2 EERHISHASLHICA-WESR
FER1~3 2B LT, RO LD BREEBEASHS ko7,
o TN VRN, MEFIL-THLTELHEDD
% (HEEEOMIE).
o VN VEENHEL WA, WERICALEAL, ¥
WIZE0—RERDL (XLORME).
o YN DI BEVEENHL (FEOME).
o MNTFSy N VIEBEIIIb YA, WEE ¥ N
) ViAW R TEET L2008 LV (FROME).
R OREZ RS 5 %, 517 HTh Rz LD
28 2N YRR E FOEBRE IS A b THILAIZE
(L& L THD., HEPIZY AT ADTHEO ERENEZ
HWFLT, XVfHRY N VY BER LI EDHT
ELTHHH L, HHE— FORIZY X L O EMEMEZ FIT
L, EMEOEVIIEFICEERINLRE L WY N v
HEFRTHIELEZEZOND.

© 2017 Information Processing Society of Japan

ALOMELEEOMBELFERTHI2E, o) D
CUNNVEEBRELWILYEI VDAY =5 E T X
ACTAHZENETHSL., THICEoT, TEREMFAC
EhETERLIENTARICEY, 7454 (HED
FAIVTRHBEMEIIE) LOIHETLIL) 2HE)
AT > T ALDALREHETAHIEHTED, F7-
AL OMEIEY v N VOB —RH 5 DT, ik
Dy N VRO L — I MO LTS D L.

FORORBEL, AWM L& pRigicsrnTnd ¥
N VERLHFADOFREMET ALY, FREDLOD
WEDEZOLNLY, 6.7H THERRL 12, VT2
RAMMETFICOVTIEY v\ Vil Ny — L LEZR
TLTAHILT, COMEEHEMTLILLEZONS.

8.3 FEER 3 THU/: Wii & > /N1 > D

7TETIE Wil & ¥ 3 Y OBEIZ DWW TR 247 o 7225,
FEEE1 - EEE2 THWA Wil YN Y TL2RHE L Tw
e\, KRFZETIE 2 O Wil & 2N v 2R L 7278,
Wii U €2 > OFE T2 5 DM IR 72 EH3 T2 B 720,
RIKERE e KIEWDE FN AT RS H ), SHBIGEL
TV LED D 5.

8.4 Bh%aERELMRIL

REG T o 2B ERIT VTN EIEETHRDL L LD
Thotz. LIL, SOIIBIUITFA LAY MIET
LEBOEA, VAT AT S [BR] 2 B L&)
NEELBERICRLURENS L. 2F0, HEHVAT A
RO TS THEY B 728548, WBE LW 2L b4
LERHWENR TV LWL DEBIET AL EAETINT
WBUREED D B, DA, B L > TEDORED 1A%
DIZEAT2EFHEINE, —J, BYELME BFETE
DAL > THREROFE VW EEZRHLT, LA LDE
D EDBEIICHRLUMREELDL. NS OFWREMRIET
BITIE, HEREICHED R LS TE 50T, liVRED
EDBNHRED L HITEEL T D EDHT BLEDDH
b, SBRIDAGREBED1OTH 5.

9. BHWI

KWL TIE, BIA T2k BIF572008 3 Vil
BIEVATLELT, MIDLF—FDASXT FIL%D
LAZH 2N VEERER - WMIHERRLTY ¥ N Y OfH
MIT VAT LAEREL. HHEFRICEDET Wil ) E
VWY N YR Z ET, HEDE L & 25l 12
TA— KRNy 7 &N, F—LEETY N ViHEREL
LI ENTEL, T, FEEDONLZTHRY v\ ViEEr
LI E 2T 2720, A AR B ATk SO
IZHDWTINE T 2RI AR - TBY, FEIIE
BT ZETEY XY Z@BHFAT L L) >TnAb,

1090



1BRIEF=Ew G Vol.58 No.5 1073-1092 (May 2017)

INEFEEL, EBON T TIETERL-LIA, MNEX
TS 2 VAT LT Ny YRR T VX
Y= REBR BT WA I EORRENRAD S D
OO, F N LFEOHENE L TIMETFIT L - TIIERM
I DD L WA, F) Vo 2BaI) LD XL
PEELTLLARNCIILK LK R H G EFHL IR,
LT, SETHARLIEET 1D 1 2fFkL, 7947
BT AEENIVELOL Y AT Az HIEL 2V,
H;E ORWIEE, HARPMNIRBE P50 E B R
26240025, 26280089, 16H01744, 16K16180, 16KT0136
Wi &2 37z, £72, AR E RO L I1ZH720, FHHiZEER
FPRLBIEZIT TL B2 E S BB DT 4 1IEH T 5.

SENH

(1] ITHE—, BRUEAR, NEEd A e R R BIET %
NT ATV AT L, K 20 AR RSB R S IUN S
BERE (061 MEARE) WiEmE, tyvar
ID : 03-2P-06 (2008).

2]  FH %, BAREZ, WREEGH . 7774 77— 5 X—
AERNTA T AT OBFAERY AT L, BRI
DR [E RS HFE], Vol.2000, No.19, pp.73-78
(2000).

(3] AR, =R MIDI S22 7 BT LB
TR Y AT L ORE, HHRLHA R [E R
], Vol.2007, No.102, pp.85-90 (2007).

[4]  ATF%E (http://www.nintendo.co.jp/wii/controllers/
index.html).

6]  H9 S PFAR (2011), AFE
(http://www.nicovideo.jp/watch/sm15630734/).

(6] Yo DERHERREL, RERRA ST PLUS, AT
(http://www.yamaha.co.jp/plus/).

(7]  TBREEEZE )Ty A AEEEREERS AT 4 L EX
PR Tk, LB & R R AT 7 S e s,
Vol.2002, No.100, pp.27-34 (2002).

8]  EHLM, GO MIDIICBF 5 A 17 1 [k EF
L7280 B LSO, HERFIE LA, No.39
(2006).

9]  EHEZ, BAR CIEER WY 2 AT v —
Ak & ERFE A OILH, A #OEE SR O,
Vol.79-A, No.2, pp.452-259 (1996).

(10]  ERATOPHIER, BEARTRER, il 2% RKEH T — A0 A
HNTNWNA ARV =2—F vty FT =712 &
5T x AT vk, THHULILY S5 RS, Vol.s1, No.l,
pp-199-203 (2010).

[11] JOYSOUND 2013 4 i n 747 7> % v 7, AF5k
(http://www.joysound.com/st/2013yearranking).

(12] FREEECE, &I, VRde—, W [&—  RWC A
BRT = 5 =2 e E TR I B 7 E A ERE LB A
Sl - BAE T — 7 N = X, TR SR DGE, Vol.45,
No.3, pp.728-738 (2004).

[13] Morville, P.: Experience design unplugged, ACM
SIGGRAPH 2005, Kothary, N. (Ed.), ACM, New York,
USA, Article 10 (2005).

© 2017 Information Processing Society of Japan

REFE B (FERA)

2015 4 H A K F LA E e A
LIENTFRL R ZE, RIRFERF ARG
ERLEA e RS R AR 2.
G OB FE I fE .

‘7__
3E
— ey
'

KT mEEF

2015 4F HARRZ LT S A 7 L AT AR RS 1E
FHICE R B EL OWFFE e S

O &g

2015 4F H AR R WA B Y A T L AT E R 2E . fE
P 2 F S LB DR FE (2 e

18 AR T

2015 F R L ER R R Lo 55 — %
LSRR, 2017 EEHLRFH T
VAT LTWA VIRGERA S AR
TNT — SRS T E.

R 5

2015 FEMARFH Y AT AT HA
v AT, AR RS A
%, BIECES. A2 570y ayF
WA, FUINT T ) =V ay
DIFFEIZHES.

JUPNZEA TRFRSE, JUIN RS T2 T
FRHEW. W (EWRTY). BHER
BNV RKFENEBRFEFTIHL Y AT LT
PA FEIPERA A PY T
7= N a— A /FMEHEE. Eil, ©
ETAVAYN, BE, THA I
BLTAY YT a2l LML FEBEL TS,
ACM, ADADA, VRZ#AKAH.

(IE%R)

1091



EMITSE 2/ Vol.58 No.5 1073-1092 (May 2017)

LR $RBR (E&H)

2002 4 HURT LR R A2 B T A AR 3K
2007 4R HURR AR Bl A Fe Rt
LR T, W ().
FRAEAHRIERE CREST fF72 B4
FET, BUE, OARGFHERER. H50E
LS | ZBIR 2 50, T EHOEME
, AREBEREARE.

1092

© 2017 Information Processing Society of Japan



