2012
IPSJ Interaction 2012

2012-Interaction
2012/3/16

bbbt uogbouoobouoobn

O O o of o o oftittopooo oo tf

00o0000o0o0oO0o0o0oOoU0o0oOoUo0 (boooO0oooUoOooooD)o0oo0ooo
goboooooobooooooobooboooooboobOoooobOboOooobOoboOooboOobOoooobooo
goboooooooooooooooooobboooobooobboooobOobOoboooobooo
gooooooooOoOoOoOoOoOoOoOobooOoOoO0oO0oO0oOoOoOoOoOoooOoooooOOOO0O00000o
goboodoooooooobooooobobo0ooooooboOoooooOoboOoooobooboOoooooo
gobooooooobooooboooooooboOooooOoOoOoOoOoObOO0OOobObOObOOoOobOoOo
goboooooooooooooooooooOoooooobOoooDboboo0ooobooOoboboooooo
gooooooooooooboobooooOoOoOOOOOOOOOOOOOOOOOOOO0O0O0O0O0Oo
goboodoooobooboooooooboooooooboOoooboOoooboOoboOooooOobOoooobooo
oooooooo
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Playing the piano requires various kinds of techniques such as correct keying, fingering and
rhythm. Our research group has developed a piano learning system to support correct key-
ing and fingering for beginners. However, the system does not account for the difficulties of
learning rhythm. Rhythm consists of various kinds of notes and rests, and it is difficult for be-
ginners, who are not used to reading a score, to understand the different duration of each note
and rest. Moreover, there are piano roll scores, which describe timing of keying and releasing
clearly, but which do not teach player how to read musical staff. Therefore, the goal of our
study is to construct a piano learning support system that has a rhythm check function. We
discuss methods to indicate information for piano performance such as rhythm information
effectively while teaching how to read musical staffs. We have developed a prototype system,

Construction of a Piano Learning Support System considering Rhythm

and evaluated its effectiveness by actual use of the system.
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Fig.1 System structure and presented contents of the conventional system
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Fig.2 System structure and presented contents of the proposed system
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Fig.3 Examples of presented duration for musical
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Fig.4 An example of a piano roll

0000 00000D00O00ODOO0O0O0D0ODO
000000000000 D000D000D0000000
00000000000 D00000D00000O000
000000000 (0D 400000000000
00D0000000000000%? 0000000
0000000000000 000000DDooo
00000000000 0000DO0O00DDoOO
000000000000 00000000D000
00000000000o00O0O0O0O0O0O0o0O0OOn
0o0O0OD0DDO000000DOOo

010000000000000000000000

0000000000000000o0o0o0o0onoon
0000000000000 D000D00O0O0oOno
00000000000 DO0000DO00ODoDOO
00000000000 0000000DDO000n
0000000000 D00000D000000O000
0000000000000 D000000O0O00DO
000000000000 D00000D0000000
0000000000000 D000DO00D0ODO0OO
00000000000000000 0.6sec(4000
=12.5bpm(Beats Per Minute)) 000016000 1
000 200000000000160000000
000000 D0000000OoOoO

oo bOoobOoooboos3sooboobood
gobooobooobooboobobooboooooDo
gboboooooboooboboobobooboooboobn
gobooooobooobooboobooooobn
obboouobooobobooooboooooooon
goboobooboooobooobooooooboonn
oooobooobOoOooobooboobOoboboobon
goboooooboobooboooobooooonn
gboobobobobooboob

OO0 W.A MozartOOQOOOODO (OO0 K.331
0300)000000 18000000000O0OO
oooogo



01 000000

[ELLVEZE] . .
A =] ‘ . Table 1 The applicable functions
< e S==c=a= 0000 0000 0000
(= EE]) d)) RLER gooooooooodd o X X
goooooood o X X
= oooooo o o o
goooooooon o o X
iTht || foRe DoOoooooo
e | UESR S [ 0000000000 ° 5 x
?))T;Tfﬁxﬂim‘ Z));g?w%bfiﬁ&l:ﬂﬁzf%’c I
LAY R LIRTIFAN ooooooooo ° ° °
oooooooag
05 O0O0OD0OOOO0OOODOOOOODOOO 0ooooOoo0ooooon ° ° 5
Fig.5 The of measurement of the rhythm errors and the OoooooOoooon % 5 X

keying errors

go0o0 0DOo0oOobooooosooboooooon
003000000000000 (oOoooOooo
00o0o0oo0ooo)oo0ooooooooood
00o0oboooobobooobooboooooo
00o0oDo0bOOooooooooooobooooo
Jooo0oboooo0obooboooboboooboooo
00000DOo0bOOoDooOoooooooooooo
Jo0ooboobobobopooobooboooooo
gogdd oesecOUdOl600OO 1000 2000
ooooad

000 (DU000oUoOooou O s5-(a))boo0Oo (o
000000 O 5-(b)0000 (D0O0ODO0O0ODO
0 5-(c))D0000000000O0O0OODOUOOUOO
000000000 (0 5-(d)0000ooooon
O0o000x 03sec000000O0O0ODODOOODOOO
led0 000000 1.2secd 0000 O0.9sec—1.5sec
00o0oboobOooboboooboooobooo
goddd o6sec0OOOOOOobObObODbOOOOO
0000Do0bOO0ooOooooooooobooooo
J0oobooboooboooooboboooboooo
000000o0o0o00obOOobDOooboooooooo
o0o0oboobooobobooobobooobboooo
0000o00o0O0o0ooOooooboooooboooo
o0o0oboobooobobooobobooobboooo
O000000000000000 (O 5-(e)) OO
0000oO00oooooooooooooooooo
O0ooUoo (O s(h)oooooooooooo
O000o0o0oo0oo0bOOoDoooooooooooo
OOooo (O 5-(g)o

obooobogo 3soubobooboboobooobooo
goboooboboooobooobooboooboon
obobodgooooboooboooboooaoaoo
gobooooboobooobooboooooon

02 0000o0O0o0ooooooo
Table 2 The number of keying and rhythm errors

ooooo gooooo
oo oooo oo oooo
oooo 6.0 2.6 10.7 3.8
goooooo 31.0 1.4 27.5 3.5
goooooo 34.5 0.7 46.0 11.3

oooooboooocoooooboooooooooon
gbobooooobooobooooooobooooono
gboobobobobobobobobobo

5.2 0J0O0O0OO0OO

gobooobo2000000000000000D0
ubooboooboboooboobob 1boaoboan
000000 1/40000000000000000
ooooobo200000000000000000
obooboobooooooooooobooonn
oooooooobooooooooooooooon
5%0000000000000ODO0OODDOOUODOO
goboooooboooboboobooooooboonn
bobooobooobooubooooooobooboood
gobooooobooooboobobbooobon
ooooooooooooooboooooooboooo
gboboobooobooooooon

goooboooobo oobooobooboobogo
gbobooouoboubouobdooobooooond
gbobooboobooooooooo
oooooooooooooooooobooOoono
ggoboooboooooboobooboooooonn
gooooooooobooobobooobooooo
uboooooooood
gobooooboooboobobooobooooon
boboooooooobouobooboooond
goboooooooboooooboobooooonon



gobooooboobooobooboooooon
bobdooboobooboobdoobooboooooo
gobooooboooboooboobooobooon
obdooboobodoobooboooboooooonn
gboboobobooboooboobooboobooooo
oooooboooooooooobooooooooo
gobooboobooboobobooboooooon
goboooooboooboobooboobooooo
ubooboobooboooooboaoao
gbooboobooboooobooooboooogon
gboboooobouooobbooooboaann
gobooooboobooboboobooboooon
oooooooooooooobooooboooooon
gobooooboobooboooboobooooon
gobooooooooboboooooboooboooDo
goboooobobooobooobooboooobooon
gobooboooboobobobooooboooboooon
uboobuooobooooooooboobooobaooo
goboooobooboobobooboooboooooon
oooooobooooooooobooobooboooooo
obooooooooo
gbooboobooooooooboobooooon
goboooobobooobooobooboooooon
gbooboooboobooobooboobooooo
boboobooubooboboooboubooon
gobooooboobooboboboooooooon
ooooooboooooobobooooooooooo
gbobobooboboboboboboobao

oboobooobg bOOoobOooboobobon
oboooobboobobooboobaooon
gobooboooooooboooboobooooooon
Oooooooooooooooooooooooon
gobooboobooobooobooboooooon
obooboobooboobooboobooobo
gboboobooooooooooon

gboobooboobooooboooboboooon
booobooouooooboboboooooon
gobbooobooobboooobooooboooo
ooooooooooooooboooooboooooo
gobooooboobooboooboooooon
gboooooobooboboooobobooboooon
goboobooboobooooobooooobooon
gooobboooooobbooooboooooooo
obdoooboobouoboouoboobooooooo
gbooooooooo

79

goooboooobobo oobooboobogoo
gboboooooboooooboooobooaoon
gobooboo2000000000000000
bobouubouobooboobogboaooood
gbooooobobooo20000000000A0
ooooobooooooooooooooooooon
gbooboooboooooboobooboooooonn
goooobooooboooboooboooooboDo
gbobooooooboobooooooooobooono
gobooboobooooboboboobooboooDo
ubooooooooood

gbooobooooboobooboobo ooogo
gobooooobooboobooboboooooonDo
gboooboooobouooobooboboobda
gooboobooobooboobooboooooDo
gbobooouoboubouobdooooaoooond
goboooooboobooboobooboooooonn
ooooooooooooOoooooooooooon
gobooooobooooboobooobooooonn
gobooobooooboobooboobooboon
gbobooooobouobooboobobooooobo
gbobooboobooooooooooo

ooobooOoooooObooooooooooooon
oo obOoobooboooobooboobobooobo
gobboooboooboooobooooooobooon
ugboboboobooboboboobobobon
gobooooobooboobo 200000000000
ooooobooooooooooboooooooooon
gbobobobooboboba

6. O 0O O

goboooobOoooobooobooobooooon
vbobooouoboubouobdoooobooond
goooboooboboobobooboobobon
oooooooooooboooooooooooon
goboooobooboobooboooboooon
ooooooooooooooooooooooon
gbooooboobooboooobobooboon
gooooob0oooobooooobooobooDo
vbobooouobouboubooboooooonn
gboobobobobobobobgob 30o0oon
oooooooooboobooooobooooboooooon
gbobooobooooooobooboobooobooobo
oooooboooocooooooooooooooon



oboobobooboobobo
uboobouoboooboooboooboooogon
gobboooboooobboooobooooboboooo
bobouboboooobooboooboouboaon
gobooboooboooooboooooooooon
ooooobooooooooobooobooboooooon
gbobooboobooboobooooboobooooboa
gooooboooooooooboobooooon
obdooboobooboobdooboooobooon
oboobooboobooboobobobooobo
gbobooooboubouobodgboubdoooon
gbooooboboooboboobooboobooon
ooooobooooooooobooboooboooooon
gobooooooooboobooboooboooon
goboooooboobooboooobooboooobo
obooboooooobooobooobooooonn

gboobobobobobo
g g
gboobooooboobooooobooooon

(B)(21700198) 00000000000 O0OOOOO

oboooooo
o 0 0O O

1) D00o0,000,000000D0000000O0
ogooooooooooooooooo,boon
000000, Vol. 52, No. 2, pp. 917-927 (2011
0).

2) 000,00 0,0000000000000
ogoooooooooooooo,boooon
000000 (Doooouooooooooo),
Vol. 23, No. 4, pp. 51-59 (2006 O ).

3) R. B. Dannenberg, M. Sanchez, A. Joseph, P.
Capell, R. Joseph, and R. Saul: A Computer-
Based Multi-Media Tutor for Beginning Piano
Students, Journal of New Music Research, 19
(2-3), pp. 155-173, 1990.

4) CASIOODO0OO0O00OOOOOOoOOooOoOo
http://casio.jp/emi/key_ lighting/.

5) 00000O00: 0000 EZ-J2100
http://www.yamaha.co.jp/product/
piano-keyboard/ez-j210/index.html.

6) 000000 0O0OOOUOOOOO
http://www.kawai.co.jp/cmusic/
products/pm/index.htm.

7y 0000,0000,0000,00000The
Phantom of the Piano: OO0 OD0O0OOOO0O
O000o0oooooooo,0ooooooon
00000000, Vol. 2006, No. 4, pp. 69-70
(2006 O ).

8) C. Lewiston: MaGKeyS: A haptic guidance
keyboard system for facilitating sensorimotor

80

training and rehabilitation, PhD Thesis. MIT
Media Laboratory, 2008.

9) G. Grindlay: Haptic Guidance Benefits Musi-
cal Motor Learning, Proceedings of 2008 Sym-
posium on Haptic Interfaces for Virtual Envi-
ronment and Teleoperator Systems, pp. 397—
404, 2008.

10) 0000,0000000000000000
0ooooooooooooooo,oboboon
00000 (oO0ooOooooo 2007-MUS-71),
Vol. 2007, No. 81, pp. 185-190 (2007 O).

11) 0000,0000,0000,0000,00
goooobooboboooooooooon
gooobo,0bogbouoobooboooboan,
MA2008-52, pp. 51-56 (2008 O ).

12) 00 0,00000000000000000
ogoooooooooooooo,bbobobon
googobob ®8souoogboooobooo, pp.
115-120 (2006 O).

13) O000,0000,0000,0000000
googbobooobobuoobobooooon
ggooboobo,bgooobobboooooobooo,
MA2007-45, pp. 63-66 (2007 O ).

14) 0000,0000,0000,0000,000
gooooboboooooobobobooooon
gooooooboboog,bboggo 2008 0
0000000, pp. 937-940 (2008 00).

15) 0000,0000,0000,0000,000
googoobbobooooobbobuooooon
00o000oooooooo,0ooooooon
20000000000, pp. 933-934 (2008 O ).

16) S. Smoliar, J. Waterworth, and P. Kellock:
pianoFORTE: A System for Piano Education
Beyond Notation Literacy, Proceedings of the
Third ACM International Conference on Mul-
timedia, pp. 457-465 (1995).

17) 0000,0000,000000000000
oo00ooooooooooooooooooo,
000000000, Vol. 8, pp. 21-35 (2004 0).

18) R. Boulanger and M. Mathews: The 1997
Mathews Radio-Baton and improvisation modes,
Proceedings of the International Computer
Music Conference 1997, pp. 395-398 (1997).

19) SCE. 00 OO0UOoouoono
http://www.jp.playstation.com/
scej/title/bravo/index.html.

20) 0O0O0O0OOO0O0O: EZ-AG
http://www.yamaha.co.jp/
ez/product/ez-ag/index.php.

21) OO0OOOOO: EZ-TP
http://www.yamaha.co.jp/
ez/product/ez-tp/index.php.

22) 000000000000
http://www.konami.jp/am/keyboard/.





