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Abstruct

The objective of this research is to allow any performers who play musical pieces
with musical instruments based on scores to freely express their internal impres-
sions on the performance. For this purpose, in this dissertation, I study a method
for analyzing musical performance, a musical performance suppot system, and a
classification method of instrument plays that are included in dialogues for dis-
cussing musical interpretation.

In the conventional research of music education, they have discussed effectiveness
of instructions based on subjective results of questionnaires and interviews with
teachers and pupils reffering to classification of utterances and time of performance
in lessons. However, we should objectively analyze the pupils’ performance data
and compare the results to the subjective results to reveal the effectiveness of
instruction more directly. Therefore, in section 2, I conduct case studies of piano
lessons and analyze two pupils’ performance data by comparing to their teacher’s
performance data in the third chapter of this paper. As a preliminary, in section
3, I made basic analyses of key-release action that has been disregaeded so far,
and considered it as an important musical component of performance analysis.

In section 4, I propose a musical performance that allows people who are not
good at playing musical instruments to construct performance data with rich mu-
sical expression based on the results of the previous chapters. Recently, there
are many musical performance support systems for entertainment use. How-
ever,controllable musical components are excessively limited. Hence, the support
systems do not allow a user to fully show his/her internal expression.

In section 5, I propose an ensemble support system named “Family Ensemble”
for an inexperienced parent and his/her child who is a beginner of learning to play
a musical instrument. In experiments, I confirm that Family Ensemble facilitates
the playing of piano duo by novices. Furthermore, I show that subjects can discuss
musical ideas, which cannot be achieved by using a conventional piano.

In joint practice session of an ensemble, e.g., a piano duo play, an “instrument

play” is weaved in dialogue as one of the modalities for communication. Accord-



ingly, in section 6, I apply the Clark-Schaefer contribution model to analyze six
dialogues that are obtained in joint practice session of a piano duo play, and I

propose a classification method of the instrument plays.
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Note on message Note off message

* ‘ Note on message Note off message

: :

Note number Note number

5C=+Do” Volume< i SD=Re":

a!tetmanot 1

» tine

Releasi mg a key Hitting a key

} velocity ﬂ
Note off velocity

Note on velocity

[0 2.2: Note off velocity 0 O O [J

0000000000000 0400000MIDIOODODOOONote on message
0 O 0O 0O O Note off message [1 0 O [ [0 Note on velocityd Note off velocity (0 [0 [
0O00o0ooooo

23 0000000 0OO0OODOODO Note off velocity [
HEN

0O 2300Noteoff velocity OO DO DOOOOOOOODOOOOODOOOOOO
O0000000oogc4,D4E4D4CA0OMIDIDDOOOOOODOOOODOOOO
OO000D00O00DbO0O0b0O00DO0OD0nO Noteoff velocity DD OO OO OO127
g2td2000b0000obuogbboouggbbuogonobuogobood
oo0oooob0oboooooboobobobooonoobO 441kHz0 00O 16bit
gogbbbooobbboooobbboodobbboooob

0 2.300000 Note off velocity 0 250 0 0 0 O E40 331.1HzOO D41 295.0HzT]
O0D0O0O Note off velocity 0 12700000 E40 D400 0O0O0O0OOOOOOODO
gogooobbbbbbdodgdgobuuooooooobbbbbbooodad
O00000ONoteoffUDODOOOOOOODOOODOODOOOODODOOO
goobob200000o0boooan

1. Note off velocity 0 12700 00E40 DAD O OO OOOOOOOOOOOO
gogbobbbbboodoooooobbbbboodooooobbobobood
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[EE Note off velocity = 25
7o N it ﬁ-‘ )Ln SR =
) o Noteo IE—TFAT G
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3637 J
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Freq. 20 =

I
000001 575 000001 839 00:00:02.1 03 00:00:02.367 ooo0gebae

(22 Note off velocity = 127
74933
705
61743
5205 3
4416 3
2627 4
2662 3
1779 4

00 3

Freq. 20

000001 575 000001 220 00:0002.1 03 00:00:02 367

0 2.3: Note off velocity U DO DO OODOOOOO

000000DO0bO0000DO00O0DO00bO0bO0oOoOOoDOOoDOoDOOoOO

2. Note off velocity 0 1270 O O O Note off velocity 0 250 000000000
000000000 DO0DOO0DO0D0o0ooo0Do0ooooooooood
0O0oOooood

gbooooboobooobuoobobooboobbobobuooboooobg
gbooboooboobuoobooboobobboobob

2.4 00000 Note off velocity I [ [

0000000000000 000Note off velocity 0 0000000000
0000000000000000000000000000 30000000
AB,COO0ODOODOOOOODOOOOOOOD Op.10-3(0000)M0O 24000
O000000000ABCOODODOODDDOOODDO Note off velocity
000006000000 Lo, Hi,Av,Ex, Ct, Rn-methodJ0 00000000000
00000000 ABCODOODOOOODOOO

Lo-method: Note off velocity UD O D OO 25000000000000000O0O0
O0o0O0oooooooon

Hi-method: Note off velocity OO OO0 1000000000000 0O00O00O0O0
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024 00000o0p.10-30000001-800

gooooooood
Av-method: Note off velocity 0O DO OOOOOOODOOOO
Ex-method: Note off velocity 0 0 00000 O0OOOOOOO
VD = (Vi = Vi) % 15+ Vi, (2.1)

v 0 4000 Note of 00000000000 Note off velocity 0 0
000V,0i00000 Note off velocity 0 00000V, 00000 Note
off velocity 0 0 OO OO OO

Ct-method: Note off velocity D 000000000 O0OO0O
V;(m')d) _ (%v . V;) +V,, (2'2)

V90 000 Note of 00000000000 Note off velocity 0 0 O
000V, 00000 Note off velocity 0 00 00D000V,0i00000
Note off velocity U0 OO0 OO0 O OO ODOODODO Note off velocity 0 0 0O O
000000D000000000000000

Rn-method: Note off velocity OO O0ODOO0OO0OO0OOODO
V" =V, + (Rnd % 25) (2.3)

v 0 ;000 Note of 00000000000 Note off velocity O O
0000V, 00000 Note off velocity 0 0 000000 Red0-1.00 O
1.000000000000000000000000000000 Note off
velocity 0 0000000

O0O00AQOOO0A0ODO30ODODOOOBOODOBOOO3ODOOOOOC
Oo0cCcOO0o0dz2000000boOoo0bobo0oAD0ODOBOODOCOODOOO
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O00OD06000 Noteoff velocity O DO DO0ODOODOODOODOOOOOOO
O00000b0obo0ob0b0o0ob0o0bO0O0bO0oUDOd Note off velocity O O
gobboboogbbboo

g2100000000000D0D0000O0Ob00b0ObOODdgd Lo-method
gobooboooogbbobbooo@mobbodoooobbobobooooon
gobooooooooooobooobooobbooobboo0obOoUHi-methodd OO
O00000bo0b0ob0obooooonbog 2000000000 Note off velocity
O000D00000000OobOon Av-methodDODODOOOOODOODODOO
O0000000000Er-methodD 000000000 O0O0DOODOODOCCt-method
O0b0o00bo0ooo0ooo0oboo0obbo0boobo0obOoOnn Note off velocity
O000DO0O000O000000OONoteoff velocityDODODOOODOOOO Rn-
method DO O DO0O0O0O0O0OOODOMMUOODOOOOOOUO0ODOODODOODOOO
OO0ONoteoff velocity UO DO ODOUOOOOOO0OOOODOOODOOOOODOO
gogbboboodobboo

OOD0O0OONoteoff velocity DO D OO DOOOOOODOOOOOOOOOOODO
goooooooobbbbbbbbodgooooooobobobooogd
ggobood

25 Uooooooogd

o000 ABCOMIDIODOOOOOOOOOOO 250300000 Note on
velocityD OO OUOOOOOO0O0O0O0DO0DOOO 2.6 0 Note off velocityd 0 0O 000
O000ooO0000100b0000ooOo000boooO000bOO0O00b0b0000O0
goooooooobooooooboooooooobooooooooooonod
000

025002600000000000000Noteon velocity O OO Note off
velocity OO 00000000 O0O0COOOCOOOOOOCOOOOCOOOOOOO
0000 Note on/off velocity D0 000000000000 AO Note on velocity
0000000000000 A0 Noteoffvelocity OO DODOOODO FOOOOOO
0000000000000 0D00F(38,38)=5.91, p<.0100000000Note
on velocity DO OO Noteoff velocity U D D D00 000D0OOOOOOOOONO
0000000 BOF(38,38)=15.54, p < .0100 00O CO F(38,38)=2.10, p < .050
O0000rOoOOOOO0OO0O0O0O0O0O0O000OO

0000 AOO0O0BODODO CO Noteon velocity OO OOOO0O0O0OO0O0OO
obooooooboooboooooOoboOoOoOobOOobOOooobOboboOooooonDd
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O 2.1: Noteoff velocity U DO DO OO0 O0OOOOOOOOO0OOO
oo oo oooo

Lo-method ooooooooooooooooooooo

ooooooooobooooooooooo

ooooooooooo

oooooooooooooo

6000 vO0o0OO0OO0O0O0OOOOOCOO

oooooooooz200000

oooooooooo

oooooooooo

ooooooooooo200000

ooooooooobooooooooooo

ooooooooooooooooooo

ooooooooooooooooo

l100000ooooooooooboooooooooDoooboo

ooooooooooooooooooooo

ooooooooooooooooo
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oooooooooo

ooooooo

ooooooooooobooooo

ooooooooooo

oooooooooooooOoooooooooboogoooo

oooooooooooooooooo

ooooooo

oooooooooobooooooooooboobooo

b=

Hi-method

Av-method

Ex-method

Ct-method

Rn-method

Qla|E|wE|=|= | Qla|E|QQ|E|»|» | QlE|T|l» | Elw| »|w

000220000000 A00D0BOOOOO BODODO CO Note on velocity O
Oo0oboooobOoooboobo0oAfdODOcCcOOODOOOoDbooobDDoboOoo
AO0O0OBOOOCOOOODODO Noteoffvelocity OO OO OOOOOODOODO
O0000230000000AQ000 BUO Noteoff velocityOODOODOODOO
UoboobogbobooobboobbOobbOOnNote on velocity D O OO
O0b000o0ob0ooob0o0obo0ob0oo0obOoObOoindNote off velocity U O O
gogbbbooobbboooobbbooobbo

UO0D00O000O Noteon velocity UO O D ODUOOODDODOOOODOOODOOO

0 2.2: Note on velocity U O OO OOOO
O0A OOB 0OOC

oo A
oo B | 0.68*
oo Cc | 034 042*

*01%000000*0 5%000000
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O 2.3: Note off velocity U OO OO OO0
O0A OOB DOOC

oo A
o0 B | 0.34°
oo Cc | -0.00 0.24

*05%000000

OoO025000000000000D0000000AO0BOODODOOO 1300
gbbo3l-33bboggb200dbbuooobooodgbbooobuoobbon
gooobooocboob200oo0oooboobooboobobOoboboboon
oot 4r2rggoobobobobobbbboddgooooonoboboboobbbd
gogbobbbbuooooooobbbbboooooooobbobobboogd
gogbbbuooogbbo

OO0ONoteoff velocity UD OO DO 26000000 ADDOOOOOODOODO
O0000oooooboobobbo0oboo0oboboOobObogbd Note off velocity O O
gbobooboobobobobuoboboobobooooBOoOoOoOooO 20
O0000b00O006,20000000000DODOODODO Note off velocity I O O O
gbO00b0bbO0bO0b0bO0bOobObd Noteon velocity OO OOOOO
goooooog2s0000cooibnonns)o,9,230000 Note off velocity
O0000booO0o0bOob0O00obo0bOo0bOobOo0nOd Note off velocity O O
gobobooogobob2300bbboggooboogboboogoobobood
gogbbobuoooobbbooobobobbuoogoboo

2.6 OO

gogoobbbbbdooooobobbbbboboooooobobbbbbood
gogoobbbbiooooooobobobobbooooooobbobobbood
gogobbobbobbbboddooooobbooooobobbobobbooogd
O000D000b00b0b0ooboOgbOdONoteon velocity OO O 30000
ggbbboooobbodao

gobbobooooobooobbbooogobobbuooobobodgg
gogoobbbbbbuooooooobbbbbuoooooobbbobbood
gogoobbbbbbuoooooobbbbbouooooobbobobbbood
0000000000 Db00bO000O0b0o0obO0o0obDOobObOUODOONote off
velocity DO 000000 0ODOODOOOOOOODOODOODOODOODOONote off
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velocity  Note on velocity OO0 0O O O0O0O0O0OOO0OOODOOOO0OOOOO
gogoobbbbbbouooobbbbbbouooooobbbbbood
gooobbbbbuooooooobbbbbouooooobbobobbbood
ggbobobuoooobbobuoooooboo
gogoobbbbbooogoobbbbbodooooooboobobbogd
000000000000 [8o0000000oo1l.0000002.00000
.0bbbbduoooooooooobbbbbbbuodgoooooobbn
gooobbbobbbouoooobbobbouoooooboboobbood
goooobbbbbbbtbdodoooddooooooobobbbooooaa
gogobbbbbououoooooobbbbbuoooooobobobboogd
gmboboooombooooooobbbbuoooooobooboboogd
ggooboood
gogoobbbbbbobdoooooobbbbbobbbbbboboogad
0000000000 U000 00000000000ooo0ooooooo
godoooooobbbbbbbbodooooooooboboobobooogd
OO0 (1280 0000000000000 000000O00OO0DOo0DoOooooO
gogbbbooobbboooobbbooobbboooob

2.7 OO0

00000000000 0D0O0bO0Ob0ObOO0ODbOO0ODODnO Note off velocity
gooobbbobbboduoooobbobbooooooobboobobbood
O00000000000000ONoteoff velocity OO DOOOOOOOODOO
000000000 300000000 Note on/off velocity 00D O O0O0O0ODO
OO00ONoteon velocity UODODOODUODOODOODOODOODODODOO Note off
velocity OO0 0O0000O0O0O00O0O0OO0O0OOOOOOODOOOOOOO
gboogbuoobooboobboobobbooboobooboObdNote
off velocity DO D OO ODODOODOOOODOODOOLOOODOODOODO

gogoobbbbbouooooboobbbobooooooobobobobbood
OO00O0ONoteoff velocity UOD OO OODOOOOOO
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25



010000000000000000000O0C0OO0O0O00O0O0O0GCOOOO00O0
oo0oo0O0O00000000000000000000000000C0000O
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000000000000 00000000000D00000 [83]0
Oo00000000000000000000000000000000C0O
000000000000000 MIDI (Musical Instrument Digital Interface)O
Oo0000000000000000000000000000O000000O0
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ggbodbboooobobuooobboooobboooobbooobbogo
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gboboobooobdgos40oboodobooobooobooobooon
HpUbbunoougooboooobooobbooobboooobboogon
gbobooobbuooobbdg3edbbuonoooobbonbooobbod
gbobogboobbo3ybobooboobooboobon

3.2 UQOO4Uno

Ddddddooooooddooor.oboooooooooooooon eed
0000 “Moderato cantabile” 00000 6000000 (37-8200)00000
oo 4300000000 oobooooooon
gbdootuotdodooodooootooouoobodoooouooogo
oooood

0000000000000000060000 (A,A’,BA’BA)0ODDOO
godooodoooddoon BOO 11oooooroooobooooooon
ooooodoodoodgo

goodd200do0doouoooooooooooooooouoooon
0000Oo00ddddoooOoo0dobDo0o00bDoOoOOo0oooDoOoOO0Og Ad
gbbddtuotdoobooduooodoodouooonoouoooooooouo
goodoodoooduooodoodouoooooonoooouoogo
goodoodoooduooooooduouoooooooooooouoogo
gooood

0000000000000 00O0YAMAHA Silent Ensemble Grand Piano C5
OooodoooooooboooMIDIODOOOOOODOOoooooooooon
OO0 MIDIODOOODOOOOO SGI Indy Workstation O O OO OO0 OO OOOOd
0000000 VCROO DATOOOODDOOOOODDODODOOOODO

goododuodoooduouoooguoooouououooooon
goododdoooduooooooddouooooouoooooouoogo
godotdouotoooouoouood
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3.3 Uougoond

gogoobbbbbboooooobbbbbboduooooobboobobogd
gogoobbbbbboduooooobobbbbuooooobbobobbbodod
gogbbbuoooobbbuoooobbboodod
giooogoooobboobbbotbotogooooobbbobbbooogd
gogbobbbboogoooobobobobobboooooooobboboobobogod
O000000000Osotto voce(D OO OO )M tenuto(0 00 O0ODO)0DO0OODO
O0o0DOoO00obO0o0b0AQOOODOOO0OBOOOOOOBOOOOODOOO
gobobbuoooobbbuoooobobooooboboboooon
g20bboodbuoobuoobooboobbobbobbobbobobbo
gogooobobbbbbbduoobuduoooooobobbbbobbbbood
gboboooboooobooobodbooobooobooomoboobooboo
gobogbbbuogobbmobbuogoobboogboboogobood
ggbbuoogbooobbbuooobboodobbooobbbuoobbboo
gogbbbooobbboogooboo
g3tgbobuobuobbobbuoobuobuoobbooboobbad
gooobbbobbbobbdouooooobooboobbbobbbobbooogd
gogbbbooobobboboooobbbooon
g40s500000b0b000bbuogdbbogbbooooobooognoood
oo0ooooooboboooboobooboobob AoooooooobooboDo
goboobogbbooboboobooobooobooboobbug 40
OO000DAQOODOOODOOOODOOObDAOCOODODDOOOODDOOO
O3000000s000000000000OODUDOLUOODDLDOLODODOODO AL
gbobodbobg20ubbogugboboooboobobobooobabd
ggbbbuoooobbbuooooooobbbuoooobbbooooobon
gbobBOOOobOOoOObO2000300000000b0bO04000bD 500
gobbbboogobo40bbnoooobobobbbuoooobobobbodad
gogodbobobbbobbobbbbbbbbbbbbdudgoaagsuoouod
gbbodbodgboobbuodboobbbb3gbbobooobuoobbod
gogbbobuogoobbbooooboboooobobooobobooo
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34 UO0OUOOOOLOOUOLOOUOLOOOOO

ooobooboooobobooooooobobooobooooooooobobo10DO
oobooobooobooboobo 20000 ODOOODOOOODOOOOOO0OO0
MIDIDOOOOOODOOOOOOOOMIDIDOOOODOOO(@MOODOOOO
O00)000000000 (DooOoU0oo0o0)oboooooooooooooo
oobobooobooooooobboooDo

MIDIDOOOOOOOOOOOOOOOOoboOooOOOOOO0O Note on message
O0000000000000000 (Note on time) 00 OO0O0O0OOO (Note
on velocity) D0 O 000000000 Noteoff message 0 D000 O0OO00OOOO
00000 (Noteoff time) 000000000000 O00O0O0O (Note off velocity)
0000000000000 0O000O000001. 00000D2.00000 (150
O003.000000020000001.00000 Note on time I Note off
timeJ 00000000000 0DOOOO0OOOOOOOODOODOOO0OO IoL
(the Inter-Onset Interval) 00 000 3.10000000 Note on time 0 0000
O NoteontimeOOOOOOOOOO2.000000 Note on velocity 0 00O OO
000 3.000000 Note off velocity 0 “Gap” 00 0ODO0OO0O0OOOOGap
000310000000 Note off timeJ OO OO Note on timeJ DO OOOO
gobooooMIDIDOOOOO0OOOOOO0OOOO0O0OOoO0O0O0O0O0000

O0D00D0O00000Db000Db00000000DO0Note on velocity, 1010
ooobooboooooooboobooooooboobooboooobooobooboooooooo
0000000000000 0ONote off velocity, Gapg D OO O OOO00OO0OOO
ooboooboboooOooOoboboobboOobobooboobobo0o0obO0oO0obOoO0nNote
onvelocity DO0DOO0D0OO0D0OOO0D0OOIOIODOOOOOOOOOOOOO
OoboooobooooooooooooboobooobooobOoooboooooo
O0O0ONote off velocity l GapOU OO UOOOOO0DO0O0O0O0OOOOOOOOOO
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