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ABSTRACT 
KL0/! %,%()! )(M0(N/! ,! 2&$H()! #4! %)#O(F'/! 'L,'! (P%+#)(!
H&0+-021! (+(F')#20F! $&/0F,+! !"#$%&Q! 02'()4,F(/! ,2-! #HO(F'/!
-(/012(-! '#! H(! &/(-! ,2-! (2O#3(-! H3! ,23H#-3! H&'! 02!
%,)'0F&+,)! 'L#/(! NL#! -#! 2#'! /((! 'L($/(+M(/! ,/! 2,'&),++3!
$&/0F,+J! R2! )(4+(F'021! #2! 'L(! /')(21'L/! #4! 'L(/(! %)#O(F'/Q!
02'()(/'021! -0)(F'0#2/! 4#)! /0$0+,)! N#)S! 02! 'L(! 4&'&)(! ,)(!
F#2/0-()(-J!

Keywords 
T+,3Q!(P%+#),'0#2Q!/#&2-!$,%%021Q!(21,1021!F#2'(2'Q!/#&2-!
-(/012J!

INTRODUCTION 
U2!'()*+#,*$!-./01&#2/VEW! 02!EXDCQ!Y#L2!",1(! ',+S/!,H#&'!
'L(! 0$%#)',2F(! #4! %+,3Q! Z'L(! %&)%#/(4&+! %&)%#/(+(//2(//[!!
'L,'! /()M(/! ,/! Z! ,2! ,440)$,'0#2! #4! +04(! \! 2#'! ,2! ,''($%'! '#!
H)021! #)-()! #&'! #4! FL,#/! 2#)! '#! /&11(/'! 0$%)#M($(2'/! 02!
F)(,'0#2Q! H&'! /0$%+3! ,! N,3! #4! N,S021! &%! '#! 'L(! M()3! +04(!
N(])(!+0M021[J!!
5/!N(!1)#N!&%!'L(!,F'0M0'3!#4!%+,3!'L,'!0/!/#!0$%#)',2'!'#!&/!
,/! FL0+-)(2Q! ,++#N021! &/! '#! (P%+#)(! ,2-! &2-()/',2-! 'L(!
N#)+-Q!F,2!H(F#$(!+#/'J!KL0/!0/!%,)'0F&+,)+3!')&(!#4!$&/0F!02!
NL0FL! 'L(! 1)(,'()! ,M,0+,H0+0'3! #4! )(F#)-(-! $&/0F! L,/!
F#2'02&,++3! #44()(-! &/! $#)(! F#2M(20(2'! H&'! $#)(! %,//0M(!
N,3/!02!NL0FL!'#!,%%)(F0,'(!$&/0FJ!
KL()(!L,/!H((2!,!+#'!#4!)(/(,)FL!02'#!F)(,'021!2(N!$&/0F,+!
02'()4,F(/! 4#)! $&/0F0,2/J! ^3! 02'()(/'! +0(/! 02! F)(,'021! 2(N!
$&/0F,+! 02'()4,F(/! 4#)! 'L#/(!NL#!-#!2#'! /((! 'L($/(+M(/! ,/!
$&/0F0,2/!,2-!NL#!$,3!N(++!4((+!02'0$0-,'(-!H3!'),-0'0#2,+!
$&/0F,+!02/')&$(2'/J!KL(!,0$!L,/!H((2!'#!-(M(+#%!N#)S!'L,'!
,M#0-/! +##S021! ,2-! 4((+021! +0S(! ,! '),-0'0#2,+! $&/0F,+!
02/')&$(2'!'#!F)(,'(!/#$('L021!'L,'!0/!$#)(!)(,-0+3!%+,34&+J!
KL(!N#)S!N,/! -(M(+#%(-!NL0+/'! #2! 'L(!"#$%&'()!*(+,'(-!
.(/012! 7),-&,'(! %)#1),$! ,'! 'L(! *#3,+! "#++(1(! #4! 5)'! 02!

8#2-#2JJ!
!

PROJECTS 
KL(! %)#F(//! 4#)! (,FL! #4! 'L(/(! %)#O(F'/! N,/! '#! -(/012! ,!
/0$%+(! %L3/0F,+! 02'()4,F(! &/021! M()3! H,/0F! (+(F')#20F!
F#$%#2(2'/! _'0+'! /N0'FL(/Q! +02(,)! %#'(2'0#$('()/! ('F`! ,2-!
'L(2! -(/012! /#$(! S02-! #4!$&/0F,+! #)! /#&2-! 02'(),F'0#2! '#!
N#)S!N0'L! 'L0/! 02'()4,F(J!K(FL20F,+!-(',0+/!F,2!H(!4#&2-!,'! 'L(!
(2-!#4!'L0/!%,%()J!

!
a01!EJ!KL(!T0,2#!"&H(/!

Piano Cubes 
KL(!40)/'!%0(F(!3#-$4/516*&!%)(/(2'/!'N#!O,$!O,)/!L,+4!40++(-!
N0'L! ,! 1#+-(2! /3)&%J!:L(2! ,! O,)! 0/! %0FS(-! &%! ,! %0,2#! 0/!
L(,)-!%+,3021!,!/0$%+(!$,O#)!/F,+(!,)%(110#J!:L(2!'L(!O,)!
0/! '0+'(-! 'L(! ,)%(110#! FL,21(/J! K0+'021! '#! 'L(! +(4'! 'L(!
,)%(110#!1#(/!&%! 02!%0'FLQ! '#! 'L(! )01L'! 0'!-)#%/! 02!%0'FLJ! U4!
'L(!O,)/!,)(!'0+'(-!4#)N,)-/!'L(!,)%(110#!/%((-/!&%!,2-!'0+'(-!
H,FS! 0'! /+#N/! -#N2J! =,FL! O,)! b%+,3/c! 0'/! #N2! 02-(%(2-(2'!
,)%(110#! ,2-! /#! %0FS021! &%! H#'L! O,)/! 10M(/! 'N#! /(%,),'(!
%0,2#!+02(/J!KL(!/%((-!#4!'L(!'N#!%0(F(/!,)(!+#FS(-!'#1('L()!
H&'! 'L(! %0'FL(/! )($,02! 02-(%(2-(2'J! U2! 'L0/! N,3! 'L(! O,)/!
#44()!,!F#$%+(P!/#&2-!/%,F(!NL()(!'L(!%+,3()!0/!4)((-!4)#$!
/#$(!#4!'L(!-0440F&+'!$&/0F,+!)(/%#2/0H0+0'0(/!+0S(!L0''021!'L(!
2#'(!,'!(P,F'+3!'L(!)01L'!'0$(!#)!(2/&)021!'L(!2#'(!0/!02!S(3Q!
H&'!02/'(,-!#44()/!F#2')#+!#4!%,),$('()/!'L,'!,)(!$#)(!1+#H,+!
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'#!'L(!%0(F(!#4!$&/0F!H(021!F)(,'(-J!d3!,++#N021!'L(!%+,3()!
'#! F#2')#+! O&/'! '($%#! ,2-! #M(),++! %0'FL! 4#)! 'L(! 'N#! O,)/!
#44()/!'L($!'L(!FL,2F(!'#!F#2')#+!,2-!L(2F(!F)(,'(!F#L()(2'Q!
02'()(/'021!,2-!)0FL!%0(F(/!#4!$&/0F!4+&0-+3J!

Bullroarer 
d&++)#,)()/!,)(!#2(!#4!'L(!(,)+0(/'!/#&2-!#HO(F'/!-(M0/(-!H3!
L&$,2S02-J!U'!0/!,!4#)$!#4!],()#%L#2(]Q!,!%0(F(!#4!L#++#N(-!
N##-!#)!H#2(!'L,'!0/!/%&2!,)#&2-!#2!'L(!(2-!#4!,!+(21'L!#4!
)#%(! #)! 'N02(! '#! %)#-&F(! ,! FL,),F'()0/'0F! NL0)+021! /#&2-J!
KL0/! 2(N! -(M(+#%$(2'! #4! 'L(! H&++)#,)()!N,/! -(M(+#%(-! 02!
F#++,H#),'0#2! N0'L! ^,)S! ^F",H(! NL#! L,-! ,+)(,-3! H((2!
N#)S021!#2!'L(!02'()4,F(J!KL(!d&++)#,)()!02'()4,F(!4(,'&)(/!,!
,! /+0-()! %#'(2'0#$('()! 'L,'! %)#M0-(/! 'L(! F#$%&'()! N0'L! ,!
-,',!M,+&(!)(%)(/(2','0M(!#4!L#N!4,/'!'L(!d&++)#,)()!0/!H(021!
/%&2!,)#&2-J!
Sound Design 
5/!,!40)/'!0'(),'0#2!#4!/#&2-!-(/012!4#)!'L0/!2(N!H&++)#,)()Q!U!
,''($%'(-! '#! F)(,'(! ,2! (+(F')#20F! M()/0#2! #4! 'L(! #)0102,+!
/#&2-!,2-!L(2F(!F)(,'(-!,!%,'FL!71..+4-+*+! 'L,'!4(,'&)(-!,!
+#N!)0FL!-)#2(!NL0FL!N,/!'0$H),++3!$#-&+,'(-!H3!'L(!/%((-!
#4!'L(!/%022021!#HO(F'J!KL(!/3/'($!N,/!M()3!)(/%#2/0M(!,2-!
N0'L!/&FL!,!%L3/0F,+!F#2')#+!#4!'L(!/#&2-!e&,+0'3!N,/!e&0'(!
(21,1021J!
U2! 'L(! 2(P'! /#&2-! %,'FLQ!8.4-!! $#)(! (+($(2'/! #4! $&/0F,+!
F#2'(2'!N()(! &/(-J!5/! 'L(! /%((-! 02F)(,/(/Q! -044()(2'! 2#'(/!
,+#21! ,! /F,+(! ,)(! %+,3(-J! U2! 3"-&#$%! 'L(! H&++)#,)()! %+,3/!
'L)#&1L!,!/(e&(2F(!#4!2#'(/!,'!,!'($%#!)(+,'0M(!'#!'L( /%((-!
#4! 'L(! /%02J! KL(! /#&2-! &/(-! 02F#)%#),'(/! ,! /')#21! (FL#!
(44(F'! ,2-! ,/! 'L(! /%((-! #4! 'L(! H&++)#,)()! 0/! 02F)(,/(-! 'L(!
/(e&(2F(!#4!2#'(/!$#M(!02!,2-!#&'!#4!%L,/(!N0'L!(,FL!#'L()J!
d#'L!'L(/(!/#&2-!%0(F(/!N()(!0$%)#M(-!H3!,--021!/#$(!#4!
'L(!'0$H)(!F#2')#+!&/(-!02!71..+4-+*+9//#!'L,'!2#'!#2+3!N()(!
'L(! $&/0F,+! 2#'(/! FL,21021! ,+#21! 'L(! ,P0/! H&'! ,+/#! 'L(!
e&,+0'3!#4!'L(!/#&2-J!
!

 
fig 2. Collaborative Pieces : 3 bullroarers  
Collaborative Pieces 
U2! 'L0/! 2(P'! /',1(! 'L(! ,0$!N,/! '#! ',S(! /#$(!#4! 'L(/(! 0-(,/!
,2-! /',)'! '#!N#)S! '#N,)-/!%0(F(/! 'L,'!,++#N!%(#%+(! '#!%+,3!
$&/0F! '#1('L()J! f(2F(! N(! H&0+'! $#)(! H&++)#,)()/! ,2-!
-(/012(-!-044()(2'!(+($(2'/!#4!/#&2-!4#)!(,FL!#2(J!8.4-!/:/
&/(/! 'N#! M()3! -044()(2'! /#&2-/Q! #2(! e&0'(! /#4'! ,2-! -)#2(!
+0S(Q! 'L(! #'L()! $#)(! /L,)%! ,2-! %()F&//0M(Q! H#'L! N0'L! 2#'(!
/(e&(2F(/!L,)$#20F,++3! +02S(-! '#! 'L(!#'L()J!;#&24/ ',S(/!0'/!
+(,-! 4)#$! (+(F')#20F! -,2F(! $&/0F! '#! F)(,'(! ,! $#)(!
F#$%)(L(2/0M(+3! )L3'L$0F! -(/012J! R2(! H&++)#,)()! F#2')#+/!
'L(!)L3'L$0F!-(2/0'3!#4!,!/0$%+(!-)&$!'),FS!#4!S0FS!-)&$/Q!

/2,)(! -)&$/! ,2-! L01L! L,'! F3$H,+/Q! ,2#'L()! F#2')#+/! ,!
)L3'L$! '),FS!$,-(! &%! #4! %)(/,$%+(-! %()F&//0#2! '),FS/! #)!
bH)(,S! H(,'/c! ,2-! 'L(! 'L0)-! $#-&+,'(/! ,! 40+'()! (44(F'! #2! ,!
-0/F#!H,//! +02(J!5++! 'L(!$&/0F,+!(+($(2'/!#4! 'L(!-)&$/Q! 'L(!
H)(,S!H(,'/!,2-!'L(!H,//!+02(!,)(!/32FL)#20/(-!'#1('L()!,2-!
/#! 'L(! H&++)#,)()! %+,3()/! ,)(! ,++! %+,3021! g! $#-043021! 'L(!
/,$(!%0(F(!#4!$&/0FJ!

Hit! 
U2! f0'h! U! F)(,'(-! ,! /()0(/! #4! #HO(F'/! 'L,'! (,FL! %+,3(-! ,!
-044()(2'!FL&2S!#4!$&/0F!NL(2!L0'J!KL(/(!FL&2S/!F#&+-!H(!,!
H,)!#4!,!-)&$!H)(,S!H(,'!#)!,!/L#)'!$(+#-3!%L),/(!,2-!N()(!
,++!-(/012(-!'#!N#)S!$&/0F,++3!'#1('L()!02!'L,'!'L(3!N()(!,++!
02! 'L(!/,$(!'($%#!,2-!S(3J!d3!F)(,'021!,!2&$H()!#4!'L(/(!
#HO(F'/!/$,++!1)#&%/!#4!%(#%+(!F,2!%+,3!$&/0F!'#1('L()!02!,!
4&2!N,3!N0'L#&'!L,M021!'#!S2#N!'L(!-(',0+/!#4!L#N!'#!%+,3J!
KL(!/0$%+0F0'3!#4!'L(!02'(),F'0#2!#4!L0''021!,2!#HO(F'!'#!1('!,!
/#&2-!%+,3021!0/!#M()F#$(!H3!'L(!$&+'0%+0F0'3!#4!#HO(F'/J!U4!
,!%+,3()!1('/!H#)(-!N0'L!#2(!/#&2-!'L(2!'L(3!F,2!$#M(!#2'#!
%+,3021!,2#'L()!#)!')3!%+,3021!'N#!#)!'L)((!,'!'L(!/,$(!'0$(J!!

Stretch! 
9')('FLh! (M#+M(-! ,/! ,2! ,''($%'! '#! H&0+-! ,2! 02'()4,F(! 'L,'!
10M(/!'L(!&/()!$#)(!L,2-/!#2!F#2')#+!#4!M,)0#&/!e&,+0'0(/!#4!
'L(! /#&2-J! U'! ,%%(,)/! ,/! ,! %0(F(! #4! +,'(P! )&HH()! /L(('021!
/')('FL(-!,F)#//!,!4),$(!N0'L!,!F0)F&+,)!F&'!#&'J!d3!%)(//021!
02'#!'L(!)&HH()!/L(('!02!-044()(2'!-0)(F'0#2/!,2-!02!-044()(2'!
N,3/! 'L(! /#&2-! F,2! H(!$,20%&+,'(-! ,2-! %+,3(-!N0'LJ!KL(!
9')('FLh!02'()4,F(!&/(/!@!+02(,)!%#'(2'0#$('()/!NL0FL!10M(!@!
-044()(2'! ,P(/! 4#)! F#2')#+J! KL(! 40)/'! 0'(),'0#2! #4! ,! /#&2-!
-(/012! 4#)! 9')('FLh! ,++#N(-! 'L(! %+,3()! '#! ,+'()! /#$(!
%,),$('()/! #4! ,2! ,2,+#1&(! /32'L(/0/(-!H,//! +02(Q!%)0$,)0+3!
FL,21021!40+'()!/(''021/!'#!10M(!/')#21!'0$H),+!FL,21(/!02!'L(!
/#&2-J! U2! ,2! ,''($%'! '#! $,S(! 'L(! %+,3()! 4((+! 'L(3! F#&+-!
F#&+-! $#-043! 'L(! /#&2-! ,'! ,! $#)(! 4&2-,$(2',+! +(M(+! U!
F)(,'(-!,!/#&2-!%,'FL!F,++(-!!4$*!02!NL0FL!'L(!@!,P(/!N()(!
$,%%(-! '#! FL,21(! 'L(! 'L)((! 4&2-,$(2',+! %)#%()'0(/! #4!
%0'FL(-!/#&2-!i!%0'FLQ!M#+&$(!,2-!'0$H)(J!52!,+'()2,'0M(!'#!
'L0/! N,/! $4#&*9/NL0FL! ,''($%'(-! /#$('L021! /0$0+,)! N0'L! ,!
NL0'(!2#0/(!/#&)F(J!
<"*$/=/!"#$>/4?/@*-A*$B/
U2! 0'/! 020'0,+! 4#)$! 9')('FLh! %)#M(-! 02'()(/'021! H&'! 2#'! ,/!
0$$(-0,'(! ,/! 'L(!H&++)#,)()J! U'!#44()(-!,!H(''()!(P%+#),'0M(!
/%,F(!H&'!)($,02(-!+(//!%+,34&+J!9#$(!#4!'L(/(!N(,S2(//(/!
N()(! ,--)(//(-! 02! ,! %0(F(! 'L,'! U! ,//($H+(-! 4#)! 'L(! *#3,+!
"#++(1(! #4! 5)'! -(1)((! ,22&,+! /L#NJ! Z:L(2! U! 'L02S! #4!
f(,M(2j[!'##S!'L(!/,$(!-0)(F'0#2!,/!'L(!H&++)#,)()!%)#O(F'!
H3! ')3021! '#!-(M(+#%! 'L(!9')('FL! 02'()4,F(! 02'#!,!%0(F(! 'L,'!
F#&+-!H(!%+,3(-!H3!,!2&$H()!#4!%(#%+(!/0$&+',2(#&/+3J! U2!
'L(!/L#N!@!+,)1(!9')('FL!%,2(+/!N()(!$#&2'(-!,/!%,)'!#4!'L(!
N,++J!=,FL!%,2(+!')011()(-!,2-!$#-040(-!0'/!#N2!/#&2-/J!U2!
,--0'0#2! 'N#! %,-/! F#2',02(-!N0'L02! 'L(! %,2(+/! ')011()(-! ,!
$#)(!%()F&//0M(!'#2(Q!'L(!2#'(/!4)#$!NL0FL!,)(!+##%(-!02'#!
,!)(%(,'021!%,''()2!NL0FL!/+#N+3!-0(/!,N,3J!
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CONCLUSIONS 
A Rich Space 
KL(!$#/'! 0$$(-0,'(! F#2F+&/0#2! 4)#$! 'L(!N#)S! 0/! 'L,'! 'L(!
/%,F(!H(021!(P%+#)(-!F)(,'021! /0$%+(!F#++,H#),'0M(!#HO(F'/!
4#)! 'L#/(! NL#! 4((+! $&/0F,++3! 02(P%()0(2F(-! 0/! M()3! )0FLJ!
a0)/'! '0$(! &/()/! )(/%#2-! M()3! (2'L&/0,/'0F,++3Q! N0++021+3!
%+,F021! 'L($/(+M(/! 02! %()4#)$,2F(! +0S(! /0'&,'0#2/J! >2+0S(!
$&/0F0,2/! NL#! N0++! ,%%)#,FL! 'L(! #HO(F'/! ,/! $&/0F,+!
02/')&$(2'/! 'L,'! -($,2-! H(021! $,/'()(-Q! 'L(! 2,kM(! &/()/!
)(/%#2-!H(''()!'#!'L(!%+,34&+!e&,+0'0(/!#4!'L(!#HO(F'/J!
Collaborative Systems'
KL(!/(F#2-!F#2F+&/0#2!0/!'L,'!'L(!$#/'!02'()(/'021!-0)(F'0#2!
#4! 'L(!N#)S!N,/! 02!F)(,'021!(2M0)#2$(2'/!NL0FL!,++#N(-!,!
2&$H()!#4!%+,3()/!'#!F#++,H#),'(!02!%+,3021!$&/0FJ!5/!N0'L!
$,23! $&+'0! &/()! F#$%&'()! 1,$(/! 'L(! 02'(),F'0#2! H('N((2!
'L(!%+,3()/!H(F#$(/!(e&,++3!04!2#'!$#)(!0$%#)',2'!'L,2!'L(!
02'(),F'0#2! H('N((2! %+,3()! ,2-! 'L(! 02'()4,F(JKL(!!
'(FL2#+#13!)(F(-(/!,/!'L(!%)0$,)3!4#F&/!,2-!H(F#$(/!$#)(!
,!F,',+3/'!4#)!/#F0,+!02'(),F'0#2J!

Future Directions 
KL0/! N#)S! /&11(/'/! ,! 2&$H()! #4! %#//0H0+0'0(/! 4#)! F)(,'021!
%L3/0F,+!(2M0)#2$(2'/!02!NL0FL!%(#%+(!F,2!,F'0M(+3!(P%+#)(!
'L(!2,'&)(!#4!/#&2-!,2-!$&/0F!'#1('L()J!9&FL!(2M0)#2$(2'/!
-#2c'! 2((-! '#! H(! '(FL20F,++3! F#$%+(PJ! U2! F)(,'021!
F#++,H#),'0M(! '#3/! 'L,'! ,)(! /'),01L'4#)N,)-! '#! &/(! 'L(! H(/'!
,%%)#,FL! /(($/! '#!L,M(!H((2!/',)'! 4)#$!/0$%+(! ! 0-(,/!,2-!
'L(2! ,--! F#$%+(P0'3! &2'0+! 'L(! (P%()0(2F(! 0/! /&440F0(2'+3!

(21,1021J! KL0/! F#$%+(P0'3! F,2! H(! -(/012(-! 02! 02! $,23!
N,3/Q! N(! F,2! F)(,'(! $#)(! '#3/! ,++#N021! $#)(! %(#%+(! '#!
%+,3! '#1('L()! #)! N(! F,2!$,S(! 'L(! /#&2-! #&'%&'! )0FL()! H3!
H&0+-021!$#)(!+,3()/!#4!/#&2-J!!
!
TECHNICAL DETAILS 
KL(!%)#O(F'/!-(',0+(-! 02!'L0/!%,%()!N()(!-(M(+#%(-!&/021!,!
M,)0('3!#4!L,)-N,)(!,2-!/#4'N,)(!,%%+0F,'0#2/J!KL(!%L3/0F,+!
02'()4,F(/! N()(! H&0+'! &/021! ,! M,)0('3! #4! /(2/#)/! 02!
F#$H02,'0#2! N0'L! ,! d,/0F! 9',$%! <! $0F)#F#2')#++()J! KL(!
d,/0F! 9',$%! %,//(/! 'L(! /(2/#)! -,',! '#! ,! ^,F02'#/L!
F#$%&'()! )&22021! 'L(! ^5l! $0-0! %)#1),$$021!
(2M0)#2$(2'J!^5l!N,/!&/(-!'#!%)#F(//!'L(!02F#$021!-,',!
02! )(,+! '0$(! ,2-! 1(2(),'(! 'L(! $0-0! #&'%&'! '#! F#2')#+! ,!
2&$H()!#4! (P'()2,+! /#&2-!$#-&+(/! 02F+&-021!,2!RH()L(0$!
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