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21A171+= 7F8] H7F Awjske AlZdolet & 4 ok 17k M= 98k
Lokoll A A% 7] Alzbete] QIZE P Eol ¥

Al AT-E 7] AA AL, AL AR Jols FHZolle ke A A7 =
g9 HEoR ¥ At g5 @A48HJn. =3 Vs wddd oo
PET(H A W= w&#9 Positron Emission Tomography), MRI(7] &
2 Z7]1-8" 3, Functional Magnetic Resonance Imaging), EEG(> &
%, Electroencephalography) 59 H 934 Fd<s 2 ¥ 4= 5%

fon ol kel ¥ BEo] #@ el AR AN oldd @

oz

S waow ¥ FF AW vt A7 (neuro)ol ek wolzt 3
FALE HEHUA T Rokol st ¥ BHo| BI ATE PRI}
Aol A717) A ol omAe ARBEA 2R 2F T
A AREE Wl MM SO FoF WelAE ek A9} gyow
Ael GA Hdeh,

Sof Hopol M MT gofel HEH AL SAAANZIAI Fosh &
o} E8 Fokolth, AAE oln] AFHL Q= 4EL FHoE U
4, AATEA A 022 EgE S AES BAHT 34 Fe
AFA] #84 ZWNA o] FolAE Mo wgd wa Pysm 9
B AR Bob A AFAe] Fol FELF, Soto] BEH AvE @
3ol B E S e FAM WS, Sote] o] wge] vx:
GF 5 AFAeH AR Het He) BE PR w7 ARE E
W2 Sobs Abgstel e Nmsta ek

1) M.H. Thaut and D.A. Hodges, The Oxford handbook of music and the
brain, Oxford University Press, 2019, 87-234.
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1931-2009)3 2F=t7} FA]) (Alvin Lucier, 1931-2021)¢] whdolt}l 2%
< v A s W FAdHE ¢uI(Alpha wave)E A S
(sonification)ste] 2tF O & BHAIAIZTHA) F Aol = o] AF o]F M ut&x
483 AAAd A=rkE #UEEAAS), o ZAlE(David
Rosenboom, 1947- )¥} E}o] €lul3-(Richard Teitelbaum, 1939-2020)°]
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2) 919 &, 693-802.

3) Bart Lutter and Peter ]J. Koehler, “Brainwaves in Concert: the 20"
Century Sonification of the Electroencephalogram,” (Brain, 2016),
2809-2814.

4) Lutter and Koehler, $1¢] &, 2811-2813.

5) Douglas Kahn, “Alvin Lucier, Brainwaves,” FEarth Sound FEarth Signal:
Energies and FEarth Magnitude in the Arts, (California Scholarship
Online, 2013), &4.

6) David Rosenboom, Extended Musical Interface with the Human Nervous
System, (International Society for the Arts, Sciences and Technology,
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(Music for Solo Performer, 1965)9} 1 HE o] ZA&E9 (Ko
k= Ao theted) (On Being Invisible, 1976-79)3 <(Ho]x &= A
of dale] 20 wWEolA AFH T A wake= 3| IE o) (On Being
Invisible II: Hypatia Speaks to Jeflerson in Dream, 1994-95)°]t}. ¢
o F A7tE B =Y o w 42 olfe v . FA ¢
EEG HlolHE Itz Agsst Zog o
S HoFEthD AARoR »¥E AdAHE HIes
o~ (neurofeedback loop)E WHEW, oleld 3
Huto] meEwe ydto g Ag WIE v
24 w50l #ZAEol (FF AFAE A 5o O]‘jr.
o] ofoltjo]E 7FAaL T WHE = ¢
53t @ AFste] st sEls whsEol 297 Afde o
2 yolrtaa g, old FAl = HuE 83
Folzk, ol & ARE R T a3 A= AeuizdstA w3

el Alxe  dA olFoAE  H-FAFH ot AEH ] (
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7)  Eduardo Reck  Miranda, “Brain-Computer @ Music Interfacing:
Interdisciplinary Research at the Crossroads of Music, Science and
Biomedical Engineering,” Eduardo Reck Miranda and Julien Castet Edit.,
Guide to Brain—-Computer Music Interficing, (London: Springer, 2014), 3.

8) Joel Eaton and Eduardo Reck Miranda, “On Mapping EEG Information
into Music,” Eduardo Reck Miranda and Julien Castet Edit., Guide to
Brain-Computer Music Interficing, (London: Springer, 2014), 232-233.

9) H-AFH 2 < EH o] 2~ (Brain-Computer Music Interface, BCMID) & | ¢
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2047 FWRE HAAq o wE HolHE &
FeatAol A FEES wolgrhy) ot We %

wokol A sl AlFelHA] o]F AY Soto s Fo] dojuyw
Aol 7lEs HESH] AT o] Ao = WA B =golA tF
1A k= FEolA F8¥+= EEG(HAE)9 ¥ 3 (Brainwave)ol] o gk

NS Asetaar gk ole g Hukrp 204171 Fukel A3t A S
&3l AFES @ JALE A Ecte] wRIY=W FobA] olg A S e
A aFZetazt oy, aga Ry =W Sokal g Eo] 214 7]d &utel
A AFHE Qe H-AFEH < < EH o] 2 (Brain-Computer Music
Interface) ®oFs 1 Z&ta, wpx]gro g y= Ajxwo] Jdd HLs

= |22 Eoprt ofd FRy=Y Sotow

ol
&)
Wl =stazt g

0,
i)
B

o

B =idA uaFe AEse] 9 AR Wi ol 2440 &
Z BA 3 =olo] Sol7r)o] ok EEGS Huto] #3 7|2 pds A

Wy uA oy a8l Hurh o 9A ALYt al Fofel] AREE A=A
AAbH o7 Fe Ak g

EEG(electroencephalogram: 3}, electroencephalography: > % %)+
FHE st wde AV14 &l Hu, aga Ho A4 &F

& ZIFske A7 e 54 i HHdEE 2 n [2-01] H el

]

O+

13) Lutter and Koehler, “Brainwaves in Concert: the 20" Century
Sonification of the Electroencephalogram,” 2809.
14) Lutter and Koehler, 19 =, 2809.
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15)
https://worldshapers.org.uk/2022/08/15/routine—eeg -vs-longitudinal ~eeg -~ wit
h-video/ [20223 11€ 18¥¢ H <.

16) AR 3, 43, FiF, AWd, THgel gRI=ge] os, | (o}7hdlH]
o}, 2021), 35.

17) Okuma, Matsuoka, Ueno, A A}<=, Matsuoka, Hiro, and Ueno, Takasi., %
AbE &4, TH 39S step by step QEH Al4TE, (A= AL, 2007), 2-3
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[2702] EEG 24¢ E3) 2 5 & 391

18) 33 o]n|x &L https://en.wikipedia.org/wiki/Electroencephalography
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Averager Y i \—\/"\/'/‘,",
\ /l \\ //
\\ ’4 \\ _ /1/
* \\ N ’
P2 P600/SPS
+5pv i 1 1 1 1 1 1 1 1 ]
500 1000
STIMULUS TIME (msec)

ONSET

[Z29H03] AHAAHHAHALI(ERP)E AWt 182

o @Al Ak FHA WS o HMx FFE 20479 94 F
d otk 1YL o] HuEe @

200 A7 3 9, fuztel wRa=we] os, | 174

21) Matsuoka 9], AAl+ 74, ¥ 335 step by step Y- Al43,,3.

22) Rosenboom, Extended Musical Interface with the Human Nervous
System, 36.

23) http://faculty.washington.edu/losterho/erp_tutorial.htm [2022 109 9¢ 4

=]
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o] Fo A Al =t} oo ¥ utel EEG A& GALE Rz g
Azre] HIE xAeHE AR FANATEYH AZRHAY. 27]d &
TE AYS B3 HHE SABEAa o]F Qe HuE T EsiA 9
Aolty. o3 HxY ANEE =9 N3 oAb H =7 (Hans
Berger, 1873-1941)7} <17t EEGES wAsto=zx 1 JAZE A1#EH A
th24) 1% 19299 HE 2 EEG(H A %)7F 1] 354 (non-invasive) ©. 2
1

L
Mo &5 o At ¥ FF S V5T Je= 7IAYE

)

th olE YdF P 7?%‘3] RS l?‘;ﬁoé](OCCipital area) F+3<S EEG =4
RS ] Yo AL HASY L oS Uyl (alpha wave)dt 3}
% T}.26)

WZ2A9 ¥y @AL o4 ¥ HolHE Ay sty 93 AtE
oA 7HAl H At 19343 At A A el griol A} Ay 427329l

=A 9 O]EFJOJ(Edgar Adrian, 1889-1977)& EEG H°|HE A
Zol= VeEs AgoR ARAYZD Ao ool =gl 1930 v

ol Z# A -@,“é 7](loudspeaker) & &3l dHolHE Agststod AT

ol WA Hshsh FY71EE AFA Aee] F2 ALFHA W
2% EEGE 9533 BA6l #x7t ux gus 13% wu Jn
L A% EEGE 53 993 5 922 nusgn® i 94 a7
A= EEGE &elststel Bt o] obd aeldE H%E ‘9 A2

24) Niedermeyer and Silva, FElectroencephalography: Basic Principles,
Clinical Applications, and Related Fields, 5.

25) Lutter and Koehler, “Brainwaves in Concert: the 20" Century
Sonification of the Electroencephalogram,” 2809. Alberto Novello, “From
Invisible to Visible, the EEG as a Tool for Music Creation and Control,”
(Master thesis, 2012), 1, #}<l-&.

26) Novello, #1¢ =, 1, A&,

27) Lutter and Koehler, “Brainwaves in Concert: the 20" Century
Sonification of the Electroencephalogram,” 2810, #<l-&-.

28) Lutter and Koehler, 92 =, 2810, #j<l-&.

29) Lutter and Koehler, $1¢] =, 2810.

_12_



&) AAsA ztro] =7 A" Aow B ol Al M}
2 22 A dA A& AZE BHS REdFE 583 Aow

EEG7} Rl G4 ox #& 2 7[5 5 Utk H3DA o8k fof
NA 2] W dHE Idd o F&shA AFE AL, EEGE T
oo oe Fofpnke] oy} oz Fopdll & FFE MY Fof
ol /] EEGE AF&3tA & AL F9(Edmond Dewan, 1931-2009)¢] A}
1MUY o] Z(Cybernetic Theory)32o]] gk HOoMHA HuZ o] &
Aol Azdls whsaak g Ao HE ot k2 19601 thH-E
ofo] #3F ATE Aoy AAIAL Hu 53] duus & <
o P9 Jlo] oo AL F F YA = AolA o vHoprt ﬂfﬂr <t
(brainwave music)®] ofojt]o] 2744 4=t 1 0}01‘401% 1 ko]
2k2r7F F A1 (Alvin Lucier, 1931-2021)& 1t
oz ARE  Hzxe ¥y 3}%% <Music  for  Solo
Performer>(1965)°]t}. o]= EZo|A & ZF oz FHoA ASH
= =] A

FAo S AE (FF AFAE AT o oF tdd Adot
Ap=2571E 0] A= s &8 FAFEC wERI=
(Neurofeedback) 98]l E &3538l7] A|ZelHA oA o] &yl AHZt4

H = -1
cue JwoR R ALHom v 2AT F I HA%H

o

ol
-

2
)

.

o

L
g
>
i
o
jﬁ
g
I

i

=

i

30) Lutter and Koehler, 1] =, 2810.
31) Matsuoka ¢, AL+ %7&, 'FH W% step by step YEFH A49;, 2-3
32) Aol U8 = (Cybernetics)= W2 shto] F3td §&7}sto= 7] A7}
5 s wolsolAY UE
A= AtolHUulg 2= FE X gstar
o G4, “AFA T 9 o=

)

AAFEHS] =R, 2019), 21-28. AtolHidlg A= 9 er)el e
7NA Abele] fapdol FEw A swlow FEEe ®oki, o 736&% A
olmulEl~e] Fo Fdoe] HArh AXNF, AFA T FAE &4 7

A ET (F st ekl HALEhe] =, 2018), 20-24,
33) Lutter and Koehler, “Brainwaves in Concert: the 20" Century

Sonification of the Electroencephalogram,” 2811.
34) Lutter and Koehler, 919 &, 2811, #j<1-&.
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1960 d diF-5 1980 th7hA]  FAlelE&  HAF= Efo]l &l (Richard
Teitelbaum, 1939-2020)2} Z A & (David Rosenboom, 1947- )o] 3=
283t Sobs FAFdgor, 152 EEGERY oyt tE AAl Azt

-
55Y ﬂ%s}o% T AEEE FAALD golw)
o

£ EEG 215l F7}gt}36
Aol A &k dEs ARgshs Aol o yolrh A7) o4,
wAE "ot oF Aol W w74 FoF AR
= A

7 9 Hvﬂr ELIR R ’\igr "o ] &
B s2 Weetts) 24w o] X—}‘E o] %o (FrH& =3 HEAY
%> (Portable Gold and Philosopher’s Stones, 1972)9} <(H.o]#] &= A
of Whsled> (On Being Invisible, 1976-1979)¢} & tiksl ¥ u s &
23l ZE S Mol 9
Hul 2ES Zarsk 204719 A ot ﬂoﬂ Htol o = E

(BioMuse Trio)® Habe mhe3 Mo de vhes 918 5o (Music
br Sleeping and Waking Minds, 2011)%} O]—‘E—(Joel Eaton)e] <(%]3l)
(The Warren, 2011)38) Fo] ut}, d=m A|xwls zHEo] 4 A2
AR St A oy AEA H'E S8 FEE0] H-AFH 5o

o1 &] #| o] 22 (Brain-Computer Music Interfacing, BCMI) #oF <t A 1}

to

35) Rosenboom, Extended Musical Interfice with the Human Nervous
System, 10.

36) Rosenboom, ¢ & 10, #|<l-&

37) Rosenboom, ¢ 2 10-11.

38) Miranda and Eaton, “On Mapping EEG Information into Music,” Guide
to Brain—-Computer Music Interfacing, 226.
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2. H-AFH S <A HFH o] & (Brain-Computer
Music Interface, BCMI)

A getel At A A U AEEE d4S WY
Z~(Brain-Computer Music Interface, ©]3d} BCMI)+&oF <}
Aok FERIE=Y FoF JA] ‘w9l ‘M)
el A BCMI =] groll x3telth, 1oy r=a=w 3

= € =
b gds e A ¥U F gtk 2 olfel s ol
1:01— [s]

.

R
©,
ly!
&,
)

oy
oo 9

1o
M
2

lo

f

i
lo,
ol

O

oo O Mt & o
o
=
@)
=

N A Rokel Aelsh FE WAL BI MR Oy PN FE
s golel Aos AWE F BCMISH] Aolge] oialx el
nA gt

-7AFEH L9 2lE ¥ o] ~(Brain-Computer Music Interface, ©]3a}
BCMD)+= -3 <13 o] ~(Brain-Computer Interface, ©]3} BCI)ol
A FAE Fokolth 4 BCIx A4 22 ¥ &% —%Z—}% sl 9
B o4 E xﬂoas}—e ARAQ WAYEE ATFoZA AA ] Fo)r}
Ae AE Hxste ARA FEAHASRE wWEA AFAsia

O
-

o] =
AT
th39 =, 7} *iﬂﬂ EAdolehs Hol Fokatel e 49
$A7F ol wmstaiat ek AE HEN P ¢ A st A2H
Ao}, w3k ¥ FE Akl g RE dolHE AFEHY} A4

}

]

4 mAow AT ALHE o Hoprl et AT

e
& F{E
-5,

P o

o]

Oft
2

e M2y 49 dolgE B8 Ause /AE A
%o WAL BER PR o]g e ME o] §F Nzt FA
)

18 BCIolAM = v 52 Wl EEGE A SstH 4D 1970d ) =

o 2 o

N

BN

39) Ramaswamy Palaniappan, “Electroencephalogram-based Brain—-Computer
Interface: An Introduction,” Eduardo Reck Miranda and Julien Castet Edit.,
Guide to Brain-Computer Music Interfacing, (London: Springer, 2014), 29.

40) Eduardo Reck Miranda and Julia Castet, “Preface,” Eduardo Reck
Miranda and Julien Castet Edit., Guide to Brain-Computer Music
Interfacing, (London: Springer, 2014), xi.

41) Palaniappan, $1¢ =, 30
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o oleldt Aol v dl&o® A8 AL
S22 AEe] Sob Rope] A&® Zlo] v BCMIH-AFEH <
FolE o) 2ol T o] Hop: oAl ARA BAdA Wolup WA gof

2g5a vk Izt H 2 FHE FAIH= HolM BCIY
o

JO

o
=
2

Ade iz AAs AgsA, o)zl oprlE AFsE An HE
A7 FA4e FASE A% 2e PHoR AFHTE Zolth ey
H7h g0k % @ Aol A Ak oae] gk Aol oy e} Y
g 289 MAUZY /%ol 2L DFo] A7/ AAHL Yk 2
R o] Rol= M ol §3 Lo AFe| e Sobd 4] L s
s e

BCMI+= ICCMR(HFH =9 dAAE st g4 AlE,

Interdisciplinary Centre for Computer Music Research)ol A 3 %A

3
AW AA =] ZEim A gk al(Plymouth University) al<=ql v
tH(Eduardo Reck Miranda, 1963- )& T o= &@at =25 )
o ovdds B Ay E 9 He AFHE dAse] &5 AMEEHA
oril AFetE BCMI-PianoE /M2atgla, © volrt o AFEHE &
ot wof A2 AEH ol olF = AaFle dTtekar vk ER 20
A7t ol FolHd Hub Sty vEA A8 dags AR UF
HA oW H S oW FofA v o] dHEA=A AAIRE At
A ZES FAE VR gk oyt ¥ oo} ‘u e Al ~'’S AFe &
ofell A Bloju ‘'S AdAwtAow Fof Fatd &&= e BF X
#3to] =0 & olFolurta vk Ed FobH #AF 1 ZEe] oW
o s il d=Add W BHETE vled £40 FE olEH.
24 BCMIE 738t Stas2 7e4d)] SHodA HE 283 2+
o] ol Waow FAE Qi AFE =T ek ol s HT A

42) Eaton and Miranda, “On Mapping EEG Information into Music,” 222.
43) Miranda, “Brain-Computer Music Interfacing: Interdisciplinary Research

at the Crossroads of Music, Science and Biomedical Engineering,” 1.
44) Miranda, 919 =, 2.
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3. 729 =9 2o (Neurofeedback Music)

A= Ao Al nlol o u=wl Lok (Bjofeedback

H, BCMIZF = ¢ AFHE 283 5o 4Fs

THdste Fokdte Aol a5 AFR WE ARSI AlA
o2 Eo7HA "ok 12y BCMI oke] 573 #3d

AREE weof AdE v A|AHS ALESThE H4)e A BCMI EoF7F
o

o olFojAt FEIEY Fobe FHoz A

A oodl ZA7E J=AE LEe s

483t oo rRy=wWolgh=s Fofd e aFstazt gn
A FAC 9L 2AlE o] AES whol ey =) FotolEl Hd o AME
= Hio]l & ¥ = (Biofeedback) el 7HE5-H Holof gt} nfo] 2 (Bio)=

Aol W FolA HAsk= AzE onsta, = (Feedback)> A

W2 gl Eokets Solthde) o)Ay o5 A=ol AAl gHzpe] v

9 =A% 1 A )
S Aol F YAE vt=E X85S Aotk

o e} Rofol A A}

op
i)
[
T
=
2L
o F
el
I ©
)
1o
© 3
-z
2L
1
=2
2
i—";
pe
N
o)
jas
T,

45) Palaniappan, “Electroencephalogram-based Brain—-Computer Interface: An
Introduction,” 34.

46) D738l 9], Txge} FRul=wel o]s), | 290, AL

47)
https://www.mayoclinic.org/tests—procedures/biofeedback/about/pac—2038466
4 [2022d 3.
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N v}

hv s
=3

o

A}
Extended Musical Interface with the Human Nervous

Extended Musical Interface with the Human

System, 12.
49) Rosenboom,
System, 22.

N tE FA

48) Rosenboom,



n2 Ao AFEE S ARwe] FAE FAAdA AEstete] Erid
‘A3t A7 (neuro-)olebE B/ HOo® Sofrfof & Aot}

OEGH gRIENE FSRIVE? pRI =2 Ho] e vj=ule] 4
M-S 2ol Ad Aem AA 7FEd HolAd FA4H= HdE A
g Ho]evlEwle] dFow & 5 gl =

429 5+ A Aot oA W, ¥ volEE Fea 4F wd
245 Hshe} o5 AFae] Asgtgol dojun I 4 ol
22 Aolsta AAet 9% BAS WHATE Bae AU 9y 0E
of FRIEue] gojg Ho] Fmusu gotow B 4 grii ATA
= Aztg

500 Wz WsE  AER veles=wWe W o] 23 =ul(ERG

Biofeedback) 2.2 H-
293.

il
N
b
rot
£
2
o,
ol
fo

Fysle}l FRu=we] o3, |

51) Ao, “thz mEAR ¥ 4 drk 7 AF 5] ol Hs)”

(¥ <1, No.92, 2022), 16.

52) 75 ¢, Teshe} =y suwe] ojs, , 204



III. 2 EF a7

B Ao = 27 FA]9(Alvin Lucier, 1931-2021)3F 241 & (David
Rosenboom, 1947- )¢] jFEv = Sofs thFux 3vh, F Za7be
s Fof Aol ARE AREITE ol ZSE SrolM oW |yt
ARG E AL, ojd WA o ® FgEal 9lon, ojAe] sty = HAE AL
Zetarak dhvh ol v el = AR qroll A ZolE 4 Sle &4

SAS AvEA g

1. &9 FA]9 (Alvin Lucier, 1931-2021)

Hzxe ¥ xS A3 3712 dE FAlel= 20417 Rt
o Ay goto] 3 & 2 QEE HridEr 19 FAES dE5 A
ot ANEE &8 AoAAFY Al &ste] Hap &8R ofygt v=w
wo "HolZ Had Fof, FZ(oop)E °l&F o & I V=S A
2] #ZFe ALt AFgS HAg B FolA= FAY HugE &
| 2FE, (FF AFAE AT e (Music for Solo Performer,
1965)s AR 19 Fof A wEas Ayrt

1D &4 w7

FAll = 19319 7 =AM F(New Hampshire)2] 7o (Nashua) ol 4]
glolvttl vlo]l e UAEdE olu A9 FA 3 volAEQY o]
Y "ol A At 1o fd AES gofd 3 AT o] F 1954
doll o ddigtul(Yale University)oll Al & 8AHA Bachelor of Arts) St

g oua ke getde] QSR f3 FAH 43 sndug

= 1, =]
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U AgFdd FAlol= ALY FobA A= A Fev A
sto tiekdel] fJekgk A 1 who A}E T o]F Halitfo] A~ gl
(Brandeis University)oll A 19609 o3 4 AHa Master of Fine
Arts)2 EGetlth. FAld = o9 HAS vl F 29 st FH o
E  #38+3 (Fulbright Scholarship) .2 =ZulE o] g st o7 ==
(Luigi Nono, 1924-1990), & = (Pierre Boulez, 1925-2016) L& 1l %
3F-$-#l (Karlheinz Stockhausen, 1928-2007)¢] 3 o}¥rl2x= 29}
70 = ZaldA wEHA B Aol X (John Cage, 1012-1992)
o} 7 (David Tudor, 1926-1996)2] &2 oA 2 A4S FHU

Z2ulo| A Eol2 T FAo = 2l ~E#H A~ 7] (Neo-Stravinskian) 2=

e}

BAR A43e Am@A A4 gae tE el Ak AL /)
gomA $E 432 Fudth et navtel= tjgumelA F3
FEoR A sl HuA thA A3ekr] A

A= 1965l FAlol o] &3 Agolol Slo] Ak o] H= Ao
Hoj 2 Al At} 2% o 8HE F(the Rose Art Museum)ol A 7] A]
E ZUste] AF3E IA HHA, FAol= AolA e A (FF A
T2E A o) & o AelA sttt o] AFOE AN
A FotY 2 A H¥EA, I vE AP 5o A=artEd 3
aY olE 4

1 (Sonic Art Union)*‘l 1966\ o] A 315t
oAl HHoelgt ¢

>,
=2
r
o)
()
=
~
E
I'U>“
o)
10

shubazlel 4T3 el

53) Douglas Kahn, “Alvin Lucier, Brainwaves,” FEarth Sound FEarth Signal:
FEnergies and Earth Magnitude in the Arts, 83.
54) “Alvin Lucier,” ‘biography, http://condor.wesleyan.edu/alucier/bio.html

(2022 119 27Y <]
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Performer: Experimental Music Beyond Sonification,

19(1), 2014), 17.
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59) Volker Straebel and Wilm Thoben,
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=T e s : Heli AFAbe] gefol w
g gAEE duus Ba o 9 $2ol: Eolv|ghe] AES HH
* 2 98T AAA, ofd

| Eret] o) Addks A @

o 919k EEGE #2838 ozt Aejol] we thE A UrE‘r‘r}E‘r %
T GRS FAO T A AFer GdolHel, v A g e AT
Aol AFE (FF AFAE A 59 oln62)

FAN 7L H S Aol HEete] FEsiA | WAL vhe 2o
FAd = Ey8x F9(Edmond Dewan, 1931-2009)3F 7] #](John

2 "o} <Music for Solo
W2 Ty FAJol ] wE

=
grgil?_ar:},%) Feobe st~ FHe I+ 7] A (Hanscom Field Air

61) “Alvin Lucier - “Music for Solo Performer”(1965),”
https://www.youtube.com/watch?v=bIPU2ynqy2Y, [2022 119¥ 244 H<].
“Alvin Lucier Project 4/6 Music for Solo Performer,”
https://www.youtube.com/watch?v=31x_TGOCzvM, [2022d 11¥ 24¢ #
.

62) “Music for Solo Performer (1965) by Alvin Lucier - UdK 2018,
https://www.youtube.com/watch?v=cRRI1F80GYD4, [2022d 11¥ 24¥ #

4. “Music for Solo Performer,”
https://www.youtube.com/watch?v=2oHvikjarZE, [2022d 11€¥9 24¢¥ H<Z].
“Pauline Oliveros - Music for solo performer,”

https://www.youtube.com/watch?v=Ja_B7jluHWk, [2022\d 11¥ 249 #H<].
“Alvin Lucier: Music for Solo Performer (1965),”
https://www.youtube.com/watch?v=Q73ZbDhQsb4, [2022d 11¥ 24¥ H<Z].

“Music for Solo Performer by Alvin Lucier,”
https://www.youtube.com/watch?v=A_LSIMyFQCs, [2022\d 11¥ 24¥¢ #
=) “Music for Solo Performer,”
https://www.youtube.com/watch?v=A4aGiSwNy3Y, [202213 119 249 H
.

63) Lutters and Koehler, “Brainwaves in concert: the 20" century sonification
of the elcetroencephalogram”, 2811.
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64) Lucier, Reflections. Interviews, Scores, Writing, 21.

Alvin Lucier's Music for Solo Performer:

Experimental Music Beyond Sonification,” 17.
66) Lucier, Reflections. Interviews, Scores, Writing, 21.

67) Lucier, $12] =, 182.
68) Lucier, $12] 2, 307.
69) Lucier, $12] =, 182.

“

Straebel

65)

and ‘Thoben,
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[F2704] 1965 X ae AWl FAo o] (FF A5
49 % EEG A5 RF0

5 )

[2905] 1965%1 %13

70) https://www.voutube.com/watch?v=bIPU2ynqy2Y [2022d 10¥ 7

19651 A"l FA]o 2] <Music for Solo Performer> 4 3}
71) https://www.yvoutube.com/watch?v=bIPU2ynqv2Y [2022'd 10¥ 7< HZ].
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Gyt o] Wb ojwA AelstEs? (5F

A I
o) oAM= Belr|7F HutE A dtels 98-S B FAdE & A
= g2E, "2y, & Wolx =3 ARl #Hdo] w1 dotx 57
of &¥l F&HAe 2YrlE, 18l FAL Fol #HA 2 oot vzt
A2 s & AAE 712 o] AR AAFAT. 18y #
= A2 GAlel A A vEA uE 77 AREE ¢ AT o
gk Aol AzhE 19659 % A EES VIeem AEA FUF e A
AE} dE 5o, FEZHE (Volker Straebel)©] 2012 3¢ 234 H=d
¥ ~ €] (Haus der Berliner Festspiele)oll 4] 53 (== ?j—;,ix}% L=y
g 2o = Sl »ydd o] FRgE UE TS EJATHE0LL 5
2 20183 W& d=d st (Universitiat der Kiinste Berlin)2] 4 ol
A AFIE u A tE FAS Bl [3202].

1965 Al FAJo ] (FF dAFAE AT 5o A

o
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A 1), 1670 9] oF-E

< 7o 29A 1670 (HoE A Fo] 12emQl A)
o]~ =& 27|

o 2ol =3 27

o HIyY 27

o A= 2

o« Edto|d= 27

o BHH 17

o = EFE} 17)

o A2 A 1A

e W= Folx 1Y

o AUAE HE 5 9
e 2IAE IS F 9
e CD Zdo]o] 171

Z 4y

2 FolwA 44 1)
F&A] 2A71% 1)

[201] HEMe] 20123 (5% AFAE A 4o AFeNN AgH
o

o A 17, 16709] o}

o 2o FFol A4A 167 (AV]E )
o o] =7l 170

e 2Ylo] =7 37

o A= 270

« Edtold= 17W

o B 17

o HE 17

e I¥WE Folx 1Y

o 2FAE @S F A F FolF:A A 1
o AVAZ FE F UE FEAY 2dU7E N
o W oY )

o HAl 9 He Erlo],

e Hulo g wtEon Z+F Hu

« Zetry ¥ 3| 9 ZFeprY X E

72) Straebel and Thoben, “Alvin Lucier's Music for Solo Performer:
Experimental music beyond sonification,” 24. o|&= FA|ol ¢} A A}l ol
Mg FEl RhEoxl o] HEolth

73) https://www.youtube.com/watch?v=cRRIF80GYD4 [2022 11¥ 24¥¢ #
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o717 AFE-E At
74) Lucier, Reflections. Interviews, Scores, Writing, 306.
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2] A=E wel Fof 9ol fAET[2H06]. oA
o FAG 7 HAs B Aoln 196590 #Fo] Fabd Pale] oy )

A Z)Eolth EE Fol wjxWut ohe w5 o} $E7]7 o
o]
A

Q
[o N
o

2 ¥y A97E T e

o714 dHeolH= & A Hx, 1
AEo] Bet7|E w2 olAl gt oluf Holg ol afFst= dutu= vl
22 R9(8-12Hz) el A o] Fo A 7] wjwol] Fx3 7IAE F3 FEA
Aokt ™ =, F2E EEGE Sd 7|55 = 939 g gwo] A4ds ¥
715 B3 SZEYE 1 AF 28E 58 F JA "Hu olw HA
g TES S8 AASH FEV|) "dE=Y2A Q] 122(Tektronix
Type 122) 271 &2 H07]. 28l W= 312~ ¥ (bandpass

filter)?®) e} &folgfo] WA FH7|(hi-fi preamplifier)’)e} A& F%7]

(power amplifier)®& o]83s] A2 + A& HI dHolHE Ao
R W3 o)l BE AA7IoR UoE dFAe HiE FEA
713 &g gsty] 98 Aol AAzE s TF L A st e #g

75) Lucier, $1¢ A, 21.

76) W= 3~ ¥ (bandpass filter)= ZH 32 T Iy F22 EAHI
ARt FHA 7= 7]7]olth. dloly A AW “WiE “ﬂ—’l JJEi 7
https://terms.naver.com/entry.naver?docld=1844992&cid=50324&categoryld=5
0324, [2022 119 2590 7%,

10

77) A3 FE7)(preamplifien)= 3% N Aol ddE AMOoR AF A
59 24 % el weol A% Axsh A g ARE W] N3 AT
A el MARE FEZlClL dolw AAWH, HA FE0)

https://terms.naver.com/entry.naver?docld=1592645&cid=50324&categoryld=5
0324, [2022d 11¥ 25¥9 A

78) e T 7](power amplifier)= "¢l fxgtn® EglH, X %—%7]9} 7+
2 AoRRYH FHS Wwod 2IAE AUYE 5 JEE FTES =9
e TEANAFE 9ZE st 717lolnh dloly A AWMy “slejix”
https://terms.naver.com/entry.naver?docld=1845680&cid=50324&categoryIld=5
0324, [20223 11¢¥€ 259 HZEL
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[2907] BEZY 2~ B9 122(Tektronix Type 122)79

g AR el A 2L FER A

Fal AQECHIH08]. FAI60 7}

Model 4°]t}, olw] 237 ¢ddl UF whey] & me2a o)

se Aol Rold gow, IRFe] o] Yol FelA /B AT
SO

o A o] FA AAE 297 = 8789 A

23 #A (con-type speaker) <]A18D b) KLH Model 4
loudspeakers2)

[C1H08] a) & R

79) ‘dEZY A E}$] (Tektronix Type 122),”
https://www.recycledgoods.com/tektronix-type-122-low-level -preamplifier/
(20223 11€¥€ 17¢ HEL

80) Lucier, Reflections: Interviews, Scores, Writings, 184.

81) ‘A BeF 2~3 7} (Cone Speaker),”
https://kr.elementl4.com/mcm-audio-select/55-1240/woofer—8-clear-polypro
pylene-cone/dp/2827649 [2022\d 11€ 17¢ H<E]

32) “KLH Model 4 loudspeaker,”

https://www.catawiki.com/en/1/29464667-klh-model-4-speaker—-set ~ [2022\d
11¢€ 17¢ AL
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https://www.catawiki.com/en/l/29464667-klh-model-4-speaker-set

Al [FR01]E Zoleol ~FAY o] Hix S AR ad, Iyl
eSS T2 X Fuo ATl A% o714 Yo do

HE giel otz HE S XA (Analog Multiplexer)E %3 iEﬂ 7 e
HrzE AdAgt. HA e HYFAA A WEEa FFE TS A%
R 29AR olFdtt. ~29A= <ot C%‘:JJ(EEG 2} LC’#X})% =
Aol T3 Apo] A9tk 1965 FA A 7F 2 GAle] Fol A
of o2 TFHAX UANE 7] F7F B AL ek v R Fo 9 of
71 WA xR AF Al wel vkE 5 v [2709].83)
a) 19651 A 584
FAZE A3 EEG AFAE ZFegh Ao A5 90s dAle] Foott

stdel= gay, HA 2978, 2ol =3o] melt}

83) Straebel and Thoben, “Alvin Lucier's Music for Solo Performer:
Experimental music beyond sonification,” 24. =2 Az}l FEHH A
Fie] ot7] wiAE FAA 9 1966 % H o= tE AR AHST
AAHAFAP e M2 Foi7t A543 Fof 2 AR o]Fofx 7] "W
of AFAHEEG H#3 Alghe Fulo Tol, eetrle #9 giddoe=
T A T AM=sta Q)

84) https//www.voutube.com/watch?v=bIPU2ynqv2Y [2022 10¥ 7¥ #H<]
19651 A"l FA]o 9] <Music for Solo Performer> 2%},
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b) 20091 A58
FANZE Y o] WAEE WA, o] AF0] A3 6749 o
A}-8-3h s e,

c) 2018 <A 5-.86)
FANZE 29 o] A RS o Ak wE Fu PSR of7|ek Ayt

Folas T Fa S8R Ao eyl SR7F S8 AR E AT

85) https://www.youtube.com/watch?v=Q73ZbDhQsb4 [2022\d 10¥€ 7¥¢ H<Z.
el wlo] ARH(Steffi Weismann) 157, 2009 Zyjal Az wEH H 2~F
¥ & 22} (Sophiensaele Berlin 2009 Festival SOLOLALA).

86) https://www.voutube.com/watch?v=cRRI1F80GYD4 [2022\d 10¥ 7Y H<Z].

2018 &-3}7], Udk Berlin, Generatvie Arts class.
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2. do)lv= Z A & (David Rosenboom, 1947- )

2AwE 214171 5o 7 @A dEetal e e Aot
Zhap7bol . g Akelth, 1= 1970 tiel] o2 A FAd9] HE o]
HuE Sote] A& Fg7F F gk Wolth e HIE vheks Ao
2 83 AEFS Aoyl g 247 Al oy A3 A Ads
= EdE Hota HFY ZokollA A FA 2dd FA Vsess e
5] otell FEskaL

A E ZAEY] g Z5S T 19 4F oY 2 FAS
AHE S ZARe HuE 83 F FE, (Holx g Fd dg)
o> (On Being Invisible, 1976-79)3} <(XH.o]x] ¢+ Zo tlste] 2! &
&

o A AT Eol| Al Eet= S|IElol) (On Being Invisible II: Hypatia
Speaks to Jeflerson in Dream, 1994-95)% 431 1 EAS& uz3}

w4 #,

1 =<t w7

i

2AE 214171 AF Sos TR U= A dess 24
ztar7k2, A A Zrob=(The Herb Alpert School of Music, California
Institute of the Arts) Zr=ry} w42 A& Fo|t} 1947 w29 o}o]
9 95 ¥ o] F = (Fairfield, Towa)ol A Bloldt 1= 1965 Ao dn}
i & al(University of Illinois, Urbana) 2=r2}eol] §}gtsto] 225 wj
Az A ol B A S, HIFE #eH Aled, A4 s =28
Aot A" ol 28 5P vk sl dAes T olE A
218 Fotell  HEsItE  1968-69d o= &

University)oll A zpAl o] B S AdE 5 3l

o3t oS dusr ALl Fof AAE 5T 2

of gilxz E¢a JukH e AR, AOARA w= ol A
&

Ao HhE o] g gof, FuelES o] &3 Loty L AnE &

-

!
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oF Aol it el e AWt k.
2ARe 4% Age Tz 109 99z wal 2 wad 60
= oA F5E 8 gron owi:zw AFE 4

& 3
ool QIZF AA dHeolHE &835t7] AlZtstes /\]7]‘3]‘:} E3] o] A7
=%  (Fo& =3d HEAY =) (Portable Gold and
Philosopher’s Stones, 1972)3 <(H.o]x] ¢+ Zo| thsto]) (On Being
Invisible, 1976-79)e| 4] t}kdt #std AMA =3 7 E£E5S A4l &9
Z ofojtjojo] HEFoaN AFAFoAe] HFYH AMEH A=
Al vlol g Ewl A ~dle] FIhE HEHTE® T AEES HIiE S
gota, 3 9 volHE HiEH ZRads &8 Mshes Vs
2 szt

riot
o, o

1980 ol ofA = 70d e HA S AESA ookt 1+ Hio)
ey Axdlor S (FhE& =3 FIEAY = 2) & Fdl
SR B AFE S ARG orIE 2@t AEE oF7Id FA
(Touche)& ¥H3tal o] & Al Sotdd AE35t7]% st 7]E9] A
oAl A Aag Holx e Aags &8st

1990 ol Sy A= diztelet EHRbeE & R #Fo] e
Al ZFgar, olefgh Ade 2020 e S LEdtAE AlSE 1 E

Atk MIDI 7| B =s} &gl 2ea Abs Sl 7hed v=m
Alz~glo] gAjE o7& E&stiaA Loeet 2 5 Fo dA9 3o
S FAAY. o714 F=w AxE shed nlo] ey =wolal AAE ¥
g g8t 29 F wA2 70dde 90ddE AAH SoiE A
o] Al7]e] FHIATS AFoR= (HolA &= Ao dldte] 2) (On
Being Invisible II, 1994-95)7} Jow, % o#zt (o} (An/

2009)7F A

S B A% BES HUAE Atold wEAEAE FEHT

94) Larry Polansky and David Rosenboom, “Interview with David
Rosenboom,” (Computer Music Journal, vol. 7, No. 4, 1983), 40.
95) Polansky and Rosenboom, €19 &, 40.
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AUTE 1o wlolowEw Foto] #AF FAg A= F el AT Al

ot ¥ H ol (Extended Musical Interfice with
Human Nervous System, 1990/1997)2 %3 <17t AAAHRE L4
N2 dEste 2 A s AASHY 5o 2 AEe w9
Ne BAw 222 A2 F2d AAS F3etA] o = 7F
Hlagld ‘Al S-<F(Propositional Music)S A A|SFHA 214 7] YEF
g T A AR BFY 5ot i AlEA =ostar Ut o 7
A g yolrt HE AFE AbgstE #sty o&Ee] R A 5o, S

-

‘217 &-oF (Neuromusic) 0] 2h= A 2 FofZ o] A|E% Holi Ut}
oMY 1= Al Fo AAe AdPF AFE Zdes AR eR AH

A ekt dlewe FAE du=s As AEe AdREola Utk
[e)

o BB B v AFS A%sHn AW o},
s Z1A7 3 wAsta Asse e gohe ARHe ¥ 4 A

96) David Rosenboom, “Interactive Music with intelligent instruments - A
New, Propositional Music?,” (New Music Across America, 1992).
97) “CAS/MillerComm2023 - David Rosenboom -  Neuromusic,”

https://mediaspace.illinois.edu/media/t/1_3od7kfir/35316991?fbclid=PAAazZbZ1
wCklhWvt08I7¢ O1HPMwTSsILRPxbosWE3g-KzTuxVgbPefmGQLBPeA
[2022 12€ 1¥ HZ.
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2) <(HolR g+ A W34d) (On Being Invisible,
1976-79)

19761 =AlE AEA ot BAe uAHE Fof 789 #Fo] of
Z A (self-organizing) ¥ i 52l A~ #l(dynamical

system) 0.2 A EHE AES wEuA ok 28 A FFE ZFo] bt
2 (HolA &= Ao thele]) (On Being Invisible)©]th.%) <1
= WA 7] o] 2E2 1977d 29 12¢ EEES

o} M) & (The Music Gallery)oll A =A%t 3z o] zE& 27}
HHdoZ AW (Holx &= =) (Invisible Gold, 2000)100x} (] 3}
°}) (Brainwave Music, 2019)10De]] FExo] glow =T 3E 13}
GE 2% FAH Stk a2y A 1977de ERECA 2dE &
1=

ofo] FEEol gom, FAE e dd WEH fxu xg

1oy

L

&oge

(Western Front)oll M 5% 2HEo] 250 Qlof F ARjol|M o] 233
< EF U8 EFY Fos wEour. B =EoAs AW (HelA
Ze B o FEE AES SAHSE AWstax I

(BolA k= Zlel diste]) o= EEGE welol F23 Fofatet
MIDIE Alejstar AXM7F F-28 vofesd dFsts AFA7 Sl &
2 5l Sdes #e Y] 2y Hag 52 AR 9
oA = 2ol o WEE= Hu] ARAAHEANE e, £
A HolHe dudss e w1, 5, 54 ToE WaHo &¢

o] &+ o] ME 12 ¢ UF Fo WY

= o]FolA vt HuE &EF7] "ol et 9l

il
2
>
ral
2
o
o

98) Rosenboom, Extended Musical Interfaice with the Human Nervous
System, 74.

99) Rosenboom, 9]¢ 2 79.

100) https://davidrosenboom.bandcamp.com/album/invisible-gold [2022 3 10¥
74 HE]

101) https://blacktruffle.bandcamp.com/album/brainwave-music [20221d 11¥
109 A&
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o el

=

-

A AL E AT
AN =5 ol
Q1 7ko]

oo} 2ol

(H.o]A]

o] glel A vhEhT [2910].
System, 79-80.

[e)

A3
102) Rosenboom, FExtended Musical Interface with the Human Nervous
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o small
filterlfenvelope inctraments
follower amd woice
o
>ﬁ filterfenvelope
J_f follower
EEG filterfenvelo
-Performer- f;];l;:;r pe
Sound Connection Matriz
h 4
r B N
Input Analysis
[}
151 Cormleation Function Computer
p
a ¥
¥ Fourier Analyzer
Touch Bensors “ 4
L l
- Minicomputer -

] Structure Control ]

Model of Perception (J—) Structure Generator

1 I

[Z2”10] 1976-77d 0l o] Foxl (HolA] &= Zlo tiste]) o] A 2gl103)

(o3

(BEGE FHelxte] Age pid £59 £ 559
o zpe] oA 2 dolg<l vty wely g

)
= 7o) el AWz 22 9 (envelope follower)&
)

o olm o] Al M &ot FATI|RTE ot

}01'

103) Rosenboom, 91¢] #, 80.
104) Rosenboom, $1¢] #, 79.
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AZHS 91ek A (overture)S RHEV] 9% Ao® EXSr105 T1E]

| A 2 & A2 ofr|et Ao F o flol EA gk

dolg e} Ale 92 wEg 2 (Connection Matrix)oll f=8HEH, 1 ¢

dy zke A 4 7 3FE (Correlation Function Computer) @b 2] o]

X (Fourier Analyzer)l00S 7 o ¢ o] AAHAY AFHE

Eoztch oluf HIrl HFHE HEE wf AL ¥ = A ~"E 57FA]
J

J @4E EFeT I

(1) A= A Alz=gld) 23 gobd 72 A4 vAYSE
2) AAE= oA T2 ol v @ A44 ads #4A
staL o =3 SobH A7 md

(3) Aty Faagss AA (A3 A

(4) A4A AA717](bioelectromagnetic) ¢} 71EF 4= 215 & 7HA|s}aL
=4 9 Ay 2+ A=

(B) Dok @) g Bro et (e AAlstaL (2)5 ilsh=
T3 Ao WAYS

=, HITE gtolA o] Fofx= daugF Al e 5ot 55 WwEeEX
S5 P47l e % Alof(Structure Control)9F T3 A4 (Structure
Generator) AlZ®lo] EAslH, EEGE H#3 FoAR=Z Ry d8F=
Holg = Wsalsly] st =zt E’_E”(Model of Perception) "lAYFo] &
Atk ole S MAUFTS 83 ool AT HeolHE FE3}ho

A BARG. M SdE TANE Su 24, ol Aol 2o

b 2
o
i

r\r n]

105) Z2AF3e] /M AHF, 2022 12€ 7. 2AlES (HolA] &
tato]) ol A dutul MErs} wWErs 7 ARRE A stou Sots A

o 5} g o 2 A4S Aolw AA So1s A= ARE AMEH A
HHAS ol wroleta T

106) =& 32 4] Fg o (Joseph Fourier)7} 5HE Eg] o] wWslo|t}, o] &
ofe] 3457k el At UiEe BEGE BadEon Falohs
golth, A48 9 Tz} rmusue] ojs, , 168

107) Rosenboom, FExtended Musical Interface with the Human Nervous
System, 5.
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3) <Ho]A ge Ad U3t 2: FHAA AFHSAA L3=
3| 9Elo}) (On Being Invisible II: Hypatia Speaks to
Jefterson in Dream, 1994-95)

2A - 19940l ol2 A et Egs we (BolA ¥e= A
of st 20 W&ol AHEAA Est=  d]3Eo}) (On Being
Invisible II: Hypatia Speaks to Jefferson in Dream)& 2Z}=13}$]t}.116)
o] Z&EL& 1995 K- 19973 7hA] dgl=o] dupr} 783 2~ (Uniersity of
llinois Urbana-Champaign)ell %+ ZHAYE FA  AE (Krannert
Center), 22 Ay ~ 7} ¥ ml%& A (Los Angeles County Museum of
Art), & W7l ZMEEMerkin Hall, New York), A7} ddjv] &
(Museum of Contemporary Art, Chicago) SolA 43¢ F8 o]
218 = A eh 1D

2HAEY (HolA g Aol diate] 2t wolA AHETANA Dok
s|gtE|o}) = Alskel FAMA QAES FATES A &9 gt A=74
ol AMALAQl S =l AFo|nhle) EFE MAle] HutE #4835
Sors Aggste] A2x~7 FA 3 =(self-organizing) dvbe]l oH e AE
S 23 Aoltp 119 (Holx = Ao tEte]) 9of e Aja"Hlow
=otol AN F e Hu AR sote] IAE olEve= A

=2

A Aol e At

o] esfete] W vhedt 2rh sstelolst Amee] BEA ofof
s W8S T % QB Aele] 4EHE mesel esidhel AaE

ol F ottt

116) Rosenboom, FExtended Musical Interface with the Human Nervous

System, 124.

117) https://davidrosenboom.com/compositions-19912000 [2022d 10€ 7¢ H
],

118) Rosenboom, FExtended Musical Interface with the Human Nervous
System, 126.

119) Rosenboom, 912 &, 111.
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Eulx A3 <&(Thomas Jefferson)1200e 712 f-1 3l
S 2 T Fo] B Wt o F otol A HEE Ao 28k}
Tejar dskApel sk =gjobe] 8| uE| of(Hypatia)l2Del Al Aol & =
A Ehiz2)
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H

120) Evl2 A3 <&(Thomas Jefferson, 1743-1826)2 W2l & o] H o]
o ZAare] of Aoz HmY AAR] Fo AR, 2l vae] Al |
golth, I+ AFE A A Q7F =2 Ftell A Ejolu; xpAle] el o gt

_

o X yp
!
mba:.:é'ér"“

Aog =& 7] AZAY. a5 3349 Jile] ARt Ao F
Sk 8ol @7 SPAART] xokS 23, WA Yolo A 1
st7] 9l a ia—?ﬁ'ir/}. 53] 178619 AAE Fuo AFE s
ZkA1 g o} “The White House - Thomas Jefferson,”
https://www.whitehouse.gov/about-the-white-house/presidents/thomas—jeff
erson/, [2022d 12¢€ 1¥Y #H<Z]. “History - Thomas Jefferson,
“https://www.history.com/topics/us—presidents/thomas—jefferson, [2022W 12
4 14 A5

121) 3]¥}Ejok(Hypatia, 355-415)= 18] A A wrebel s 3o F41A
ozt 7=, ok, fFuue] FuA FAAAY olJES] A= o}
(Alexandria)ol 4 A &std =2 ololt}, 2= 1 GA A A2 o] Zo] i}
A Fehatol 2t HEshar gl FaE WS "W on FES Algo] 1
Hel AAS w93 Ao ot 2y AEFHETFYE AFded, ole ©
Al B 7)) Ao g FElEo] rsuA EE FElo] o mfu=R
A EEo] sty It o] Aplo® S ItEol= FHHYXRES] A o|a F-A|
sk HA FWe A2 =y olo]Fo] HTh Edward Jay Watts,
Hypatia: The Life and Legend of an Ancient Philosopher, (New York:
Oxford University Press, 2017), 7. “Encyclopedia Britannica - Hypatia,”
https://www.britannica.com/biography/Hypatia, [2022d 129 19 .

122) “ On Being Invisible II (Hypatia Speaks to Jefferson in a
D r e a m ) ( 2 0 0 0 ) , 7
https://davidrosenboom.com/on-being -invisible—-ii~hypatia-speaks—to—jeffers
on-in—a—dream, [2022\d 129 1¥ #H<].
“ On Being Invisible II (Hypatia Speaks to Jefferson in a Dream),”
https://vimeo.com/240779375, [2022d 12¢¥ 19 H<).
Rosenboom, Extended Musical Interface with the Human Nervous
System, 126.

123) https://www.britannica.com/biography/Thomas-Jefferson [2022'd 12¢¥ 8
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Eloh7b A E T ot A= WMed &glse] A
l

P% AFHE d7 AZHAY DA Agehe sese] AR w
£ ade eAUE Bdde] 44 gx $A6 BaHez e
O oo AE tHe 92 HE= fae] e

4
of Wk ohel M HolHi: oe oA FANE AAsA Hrh

A=
d HE]

124) <(EolA &= Aol thstof2

> = A vu 2 (Vimeo)ol| 2ot A vk A
A Aol ofd AR FEuto] Y
VY

Aoty 53] ofF g 7|7t ARE =
T Al Axper)E ARESE Aol dlE AEed uid dA e EA S
A ¢k=1. “ On Being Invisible II (Hypatia Speaks to Jefferson in a
Dream),” https://vimeo.com/240779375, [2022\d 129 19 H<E] M 2
= AE A 2AETLY JIHFE 3 42 AHE EGQE #48& 3
)tz sl ZAl B sfel olE H, 2022 129 7Y.
125) ZA7e] 710 I8 F, 20224 12¢ 7.
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2AE2 flolA sobd dWe Aol o W dFAE F&
g o] &3 edet FAES wEs Ao A old mAE2 A
ARl gobs A Asl ved dAFA S5 Al Hu 471
711 EEGE #&3ste= Fofat 293 ofF2Y o] A=A 24, 5 ©
e w4dd g2EsS ¢lom slgEolel Ay ooy S st
= Yoy, 22lal Hue] HelHE &8skl hlz Wdsta v
A= wHE7] A% Y vyelE 24sks dFA 29 es FAE
CH3E02]. ojw) o FAE b7l & dFshs AF33 4= el wet ste
75 AFEE F ATHEO03] ol2A EE A= Fos FAs= b
Ta% ddE o, T AAtel 355 Folste sod AATE HA
ot

A2k 1 = 3} (3] 9}E o})

A2 2 3t (A9 =)

A2k 3 AAHR 225 W= 97

A2 4 A&H s 2dE e 97

A+ 5 L} o] ¥

AFA 6 & 7 A vH e

[3£02] <(EolA ¢+= Aol thsto] 2) oA AFsdhes AFA F5126)

126) Rosenboom, FExtended Musical Interfice
System, 125.
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A+t 1 ¥ 3} (3] 9tE] o}
AF2t 2 3 (A 5)
A2t 3 Gl e
A7 4 EHI
AT+ 5 Lef ol H
AFA 6 & 7 AFE 1t o

a) A s 7 ved
A+ 1 ¥ 3t (3] 3t o}
AF2 2 ¥ 3 (A 5)
A2t 3 EdA
A+ 4 EHE
A2 5 Lef ol E
AT 6 & 7 AFEE vyl

b) delzo] dutyt ¥ A AAHE T AH
AT+t 1 ¥ 3t (3] 3t o}
AF2} 2 ¥ 3 (A 5)
A2 3 MIDI 2 HE= Holx AFH,
A2 4 22H$x AgAtol A
AT+ 5 e ol H
A+ 6 & 7 HirH vHe
o) & Wz ZAEE

AT+ 1 ¥ 3} (3] 3HE|o})
AFA 2 3 (A 5)
A+2k 3 MIDI 2@ E Holx, AFH,
A=Ak 4 2232 AT Aol A
AT+ 5 Lol H
AFA 6 & 7 HrE vy

d) Al7ba dojv=a

[3£03] (Bolx e Aol tiate] 2> o AFA B2

(Holx| &= Aol tiste] 2) &= 1970d o] e (Holx &+

127) https://davidrosenboom.com/compositions—19912000 [20223 10¥ 79 #H
] AA AT AT AW glofar ZFEol AFgE olrwk gt
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Aol thste]) Bup FetHor v FAsiH. WA (HolA ¢ Flof
ato] 2) oAM= F B ARAAEAAE 22 ARE el A sAloll A
4o dgdoerd ¢ B2 Holy #g= S4F 5 A HAAR
i el A o] FojA= vt A=l tid AARdddAd = o gE2A
bl = We] EEG 2 Fojxke] dolE 7t olFor e wiol
OAAR Y SHE HEA du AS ol A2 dagFel dYH
= dolee] F9E dZdn) ol duyFHFe vhge s A o
233 295 e ¢ A 8 Aold
L3 HaE SAHSE F Aol AFEAA RN WA= &
YEFY Fdgle] ARE etk Aotk v= Al Ad"S ARSI
Z1el =¥ 7E A E A, 2ol Yz WdsEw, wgd Lerh g
EEGE F-#3 FojxtelAl sot&oaX e =Hus s =
A= ASsA IH= A2 HAodes A2e 228 weoidal, I
2ol sty o] F2Y o}y AFAs EuA AEE WAor AFeHA
H.
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128) Rosenboom, FExtended Musical Interface with the Human Nervous

System, 96.
129) Rosenboom, 91¢] #, 97.

It} Rosenboom, 912 & 89-91.

)

2 (Clang)°l & A ¥
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AF7A Hog 553 34 As2 Hi FAe 2w 2F
BAEAT a2 259 ZFE koA SAHEHE HgeE oF @7
A& N2 FIFE Fugon oA

At do & e

ks
u gotolel Yy ek o el @
2o sy geote o goby FelE AUn YET?
3 gebel o gxe] Aol vzl s}
AFAE olF HAERAZ FAY 49 29, vholov=y ot

M

artis)gh= Al 7FA] SHolA e}t g

1. Ha==2A 2 73E 949 47

th. EEGH = HAs24 5 F3

i
oAdel EAst=71? 52l
T tE gaew xdd :
= &8 ol "R, w9t A SA4S B
of olW onZ zt=x szt g
< =¥ (Francis Crick, 1916-2004)°] ¢

o
A2 2@ FddEna FA% ABDA S ¢ v WA o]

132) Zaa 93, AT AGe B AEE B, W davka ¢, 19
FA5e wolo] Ha shevhy , A &, 2021, 118,
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SARTE S B EAsa S0 e

=
olwl em AEarte] it 5L Doj
Al =
“ T

ol 4ol Aol Y= AAA 5 AAA ] #E =4 1
W oolRE AARE Aze Sebrid ad ol YEAAE A% ool <l
el JEol w Avkm Witk F 2E AR A, a9
29lo] AFolekn B Holth1n o] F g ladAE At
gt xgdg ko] olojx k. FeFE(Plato, B.C. 429-348)2> #2142}
A7te @ F QA WMEE GES A BAR Y7k aE o
S 37HA Aol el AALALE FEiE, o o4t A
g s, A gEE Ao, B3 Gl o4 By gl
shol Q1zk NG ole] Frl2 TRAYLD thee FepEe we 5
8 Al 7bA AR shed weld]h GES el glel Y Fask
2L mojZth =F ole@d FHL Bl A7k JE(VAE 4ol
Ho] 9m, RE AL ¥ FHoR oFolitk: oge] 2 thAl
T}.136)

AU R AN el Fo Bl el e AR
aYm e mE R4 B vgel Foz FYth e ad:

g o wae ddn wne. - aAe e zye wear

133) Giuseppe Santoro, et al., "The Anatomic Location of the Soul from the
Heart, Through the Brain, to the Whole Body, and Beyond: A Journey
Through Western History, Science, and Philosophy,” Neurosurgery, Vol.65
(4), 2009, 634.

134) Santoro, et al., $1¢ =, 635.

135) o4, “¥ o] oAb It 719 ] = 15e] 91" Epilia: Epilepsy
Commun, 2019(1), 8. Santoro, et al., $1¢ =, 635.

136) Santoro, et al., $12] &, 636.

137) Santoro, et al., $12] =, 635, A<1&.
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EEY FE Y= R ofg] 2 E ¥ 2~ (Aristotle, B.C. 384-322)+=
= Aol HE= AL AAolgta FAE T 13R)

O 2
A 7)ol H7F ofyEr Al dvkal FAskH 1zke] 9ol

= AAR Aoluh. 19 FH2 2vlds Al
ol kA% QIZke] A3} o2 FAlo] Mo A& AHJAA, Aol 2
v AJAA g FHEHE FHE 7 sty A FFor o]ox]
A EHAARE HA2F H7E o] ZIAIA Y AEdte AoR He Ao
EASA HAJAT. 2Yal A= oig2E" YA FAAS ags o5k
91 Zdl(Galen, AD. 120-216)°] °la] @< A ek ZaL st
ATE T3l G AXTE Hel At FREEH, A ALY A=
3 W7t AZS wsolfa, o AFowRE Y 77+S FHEHA a)
W, 52 220l A st 71#HAS FAGrhI o2 4 AT AHS F
g 2] 4 FHEY o A oBE& HFHA HIUTHI0
18A417] o] F-F-H+= °o§3ﬂr H, 5 oA wHof A dig B4 <
T7F A& o] Fol XA HATHD tggd AH ATES Abast <
A71s0l A F2 A7l wrolA dvkes FEel dis] wrESA T
53] ddlol] SojAA A & o= g A7) st BE A S A e
= WAAR EASe 1A B2 A EHS AU Al
71 (Steven Pinker, 1954- )& —?—aﬂ g2 Y AHE FR9
B S7Iv ddd Al e A olA] Fenda wet 7]
&0 FRME gl Lear ole dAe] FHEL 23 (Francis

Crick, 1916-2004)2] ‘=% 7F42’(The Astonishing Hypotheses)S 2 7|
o

age g4 (rh)e AN FuHdntn FFA F s 2

138) Santoro, et al., ¥¢ =, 637,

139) Santoro, et al,, §1¢ &, 637,

140) Santoro, et al., 912 =, 637,

141) Santoro, et al., 919 =, 641-642.

142) Santoro, et al., 919 =, 642, A&

143) Santoro, et al., $12] &, 642.

144) =33 L4 “A7F: A5 37 2HE
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, W EHoanpa 9] o)



by

°©

]

[e]

ehg THA i
4’ (The astonishing Hypotheses) % %

[RCCR
=

S
=

.

T

BR

o

o o H
e L =S ,
T - ol K m oR —
o) T W o, < X =y < %0
o I ) T o ®T A SR
= N py - o5, & ~ S o ol
e T o M Bl S -
= o =+ ol 3 Npw 1 o) i <0 ~r T < R - L
X0 T P E - A S B o= ojn ol ) g B & - K i
9 gow o= WX s . T W o B S r—
DN A < woar o o A M ok 20 W ) ~r <0 I A e e
vy mﬂ‘mﬂﬂﬂﬂﬂ_ N = X om B o JURC ;
oL A or R oy ) I aﬂ%iaﬂmﬁ% g E N
—_— file) ‘mﬂ — . ) I = 2
X mo @QJH@H kﬂ% WL@D_&.%W 3 S T %
N _— = I o = W = n | RS i
TSR = noS, o o cUp oR or X CoA 3} oo
T BT ° oo ™ wh o o B I
= < Mo A= ™ ~ Hoop = M = =
T N N T 5 0¥
s NGNS . 1o T T s B B 2 R
g T DI TR T ) W F T - =gy M
g ExdT I O oo X
2 — o] o NB " < o = o k7NN
T T OE N R T o2 X 7 o i)
B g B = R —_— g g
M T AR A - N 5l X 9 282 8
Moo ﬂrluﬂ%,%%é v der gou
U2 2akzer"g. X T T w Sl o
I ﬂ%&wﬁﬂ < _c‘ﬂ% m_.droﬁam*u_n__%%ﬂ 3 Hm ob |
=0 o o~ | e Moo — ~ oK owm X Mo W o|/ Qo 5B o o
,UI 1_._A.o X o_e R oR 0 ,UI o) ;i N E.D HT — £ E E._om -
o W oo =B oo N L -5 R - |
GREL ﬂﬁ%#%u%%z@@%ﬂwﬁ%i1 SELLES
R s 2o I L SR
N & o A I Nr o o NE Lo O O o o [
ﬂm ﬁ%ﬂ_@n@%iwﬂﬂﬁwmim%%ﬂanar%ﬁ WT.kp7ﬁwm
I o LN R o W o R oL oW A
o o, O pow N R R e L W |TET AT
1 o T oo T % S L% T o w R ER 0 = Tk
o om LT R Ko T TOW NT T W el S8l
o = ay Ko £ MR = S I TR o Tz ko B*
- T o i TN - Nk o o T Yy e Lo e
ﬂllﬁi%nolo@o%ﬁ% pE R L AT REELAR
o T I T oo o T o §ZF oM
A ) = o . & L
o AR — N w F w9 o Al X NS
oK up o N s o o Ho —~ S — Ho
o o = T o) t% \T/Jﬁ
— ) i)




rob
i)
>
2
fu
N
il
o,

So) ) EEGRZ 4& golae] ¥u A
A o] B AR olf @ A
Zape] wAlel wel dole R MBS o % 4 s
4 AAE AAHen SR oA wa, el
EEETEEWEE B
FAYe, 23 Aol wga
EARTE AL wAE Aol A @ A
4% W] A oAl ] s
ol o4 AAS =2y

ko

o T b

iy o il = ro
)
it
:L% s i
e .
o,
rlo
rot
0%
uj
S

12k
N

jisns

>

i

_0|L

ol

X

2

lo

2
N>

ol
i
K3
-
o,
-
N
82
rr
o

=
o
it

)

e

o & % » N
2

<l
=
o
m
1o
k2
U
A
TN
o
o
rr
)
il

tlo Mo

rlr
o > oy
N

B=)

o,
-,

|

AC)

H
=S
ol lO
U
ok
1>

o
2

A

ui
AN
N
o,
o
ok
N
k)
=
X
M
=l
r
1o
>,
1o
=2
i
z
>
o
Hu
X

st
il

l
2l
2 AN e
lo
N
N

R e S =
b ZpEel AbgE BE
Ao & F gtk

ZepEo] Wik AAL o ABH AN Zupe] wupo] 3}sirh1e
)

AA WE R A wrelth @A - o

AT g AYAE Al mgels] o] muel o] f
SR M3t R AWsEN? Mt ‘Azl MAFm ek
2% wolwEth sbstd Mvks oAl g wie] mue] o
VFAAL BE welFs] otk Z, odele 1HAE mE $9
o] B3 227

=
>
X
=
x
[-'O
o
o
[-40
>,
r
L
ftlo
B’
>
=3}
r (
ol
2L
N
1o
:C?L_',
>
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Mo stulE 3 2007, 225-226.
149) #<A 8], 99 =, 227.
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=HWiA Gar Abgre] Aoy S HolFs ARYomAMe] Zee
45 AASHA g2 HE Iz adstdn. Hae FE843 A
A, 7led S BEF owiAlekH] @Al Huke] gl aEE THA e &

A= Aolth vtz o3k A olA Tz} A=
FAE = Haks )Azbe]l Aekar vk, S Al e A7 2hA ¢

AR A kAo zH oldotol et
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o 20-214171e) AEA LA FHE Ha
X o

A, rERI=EY 4l
ERZAE F3 Az XS AFE el AAgTh Qb o4
(FhE)E =4, 5 HolA FLET= o274 doj o HHAM Hel &
AYE BT Huprh Qzbe] oA S Edls & 848 = 5 U
gk B3 AAC = BA S8 muste] JiQle] o4 AAS ==, 3
2, 5& o Ane YR HoFduu oA dHe 552 4
AAer A= EEGE ol&sta w7t A on] a2 S AL
 QIgkel €14 7 AAE ThgE glol BTk webd pRIEY &
o2 7)ol st wel MRy HIAEEAS F85te] A3k o4

150) ‘474 AH=2d’(sonic objecthood)s TIAE mlY™E 2ot tidste] A
sk olRlsl = o3 o] o] MES Aot 7IEe vyE HlEdg A =9
H ‘A=A (objecthood) o] o] me| Al FGAAH o]F Foteo] ALk Fojth
‘AH ARl dHFHEE AST WA AUF 2o Qe By Vs E
AASL F84d0] AP &5k gidoe =z A 2 wlolw S

is = =

‘G Z2A~E HJA s FATOEN Foto AR
Ao =2 w’ojth, f AAE =ol= vy FHauwdE Fal. o|wls],

M S-9F(Digital Minimal Music)®] Atz v g
2, 28 A2 AAS AR A S AEdista digd vhAbEke,
2021, 213-221.
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gt BAE Zedn A FES SHPAUGLD o742t
g gl obrleh AFAE AR gEeE dae Faws v=
A2ES ALE gt Aol
AHAE B2 Sl AR Bol= e oyt mpole ofE

(Bio Art)152) 7}t A e} HAEZAE A RofelA thE §3 <
BEAES BT AAIH SR Hlo]Q olEE o]Eorts TF9 3
o 47}l A" gk (Stelare/Stelios Arcadious, 1946- )& Al AlA =
FA(AH) 2 5E gate] AA 959k A48 & A Ldth1n) 53

151) Marc Battier, "The Emergence of Interactive Music: The Vision and
Presence of Joel Chadabe,” Leonardo 55, no. 1, 2022, 108.

152) Hto] Q. olE(Bio-Art)= WS U7 deZA 2N ofve}l v

o}, FAx, ) AE 23 e BE Ao Q450 d&o FF A
87} "o AlsHE, Telo]lo ofE: AW o] o<,  w| AL 2016, 12.
AL FFsts e 2S Abgshe A By olyg AAE ¥y 3 o] &3}
of R 3AH H5ALS Hote AFERE U vk oo tid dAE
2 FoA oE <F3FE 2 A>(Amplified Body)7F )

153) 2l&3, Thale]lQ ofE: Ao o<, , vxAL, 2016, 226.
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19l AE <FEHE AA>(Amplified Body, 1994)% @ead HAEZZA),
=, EEG, EMG, PTG, == fF#A9 22 9= duE &l ZFst
of ol ZIAEx Addd A7 ARl ¥} THo w2, R W3}

5e AN 24 W AFHZ d9ee FoE AT
sdete] AEL AAES Bgaty, AA NAA @sl} Fo 9 HE

Wog Fole Aol Aol HeAth b AE RN welE A

s A7) A4 okel A o] FolA e oA WaE HelFu, 1 gy

= Y AAR ZEHI, 259 dolH e tA] A ALl A A
Fo82 Folst tAlw Al A WA HstE doith o2 AEEo]
ek Aol A AAS o] &3 A7 ALl o7 Al A kY] tistel szt
B= Tl AR ol dA"ES BHAFIT o|#EA Hlo]le ofEs= o]v]
AZHAANH g+ Abel o] Hoztgs Hate AEea AEolal i
de=r7les ALHHoR NEgs F7oH e 83 daz&sta
At

2EGH R = Foto e QIFHEEYAE offoM e
UE7F? WA AAZTYH e YA, 1714 AsE &&= vt
L &°HBio-Music)dl Al & 4 vt o] E(Manford L. Eaton)> H}o]
L &% Bio-Music)15el] tjaf <1zF F-71Ae] A=A, A4 et A

154) Daniel Ploeger, “Sounds Like Superman? On the Representation of
Bodies in Biosignal Performance,” Interference: A Journal of Audio
Culture, 1(1), (2011), 2. Al&3, Trle]Q olE: AW o=, , 226.

155) H}e] 2 &9k (Bio-Music) HFo] 2 o< (Bio-Art)9] s}9l #okz2 Eoj7e=
AZE9] o FHolo|t} o]l AlA oA BASIE AESAo|1 AV|A AT E
el BEF gof Folu, X wroA thE yRWsY gkl Aol
Hoh o F&3 oulE Ay k. o]E0] oJokr|shE Hlo]lQ ot w&
;_ﬂ 5‘].@-81 Z}:ﬂx-] pl'lal— /‘1 40; /\}3_9 zl: 0}94.0_ cg]lﬂx]u]-

, = = = BT a8 M=
o|Eo] vhole goto] wa & & P9 oo gore Azre] A
S A& e el w4 9% AFomnE fustn Aelsh:
Ao @REol Ak of gotel Wal WAL FEu Fx(oop)ol A ¥ 7T

olnat= AESA HYE AFEote] AATS R Ao ¢ e A 4
= 7bsetH, Wy Thss A A, A dEHE fFEste AR

3l Q1zre] WA s oF A= AR F5AES Fukele 9=
o] Fojzit}. o] &o]= ORCUS(Operational Research Company Universal
Systems) A4l A Aoz ALE3 Tl Manford L. Eaton, Bio-Mausic,
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Abstract
A Study on Neurofeedback

Music by Alvin Lucier and

David Rosenboom

Gim, Ye Rim
Musicology, Dept. of Music
The Graduate School

Seoul National University

The 21st century has been greatly interested in the brain, whose
role has been extensively studied in various areas. The ’'brain’ has
also emerged as a keyword in music, shortly after its increasing
interest in medicine, and studies have actively investigated
music-related human behavior in music perception and cognition. In
addition to the scientific aspects, the brain is starting to be used as a
creative element of music.

Brainwaves, energy generated in the brain, are used in music
composition. Following Alvin Lucier (1931-2021) in the 1960s,
Richard Teitelbaum (1939-2020) and David Rosenboom (1947-) have
used brainwaves as a creative material. Similarly, Eduardo Reck

Miranda (1963-) is actively combining brain waves with computer
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programs for Brain—-Computer Music Interface. However, there is
currently a lack of musicological studies involving the brain. Although
studies are actively discussing the technical aspect of music
composition using brain waves, there are limited specific research and
aesthetic approaches.

This raises questions on the definition of music composed from
brain waves, their aesthetic meaning and value, and the status of
such music in modern music. To answer these questions, music
composed from brainwaves through in-depth review of works by
Lucier and Rosenboom were examined and thereby investigated the
meaning of 'brain’ used in modern music. Herein, music created with
brainwaves was defined as ‘Neurofeedback Music’, and Music for
Solo Performer (1965) by Lucier and On Being Invisible (1965) and
On Being Invisible II: Hypatia Speaks to Jefferson in Dream
(1994-95) by Rosenboom were analyzed. As a result of analyses,
three aesthetic meanings of neurofeedback music were derived.

In the three music pieces by Lucier and Rosenboom, alpha waves
were used as the basic musical material. Rosenbloom added
event-related potentials and used computer algorithms to compose
music In a new Innovative way. Brainwaves were measured from
participants wearing electroencephalogram (EEG) on stage. As a
result, Music for Solo Performer by Lucier show indeterminacy and
improvisation. Indeterminacy 1s shown by the brain waves whose
input value are always fluctuating and unpredictable. In addition,
improvisation 1s shown in different aspects. This is indicated by
brainwave data changing real-time depending on the stage, condition
of the participant, and engineer who manipulates the variables.

On Being Invisible and On Being Invisible II by Rosenboom also

show characteristics of indeterminacy and algorithmic improvisation.
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Indeterminacy i1s shown by alpha waves and event-related potential
that do not repeatedly produce specific values as they are responses
of the participants to external stimuli. Improvisation can be observed
in that music is created by interaction between participants and
circumstances on the stage as seen in the work by Lucier. However,
in Rosenboom’s work, data were input into an algorithm, and hence,
algorithm 1improvisation 1s observed within the algorithm, which
fluctuates depending on the situation.

A total of three aesthetic meanings of neurofeedback music can be
derived from analysis of works by Lucier and Rosenboom. The first
aesthetic meaning i1s the sound of consciousness expressed using
technology. Although brainwaves do not show our thoughts, they
indicate a state of consciousness that humans are performing
cognitive and physical actions. Neurofeedback music selects a specific
method named brainwaves and express the consciousness of
participants as music with technology.

The second aesthetic meaning is interactiveness. As brainwaves
are measured, the data are converted into sound, which is played on
stages. Since the sound is transmitted back to the EEG wearer as an
auditory stimulus, the participants (the EEG wearers) react again to
form brainwaves. In this process, the brainwaves, expressed as
sound, and participants continue to communicate and influence each
other. As a result, a feedback system connecting the real-time
brainwaves and external environment 1is formed, establishing a
continuous interaction. Lastly, EEG wearers who participate in
neurofeedback music are transformed into ‘homo artis’. Neurofeedback
music uses brainwaves, and hence, participants can create the
materials needed to make up music from the inside of their bodies

without any specialized training or education. Therefore, brainwaves
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become the raw material that composes the music, and in the
process, the participants simultaneously become artistic products and
artists themselves and subsequently homo artis.

Following the advancement in brain research, there is an increasing
tendency to apply the results of research to music. As art has
gradually become a means of imagining and exploring the meaning of
technology, there is an increasing interest in the trend of change in
the relationship of brain with music. Neurofeedback music has helped
to establish an interdisciplinary connectivity between science and art
through a new material, 'brain’. Thus, it 1s expected that the
relationship between brain and music will grow more artistic and
creative. Neurofeedback music 1s expected to become part of the
modern music history, and follow-up studies on the scientific,

technical, and aesthetic aspects would be conducted in the future.

keywords : Brainwaves, Alpha Waves, Sonification,
Neurofeedback Music, Alvin Lucier, David Rosenboom
Student Number : 2021-27581
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