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Psychophysiological study of arousal modulation model of music

Tatsuya Iwaxki, Mitsuo Hayassi, Tadao Hort

Department of Behavioral Sciences, Faculty of Integrated
Arts and Sciences, Hiroshima University, Higashi-Hiroshima 724, Japan

Abstract . Music is known to have both stimulatory and sedative effects. We investigated
whether music modulated the arousal level. EEGs, EOG, SPR, plethysmograph, and skin
temperature were recorded on 14 students (mean = 22.1 yrs) during sessions of (1) base-
line (pre-rest), (2) preparations of arousal (task or rest), (3) music (stimulative or calm),
(4) after-effects (post-rest). Seven subjects, who were assigned to the high arousal group
were preparatively increased their arousal level by the cognitive task before the music
~ session. Other seven subjects, who were assigned to low arousal group were instructed to
relax in the rest period before music session.

In the high arousal group, the EEG amplitude in alpha 3 and beta bands were signifi-
cantly higher in the task session than in the baseline session. In the music session the am-
plitude in alpha 3 and beta bands were decreased in both the stimulative and the calm
music conditions. The results show that the music may induce the de-arousing effects on
the subjects in the high arousal states. This tendency was clear in the calm music rather
than in the stimulative music.

In the low arousal group, on the contrary, the amplitude in alpha 2 band was significant-
ly lower in the rest session than in the baseline session. In the music session the amplitude
in alpha 1 band increased in both the stimulative and the calm music conditions, suggest-
ing that the music may induce the arousing effects on the subjects in lower aroused states.
This tendency was more remarkable in the stimulative music rather than in the calm
music.

These results support a hypothesis that the music effects on the arousal mechanisms
and the different type of music induces a different effect on the arousal level.

Key words . music, EEG, alpha band activity, skin temperature, arousal level, arousal
modulation model.

19944 8 A30H %A+ ; 19944£104 3 H=H


hiu-liba
長方形

hiu-liba
長方形


198 HGEW - AR G- W B

FF A

LU AR L EBOMER T ARIRES L LR L ML TWE, ZORE, EENRIL, B
RIBZE DS DIED Y Th <, BEREORE LT EBINRFOREAKEDRB NI - TELT 5. —7H.
b M, BEEKEZZOBEAORY T 1 7THBAFRE LI L X9 & ¥ BRI RE 2 KEIHE
L LS LT HPEREND D, TR MBBREREROB X L EH T HHEHTIE, EEKE
BRIBATIORE, HHVEBIEFELTCER L, IhdEd, BTT5 L EEKESETTSL L
#FxHNTE7 (Duffy, 1957), &I 525, I OFHEEEE RIS S 205 (BR5E
BEE) H52 505 L, ERITRIBOR R ST Lm—H OB Tr {, ZHED%E
%2 RT. 20, FEAAS SNAEROEEKEIMEITE, FEDOAT % Z0) THEKIES)
LR 25, RISEOEEAKENETELSEICE, BRI RER 2 CEBEKEITET
4% (McDonald et al, 1964), = 5 L7-F###EiZ, law of initial value (Wilder, 1957) DI I &
HLZENTED,

McFarland (1985) i&, BER, SEENRRIEFWAET 2 L BERE AL L 2Bl %2, SHES
TOMERERR 2 B X O ICHEEKE R IRME L HERE ICER L CEBROE(L LR, KBROE
(IR R FEREE @ R 2R L TB Y, BEMERISHT 2 TRAMIGEEERTRE
EERDRAS, BRI CIEERENA L NEERER ;RO O N,

B D @ P SR ICHWARICB N TH, FEIUBORERICL Y, o -0 (REERT) (2
D Th, a k-5 GEBEE) 2 b 25T I EATRIBEN TS (FEH, 1992 ; Wagner & Menzel,
1977 ; Walker, 1977 ; Walker, 1980) .

% 72, Berlyne (1971) i3, HEEK#¥E* LA S8 RO IHa M, BHES . RHAM, BERS,
EEMETH D, Rtic, BEKEY TIPS, SLAaeds, BRS, #AETHE L
WARTVE, TDE D HREEDLTEHMBOFORE N LR, H5VIEWH EIZOWTHRE L
M cit, BRNEOLEMSARETOLBMNE Y&, 79 Y VHE (Brawnian noise) D
TEMI Y IREVWIEER L. S OBENEASTHEN LML b5, KElKEL LTA7Z
. Tl TALTo—FRaEoEibrEL 0T AV I AR E NS (Gardner,
1970-1978 —MER, 1979), L& L. &R OBIZE 3T LM O BREKIEICRIZTTRE L RENEEH
POVTRI—FIEALZ2DDTHY, REFAEDRIIOVTERSEE - LHREAS L Thivy,

22T, AR TIIMEEZIEL LT, FERSBMIIC—FEOMRE 26T DTEL,
HERAEDREL ST TRHAMDOEILEZRT D ERIET 5o & O ICBRABIY 4 514l 0 5 72 % %8 ihPEHY
PHEEKEDENICKBENE P ERETT 5,

ABFFE T T OR % 72 Trz,

1. TEHMERT CREBRAESRELZTC, SEEREOWERE IEERKEDKT, HKEBEK
ROYBREIBREKES LA RL, —EHEANICREINS,

2. BEABERICI VEREOEEKE I —EHMANICREINLL, ZOHBNICE W TH
- BROZEHOBTRIBOVEEKEZEE | #iF - WENLZEHORERIEVERKELZE

] *
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Br L., TEEIEHGEEZT I BEERE G448, T34, 21~245%. FHEHK220) &
R R EOBEEN B4, LSS, 21~275. FHER21E) ICFRFRLT & T2
YTz, 72, Bartel (1992) OFEH 2 KIS T AL DOLE LR LA MELSEIT/ERL
7o ERIA (Appendix 1) 3 WTZ T v 7 BFEEZITFA, TEBIUICK VREPBEE TE 2 5BE
2B L7z,

2. EiRul ;% MZ Gustav, Holst/E#H MPlanetsy #*& Mars) , "Venus; (Georg Solti $#§4&,
London Philharmonic Orchestra %) %, FNEFN 3 5400 L CTHW, CD LV —Y CHEARE
RL7ze TS D% McFarland (1985) 25 H L7z & R—TH %, "Mars) ZEF DML
Bash, BHESRHMEYRBALLEHMTHY, —FH, WERHIIZ "Venus) RFEMOMLBEI N, &
LEXSHSENLEMTHD, T/, HEEBOFHHFE L ~NVIE TMarsy T62.2dB(A) TH Y, MVenus,
Ti361.1dB(A) TH 5720

3. BEHEBREOEEKERED, POERIE U WELFE A RRE (BRIE, 1987) 217 572,
COBREIIHEREN 0~ 9 T TCOBREETRANT, 25K HL, 5K TV FRIBFEEEVE
IHRECTH D, REII3MEE D E L TITV, FREEIIEHI0E ORE 2 R 72,

4. EBRFHEE (Fig 1 CERAY V- ViR T, BEERF - KRB L LICE THIRTHIRE
DEBIIRES 1 SHRE Lz, R, BRER CIEERERELITV., REER CIILTHIRE
R o7 MEERTHRULHTOBRBICOVTOEMMICEE L2%, 2l ("Mars, 5 "Venus,
DVWThPr—F) 2BRL. BMETRE, BUBIRLHERKEL 1 SHE& L, ST ORIF
DWW CERKICEE L7z, 105 M OB D%, L EOFE & ©, 27R%M ("Mars) £ 721d "Venus))
EANRZTERYE L2, BEHORRIER IWBRERMTH I VI —NTF v A% & ol ERPIZE
FIARICEZET 504, @THIIRE Ui, F7o, BHMEBRFIIELATEMZERTL L), BRE
FEMOLHEPE LD L), BN Lo, ERIAIE, SHEREICADETI000~18:3009 5,

READHE CIZ L WIRRIZERE L7,

SESSION1 SESSIOoONZ2
I T1T 1T 1
Baseline Preparation Q Music After-effect | Q Repeat
(Pre-Rest) (Task/Rest) (Mars/Venus) | (Post-Rest) (Venus/Mars)
1 [ | 1 [
1'00” 3740 340" 1'00” | 107 00" |
1 | 1 1 1 1 11 1 1

Fig. 1 Experimental schedule.
Task : Randam production (high arousal group).
Rest : Eye closed Rest (low arousal group).

Q . Questionnaire for emotional feelings.

5. B LEiek:

EERIEE | ESFR BT EE2800Y X 22007 X 2950 DI - =2 - N FE (BiE24+ 1T, B
BE40+5dB(A)) 2 AW, BldHHR» CD v 7 + % CD 7L — (DENON &! DCP-1600), % —
F4AT7 7 (VICTOR # AX5) #HAWTHAL, REATFREZHBREOEOE S II&bYE
TH AL mICRE L-— DA —% (Lo-D L HS 450) 5 2R L7z,

FOE% L AEBERYIEAE & UCORNE. ERERGER), REIR. HREERRS. RELEG L. EEERDSME
ETAAREE (BAER=SHRKE 1A97) THRESH L. BEETOME Y HEIZ Len/s & L, BE
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BOREIIMIEE 0.3s, EEEE) % 1.0s, HEEMRGERKEE 3.0s & Ui, 72, MERUR
WiEF— % La—% (TEAC 3 SR-50) I[ZEIAGECSR L., HEE IE1.2am/s & L7,

Bhi @ EIpSEE#E 10/20 HR 22T & Fpy, Fpa, Fr, Fs, Fz, Cs, Cy, Ts, Te, Pz, O1, Oz DI12ERHL % IFE B
L, EAER2EEEHRE LTEH L,

HRERESD @ KFHIOEE) % FHRAS 1 en DIBALD S BAREL L7z,

REBMNED . RS BN EFERIEERE LU Y7 — T L ) REEL L2 BEikeEE 5 &
BH L7, BEMIZIZ0.05mol ® NaCl % 4 %DEKRXTCE DD DEMH L7,

BEE . ERIIATE QIR EM D O REY VY — (RIEHERE AM-7000) %W 5RE
Nk Dy

MR« IRME AT 3 ek E 0 & KSR EAREET (B E=5545261) &l CRLER L7,

6 . HMIAK @ RS, REh, BHERFORE L BEEIIOWTENKE AT,
R#CIE McFarland (1985) D W2 BAEFEM O 70 D120 FFFTIZ, B EBEBEICOWTOHE
HEMZZFMEED 7 RA YV VRETH o7z, AHE, BMKIZOWTRIEET 5,

7. BEOMN I WD AT FVSHTIZIZARZ P VT HFIA4HF (HRBER=%ML 7+ 70
£y Y 7T18A) R HWVT, 12F % ¥ AV DMK #30s BGs XXM FIZFT Lz ¥ 7 ¥ 7 H
W& Sms T, 10245 DT — 5 % A/DEH L7, BET— Y TERL 5s H DT AT P ER
7z (B #EE0.2Ha) o T % 6 BBMIIEFH LT, 30s MOFH T 2EB L7z, AR
PUVOEBMBL L TNV I Y P2V, BONILZART P VF—F % al
(7.6-9.4Hz), @2 (9.6-11.4Hz), @3 (11.6-13.4Hz), B (13.6-15.4Hz) D 4 W5 T, BE
WEEARIBME (V) %R, EBREGBEICEH Lz, 22 L, MRL27-F7 727 FANRALL

BEE. TOXMERESIFE,SEIN Lz, BITEERD Fpi, Fps, Fr, Fs, Fz EALO MK FLHRIC
BWT, BEZITHICEBLVIEBMSBRA LD, IhEDEICDWTIISHD S BRAEL 2,
SENZEMERT ORI L RBEOERICOVWTHRS L, Riks HEBMIE. RUEHSRE
DFERIIET B,

i S

1. B 7= ERKEDZL
(1) BEETHRULHHOLEL
Table 1, 213 X—2 5 £ ~ (Pre-Rest) BiDZHWIMOIRIFMAE #1008 U CRHEEZITR, ZEEF, %

Table 1. Percent changes of amplitude ( 2V, O1) in each band between task and baseline (Pre-Rest) and between
music (Mars vs Venus) and baseline (Pre-Rest) in the high arousal group.

High arousal group

Freg;;ncy Mars Venus
Task Music Task Music
al 96.7 (9.7) 88.0 (4.2) 95.7(10.3) 84.5(10.9)
a2 97.9 (8.9) 95.8 (7.6) 1042 (7.9) 86.8 (7.8)
a3 1046 (4.9) 106.3 (5.5) 127.2(12.7) 1102 (6.4)
B 129.8(10.6) 1045 (5.9) 1316 (9.6) 1024 (4.7)

Figures in parenthesis show the SEs.
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_ Table 2. Percent changes of amplitude (4V, 01) in each band between rest and baseline (Pre-Rest) and between
music (Mars vs Venus) and baseline (Pre-Rest) in the low arousal group.

Low arousal group

Frequency

band Mars Venus

Rest Music Rest Music
al 81.6 (3.8) 1011 (7.2) 84.1 (3.9) 87.3 (3.8)
a2 62.2 (8.1) 929 (6.7) 73.2 (9.8) 81.9 (5.4)
a3 89.7 (5.8) 1058 (4.2) 96.6 (9.0) 104.8 (5.8)
B 91.1 (3.6) 104.8 (5.4) 938 (4.2) 975 (4.0)

Figures in parenthesis show the SEs.

B R ORI 2 B1LR (%) TR LD DTH b, EEKEDORIEOHER LT 572012 « ROHH
LT\ 0 B 2R L7, SEERICHE TS REBETROMEEN (Task : Table 1) &, KEE
BT BT L RGHEOMEZE(L (Rest : Table 2) IZEBRLNLE D E ) 2RI T 572012, Wi
fF(al, a2, a3, B)IZEEKEDERNE GRE - &) X 28l (Mars - Venus) DB 217 2 72,
FORRE, BRMOEHRE, REMARIED SN o7z, @2, a3, BHROEEKIENIRIEICE
HEIPAD LN (22 F(1/12)=9.27,P<0.05; «3: F(1/12)=6.75,P < 0.05; B8 :F(1/12)
=18.82, P<0.01), a2, @3, Bifiks ICHEROMRBEDOTHLHHF L) REVA, R—
254 Vo DERE AL E e FIRIEH T CPEELIRIBEOBA R L, @3, BiFEIIFRE
HIZEEINT 5 2 E Db h ol M EDKREIFEEFD a3, SHBOIRIBMEDHE I EEEKES L
RLCE%RL, BETO Q2FHHOBSIEEKEMET L2 L2RLTHY, HEKED
BEDSHEE TR TV Z L RRL TV S,

(2) SEMEEHH DOZAL

1 3 |

) “ a2 “ 8 M Mars -Task

40 B Venus-Task

B Mars -Rest

20 O Venus-Rest

0 1 1 ]
-20

_.40 e

Fig.2 Differences between percent changes EEG amplitude (0O1) between two preparatory conditons (Mars-Task
or Venus-Task) and percent changes between two music conditons (Mars-Rest or Venus-Rest).

Fig. 2 i3 Table 1, 2 {Z7R% L7 B TEEURF DR (L3R & BERKEE DRI OBALER L DIREE RO
bDThHDo BEKEDREDBVIFEMBERAICRITTHEE BT 5L, KEAEORECS
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WORHEEL 25 X ) ICREET2EM LABERAOMEER L, SRR I RIEEI D LT
BT EPbhb, —F, BREKEDOBREICBWUREREL 25 X ) ICREZ R TWAHIZIEDHE
2R L. SEHBENFICRIBEAEM LTV b, 20X 5 ICEEEKEDRIEDZE T & - T3 AR
BOBLAMI TR 0T B Z Db ol BMOEWE BT S &, Mars BEE I
ERREIZ B3\ THRIBME D WA 45 Venus FEEURE L D /& <, EEBEHIC BT Venus FEREE X 1 IRIE
EDWEIMARE N & P25, Fig 2 1R U7 MBEIEIC B 2R EbIco W THEE (e 1,
a2, @3, B) ICHEKEDRE GRE - - %) XM (Mars + Venus) DT %17 - 724
BEKEDREDEHREIFEFH RO LN (21 1 F(1/12)=4.77, P<0.05; a2 F(1/12)=
7.99, P<0.05; @3:F(1/12)=4.88, P<0.05; B :F(1/12)=9.11, P < 0.05), #MDER
FiZ a2 WSRO 5 N (2 1 F(1/12) =4.74, P <0.05), ZEEBIIEDONE D57 [
BOMEEERY O 6 547 (Cs, Cq, Ts, Ts, Pz, 0z) DENEFNICOWTIT o 72, HEEKIEDRED
ERRIZOWTIILTOIM T, IFFFEBICERD Shizds, BHOFHRICOWTITEEEMEND
EHT TS D a2 (e2:F(1/12)=3.91, P<0.1),T6 D a2, a3 (a2 F(1/12) =6.09,
P<0.05; a3:F(1/12)=4.93, P < 0.05), O; M e 2#H (@2 I F(1/12) =4.44, P < 0.05) 7%
FIZRD bz, REERIERDbNLR D 572,

2. BRERD D& EEKEDEL

(c) . )
35.5 r High arousal group 35.5 r Low arousa! group
—e—Mars
35.0 f =o—Venus 35.0 ¢ ——\Mars
~o~Venus
345 F 34.5 F
34.0 34.0 |
33.5 F 33.5 F
33.0 L L [} F] 33.0 i L L ]
Baseline Task Music Baseline Rest Music
Fig.3 Changes of the mean values of skin tempera- Fig4 Changes of the mean values of skin tempera-
ture (left finger tip) in the high arousal group. The ture (left finger tip) in the low arousal group. The
vertical lines indicate SEs. vertical lines indicate SEs.

Fig. 3, 4 i3I ZHFMR, EEKEORME GRE - %) . EHPEI (Mars - Venus) (CBI#E &€ CF
HERBROEBLR LIZODTH D, BEKEDOHRAROTYEEIR & SKENEOTSEFE &
DFERZEERD, HEKEDORIE GRE - ©#F) X%EM (Mars - Venus) OGBS 21T 70 2D
R, REKEQBREOFHMRIIDOOLNT, XEMAERLALNEH o 72h, Bl OBWICERE
AR bz (F(1/12) =4.87, P < 0.05) , Mars BEEUERIC IR B EAMET L, KaHl2, Venus I
BEEIZIE ER L7,
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Z =

I UDICEEEKEDRE GRE - 28 ICX) ., BBREFOREKENSEDOREELR, KT
L7:h%E2 b, —RIICEEKENBVE, ¢ FEBORBIZBA L, BHHRORBIWEMT %,
P RHHKESET LY S v 7 ZAREICH S & a FRORBIIHMT 5, & HICHEBEKENETL,
BREBELALLWICRD L, a HHORIBIZE RS TS (KHES, 1990), Table 1, 21277 LA
O ML DB DO RRIEARIBO (bR 4 5 & | FRERTRICIE « WHORBIZBAES, a3, B
WIAEM L 720 SO LId, IEERITROREKEN « FHEHORE LTI ZSRITIEEOEE
FRAREETIZ 2K, VT v 7 ALIIREED LR HENE $ - - RBERTEEIALND, =, &
B ZEREREEE TH 5 2 HEBHOBSIROLNI Eh 6, BRRAZELBIEIET
W2, BEKESKRTL2EELOND, BED L ) ICHEKEDORIEIZL - THRELT- 72
EEBE RS R BEEREER R S L EEKECFEIN LRI N, 1221,
Table 1 {257 L7258 % ATHED a 3 HIHORWIBOBEIMIZ D WTId, Mars BEEET O Task 4% 104.6%
(SE=4.9) T&H D DIZ%F LT, Venus FEEEI D Task 7% 127.2%(SE=12.7) L BWEEZR L2 &
ICRATALEEZELZON, F—2 IS0 ENHE I eI h bk, T a3 FHil oW THRERIC
EERBETAE L3RR THL LHET L, SHBOEETIE, a3 WHICOVWTERYHEhLENnI &
iz L7,

REH AT IS B IR B OBITA AT A S NEEKED LRI b N B EEERE, Kl OME
(Mars * Venus) {25204 59, RHMBEIEIZBWT B FEHOEIRICEIBALNI, 2O L
S 2 K AR T LA 2 2 2R LT WA, —F, e2¥RICHHERRD 2, BEK
HDOET %R L EEEE I, B0 Mars » Venus) 200 & FEEIBEIERHC BT,
a 2B F LI L CRIEOMIMNE D7z, T2 LI ElBEIECERAENSER LA Z 2R
LTWwWh, 20, SEAVWZEROEL S &, BEBREORBKEMETNWE LR ¥, EiTh
DERT S LHENEINE, CRODOFTRIZER L 2 20BMICEBRABNRIFETHAIILE
AREL, R LR eELLND,

—% . BEECIRBERTE L REREORIZEVWSASNRT, BEAEORELRT L) TR
BB S NLD o720 THIEHIED SR S h 5 HEKE S IRERTR & RGO ICE B 220500
NS, BEIRICIE, SOX) ML ERAKEDENIRBINIIS W LAEHRS NS,

RIZ, BREHOBEDENAA L NIz @ 2 HIHOBMBEIRIBOELIZOWTERE TS, a2
OYFIEIE Mars BEEUEE & SRELEATR Cla K & R BLIE A SN h o 7245, Venus TR & FREZTT
B & DB TIIBD %R Uiz, RHkE S5M%E BT 5 &, Mars BRI ICIRIBASE L <ML
TWABDIZH LT, Venus BEEEHZIIKRE BB R RE LD o7z TD L) LIHERIBOSS T\
PSRRI L AHBETENZEEZIONRD, S5, IRHDZ EIE, BEBTICEMA B
4. Venus FEEUEF X 1) & Mars BEIUEE O 5K AT B9 1 BREEZ AT R O KR K EEIZ3E <, Mars
JHEUE I Venus BEEEE L D D BWEEEKEEZRLALEZONS, —F., REIRBIZEMEDE <
B4, Mars ZEWEENR S L OA, Venus IHEVEEKE L HRFT 5 HHICH T2 &7
brb, HEED 2 ODEHMBIGEVDA S, Mars BRI EEIRAMET L. Venus AU
EH L7 T ORI McFarland (1985) OFTR & —FK T 5, CNOLDOFIRIZ 2 DDOEMOEHE
BEKEDS R B 2R L, K2 3RS ELLN D,

oD i T bl BEMNBORERENEICL > TEINLREKERR, BBFEER
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BEBITHIRIND LBWERKE L | ZEFERREB TR EN R EVWERKEOMICEET
B LN ISNG, B@EKEDSRANEOKEIKET S % 51, TEABOER, »5WidE
BRIBOFHRAIICLE L T 5 HEAKEL, SBBECLELTLIHEKRELY KL, FiouE
EROOLNLWERHIREOKEL ) EVILEKEIZHE Z L d, E6IC, 200KMETE
BEKIEIGEOY D o722 L id, FREFNOBHOLEL ¢ 5 BAMBEOKENREL L & IS
BDo SAICH WA 7TEHMLD S LRI OBVCIZE 5 TRIEICEILATHN DX Ts, Ts, 01, 0z FL
RGN Tz, O, O B ¢ AL EICHBET AT TH ), HEKEDOE(L L OXIEHE
oMb, Ts, Te DB IZMEEIE <. FEFHRLEICEE LR ESMLOERILD
BWESEZ SN (David et al, 1987 ; MR, 1987 ; Mckee et al, 1976) e TN HD T L hHEZ T,
SRITFEHNEOBHE L BEAKEOWIGERE RO D Z & EFABHI, FEAMOEHRNLE & Mo
FREERTE R Y BRARREE O BEIC O W THANBLENH S,

X [
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Appendix 1. The questionnaire to select subjects

O DEBEMITFR I T BRENPEELANL LD TT,
DTIORTEBO) bRALG TR ELHMIZOZLTT SV,

(DREF UL SVOERDO AR L T, FEIRERD D

EBEL T2V | 1 1 | 1 1 ] ZELTWAS
2R HERE T ST
EDLH % EDXS%
BFEETHDH FBETHIEPH
bbby | 1 ] 1 1 i I FEICERLR

QEERICERZI (2 L
HTHD | L 1 i 1 ! } RE 1 BIC 1 EES

WEEEBOTRVWEBEEZL LI &AF
HTHb | 1 | L L 1 | BRSBTS

(57 5y 7 ERIT

K | L | 1 1 L | KT
I FEEEATVBERTIR
BORELEMD HRPA M-V %
WHEIER TS L L L L L 1 | AT
(MEEEZFE TV HHSI
BRI BEREMOTHE

58 < L L L L L L | EET5
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