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Psychophysiological study of arousal modulation model of music

Tatsuya Iwaki, Mitsuo Hayasui, Tadao Horr

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.
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FHRICEELHABOMN T ARSI DL LI L HONTWE, ZOBRE, HEHEDHEIZ, T8
RIBZ DS DA ) T, EREORESLTEERNROEBRAKEDEVIZE > TELT S, —H.
t MiZ, REKEZZOBADORD 7 4 THRBEREEAE L X9 &3 58I 50l 2 K H#E I HE
FLE) LTI D S, HROZBBEREREROBE 2ERTL2HBETIZ, ERKE
BHBANOEE, HLVIIEIEKFLTERAL, ThdEd, BT TLLERAKELERTTSLE
# 2 5T X7 (Duffy, 1957) & 2525, ZOEMEEEL BRI S ¢ 208 (85
ER) BEZONDE, BEIHBOERH S IKE L-—HAMOBL7T TR (., ZA%OE
IbZRd. 2F 0. FEAAT SN DEFOREKEIKITIVLE, RIEDOAT Z2 2T CTREKEEDS
LR 25, HMEROERKENET XG5, S 2IEE 22T CEEKEIZET
9 % (McDonald et al, 1964) , Z 9 L7-FH##EAEIX. law of initial value (Wilder, 1957) DI IZ 3
ARBIEINTED,

McFarland (1985) (3., EEH, EHNLBEPBEST L EHBRENFME L - B2, SEET
TEEEE S L) ICERKELREL -HBREICER L TEMROEL 2 A/, HERNE
LR R I EERES@B R LR LTB ), BEMERICH T2 5 EMIBEEREECRE
BERHRDS, BEEE CIIEBIRIA O NERRALEMRIZRD 5,

B D a 2 FRIRICHV/ZRIZBV T, FEIHOERICL Y., o F-#F (REKS) (E2
D TR, aE-HHGEBNE) 23720 T2 EATRMENTWAS (M. 1992 ; Wagner & Menzel,
1977 ; Walker, 1977 ; Walker, 1980) .

F 72, Berlyne (1971) i3, HEEK#% FR X4 0E 0 3o, HE S, RFM, B X,
EEMTH Y., Rz, BEREAKEL TIFARIBOEMEIZ, BLARTE, BRAX, #ABTHL &
BRTND, ZOL) LBEALLFERBORFOBHN LR, HH0IIP5 XIZOWTKRE L
MRETIE, FEMBOLEUFAREZTOLENEL Y/, 797 VHE (Brawnian noise) @
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. 723, TIF5200—-FREOEALEEL bDOTII AW EAHR X5 (Gardner,
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POVTRYP—FIIEB LD DTHY . BEEREHE IOV TEER - ZHRIZEOA TRV,
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Sr L, SEREPETICREELTOBEEE B4k, K34, 21248, FHER20KR) &
REVROBEEN BEM24. K54, 21278, FHER2Z21LR) KEhETh 74728
Wr7, ¥7. Bartel (1992) OEFEM LRI IZHTHHAOEE IR L-BREELSEITERL
72 BRI (Appendix 1) #FHWTY 7 v ¥ 7 BEERIFA, SEERICX ) RENFEETE 28RE
Bk L7,

2. SREh - 2581 Gustav, Holst/EH "Planets; #*% Mars) , "Venus; (Georg Solti #5#,
London Philharmonic Orchestra %) %, #NFh 3 54084k L THW, CD 7L — Y TH4ESRE
i DY AR (N ) @ﬁéﬁmi McFarland (1985) 25 L7- %M & [F—TdH b, "Mars, FEF DM &
Hah, BHXCHALYEILZEMTHY, —F., WIS TVenusy FFMOMELEI N, &
LEXBHSINDLEMTHD, $7-. BFEMOTIHTEL ~NViE "Mars T62.2dB(A) TH Y, "Venus,
TI361.1dB(A) TH » 77,

3. HEHEBREOEBRAKELYED., OB CIZ WELRSRE A RE (KIE, 1987) 217 - 720
COREIIHBENO ~ I T TORFELAVT, BENHL, BB T VI AIBFEEVER
FRBETH D, BEIFAERE Y E LTI, FBRERICIINIOE DR Z R IT 72,

4. EBFHEX (Fig 1 CEBRZAY V21— VERT, BEEH - KEEFL O ICT THRTHINE
DOHEBRIGEY 1 FEEFE L. RIS, BEEN CRELBRERELTV., BEREH CIILTHIRE
RS 7o BEFTHRORED OB IOV TOEMMKICEE L, Bl ("Marsy A> "Venus,
DVTNH—F) BRI, BHMERE, BURRTZHERES 1 &L, KB b OB H
DWW TR BRI EE L7, 1053 B OB D, UL EDOFHt & T, 2R%EH ("Mars) ¥ 7213 "Venus )
P ANRZTERYE L, BHORREFIEBREMTHIY v ¥ —NT VA% L 5T, ERFIZHE
BIGCICEET DA, & CTHERE Lz, £, BHMERTIIELATEMTERT S L), BRE
BEMOSBEYELD LD, BUR L, EEREEINT, BSHEEBREICEHETI0:00~18:3009 b,
READHE CIZ L VREZNCERE L7,
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Fig. 1 Experimental schedule.
Task . Randam production (high arousal group).
Rest : Eye closed Rest (low arousal group).

Q : Questionnaire for emotional feelings.
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MOBEEIREE 0.3s, BEGEE % 1.0s. BMEMKIE EIREE 3.0s & L7z, F/z, BER UK
#EIZF— ¥ L a— ¥ (TEAC B! SR-50) IZRERELE L. fos&dEE X1.2em/s & L7,

Fi - EIBREE#E 10/20 3230 & Fpy, Fpy, Fr, Fg, Fz, C3, Cy, Ts, Ts, Pz, 01, 02 D128 & REER
L. EAERYEEBHRE LTEN L,
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K%ﬂﬁ l./f:o

BRI © IRIE AT 3K A S AT RIEEIRKET (B B=58545261) ¥ AV Tacs L7,

6 . B | BERATR, AREG, BB OBE L EREICOWTEMEL AV TR,
RHAEIZ McFarland (1985) D\ 7= SO 7- D D120 FHE 12, WG L HEEEICOWTOH
HEMZ -5t 14EHE D 784 >~ FRETH 572, 40T, BRKICOWTIZABT 5,

7. BEOBY . BRED AT PUBKIZIZARY MVTFS5A4F (AXRBR=ZRM 7170
+ 9% 7T18A) 2 HWT, 12F v ¥ RIVOMKHE #30s GsX XM EBIZHWT L7z H¥ T Y 7H
B& Sms T, 10245 DF— % % A/DEH L2, BHET— ) TERL Ss BD/IT AR7 PV 2K
B7- (EEBOHEE0.2Hz) . TN % 6 BIEMIMEFH LT, 30s (OF T 2HEH L2, AR
MUVOFEBILRBE L TNV I 94 Y Fo 2V, BOoNARI 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 FIRIZH T, AL
WCFERRRE (V) 2KD, EBREABICFY LA, 2720, K2 7—F7 727 PFRBALL
BA&R., FOXBEEE SR, SR L7z, BISHERD Fpy, Fpe, F7, Fs, Fz 3O REIEELEKIC
BT, BEFTHICIIBLVIEEMIBA LD, TRLDEMIZDOWTIISH» OB L7,
AEIIEMERP ORI & EBROERIZOWVWTHRE L, Rk EBEMRE., RURHMERR
DFERIIEET 5,
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1. BRED S A7 HEREKEDEAL
(1) BEXFITHROZHFOLAL
Table 1, 2 13X—2 5 4  (Pre-Rest) REDEZEFIRDOIRIBM 2100 & L CHRERITH, LR, ¥

Table 1. Percent changes of amplitude ( ®v, 01) 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

Fret:::l:]c-y Mars Venus
Task Music Task Music
al 96.7 (9.7) 8380 (4.2) 95.7(10.3) 84.5(10.9)
a2 979 (89) 958 (7.6) 1042 (7.9) 86.8 (7.8)
a3 104.6 (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 (#V, O1) 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 816 (3.8) 101.1 (7.2) 841 (3.9) 87.3 (3.8)
a? 62.2 (8.1) 929 (6.7) 732 (9.8) 819 (54)
a3 89.7 (5.8) 105.8 (4.2) 96.6 (9.0) 104.8 (5.8)
B 91.1 (36) 104.8 (5.4) 938 (4.2) 975 (4.0)

Figures in parenthesis show the SEs.

IR R ORI L LR (%) TERLALDTH S, REKEDOREOHR L TH-DICa DR
LRTWVO0 B ER L7, MERENFICEIT,REERITRHROMIEEIL (Task : Table 1) &, KEM
HICBUHEHRFOMRMEEIL (Rest : Table 2) IZEFROLNE D E D PEBRET 572012,
(al, a2, a3, B)IZHEEKEDERIEGRE - T#F) Xl (Mars + Venus) DLHEGHT 21T - 72,
ZFORR, BMoOEHE, KEEHRROON o7, a2, a3, BHBOEBKEDOHRIEIZE
HEIRD SN (¢2:F(1/12)=9.27,P<0.05; a3 :F(1/12)=6.75,P < 0.05; B :F(1/12)
=18.82, P<0.01), a2, a3, B E bIHRERORIBEDHFHILH R LD B REVD, X—
2G4 v hoDOEAEY AL L a 2@ EH P ICHEE L RIBEOBA LR L., a3, BHiudiEE
FIZHINT 52 &b oz, L EOBRIIREFD a3, BLHROIRBMEOMEINI EREK#ED L
ALZZELERL, BHPO a2 FBOBDIIERBKENET L LE2RLTBY, BREEKED
BEIREEIAITOR T2 E R LTWA,

(2) ZEAHBEEOR DAL

) al az a3 B MW Mars -Task
40 B Venus-Task
W Mars -Rest
20 F O Venus-Rest
0 = =
-20 | T =
-40 L

Fig2 Differences between percent changes EEG amplitude (O;) 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 {I/R L - R MBI ORALR L RRAKEDBRIERORLR L DFREZ KD
bDTH D, HEKEDRIEDENAEMBEEHICRIZTZELTHE TS L, ERKEDORIEICE
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WCHEREL L5 L) CRERT AN LABRIAOMEZ/R L, EBHlBEI IREEDS S LTw
5 ENbhb, —H, HEKEDOBREIIBWUEREREL 2D L ) IIRB R > TV BIZIEDE
2L, EHBEHR ICRIBEISHEML TV 5, DL ) ICEREKEDRIEDENIC X o THEMPEE
REDEALERMAFIFICR o TWABZ Db olz, BMDENWE BT 5 &, Mars BEEHIEE
R IZB W TIRIBED WA 0% Venus BRI L D /S <, KERERICB VT Venus BEREF X 1 #RIE
EDEMAKENT EADD 5, Fig 2 1R L7 EHBEIEIC BT B BEELICOWTHRE (a1,
a2, @3, B) ICEMKEDOEIE (FRE - Z#F) XEW (Mars - Venus) DB 217 o 7k H.
HERKEDBREDEHRILSH B TRO LN/ (al 1 F(1/12)=4.77, P<0.05; a2 :F(1/12)=
7.99, P<0.05; a3:F(1/12)=4.88, P<0.05; B :F(1/12)=9.11, P < 0.05), EHDER)
Riza2F5 o5 (a2 F(1/12) =4.74, P<0.05). REEHIED N LD 572,
BROREEZFRY D 6 AL (Cs, Cs, Ts, Ts, Pz, 02) DENENITDOVTIT o 720 HREKIEDRIED
FRRIZOVTIILTOTFMT, (JTERKICED SN0, BEOFEHRICOVWTIIEEREMEN D
EOTTSDa2iR (a2 F(1/12)=3.91, P<0.1),T6 D a2, a3%iH (a2 :F(1/12) =6.09,
P<0.05; @a3:F(1/12)=4.93, P<0.05), O, ®a2#iH (a2 :F(1/12) =4.44, P < 0.05) 73
GO bz, REERRREDLNZD 57,

2. BMiEh D HIZHEKEDEAL

(C) . ©
35.5 High arousal group 3B5 Low arousal group
—e—Mars
35.0 b —o—Venus 35.0 | ~e—Mars
—o—Venus
345 F 34.5 |
{
34.0 F 34.0 f
335 F 33.5 F
33.0 . . . - 33.0 . . . :
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 3L IR, KB AKEORE GRE - L#) . EiiPEE (Mars - Venus) (2B X TF
BHEMBROWERBLRLI-bDTH 5, HEKEDRIER DTG MR & 5 MBI O iR &
DRZEERD, HEKEORE FRE - ©#F) XEH (Mars - Venus) DG 2T o720 TD
R, EEKEOBREOEHRIEIBOLNT, KEEALALNL Do 720%, EHMOEVWIZEHR
MR b (F(1/12) =4.87, P < 0.05), Mars BEEUERIC IR MIBAMET L. RS, Venus I
PEFICIZ ER L7,
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BLDICHEEKEDRIE GRE - L8 ICX 0, BEBREOEEKENLOBRE LR, I4HET
L7D%ER b, —HRICEBRKEN G VL, afBoRBIZRD L, BHIRORIBIHEMNT 5,
PREERAKENSET LY 7 v 7 RIKEICH D L a FEORBIIEMT 5, SSICHBEKEMNMET L,
BRAEZELLLHWVITERD E, aFHORIBIIHE ORI T 5 (KES, 1990), Table 1, 2 (278 L7:
.01 B D BT BORGBARIBOZEALE % 25 &, BEFTRICIE ¢« FHHORBIIBIET, o3, B
WML 720 THZ &3, REERITROERKEN « FHEEHOBRELFIERITIIEOHE
BERRE T2, VI v 7 ALZZKEPLRRERIE T o 2 REEXRTLEZONE, —H. &
P IESEEBEEOTE TH 5 a 2 GBI OBV AFEDO SN2 Lo, BUIRBRZEL A13ET
37V, BEEKEMET LAEEZONS, LEDI ) ICERMAKEDRIEIZL - THREYIT -7
BEEEECLHEROTEEREB IR - EEKEICFE IR EPBREIN, 727251,
Table 1 |Z7/R8 L7-3REZRITR D a 3 FIHOIRIEOBEINIZ DV CTid, Mars BEEHET O Task A% 104.6%
(SE=4.9) THAHDIZxF LT, Venus FEELATD Task A5127.2% (SE=12.7) L EWMlE%RR L7722 &
WERRTAHEEZON, T— Y ICESDENH LI LA B, FITa3HHIZOWTHEHIZ
ERERTHZLIBERTHL EHE L, $HOBZBETIX, a3 FHRICOVWTIEI Y FEbRVWI &
2L 7,

REFITHRIC B BUEB DM A O NMERKED ERIREO S - BERERE L, EloEE
(Mars *+ Venus) (2235 h 53, HMPEREICB VLT A HHOEBISRL AN, SO &i
AR IS ERKEIME T LA 2R LTWE, —F., a2 WBICHEELZRDYED. ERK
O T %2R LR ERER T, B oOfEE (Mars * Venus) I2200b & ¢l BRI B W T,
a2 WA PO L CIRIEDOMINZ 27, SO LB BT CEREKEN LR LS & 2R
LTwab, 20, SRHAVAE#HOLELL LS| HBEOEREAKENRKITNILER €, BiTh
RT3 LR ESNDL, TRODFTRIER L2 2 20KMICEEREDRIGFETLIZ LR
REEL., RE LR EhieEZ N5,

—h. BEEERTIIREETEELHEROBICEVWY ALY, ERRKEDEIELRT LS LR
BIEONLD o7z, BERIEED O Il S 5 HREKE IIRERITR L ZHROMICEELRENIRD
LN7zAS, KRIEIZIZ, TDX) LW EEKEDBEVIIRB I W LR sNns,

RKiZ, BREMOMROE DA LNz a2 WO REIRIEOEILICOWTEE T 5, a2 Filg
DHMEIL Mars BEHUERE & SREFTRETII R I L EBLIZA SN %D 5 7245, Venus PEEEF & 3R8E AT
REDOHBETREBAZR L, ZHRE SEMEY BT 5 &, Mars BEEUERICIRIEAE L <HEML
TWHDIIH LT, Venus BEEFFICIIKREZELE RS LD o7z TD L) ZIREIRIENSS T W
PEREMICLZHEZENEEZONRE, 512, TROEDZ Lid, BERITIEMAYE B
&+ Venus FEEUEF & V) b Mars BEEUR O KRR K 25 9 IS BRE AR ITRE O R B AKHE I . Mars
FEELEF (X Venus BEEURE L D 3 HVWEBEKEEZ R LZEEZON DL, —F, RERBIZHEMHAHE <
WA, Mars [IVEEIIE S D OA, Venus IHMEWVEREKEZHFT L2 5MICEHWTW -2 LA
b, FBIED 2 DDOEMBIEVHAA S, Mars PEHUEF (X BIRAMET L. Venus PEEEF I
AL, T DR IT McFarland (1985) DFTR & —F T 5, ThHDFRIE 2 20RdOE L E
WKEPRZHIEZRBRL, RA2IIXFIN/EELIZOLONS,

INOoDZ 2T LODE, BEAEOERAENRICE - TEIN D RBEKEIX, FLEBRER
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BEHEATHIORSN A LEVERKEL | ZEEFRE TR IR RPEVEREKEORIZHFET
HIENPHMIND, RBAKEIRAVEOKEIKFET A %26, FERBMOPER, H5VidHE
HRBOEBNIICLE L T2 EEKE R, SBREICLELTIHEEBEAEL Y KL, o
YROONLWERHKEBOKEL ) BVCRBEKEIZHD Z b hb, 6T, 2ODOEMBTHE
MAKEIGEDNYD 5722 ik, FRFROEHMOLEL TAHFAMBOKEN R LT L 2HH S
Bh, A TEAD ) HEBOBENII X o TRIEICELDPB N DI Ts, Te, 01, 0z ZBAL
KR O T2, O, O SALIZ e WAL EICHBTHHMTH ), HREKEDOEIL L OXFIEHE
RbNb, Ts, Te BALOBE IZPEEEF A <. PFIEFHRLEICEE L /- BRI OEHILD
BWEDE 2 5D (David et al, 1987 ; HIE, 1987 ; Mckee et al, 1976) , 5D T LA 5HE X T,
SHRIFTERNHOBRE & EREKEOH LR L KD A Z & LRI, FERBOFERLE & Ro
KREEIRAE R L BRIBREZE DRI EIZ O W TRANLLENDH A D,
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Appendix 1. The questionnaire to select subjects
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