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Topographic mapping of EEG with the variation of sleepiness

-~ «_ Mitsuo HavasHi, Toshio Morikawa and Tadao Hor
Abstract

The relationship between the EEG topography and sleepiness was investigated in 5 normal students (aged
21-26 yrs). They were assessed their sleepiness for 12 hours (19:00 to 07:00) at 20 min intervals via
Kwansei-Gakuin sleepiness scale (KSS), visual analog scale (VAS) and the multiple sleep latency test (MSLT).
The power spectra derived from 16 EEG leads were topographically displayed for every 1 Hz from 8 to 13 Hz,
based on the initial 30 s EEG recordings of each MSLT period. With increasing sleepiness, the slow alpha
band activities (8-9 Hz) developed around the occipital area, while the fast alpha band activities (12-13 Hz)
tended to obscure at the parietal area. The topographic pattern for the activities of intermediate alpha band
(10-11 Hz) were unchanged over the experimental period. These data suggest that the increase or decrease
of the amplitude of the slow alpha activity and the fast alpha activity reflect the variation of sleepiness. The
present study supplied the new perspectives for the study of sleepiness in terms of topographic mapping of the
waking EEG.
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WDINT AT FVE S, 6, a D IFHUSHTTTHIT LAY, 4 EIR o HHICIEE L, 8~13
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ot HWERE L KSS, VAS (B L7tk Ny FlZikWwo 7z, HIT & FEICHIR S,
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Fig. 1 12, IRRDEEIOMEAS] (Sub. 4) THh D, EERORIED LHFICHITT, KSS, VAS
Baowm, ARSHEOEMILIEDLR, RESFELIHENLTWEI L2Shh 5, KSS,
VAS T, (ZIZRABOEE =R L TWBH, KSS Tid, 20:40, 23:40, 02:20 TOEAAHS
ML, 2~3HHABOYNIES T4 Ty - YXLDEDLNDL, MSLT Tii, KSS 252
Dok )% 2 ~3EHBEAMOBKEZIV IS T4 7Y YXLFEDLNRW, LA,
HRIZBP L TWEmP RO oD, 4 OBEFMOMHBERETEBTAL, KSS & VAS
TiE, AELTEOHBIED o =797, p<.001), FHiZx LT MSLT %, KSS, VAS
EHEELRADHBELRL (KSS: r=—.338, p<.05; VAS: r=—.472, p<.01), IREDOHEMIC
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Fig. 1. Fluctuations of sleepiness (Subject No. 4).

KSS: Kwansei-Gakuin sleepiness scale;
VAS: visual analog scale;
MSLT: Multiple sleep latency test.

Table 1. Within-subject product moment correlations between sleepiness
measures. KSS: Kwansei-Gakuin sleepiness scale; VAS: Visual
analog scale; MSLT: Multiple sleep latency test.

Subject - KSS X VAS KSS X MSLT VAS X MSLT
No. r n r n r n
1 L793E* 35 —.560%** 35 —.572%** 35
2 .946%** 37 —.874%** 36 —.783*** 36
3 876 37 —.297 37 —.308 37
4 LT97H** 37 —.338* 37 —.472%* 37
5 .933k** 37 —.892%** 37 —.84g%** 37
all .850*** 183 —.54]%** 182 —.514%** 182
*p<.05, **p<.01, ***p<.001
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Ed%oT, ARBEFEMFELTVWEILEFDDS, TOL ) 2EHIIE, WIhOHREIC
BWTHRBDLNT,

Table 1 i3, E#HEREDIEHOMBEZRLIbDTDH S, Sub. 3 Tid, MSLT & KSS RT*
VAS BHZA B MHBIRERD 5 N d o 7205, MOBEERE TIRWTR ORI b &\ 1B
RARRD LTz, '

—7%, Fig. 1 OFZBEOEREHMEZMA{ AB L, KSS, VAS ILL BREDAEDFED T —
yL, MSLT I2& B AREBED T — & LIXA—HEF LK OPHFET L L% 5, 19:00
26 21:00 13, KSS, VAS A%<, AMRiE b LEHEY, 230, TOMHTIE, 0
BRERI S CRATEL Y, ERICEZICHEMI»P 5, Lo L, 21:00 55 23:00 i2h
FTid, KSS, VAS DL idmv0il, ARERIZ10.55 06150 LRV Thbb, O
2T, HBRERRVWOIRNZWREBIZH 22 810k b, S 5612, 23:40 Tid, KSS,
VAS O 2B RVl LT, AIREBET 6 40 & WEBE V. ZORZITIE, HEBH
IR BVDIR->TLEHRBIZH o122 &IT% B, TOLHIC, EROBE T, 1B
TA—BHEPFE LD, EBROKY, 2 03:00 LRETE, HEHT—EESEO LN,
Z DOERETTIX, KSS, VAS BEAE, T2bbHBREDRRIIM, ARBESHEV, »
THROWERE 2BV T, KBROBRFTRERBEORTAGRL, ARBEHOE LW LHI
TBEEMT—HERD O NIzA, EEROFETIE, Fig 1 IR L HERED L 5 TR M
WSohRBD LN,

2, bRITZT710O%EE _

Fig. 2~4 i3, Fig. I'NOR UAHEBREOME b K2 7 7 4 2EMEICH - TH X~ b 0T
bho WIFNOEAEKFRTOERDETICE DR TVEY T 7 4GV EBLTWAHD, 44
WKARZ PVOE— 7B (11.2Hz) ORHEOTIRTEORE /Y Y IdR o T,
Y- o B & 0 BB OB 8Hz (Fig. 2A) D ERT S 74 « Ry v % AB L, EEROBIYE
TR LELRMIIZD bRk, LaL, EROBETIE, HEBOREIKERY,
05:00 LARETIRRETASBEM DY Y B HELTWbH, O XS MM, 9Hz (Fig 2B), 10
Hz (Fig. 3A) OFBICH OGN, WFNLEERDEITE & O ICHETICESIML TR L T
WSBEFAI PR Do EHUIH LTI ORBREOY — 7 Fik#icilL+ 5 11 Hz (Fig. 3B)
DT, EBROBBIZEBEIEALAZLRE Y, EEROMYPTLHETY, HKLE
TSBR DY CAEFZELTVDLONEETE S, E— 7 AEKRI WEAKEDOEV 12Hz
(Fig. 4A), 13Hz (Fig. 4B) DK T3, EEROFFIC BV THE R BREISEM D/ Y »HFE
Hohd, LaL, Oy vit, EROZAL LOICFHBEIILZ ->TWD, LEDLHIZ,
V-7 ik W AEROEY 8~10Hz OFEBO M RY 57 1 BEhE, U— 2 BEHELHE
EROE W 12~13Hz OFEOLEEN, KT A/ VE2RLTEY, EWIHE L 2ZBFRIC
HBEZEFIDHRD, 61, BIEEHEIZE o TESBEAREL - TEY, MR
T TIAESIS, BHOFRCIRIEETRICEN TSI 2R L T,

—F, SOXHILMETSTADEENY L, BAORJIGZEOHNEBENEILE FET
e, EBROZEBIZL o TE— BB LD EVFROBESRMARHRIZ LS &
(Fig. 4A, B), #IZ¥— 2 HER L D BVIHROESBAHEILT 5 & (Fig. 2A~34) i,
ANIRERPHARLTHEE (Fig. 1) L L{—H LT, ZHIIX LT, KSS, VAS Tid,
FEBEOBRETIR MRS T 74 - 135 LB LTV AN, EROFETILTLS—HL
Twi\y, Fig 1 #R5 &, 19:00~21:00, 21:00~23:00 DX TIX, & bIZARBESEN
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%, 19:00~21:00 CTRIEANHL ZoTWd, LAL, WIFNOBERTERO MRS
T4 N ERTYH, TROOBINZEAEIIHAEE TRV, SO LS eIV o
BEIZBWTLEDOHN, PRTTI 74 DEFHRRKOZILERLTLL KL TuLd a7,

3. BRRDETEEBEEINT bV

8~13Hz DV TNOFEEFTHBICBWTYH, FOESHEMIE, AR—ZEBICEO LN
2, TNODEBRFUDOITHBREADEF & LD LS 2EEERTOIERITT B0,
Pz [ DRIGHE E, &4DRAREL OMRFEEFEHR Lz, FOKEERLAzDH Table 2
~4 THb, WTNOEBRHEIZBWTH, SHHOIRIEME L DML, KSS (Table2) R U*
VAS (Table3) &, MSLT (Tabled) & Tiz, FEANRELTWALI EMbhb, 37, ED

Table 2. Within-subjects product moment correlations between the scores of Kwansei-Gakuin
sleepiness scale (KSS) and Pz EEG amplitudes of each frequency band.

Subject  No. of Frequency
No. set 8 Hz 9H:z 10 Hz 11 Hz 12Hz 13 Hz

35 .163 —.065 —.450**  — . 398* —.154 —.090
35 —.065 —.217 —.415* —.647F**  — 826***+  — 651%+*
36 .513** .259 ~.397* —.381* —.102 .084
37 .391* .382* .303 070 —.331* —.272
37 5T72%%* 645 .498**  —.220 —.493**  —.452%*

1
2
3
4
5
*p<.05, **p<.01, ***p<.001 -

Table 3. Within-subjects product moment correlations between the scores of visual analog scale
(VAS) and Pz EEG amplitudes of each frequency band.

Subject  No. of Frequency
No. set 8 Hz 9Hz 10Hz 11Hz 12Hz 13Hz
1 35 .051 —.145 —.661FFF  — 400%*  — 282 —.321
2 35 —.166 —.340%  —496%*  — 668*FF  — TgOM*F  — Gookkk
3 36 .598%F% 167 ~.407* —.268 —.099 .059
4 37 514 .398* .393* .154 —.451%*%  — 400*
5

37 N Vh L705%** .466%*  —.250 —.530%*  —.407*

*p<.05, **p<.0l, *** p<.001

Table 4. Within-subjects product moment correlations between the scores of the multiple sleep
latency test (MSLT) and Pz EEG amplitudes of each frequency band. '

Subject  No. of Frequency
No. set 8Hz 9Hz 10Hz" 11Hz 12Hz 13Hz
1 35 —.226 .120 " .408* .311 .084 .165
2 34 .134 .217 A46*+* JT22RKE JRARRE pgpREk
3 36 —.270 —.187 .097 .015 .029 —.093
4 37 —.630%F*  — GEO*FF  — ETHF*  — 332% JTBTHHE TpOREk
5 37 —.638¥KF  — GoGFEE 505 .249 425%* .363*

*p<.05, **p<.01, **p< 001
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BEEEBIE L2 DIRERELE, 71380 Table 5. Peak alpha frequency of Pz
M % b DM EIRE T X o TR 5 TVAR, EEG.
Sub. 2 ZEr\7- 4 BOHERETIE, 8~9Hz D Subject Peak Alpha Frequencies
slow a TR OIBIEIIRA DM S & EOME %R No. (SDs in Parenthesis)
L, 12~13Hz O fast o %8 Cld B OB 2R ! 9303
Ly 2 10.8 (0.6)
~e ‘ 3 9.3 (0.5)

—‘7:7, o HEHATRKONT 25 DF k% 4 11.2 (0.6)

Y— 7 Bkt £ T 5 L (Osaka, 1984), 5 10.4 (0.6)

E— 7 FEHix 9.3Hz 5 11.2Hz &, #BR

HIZE o TRELRENRD LN (Table5), TOY— 7 FEREBISIEBT5 &, Pz kDR
& &4 DIRAREE & DIEE (Table 2~4) DIERIR, E— 7 FHERORETHEERL WD
Lbhb, Thbb, KSS & VAS Tld, ¥— 7 HERL W EWERTIRIERADMILED
HMEZR L, SO &, REAIML 25 L slowa HHROIBIEMEAHEMT 22 L 2RLT
Wb, 7z, E—2FAEKE ) EOEIRTIE, RADMS EADHBBERICH 72, THT L
ik, IREATEL %5 & fast a FHIEOIRBEARA T 52 L AR LTV %, MSLT DAICH,
B (R LIRKOMEATKSS £ VAS &b g ) Lo TWAHDT, HEMGRE LB
D2H/BLBHEII L o TV AP RHBOMRIE D Lo TVEDD bbb, ZhE DRI,
Fig. 2~4 TRONIZ MR T 7 4 - 185V E—HL T 5,

—

% =

SR DOEHTIX, KSS & VAS OHBI .850 TH o7-e ZNIZESTHEDI% L A5
WHETHLIEZRLTWS, I LT, FURALZHEIEL Tw2d's, MSLT & KSS
RO VAS L oM, #heh —.541, —. 54 TH Y, &ETREBEDBLZFT0% L HBETE
holle COLHIHTCHERE L ARBR T A M THEIKL 2o -EHEDOFRIZ,
Fig LIZR6N7-L9H1, RREFRUTHIRNGWVEZR, RRT 1T UL THEEIC
BoTLEINAPFEL T A LIZHLEEZOND, ZOL ) BEANFEL TW S
Lit, RREFRZA LS THEREOI BIZIRYAATL T H)ARERZ R, RETHEDITL
WAREBEOETNVERMETH I LICRY), BUREWEEBbIs, BCFERE & ARG
FTAMHIHAONZ DL ) LR —FaLi#ilL, €8T LIIEETHLLEbILAS,
L L, HEFERE L AREEF R FZTTR, TOR—FHHEOHET, EFLIiR%ETHS,
L7z T, MOBROEANLETHLLEEZ NS,

—7%, HCEFERE, AREREVSHBREBELIIHNIC, BEOARS PUPLIERTHE
THHELEREINTEZ, Gevinsetal (1977) i, 6 & o, RV & a DFNFRDOFIH
DRTORERCTRAEZ#EEL TS, T/, Matousek & Petersén (1983) i3, A% b
VETIZ L o TR ONABREO2BMOEROERFHERXLOHBKELZEL WS, L
L, TNHDOHMETIE, MEDARS PAVISOBIEIIAVL R TRV, RIS LT,
Torsvall & Akerstedt (1987) i3, FIH BT OFEZFORK LIRAYHE L, RADOEINIC
HoT, 8, 6, aDEHFHONRTBEEMTLILEHREL WD, FHES (#k5, 1987;
Hayashi et al., 1987) &, 6, 8, a DEWHHD/7 L, BCLHFERERPARBRET X M
Lo THESNARREDEIZIE, REERTPHET LI EEME L, I s DERIE,
gD SIRADPFHTEECHAILERLTEY, T/, HEOHEHLSHOTEEREE AR
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BET 2 MICAONLEROERPHBTAIENTELURELRELTHSEZEILN
B, LHL, WMEDARS FUhb6 I OIERHOER LRI LR RIERTH S,

8T, SEDMKRTTT 4 - F=FIIBWTE, HCHEEREL ARBET X FOMIZASL
NEMHROERZHATLI LI TE Do, ZOFEREE LT, FRRE LRI AHE
M Tho-HEENEZELOND, 2%, 1HZ BIZHIF I EBIRTS 74 - Ny V58
MIZLEOPb LAk v, SRIOEHKTI, PRI 74 0EE Y Vid, RAOHEMEL D
BRI AHEE LT 2 8~9Hz O slow e iR, IREADHME & b ICESTHAITHARIZZ
% 12~13Hz O fast o Wi, 2 LT, EBH—E L TEBIMMATET 2 ¥ — 7 MERFRO
3oghit, ZOZENS, HOFERE L ARERT A MEIZA O NA—F A 2125
TH7:0I21E, e HHAE E— 7 BEROHIETHIF, slowe TR E fast a HIRUZTTT FK
574 5ERTAIEDL, TOMRELTENTHELE Ltk

—%, L «&BATYH, slowa TR fast e R TR FOMES R L L &, HELD
WESNTEZ FI - AR5 (1989) i3, REEEMBRET CERMIKELHEL, HEd
D alt, EEAKEDREEIZGL T 9Hz BifE D slowe, 10Hz @ middle e, 11 Hz @ fasta @ 3
DSOFEIRIZFITAZENTELEHE LTS, 72, Tsuji & Kobayashi (1988) 1, FH5
GHRERCTHREDOI VR T T4 T2« YXLERITL, o iiRIZIZ10057EH O 8Hz % s
L7 slowa e, HISEMEAMOD 10Hz 2Lk L7z fasta KA DPHEET HEREL T
Wh, BikE AW TRECEERIBAEZ 2 RET L 72 Osaka (1984) &, BREHAHEIZZSIZ2OWT
a D -V ERBB LR L2 HMELTEY, fasta TIRIZEBEKEO LA LHEL T
VBIEERBLTWD, SHEOHETD, slowa OHIBILRA L EOHB%EL, fasta ®
THRA L AOMEER LA, ZOMRIE, E-/REBROMGTHELTSEY, MRS
T4 DEBHNY b IR ERABROELER L, £/, Y- 2 BEBICHYST TR, £
Brh—B L CHIESRICESPMN T EZDL I ENTEL, ZRLDI LD, BREIELLTS
Y — 7 BB ORIBMEIEIZEI L 2wy, EROHEBICIE CTY — 7 BAEROBH TH 5 slowa
TR & fast @ WIROEEIDPH VI L 2SO THEEZ LN 5,

ETAHT, ERIVIKED VRS T 7 41k, FREMOHEE L5 LT 5BICHEICH
Wb T X7 (Lehmann, 1981 ) ##iZ#+ L T, Buchsbaum, Mendelson, Duncan, Coppola,
Kelso & Gillin (1982) i, BEIRtE O 4 OJFHEEGIHIZOWT YT OFEE LA 2R~ Tw 5,
LirL, BEIRBFIZEDO 22 TRE MRS T 7 4 2185 LRI %K, SHITRKE MR PR

"5 7 4 DEBICOVTIRET LR 2 v, FFR TR, 16LOREZHAWT MRS S
74 #E L7z, Fig 2A~4B TRON/ XIS, FR7S 74 2HVWE L, R—FENOE
B ORGSR, BERMOBENFHBIIL 7 5H, 8~9Hz @ slow a Hi% TIXFHTH
EICBBIRAIAEED bR, 12~13Hz D fast o FIE TR EEBIESEHVFROOLNZ, 2D
Z &3, slowa FIR L fast a WIE & Tld, FOEEHMARL - T AWMREREZREB LTS,
¥/, SEOEETIX, MSLT (Fig. 1) & bRZ 57 4 - 3% » (Fig. 2A~4B) &2t B
PERDON, TOT LT, MKREZPEOREMETIIE, ARBRFFHTETDHS
WHEEERL TS, DED L), RAZAUETAIRICHENRSF7 74 2AVWAI LA,
HRLEREGADIENTERLELORD, LA L, RALOMEEGRLREET LS,
CONRTTT 4 - %Y Y EOPICHHL, ERELTIPPESROFREL LTIRENA TS,
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