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[l R Y 7 e BRBE DB IR I & % B D IR SR
SCAE P R AR IR 7 A T %2 P300 DRh#:

1. RELREE

HHE AT OISR ORMEIX, human factor (2 & %
IARFHMORELRFERII R > TWw b
(Garbarino &, 2001) o H4 ZIEIRGEEE Y X 2 O
DS b, Bl OIRK R IR O B O E & 28
Bl oTBY, RELHEMEL LTS,
CORKND 12121, KHIEIRDSZ 0 30 FEFROM
WCEAEAFRLL, ZoXEIE LTHBDOIRR
BIMOMER D 5 L Ez 505 (NHK FOEEG
J2HT, 2006) s % LCZDOIRAIX, & b DHBEEIR
OPTEIHE SIS WERD1D2TH Y, H
B EENRS L Wk e 2 BEE L-%6
IRAE CRERRORZ 2 2 L2 LT
5o FEBE, AEHEOERPRLRITEROBME P R &
TIRAZ HEMICR U, KEe=s) v 7
TlE, ¥4 2702 =70 X9 RIERIEL T
5 ZENEIHSIN TS (Rosekind 5, 1995), 2
0, RAZHELZEICE, $TICRIRY &
ZRILTWAIREESD 5, IREIZ X BIHEII,
Moore-Ede 2SKE T4 H 160 & Fv, 4fitfT
12800 MV DL EE BED o T b (Moore-Ede,
1993), IRZDOFMEE L TIE, h 74 VR EDHE
W, &%, KR, SRELRZESETONS,
EIREEEOYAL, FORKOY LI VY, BE,
Febt AT RIR T 2 S & b o T d, FEICY
7 MR IR e SR X A OREEDE H
& o TREOIREYA U A6, 0K

A G

THHMA) AL ) £y PIEEREL T,
MERR 2 EZE L -sRECRESITDODRS
(Honma &, 1988 ; Czeisler 5, 1990), 5D
HRY) 2T 5 X L OMMEIERIE, #
HY X LA %2 b DB SN S
N2 2xAT b= Vawiiic X - ¢, Ko LA%
HRAKEDO LARD 2L ENLHREEZLNT
w5 (Cajochen 5, 2000), 7272, 25 h= 28
L AEGWSNEVERORME TS, Hiho
IR S IR A ORI E R L T2 HED
Cohd s (B, 2005 ; Kaida 5, 2006), L
L, IR&USHHEOFEBRET 2 R e IS 7%
EDOBEMED TR > T b, KRN 2T T
—F L LT, HLMAERMD ) LR RD» S
300ms 1 B9 2 Bk P300 (b 5\ id P3)
&, F FR—VEREIC X @BIREEH 2RI+ 5
FEEE LTHERERTWS, A8 TIE, Post-
lunchdip # & &AW 2 BRI ORK D, 20
P300 % AW 72 BIRMTEET) - AESERRE - Ko7
WCRIFTHEIZOWTHEF L. &5, Z0lk
AR 72 3000 )V 27 A L b o> s BEEE GRS 12 &
D, COREERET 2 EHE L1,

2. F &
1) ERBMNE

s L O & e RS X UTRERE
A210% (B 6 %4, 4 44, P94 RS 21.11 7%, 8

AWFZEIE, 4512 [ H AR R4 aE4 (B, 2006 4E), 13 [ H AR R4S (RE, 2007 48) CTHE L. AW
781, PR 17 SERE~ PR 20 SR FERMERFSR BBl & (GEEEZE (C) W% GRAEETES 17530534) DB % 5Z1) 72,
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PH 18-24 %) #xfG e L7zo EEBRBE 3 HAlC,
ZMBIIIFZER 1, FEBRASZ T3 L,
FEBRB MO E 2 HMTHRIZ. T L ZIHAH
WHToEBAEDREZZREL, MEEHNE [HRE
FHAKEMEERE N RS ED X D Big2BE KT
TOMETAZ L] L L, IRKISHT 2 ERESL
DENEIZ DOV TOFHBIEED Lo 72, BME
12, FEER 1 EME A 5 BB O RIREZ],
Wk A & 1R DL R v &9 2GR
FIa—VvTlITLHIIRDL, T, IEIR
BERAEEL 1AM OmERHZECHELTH S
W, S B IZHEERET 3 H# % ActiwatchLight (A
RHSE ITC 41, Mini-Mitter #1, KE) % IEF & b
WCEHELTL O WEEBOIEREEY 2K E %
AL T & 2 ZBINICHERR L 72 BT, FEBRIC
ZIMLTH S olze ERBINEITITERHH S
FEEBHRTECTCT NI, h T2V, =aF 7,
Z OO EIEEH O B % WERT i 2 AW I TEI L
Twr IR L7,

2) RBFIREBENT X —5—

AFEERZ, SHRECHREZThTICEEOEN
¥ (250 V7 ZALLTF) T@®IZ3EME (Room
light: RL) &fhza> ru—i kL, 10H25 18
BRIC T C 2R S L2 D R LSRR 2R O
AEMREESE (Bright light: BL) &% iawscth &
L7z FEBREIZIFRORICAELTH LW, 20
SRREMHEACHT H A 5 OEBRSIMOBIRICH - 72
HEFIZOWTEM Lz ZOFEBHICIX, BED
LEBREORII K E~NORBEZ M 5720, W
YIIARRBL, ThEBEITTRTH L7,
ix, BBEEITIkQU T E L, Fz, Cz,
Pz OFRE L3I L DRtk L7z, F72, HRERES)
RREEEZE Y- 50, LR TEE ARG
T2 HHRER (electrooculogram @ EOG)
[EIRFICEEER L 720 IO IERFE200.3 8, IREXIZ
WEE 25 1.5 AV S80H T & 9% %0 100Hz THEIRRCER L
720 X (electromyogram : EMG) 137 F %
ORFICREEMRZ 24 L, FER0.018, ILE:E
W e 5 1.5k Hz THIEGLSR L 72, 2R T D 1

% 60 =

v ¥a Y OEROEEBSE, RIS E
IR E: 7 A b (Multiple Sleep Latency Test:
MSLT, 3 7% b % HH 2 Wi & & 12 A IR IR % fisi
WX hHlE L, IR IUERCARL TR T
PRTFTEHTAN) 2RK205HBEBL, KiZ
P300 M€ D72 DIZHER A MR —)VIEIC L 5 HSR
B S A E & 20 43 FE M L 720 2 D 20 43I
100mm OEHIRT [F o772 W] (05) 225
[FEWICZEH)THAH] (1004) THELTH S
Visual analog scale ( VAS) T, IR &
(Sleepy) - HEEE (Alert) - Y7 (Tired) #,
FRADSRED DR THEKN Q5] 25k
HO [ECIR-TLEWES (78)] FTH—
A b VP CrER L 72 Stanford Sleepiness
Scale (SSS) DEMMA S HEAEIRZFTLALTD
5. BREIE, EBROBEHO 9 RS AT
RBEL, 1ty sy OEBROBLEIHRS 11K,
13 W, 150, 1725 18 %2, BRI
3,000 v 7 AL, F o> R EE & i OF B 4o TRERL L
2o WM—ZMB 2502 FE L2720, 2:EMLL
oMM EET, HRRREZELTT ¥ ¥ A1
17720 P00 MEREDORHE D T — & TlL, TR
JRETD 2003 VB % & 8003 VU BAGHT E 7z,
ik DAL DN T, SEOGH T, T—7
4777 NORADY o7z Pz &5 ICH W
720 BB, 50 u VUL LOIRIED EOG 25RA LT
W 5 AT KOS RUS E W B & B AT IO E 2 S B
FRL 720 MEHDOWEL,S, &40 - BMETE
12 P300 i, B A IE L7z, BREA FAR— ViR
FEIC I BE R % vy, 500Hz, 1000Hz, 2000Hz
D —8—=Z Mg (B 0 60dB, FHFERR ¢ 100
IR, 2B EAY BT YRR 10 I U
Z B o BEi 50cm 20 5 A ¥ —F — Tl A 5
PR U7zo o3 RHE# 1 500Hz, 1000Hz (3E
BRI % 40 %9 >, 2000Hz (EERyHIE) %
20%& LT 800~ 2400 I U # (31600 3 1))
ORFIFETT ¥ ¥ 2R L. BMFHICIE
RN LT TE LB TERLSRY VMILE
THLHIERLI
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3) Hratinig

FEROWERERIT, FHHE+ FERETRL
7oo WEAERIL, 2%H (FREESM: < WEREH)
2 X 55850 (analysis of variance : ANOVA)
FiTo o FREDFD SN/ & &I21E Tukey's
HSD I X 5% HE K E 1T o720 F72, REMEHD
AOONE I TUREZIT- 720

3. #& B
A. BINS XA —2—DFERF

FEFEMD/$5 A —% — & LT, VAS @ Alert,
Sleepy, Tired, SSS, F#IWFHiiD/ (T X —% —
& LT MSLT, P300HlERDA ¥R —ViEED )X
SR, P300 #KE, P300 $RIE 2 &4 #% o RL 4
#5145, BL 45 m5rEr 10 Bl 7 — % 21372,
KNXT A= —OHBARHE T L D0, £
Thb (1. VAS DB OMBIFREKIE, -0.659 ~
0.400 & S WHBZE LTWwiz, LA2L, &
B85 *—% — L OMEIE, MSLT & SSS
25-0.288 L HF WAV D SN2 721F TH - 726
BB 8T A —F —FL Tk, MSLT & P300 %
R12-0.302 & 55V AHIEATIE®D BTz

B. ERREARHOBEERICLZIEZ/NITA -2 D%k

MSLT OF¥fiiix, RL&MTiE, 10WHZ7.2 =
3.16 45, 12313 8.4 + 3.664r, 14 K3 9.2 = 3.96
5, 16X 7.9 £ 3.79 4, 18RI 13.0 = 3.90 431
%L, BLSGMTIE, 10MZ13.8 =4.44%, 121
13119 + 3.674, 14B1314.4 = 4.8745, 16K
11.7 = 4.87 4, 18H1318.3 £ 29245 Tdh - 726
Jedeth & B o 2 B ANOVA O H$, BL &t
TlX, ARICRLEMA LY MSLTIZER L T
(F1,9) = 21.19, p<.005), F7-IZORRSHE
ThHo7: (F(4,36)=7.31, p<.001)o %3, 25k
OZHAEMEAEE T Rro7 (K1),

2) F FR—=VIERIGHE
F FAR—VIERSK 0%, RL &MFTIE,
10 i3 352.1 = 51.87 I U &b, 1213 350.6 =
75.48 I U, 14WF1X358.4 = 7052 I U, 16K
20

15 /.
< .\‘/‘\./ n
E

1 .
= m- u

5

10:00 12:00 14:00 16:00 18:00
time of day

1. MSLT OFBERMFICL 5HEE (BERRIER

) MSLT 237 SRt E, @ERREBRENRMHERT.)
F1. BT A—2—EDOHEBRBEOT LD
V-alert V-sleepy V-tired SSS MSLT FOGKER  P300 &% P300 il
V-alert
V-sleepy -0.659
V-tired -0.347 0.400
SSS -0.316 0.579 0470
MSLT 0.002 -0.128 -0.038 -0.288
SR IRz [ 0.074 0.016 -0.146 0.008 0.154
P300 I 0.016 -0.044 0.160 0.075 -0.302 -0.025
P300 i -0.161 0.110 0.108 0.028 0.040 -0.106 0.278
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13 331.9 = 67.92, 18 K% 325.7 = 51.60 I ) B
L, BLZMETIE, 10H:E314.0 = 3355 3 U,
12 BFIE 311.1 £ 39.94 3 U R, 14 K513 308.3 =
55.49 I U, 1613 304.9 + 4835 I U Ep, 18I
13295.1 = 37.81 I U TH o720 LM LBAD
2% ANOVA o#E 5, BL&MTIE, AEICRL
ZMEE D F FR—IVIERISHBIZERHL Twiz
(F(1,9) = 13.18, p<.01) o F7=2WHORRDHFEET
o7z (F(4,36)= 3.66, p<.05), 4B, 2540
REMERIEE TR -7

3) P300 iy

P300 K o F#1&, RL &<, 108
385.5 = 24.43 I UK, 12013 394.0 £ 35.73 3 1)
, 14H13394.0 = 36.19 I VA, 1613 396.0 =
29.23, 18513 389.0 = 26.65 I )KL, BL 4
fETid, 101 355.0 = 27.49 I U, 121
360.0 = 20.82 I UKy, 14113 336.5 = 24.84 3 1)
, 16 M3 353.0 = 23.24 I VA, 18M#Z 359.0 =
3857 I VM TH o7z, NS LEAD 2 EN
ANOVA O#5%, BL T, AEICRLSMA X
) P300 KX A LTz (F(1,9) = 33.58,
p<.001) o FRHORBERPLEAEHITEETIE
Lol (K2,

4) P300 i
P300 RIEDFH DA & £ix, RL&M4TIX, 10

425
400
R m-- R m

o | b
3 375
E
3 ./.\
£ 350 o—°
ks \./

325

300 L L L L J

10:00 12:00 14:00 16:00 18:00
time of day

2. P300 BRFDOIAMMERMIC L BLbE (ME AR
FRREME, @EFRISRELZEERT.)

BE1Z-2.6 = 3.56 4 V, 12513-3.1 =369 u V, 14
HFZ-2.0 353 4V, 16KFZ-1.1+270 4 V, 18
Wi%-0.5 + 3.52 u VIZxt L, BL &M, 10 F
13-15+4.13 4 V, 121320 £ 4.76 4 V, 141
13-44 =408 4V, 16F:EZ-51+774 u V, 18K
13-54 520 u VThHoloo N5l Wilo 2%
[ ANOVA O#R, BLE&MHTIE, ARICRL&H
X 0 P300 #H 2 L Twiz (F(1,9) = 6.47,
p<.05) o FRHORPERLEEHITAEETIEE
"otz

5) VAS (visual anlog scale)

VAS OHI T, Sleepy (RZE), Alert (R
BE), Tired (EF7E) %MGETL7z.
a. Alert

Alert ¥, RL ST, 103 51.6 +
24.97, 12W:1356.2 = 20.36, 14 H#356.5 = 18.31,
16 ##13 54.8 = 24.05, 18 58.1 = 22.41 (2% L,
BL & Tid, 10 H:ix49.8 = 17.15, 12K i
525 + 26.81, 14 #3529 + 2847, 16H#%58.7 +
24.95, 1813 62.0 = 23.82 Th o 720 sl &
D 2 ZH ANOVA OFFER, FRRRPEEMEM I
BETEGho7,
b. Sleepy

Sleepy O F#fiilx, RL &f<Tix, 10 K
47.3 + 17.74, 1253 38.7 + 20.98, 14 ;%431 =
23.40, 1613 49.6 + 25.91, 18H¥13 33.8 + 23.81
WL, BLZ&MFTIE, 10HEZ 42.8 = 15.18, 12K
13 42.7 + 25.43, 1413 49.0 = 21.21, 16 B
37.1 = 17.31, 18 % 31.6 + 21.65 TH > 720 Mg
L B o 2 EH ANOVA OfER, FRERZH.
ERIEE T e d o 72,
c. Tired

Tired ®F¥ iz, RL &ETid, 10Kk
41.2 + 2836, 12H#d32.1 + 26,01, 14Ki3322 =
23.99, 16 M3 38.3 + 25.94, 18 Hi% 32.3 + 25.00
WZxF L, BL4&AETIE, 10H:E 385 + 2491, 12H;
13 30.4 = 24.80, 14 K13 30.2 = 21.73, 16 i
34.6 = 24.14, 18WFi%28.9 + 2546 TH o 720 Hid
e o 2 EE ANOVA O %, TR
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6) SSS (Stanford sleepiness scale)

SSS Ok, RLGMTid, 10K 3.6 +
0.70, 12813 3.1 =0.74, 14#133.3 £ 0.95, 16
B34 =084, 18K 2.8 £ 0.7912xF L, BL &
fETix, 10112 3.0 £ 0.67, 121:1% 3.0 + 0.82,
1413 3.1 £ 0.74, 1613 3.0 = 0.67, 18I
26*1.07THolze HEMLHEHD2EHN
ANOVA o4, BL&MTIX, AEICRL &MF&
) SSSdFEHME L Twi (F(1,9) = 5.26, p<.05).
F 72 O RER L EIAEE TR D72,

4, E =

BRI 2 IR RN, M Tad L b A
ZICIRAZRZBINICL FBWIC P SEL L
A%, GO FEEED S RGET & 72, Dement 5 A%
3§ L7z SSS THME LR T, MR
VRDONLFERE o7, TORIX, HIHET
3 H DM % T IR L, FERIBTIR 2 &R
EHMEED L) LERBRER TP 7210h
b 5T, BEERICE ) EEN 2 RKAMET
L7zmilg, BETH 5, §7IT, Standard 27811
IREDOWMEDEE LTHWSRS MSLT TiZ, &R
LTI S 2 ICENRE LD AL, IR
BHWL LT Wiz 43 TORETIA, mvﬁﬁ
FHOWIRKOMBHE? L OB T CRRMMERE
LTV DI R &mL#ﬁiiytw %
2T, PRABRRED 9 b ORI ERREIC OV,
WK 72 PR SR IR g s E M 22 2 b 72 5
OH % AFFETIIMET L7zo &R, P300 OFHE
A AN L, P300 OIRIEASHIN L /2o P300
D 2D DIRKEIFF NN & F O
HWREZEMT L EEZSNTVERY, ZOWVWTHR
LAWET B H%ER LT Wz, FEZHEIEL R
F FR—IVIESUG O USRS B & A2 I 4
BFCEMLTBY, BIWEELSZORIK
THBINT + =<V ARNIZEDRREB K AT
Wb ZEWbhrolz, GHOEBRIT A LTI

T& W/, FHB T 7% < BRSNS
£ o727, %@d%i+“’wb%ﬂto/7b
Y% % & TRMIEER D OZFT L, IREDOTRivs

DBERBPMTIE, IADOTF, N 7+—<V/AD
Rl ,p®i0&ﬁk%VﬁT§+ ()]

REWFFCEDLEEZOND, RWIFETIE, B
FCIRARCERNIOEE L LTHLHRE WD
MPOINT A —F — & WG 72, i, %8l
GNRNTG A= =L EBNLNRNTA—F—IZHFD
HWHBERRED N o722 LIXIEH SN S,
COpE, RARERNWREEID, EBNARD
DEEBLDODPTBELR T, BREICES S
LOfEBERHENEZRLTVWSLEEZ BN,
HOFRY Fe ) o0 I 2% E, BEMIZI
FREIRY ZHE L2V EV)BEESCHED, BBl
FNZIZERD W2 L%, SROERD) S b AT
FoNTETH B, 72, MSLT & P300 il ix
MW ARB 5B SR, mn#émm&%%
B Z2BLIZLTWL I LR TE 2,
@@m%&ﬁﬁ%@%%i,%@%ﬁﬁ%ﬁﬁf
HHIEEZDE, BEK) X 2EHEE LY X
LAOFBMEM XY, HEN & A AR O B 1T
DO FEEATT L, EHEOM~OBELHNEH % %
ZBLEND B, FRERIRGNZ, DR
PRI B 20 & BHRSR 2 A LT, SRR R LA
b3 ERHESINTNSE (Myers 5,
1993) . &t%, ZOMEOMPD7-dI21E, LEX
2 X 2 HEAMREN A 507 70 —FANETH
%o 7z, HSHOFEBENOIRR % T 2 50%
A, CORERBRLEFEBEBR LT 205, FICEH
DIEIRIZ G- 2 2 B2 BT AU EVH L. Tz,
H#& B Tk g L 7-BoBEhoBR 7 L2
DWT, ELLLRHADVPLETHL, 5H, BT
NRBHRIMI Y MU — VTR ED YT M
WX BIRA L DV ERC SN LW TIX, 77
A v LY O R ORI A S BEE D % 7z
@, R CTRIEAED 5D EBELZ V72 A
FOHEEDRD S5,
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The effects of intermittent bright light exposure during daytime
on daytime sleepiness, the multiple sleep latency test and P300

TAKAHASHI Toshiharu

While phase shifting effects of bright light (BL) by the circadian system have been well investigat-
ed, relatively less attention has been paid to its direct effects on psychological function. The aim of
this study was to understand whether daytime sleepiness and selective attention could be improved
by BL exposure. We analyzed the diurnal changes of sleepiness, P300 (an auditory event-related
potential that reflects cognitive function), and performance test during the daytime. Ten healthy
young volunteers (six males and four females, mean age 21.11years: range 18-24 years) participated
in the experiment after informed consent. For the 7 days before the experiments, their regular sleep-
wake patterns were confirmed by Actiwatch (Respitronics, USA). On the experimental day, subjects
wore a goggle from their home to the lab to avoid exposure to sunlight. Each of the subjects partici-
pated in two experiments: exposure to ordinary room light (RL, <300 Ix) and exposure to BL of more
than 3,000 Ix from 9:00 to 18:00 except during the MSLT and the P300 evaluation. We examined MSLT
and P300 every 2 hours using EEG equipments (Nihonkoden, Japan). P300 was computed with a soft-
ware developed by Miyukigiken, Japan. The subjects estimated their subjective symptoms on visual
analog scale and Stanford Sleepiness Scale. Compared to RL condition, objective and subjective
sleepiness measured by the MSLT and Sleepiness Scales significantly decreased under BL condition
(F=6.70, p<0.05; F'=21.19, p<0.005, respectively). The average latency of P300 shortened significantly
(F=33.58, p<0.001), and the amplitude of P300 increased significantly (F=6.47, p<0.05) under BL
condition. Reaction time in oddball paradigm shortened significantly (F=13.18, p<0.01). Time effect
was seen in MSLT and reaction time (F=7.31, p<0.001; F'=3.66, p<0.05, respectively). Sleep latency
and reaction time at 10:00 were significantly shorter and longer, respectively, than those at 18:00.
Intermittent exposure to BL during daytime counteracts sleepiness. The reduction of sleepiness by
BL exposure may improve selective attention and prevent mistakes. Time dependent effect of BL
exposure may exist, but the training effect of the performance test may also need to be considered.



