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Circadian light: Translating research from the lab and the field to lighting practice
Mark S. Rea (Lightning Research Center, USA)

Much has been learned over the past quarter century on the role that light plays on circadian
regulation and disruption. The retinal mechanisms and neural pathways' > that affect brain activity™’
endocrine production®® and overt behavior, particularly sleep™'® have all become better understood.
Epidemiological studies'"'? and animal research'>'"* have shown that disruption of the 24-hour light-
dark cycle can lead to negative health outcomes. There has also been progress in the development of
photometric measurement procedures and devices to quantify circadian light exposures.”
Applications research has shown how light treatments can improve and consolidate sleep in a
number of populations such as demented seniors and submariners.'*'” The oscillatory behavior of
the biological clock in the SCN has also been modeled."®" The widespread application of that
information to society has been limited, however, largely because there have been few attempts to
coordinate all of the disparate skills needed for a scientifically valid and practical circadian
management technology.

A decade ago the Lighting Research Center developed a strategic plan to better understand the
basic science and to develop a practical technology for regulating circadian rhythms. The steps
leading toward that goal can be described in terms of key questions that needed to be answered:

* What is light for the circadian system?

+ How can circadian light be measured in the field?

* How can circadian entrainment and disruption be quantified?

* How does circadian disruption affect health outcomes?

* How does circadian light control the master clock?

* What technologies are needed to minimize a person’s circadian disruption?

This presentation will discuss the steps that lead to the development of a circadian management
technology. This year, through funding by the Swedish and United States governments, we will begin
field testing the efficacy and acceptance of the technology.
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Lighting for Alzheimer’s Care: From Research Results to Practice

Mariana G. Figueiro, Mark S. Rea (Lighting Research Center, Rensselaer Polytechnic Institute)
Sleep disturbances are common in persons with Alzheimer’s disease (AD), resulting in significant

negative impacts on the patient’s daytime functioning and on caregivers” well-being. Light treatment

can help reduce the negative impacts of aging on circadian sleep/wake rhythms and improve the

quality and quantity of sleep and behavior in older adults, including those with AD. This

presentation will review the current research and discuss results from 3 studies that used light to

improve sleep and behavior in AD patients as well as offer practical techniques to increase circadian

stimulation in the homes and elder care facilities.
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The impact of self-luminous displays on melatonin and sleep

Mariana G. Figueiro, Mark S. Rea (Lighting Research Center, Rensselaer Polytechnic Institute)
Self-luminous displays are becoming bigger and brighter, emitting short-wavelength light that

maximally suppresses melatonin at night. We performed a series of calculations using a model of

human circadian phototransduction to determine how likely each of these devices (computer

screens, tablets, smartphones) would be for inducing nocturnal melatonin suppression. We also

performed three studies to test these predictions using the iPad, cathode ray diode computer screens

and 70” televisions. This presentation will discuss the results of the calculations and laboratory and
field studies.
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Effects of Detailed illustrations on Eye Movements and Metacognitive Accuracy
Lin YuYing, =iFiFX, EH % (RHRAZERERXEHERD

Two experiments were conducted to study the effects of illustrations on students’ learning process,
learning outcomes, and metacognitive ability. In Experiment 1, eye-tracking data revealed that
students generally started viewing pictures earlier and spent more time on the detailed illustrations
than they did on the simplified illustrations. In Experiment 2, students who learned with detailed
illustrations were less accurate in metacognitive judgments than students who learned with
simplified illustrations. In both experiments detailed and simplified illustrations were equally
effective in terms of learning outcomes. These results suggest that detailed illustrations could attract

more attention, but might have negative effects on comprehension monitoring.
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Creating a chromatic eye model that includes a GRIN lens

Coughlan Mark" %, Mihashi Toshifumi', Goncharov Alexander’ (ER T £ K¥#IEER S X 5
LT, Applied Optics Group, National University of Ireland, Galwayz)

We present a method for creating an anatomically correct eye model that agrees well with
experimental results on chromatic aberration. Such a model can be easily used with standard ray
tracing software. The method is used to convert the monochromatic eye model of Goncharov and
Dainty to a polychromatic eye model. This model is a wide-field schematic eye model with a GRIN
crystalline lens and agrees well with experimental results for monochromatic aberrations at 589 nm.
Including chromatic aberration as a parameter of the GRIN lens allows the model to agree with

lateral chromatic aberration measurements.
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IRERFOILOKE ST, REMFTOAFHERI RN EOMICERZAOHMMNA ST, O
R EEETO A EAERAOHMMRA SN, HITLBE AT b= O3 TRED
5O HIET & FIRFHM & AR A AHBIE A - 7o, RBFFED S, e EFE O i i3y 75 8
AZIPT0b0bd D, EMIFIEIZX > TE ORISR 2 2 EARBI .

BBEOEMMEREEIZFNANY & LTEL2EHMOERME
ZIUESE, X, EAEDN (NTTII 1=45—Y 3 VEISEBRHRR)

FARBREEIC IS B A FF MR RIS Z S FET 5. RO L 5 & B3R
EIRIT & » TEEBRSZEMIDITKE KT 20, Fx B2 OEMOIIRCAFEA OB 7E k%
KA TE S, AHETIE, 5 UBWHEHOERAEOILEE & 758 2 Wi EE - 72, #0
D &S ITRMMBTIISAR T35 — U SRk E N, K TOROER TSR EBREBIET 5
B, BRI S A7 KRB BRI R OE S INARTE LTI 2. BIRIMIZIE, A0
NEE A E R G ICRAERENRE LD, EHENRKEVIEERAERRII/NS LS, &
OHFIZFH LT, 2OEBEOTIVT » 7L v RIZB O TREBERNIIG U e B RO LT &7
&, RROBWHENHEE S EARPFETEAB U, U EoZ &iF, ZEHNZEESROEHN?
BRH ORI THELAMEROFLLD ELTHOWONE Z EERELTNS,



AV S RAMEEFITOMBEICEIFIEEHBEDER

EELE"? AF B® EEEX' ERAFAXHERHER' BEZHERERK? ERAF
WA LB TR

A OB D & PRI TR, JUE 5 RBEORS, & 2 W0 I &3 2 R AR P I
BRI A N ZRLICE > TSNS, Z2N6DA N Z X LD SINRDEETHE S, WK
DRI ICIERIRI S A A = X LADHER S h B 2 L3 L Mon T3S, ZhET, Aoz
 DRITANE Z DFRPEICIEBINIIIE A A Z X LK > TIRESNTE D, BRIEISEIRE A A =X L
BZOHBAFMICTERNEZEZONBETH-72. UL, bhibhidar b7 2 bxtle
IV hTAMAGEEDOBREMNT, MYEERNZAA=ZXLBI Y T X NORREICEERZK
HAERLL TSI EARAT S ELEHIT, BHEOIZTOMBITE O THEDOHS X 0 WS O1EHR
DFHFEEF &0 PREIEGFRIEE R Lz, ChooERIE, 30 52 FPEBIZITOAEIC
BT, BEEERRPEICIERING IS A 7 = R LS EE R E R LA RB LTINS

RRY—t w3V
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REHMUREEZH O -RENIEMBOHTE
& B 2FEEZ WREAFE’ ERILAFAERBSEBIZHER" NFV=y rKXet?)
MR P ORI B A IR T 5 & &, SLEZPEIRIR (OKN) 24 U 5. OKN IR
DRBAEZIT B EBAONTLEN, ThE THREINAPIETIE, HFICERSN 5ETH2
HEUTOLOMFILEAETH B0, FREO LI BEZHOER it LDy —VitB i 3ER
L OKN L OBRIZH SN TRY, 2 2 TARFETIE, FRFITERZ 2 280 J5 1m0 EB il % 1% %
BHCE TER L, BEES I E B LSS RE OBl EE A MY A1, Tofilo
)T &S U OKN S 4 2 fat L, T3S 44 Ky TS h, B2
DIIcEhZENRE 2B M TER LU, £OME, EEMEOEB) 1 & xHE L7z OKN O
BEMR bE R asRonic, cnkb, HEHEREOIEICESHNT, ZHOEE)H
ZEUHIRBIER OB EOHEENTEETH 5 & EAREI NI,

2p02

NTHNEEMREICEZ X E—BRAEGREHEBRFOLLE—

aEER, BLEF ROBXA (FTEXFRERBEEZHERD

TR FEN AR OKEADBRET 2 2 & T, A ECHAOEERIK T 22, GHEOMIE
AHZZXLDEHE, ZhEFERERTE2ABLEWEEZONSE, ANETR 7+ F—T7 105 %
U T HARMG & B, Bk BEaRREBEL, " AL IEENROLLERGEL /2.
Y12 BB RIE 7 4 )V 712 K BRI LN S Wi, BTIRO ARG Uik, gk
BRI 4NV B LTEBRIMOBE LD UK, 7+¥F—T7 40728 L TBET MO RE
ZHEUCEELRACICR2 LS ICHE L. £&GTIET Oy F U 72T, ZOHE,
HARM 5 & By, AR BEamgagetT, 74V 28 L THMEBIZELTS, AIEsh
BEBIIEIEAEER LTz, 120, =vF U7 OESDEEFAARMBIGETID/NS DS T,
P bs, dHI &2 BERFRIBEMCL S FMIEL TSN D2, MIEOREIE HRM
BTEOUREST B EMRBENT.
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YRR B DRE X 5 = X ADFRA—Ri & A EMEDEA M & REEE—

MRAD, BH T GRERKFEYXTFLBERR)

PRSI T B 5 HE D TEAGE & U T it b 5. & 0 X ilEIC B 55 Btk b R
ELUT, wEh 5 DR JiH (Border Ownership) IERWIC G2 R TMlEAZI ST b, Lol
D ZRBF MBI TD 5720, KRIKHNIZXM#EZ2 1T - TRMAE LT 5121F, ZE D BOM
e KIGHHE SN b, FEBOMBERZRELZ AN LSS EEZLONE. APFETIE,
Z ORI & KT AR O BUR A2 R BLA R I E Ue, BARIIZiE, ALMISHER L7z X
EXF AT BRI E AT, KA & KA MHEITEMYER D 20 &S hefEr Lz, A
T, FEBRFFICIREGEB) 25 L, MR & - TIREGESFFHICERBA SN hERET L. Zh
SOERBROERIY, HAMAEOBMMEN RSN, 02 L, KHMERAFROKE A /=X
LT EIL B Rt R RET 5.
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EHAADEEELY v H—FDFalb— 3 VOBLICEDCBREREOMIBOHETE
fil JKEE, HEBZ (XFEMRKEREREMPTRRD

EMPHILDOY v /7 — NIREREFIE OB TR AN D 50 (Matsuo, 1984; Daie 5, 1994;
Hess 5, 2003;Ke 5, 2013), HBiEMBED AT &L » TEE SO 5 o[FEMELE N (Dimitri 5,
1998). 7% IQMBEROFELZEEEHFLOTIZH B Z ENYSMITH - 72 (Laurence 5, 1993;
Pierrot, 2009). Z Z Tk b OREKDEIEEHF.OEFEOMSHNDE EREL, EHHNELEZT, H
H—=FRDTFalb—var&2lD, b FORROBELOAEZHETE Ui, HEE S NIRRT BT
WHE & Dl s ELR S hi.
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BEIV SR MEXFEYA INREICEZZHE

KAEEN', ZIBE", BEHE, BLUESEF, BAEF, JIHEES $HAEES, KB
A2 MEE—" EREFRE, HREMR%XSH)

AT, CEOMET Vb T R M EHFMR (XFORE S LamdREOMEB) oMk
BIfR At Ui, e XFoMEa Y M7 X MEEZ T (0.03~0.99,0.15log % & 11 BB &t
EIEMFEEREAT - 7. XFEH A X2 MH4123.86 ~ 3.10 5T BB AL S 87 AARGE X Hi £ RS
MFICHEwSE, FHEI Y Mo 2 MB35 HEMREHTE L, KROBEEL S, HEa Y b
2 M RHEMBEOME (DKB) ICHET A ENP ST -7z, HEaIL S X MK S
L, HEMBEBAREBXEY A XMICY 7 b LT D, HEOEEPRAENRLSZ L3R
moto, Fio, BEIa Y M5 X & DKBOMFRIloglog THIEX » 72, & Z LI v b
7 Z b EDKBOBRRAZRKD, 20U S E2RBEABIC L cERRMET L2 A, Y]
RHIZ3BMEOHIINHEL THE I Ebh- i,
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AV PFSRAPMIEBZFROINDTINEFICEZ BHE

B2 B, F& 5% 8AET, BN B (FRILAPRFHEIFHER, BEARAKEIFEHY)
BRHOBRRENSIFE RSO EEI ITEIFEFIIN S, BEIFIEEA 2 D0 S HELEZT,



ZO—2DEK & L THROBE & H35 % (Shimojo et al., 2003). AW T, BBOMIF ShPF
OB & ORI E OBHRIC OO THRE 21T - 72, B & LT, o ay b5 2 & 7B
EMEL, ZhZhoFEHOSIPTE, BIFOShPTE, BHEAORELNE L. TOkK
B, Sar b2 MEEEREHEIAPTL, EFbIhPdTho- 7z, BHEIKI Y b5 2 MK
INEh-teboo, PREU oIV S X MITRENEML -/, 20T EMS, IV T X B
KB BEAEDENIEIFICHEEEZ O TR, IV T AMIXZEMROINPT S HE
FicgBAE BRI EEZ o605, Lichi-T, B0 & MRIFICREELRITT &0 5 RBITIED
FEREXRT LD LML 5.

2p07
FRRBENEFIRFOLNY CE5EZZHE
R i, #HET FERERICAYEZED

MEMAEENRIEOWMRICE > THEEZIT 5 2 &iF, ZLOMRICLDRESNLTHS. #ilz
i¥ Masuda (2015) &, R« ARG & REE O R/NEHA G DR I 4AFEEO MG 2 R L7
BHEREETHOE S 2 & T, TN 6 OFFEESHAEICHEIENERICEEE 52 T 5 itk & #
HLTWS, LML, TS OERTEIREFEO Y =7y MIEMSREIN TS, EDX
I IRERIILN D ZFF > T B DM DN TIRAHZANERI AT 5,

ZZTAETIR, RITME ERBRICHBT — & X— ZIAPS» &Pt o AP & BRI % M A
BRI AEEHOWGE 80K RV, FUREZICHLEFIMEIC Y =7y b ERIRT 5 Eik i
MEAT -7, CORMY =47y bOfEE, TS 6, BELHESBREDOF 30 AFNICHRET
52 &T, HBNTEEOEMNILAD Th 2 HNHE & FRIEN PRI & OBIRIEIC >V TRE
Lz,
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EERBOMOWEINREREICEZ ZHE

B 7, #EHER GEXERICAYESZERD

FAE, [hbnE | TS 3 BEAIIIEDIETEICE © D235 343, Nittono & (2012) (XK1
REDOHDOOWEEE LS I ETHEREDO XN T + —< v ZAPURNTBEORHMNENT S &%
WMELTWS, Zhid, MBItk rFRIN bbb ED - LPRIBENER EEZ ST S0
ZH)THNIIHURERBREB LTSV T 410X > THRBISEENAE L 2 AREMEDH 5. £ 2 TARWF
KT, PHOOIEFRT S LI A HEFHICK > THOHRBEHEIEEDBE L 20 0HEI DS Z &
ZHME LT

FER T, RO 7 DICRATHIIE & EAR S MR ER R R & R IR SO 5 38 & O 72 28,
PR T HEORNBFICE L FtoEHERb S, FREBRK TRIC, FEHAfEonbL
S e ML EBERTODOTIMEL TS 5572, 20 S A ORIGETAM & TR O B % ks 3
LT, HRIBAREREIIEZ 3BT THREEL /2.
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Web IRERFBI NS R EDORRICEE T I AE

MEMD, FEBEREZ 2L ¥ REAZESS AL (BE . BRELRHHRATREE
BRBSHER, FEASIHES 7HES I —Th—ILF 4 v 7 kTS mBAEAS



PRIGMFHFER, BILEHERERBSI L3 5BV 52

FAEDAL Vs —% v MEEEORBIZE D, RHLOHROKEBL T — 5 20T 5 2 ENES &
otz BUEO MR ESIMLIC &b, X0 KRB SHEORMEDOR 7 ) —Z v /i &%
FOBEIMA, 77 LTERTE2RAEDHRDSENTHEEEZ NS, Lh LHEDRHME
b, BINF QMR CIRIERED EAE U B 720, SREBBNEICE N T bEM AR RAE L
AN B, AR TIEAISTRRMOMBEEREESZIL, 75207, T—F 7 4®Y, ik
EHERICM D 2T H B HETERS, REYNS, SR, OREE, SCET O 55 0@
HEEA VS — %y NEBIC K VI -7, ZhENOREICIREEE R, HESEEHET
A I Ute, 2 0855, WThORET O Sl O MR EES L VRN EAHRS A, <
DERXEREIT X BHIEEIT - e B b HETH 122 M D, AREDHIEI RS NIz,
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BeEEDOBEN T — Ny JICLKZ2BERARED FU 7 st

NIFSEth, BEHER’ (FNIRMAYAERIFHER, SRIRAFERYED

Fr FHCZARECIOERBICEHS THCOBROME 2L T E 545, KEERO GRAIE & 52
RAMBINT 4 — NNy 7 2883 2 L HUSBFREVSEEL T, ACSHEROFBMALES R
T rFTARIEMBGEEIN TS, LAL, BT OZ  FFEEM LichoTF2E TR LT
BO, FIHOERIEPEB O ZEREZ AHICERET 2 2 &S 3REchd 5. AiffkTid, ACOFo
FIZ3DF 4 AT VA ZKFICHREL, AERBECEmOAT S LIMEIZTOMGEERL,
HOZHFERED FY 7 M BEATEMEO—H A —HCRENEHOFEII L > TED LI ITH
T B ERE U, SROE, #RENHCOTFLZEHNICE» L, ML TFom
BoBEERT 2L, FOMBEEACOTFORITEXMEN KL TOE2ENIrLDST, H
COTOFEBMIAESKES MY 7 b L, £/, 2O KU 7 MIDEL Eb20sHiisns
EhRENT.
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REMEEICHETIEERLOBFE

HERED, WIEZ ERIEXFRERBEETEHEERD

R 3t & R85 BAEROTIChifE L THERT S 2 LN SN T 5. Bompas & O'Regan
(2006) % Richters & Eskew (2009) (3 IREREB) D F I Ic k9 2 ik = Hib LT 508, £ 0
I ERERET B REIRITE & D BHNCRE T A 70, AL TIE, REGEBNIZFICE- TR 5
MAEREZEOBIN IR L TH B D TRBNNEND T E AT, PERF (Wi rp ez
SRS A figE RS, HENEEOAZEEOLAIIBEISE 5, EEAAICEHNTEX
WIEFEISHRR, @A T ESIC@EICRIBE S RT 52 8T, HEOBEIIM &L %2
I PG A T > 72, 72 P TREEELAAICEM T L ITEhEhIRS N2 Bz DWW TE
BIRSS A2 TE U, #RE LT, WENEZRICHrkT 2 kMo sBRMRshar-7. L
o UGS O 7o o0 1 BRERE B & 1 3 2 J2BR & B U 7208, RIZBR ORISR < I Rl pk s 12 il g%
SN, BEPFEEIRT IR ENL 5.
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FI-GZBCMEEHFNNY OFBNNYT ¥ a VICEHET S AT e ORE

HFTE B &27EE (ERIZAFHREBIZHERD

MR SEHER)I, BERREITMNEE ) IR T, I A CERREICFE LTS &
MIZBEZ 6N TED, FERECMEED HCMEER TSN NBRT ¥ g v EERDIGS I &hH
HahTnsd, 2 TARIETE, HEAHZHTMEERT20 D OBANTRED, £lozh
MR Y a VSGEE LSRRG L, Fiic oM ERT2An0 & LT, I—MMEEISET
THIEFRRDIRD SRR D 2 iAo, WHRF 72 A CEESF2» 0 0 &b 5 ]HH
BRBECREEIIICIlE 9 2 8 2 1 HF91048, 5 H RS TIT - 7. FE ORik THrc s 3 Ol
BFFEADDEEL, &L RATHOHEERRIEE L LB ICRERL, N7y Vs
BREZHE Uiz, ZORE, Fricis HOMEET T2 D SNy ¥ g VIREEIZEZ 5 280, f
PIZZA LT 5 2 EnlE s, 2o Eh s, YR EICX D #s A CMEEE) T2 0 5
igsh, N7 v a Vil H9 5 AEMEIARKS NS,

2p13

RERRICE I =ZBRLBREREE=ZEED SHERMEZEL OLLE

k&R # B BRER? OUNKEERMIFMEGRAER, UNKEAERERIS
FER2)

Morgan 5 (Proc. R. Soc. Lond. B 1992) Z & D H €7 7 — ¥ 2 & TIC T B0 HHEHERR
IR 2Bk ER L. LAL, ZOMETRIEOECZRaslnsohThsbon, #§
RZOHOREX B LML SBMOERBTRLD ELTHO SN T, £ I TAFERTRE,
DHEFEMD ELHBRERZIBOTH OHD 2 OV EEY “OaROBNENREN I EE0H
5D AERGET Lz,

& LT, SRRSO BT T, SHMARRIEES R 2360 QRrolifEfa s 1o HER)
MOERENI3EOEBT 4 27 E ., ZhootaT « 2712, 20t E 6fld o,
HiZ 250 o 1ficE b 24Tz, ERKEH % 28 msec 7 5 3200 msec £ T LS T, fli#%E 2
AU, HBREIAEOOMEEF—ATTX IR Ule, g EMERE -l E O EERD
ZB A U 2ok B, SRR S & 0 O T HEOOER AW RE & 75 B 48
fAET B RS, ZOZEE, ZOENITXTOMBB RISV T AL bELTH
LZRTEBNIEEZFRLTNS,

2p14
ERDEERTOMER O RE R L EHHERERITHRORERMEHE CRIFZTTHE
HBEE, AHET, —) H (FEXEXES)

BiREaR S &, MiREER%, EEICERSNE & RE A MEICEGEOBERMAE S X
IITMESNBE I END B, TDEE, MEShIERMEOED, EOLH BEIRIZET 5
BB O ERE Uik, BB & ERMEHWSm oM T, Wik LmEER T o RERE) %
5 8A L, HOHOERR TO RSB EIEZ S B4 T, ARSI NBERMEEZNE L, WEI
Hto->T, FEEGE LICERI NI OALE EFEE U CEERME 2 T A HE A &,
BITHUCTHEBERA VT 4 V7352 &Ik - THIG T 2B IR 2 RE L, ZTORE, ]
A &ERHIHBE & oW T, YRR T O RSB O I EERALE N T TR E



nasZENRBINI, ThoDHRM, S, B XCEBHIEIOEL SITE0TS, MEEN
SR O PO SRR B IR E L THBTSh T3 6D EEZ SN 5.
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BUERHSS K CEHRHCT ZEEMERDOERMILL Y ORIE

B OB mE—E" EA—E"L BA B GEIAEAERBREEHER =X
ESEERER)

AWFFE T, WO e 2 IR T B B I B R EAL (SSVEP) B L O, A &
U CTHZ 7 SRR 6 2 B Ml ik 43 T & 2 FRBETELL (ERP) 2RI LT, #ilfil#s & O
SEERIEOT 0 B R NEE O ERIILA D OJE 2l A 7o, FERITE, ElS S SR 1 E
FiciE N o7z 8 O DMHBEHIE A H VT, FOLTANTEEENIT 2 EXDOEZDIEND, 2R
SATEGHNL 7o, EEF RSB X OEEB B &M E R U 7R, SSVEPIE, HEEBHFMNT
E— 7 BBEAINIC Y 7 g A ER Ui, EREEILEM TR, EEMAEICH L THHRTH - .
—J7, ERPIZ, EEBISM, #ikgth & bICEBEamiEicxt UTria gtk 2R Uiz, 2o ok
Fi%, SSVEP & ERP/ISETS 2 EEAEEEOFFEE KN T 5 2 LA RET 5.
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U LEDOEAER OB ICEIT 51%5T
MOoKE"? FREES LEBRY AEEZ" RISt ERAFAFERAIGSEIHER
BARMEESL IWOAFBMEHER’, ZERFARRSRY

OUEOHSEAEKT 2L51C42D Ny bEERL, €09 bt LIChiEd 5 2:8%2 K0
M &, PHAKMO 2 SEOFEEED, PHATOHR W2 AEOE XD b ELHMESINS (DL
FBOESEH bk FR 2« KE - H E, SUHEER20158F KL, AT OO KR
HHARH~NE 72D, OUEZKT RNy NEWMEOGHOERY A I V7V ABELEREZIT - 7. I8,
Ky POERISH LT, FARICERINEEMN, BICERINBEEMN, BRICERSWAEMEEZRAL
T, SBHMRI B0 EFN, TR, MW Ny MERKRHICERSI NS S bl < $EfMAE L,
M2tk o BREh 2854, FRZESEYTHIETHOSERAE U, —F, BiIcHBERENS
Bity, EFORRIA IV THIBRBEI Suh o, J ORI, MHOBMENFRKE E— 7
LB L, BhOERINICHNB Ny NHEORMTOEZI ZFITNICEFALS) 22 LE2RLTH
5.

2p17
KRVEVITREFHItE UV HICLIBESRIDETARD / 4 XIERE - TF ¢+ v RIVIKKET OBFA
WA, BEH, IWEE (ERHERXERERIZEHRTIR)

oA v E v TS v (OPAM) 3BUTOBILERF TR F L0 bRBE « K X b «/h
BTH, HEMEGHE Yy ELTOIRABRKNTIFEN TS, HBEIZ, Re3HEF v v
F )V OPAM-MEG (T & 2 BRI EFHINICRII LTwha. UL, HF vy v xbE0S HE L,
BRICHET ML) A ROBREITE, BEET vy ) v 7ol oh i REMO RN FITE S
UK, MEAERILE ERAHRO bODBETET VLW MENH S, 22T, L OZHERMIC
JARRETIOIHAEBZZONEDNE T v 2SO TH 5. FRFEHUATFHE T H
HILEREAL AMETR BUZESV T4 OMMICL2RUZT v v RIVLERD,



OPAM-MEG7T—4% 0¥ 5 ) 4 KR D vl gtk 2 at Ui, SEBICEIAROKIET 52 F = v
H1—R— FllE O, Y 5T 4 OENIZE S v HEEOEWEZBICANT, BRSO
DMSLH S T EDOT7EEBEH L, OPAM-MEG 7 — ¥ Bl D fE R IT 6 5 D S0 % Fl L
7.
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3001
ZREBNERTEBZAVEEBRED I L—— D 40 v I REROKREE
WMITEAF, JEEBMES EHE— (BERBAZAFREIFHER, IHEAEIEERD
Tl—H—e vy )bay 7 ZEHEER, FEDOHBEAN NS — 2K > TEILIAENTRZ %
SO ETh B, N — U OMEEFNEEHETI SR T ERBEINTO SN, FFEOBDHA
EORIZE > THEBROEHMELE. ChEUKTFO TV —F— 7 1)Ly 7 ZEEHLE I3
TFEIFARNRZFITL- T, $HBIRKEBZ200MAEDLESHEF IN TS0, FikmsE)n
TRABHEHEDO AN =X LERINT 5 &3, MNOEE) A /7 = X L ZBFET 5 OIHEALD, AP
T, ZHEELFEFRREGZ A0 T AR O R ZMCHE L, BEGFEO TV —F— 7 4L
Ty 7 ZSEMEMG AR RS E. ThE, ST |M-L| A IS U 2ol R e R
3L T 2 LMS A I 4538 U 7o fili, SR o iR o A % 2538 U 7ol > 0 TR Bl & i~
7o, ZOFER, IM-L| O ELRNERICR b RESHFSL, SHRO BN, LMSHEL T
BN S W b ot BEMOREBFGRETHELE KL TH 5,
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BE 2R TOESFRXIE & FERHARLOREF

&Fipk >3 Stuart Anstis’, EA—H? (BAFMHERLEAIHES ", RIKFESEEHE
[ University of California, San Diego Department of Psychology %

Kaneko & Murakami (2012) (BRI E/RICEX D2 X « D RIKEHLO R mNARKE B T &
o Utc, —H & ERe I B U Tl BoR ke &R o RIS >0 TRITHFE O M 3 —3 L
75 Uy (Wenderoth & van der Zwan, 1989; Calvert & Harris, 1988). AHWFJE T XM ERI1T & » TH
& [ RELE AN R & B Ap 2T,

B2 78 O F BB P E N2 |IE (=0°) 7 2 ML (2 cpd IEREH) MERESH, #BRHFIX
T A PR EME ST B K D ITHBARIH AR L. 7 X b EERIH O SRR 10 ms &
500 ms D 25T H » 7z, FHERH O TIALA15° DH A1, E/RIF[] 10 ms TO XA #3500 ms
DR EHANT2EY R -7z, —J5, FERHO TN DBFEITIRED S DM T &R
BROSNED -7z, FERD S BRRHL B ERI2B T 2 FRIREG A 7 = X L2 >0 T 5.
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2RFBICEB T v bRT v TEER
LFEARALE ", Stuart Anstis” (GI#REEAZICHER", University of California, San Diego, Department
of Psychology®)

T v b RTF v FEH (Anstis, 2001) 1, B ERED BEHTEMN—E O #E T & BOMEBEE Y 5.
Cok, RHEOBSE, HROMBEMEOTY PI X MUKFELT, #SRADEIRZLY



T 5. APFETIE, 2RIKICEBE 7y bRTw 7N A[RETH B 2 A2 RL, DI 4K
ZFETS. 2RHELTIR, a5 R, B, F7XF v, EENBHOSEREOT Y M
ZMOEFNTL > TER L7z, $EHOME R IDIETH -7, BiET L bS5 X 2T THL, o
FBrHEOay PSS A MIBNTD, KAV FSAMDI Yy VEEIVISIA MOy VLD HEHHOD
HENECHRINS ZENFHNEZEZ NS,
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OB EAECEENERNRICRIZTTHE

SETe, KEERT, MK, BERE, EhAPE® (R—SRIgsent’, Tk
REFERFE

BOAEREFIR I T 20 ROMFEO L I, EHFL D HEERNRLE LD TH S, KT
WERAEITNT 5, BOBEAEORE, HohsogBi>nTzhThWmids2iT-7. 35
12, BUBREHIAZ ATV, SRR O 98T O B O R R AR U7z, R R, IEmEiX 0 b4ER
MEBENEEMEOFENRI N, /2, HOBE BEMMNGIT I TIIRIGHE LiceT
IVOIERE TR Y, S0RLIKDOEFIVTREIOE) & MMEMINBEZMNSE 3 I LoRa k., &
517, —MRITEAD SMARIERS EERITOBITIEHE « &« D &0 - O E 75 2 SR & h
% 2 EMAIS T % D5 (Blais et al,, 2008), AMEHC X 0, FHEHEIRFICIEEHA I U E Lz
BUHITIC B OIGE PR E N T EMER S N,
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EEREN —EMBTEES T THEIMES (CRET 2 1BHREGEENR DIREE

BHAHZ", TIFHEE", Ono Hiroshi® GEILFRAFHESEL", Department of Psychology,
York University?)

BIZEH O BHEBE B 1 E) U 72 B 22 & — IR BT AT % R A 3 iisME 5 1c B9 5
Nawrot(2003) O 8 BFIREREEH (55 30 & BGE U7z, 1%, MAE 2RI U 7o s B 22 fl o 2R sl
HH OEBER) & [F IR U TE K FETRIETREEMSEL 5 2 &S, AR TR
% RS 2 B PR RBRGEE) 2 AT O — A A A T MENE T E L THOLTWL S SRR L7,
Fx 3, EBEZER AR A ED) &SI B S THICEBEFEOERICERTES LD
HMD % fvy, #H O E L2 T O RAITRIEO A A M~ 7o, T E U T3 BRSO 25 %
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