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1. FREOA

FEELEORBIZ &> TEAOREZE L IR EBEPH D, EHE L VDTS, ZOBE
DHERITE, Prevost(1823-26) i3, BEDFTHWKEZIR > TE JIC %7 5 KBRS
WS BHFFEEEL T IAH, HEPWRR L TR LA T, BABRRL.
EME L TWB, %/, Fechner(1838) id, I REFICHBOHEBEHLORL 5 M & EER S £
TR« BEEDOREEEVHZS L LTt &, KEBICHATSLD bBVWEETIE, @G
EEIEREICBH U TR LBREANINAZ EERA L,

IO LS, BEEAERIICRRINAD, BEREARE LD (RFIC & - TiEk
TLTD) 5 & 2RBRELEULBERIE, Fechner(1838) LIEICLE DA 4L - T
MR B XN TS (Brewster, 1861 ; Smith, F. J., 1881 ; Hannay, 1881-82 ; Stewart
, G. N., 1878-88 ; Benham, 1894 ; Ives, H. E., 1917, 1918 ; Klopsteg, 1931 ; Way,
1932 ; Skinner, 1932), EEAORBMOFICEHEOBARLZ S ZOBEOHKIZ. SHICE
Wit REOYEAIMEL SRFEHTELWI LIRALITH D, BLBOELLOFERA,
AEOERERCEARBEEZ S0 LARORIGZF R TDTEL TS EEZLNT
Wb, BEROA N AL EE 2D ETEREVRRETH 5,

2. NUNLDaw
HEOMBZEERI®S LABENS, EWH I 2BHMLNTHFR, ZLLOWEHEICLD,
HHECIRSABLPEREINS, FDIH ThBenham (1894) BRE LS TRUNADDT
< (LT, =) ¢HThIR 1 OAKIE, BORNDO FS<F v 7 3CEBWTERKLTE
N, FEEOWFRIILUE. COPBICOWTOBELZHRLICTLNE LS5t 7.



K1 [(RuNLDa< (Benham, 1894)]
EHOFMICEYrEE CRESES L, A, B, C. DDOZ
A VORFIENENGR, &H, & BOR2S,

3. XNUNLODIY OB SR
Bagley (1902). Doniselli(1907). Pieron(1922,1923), Hasegawa(1971) &I &k AHBR0E
Br¥Eedd LUTOLD LRGSR INS, /2721, Doniselliid, ERIZK 21ZxR~d
ko7, axkhLr GBI LCRAIBORM AR F o ACEEMHT b0 LITF, F54)
FHVWTWS, COXIBFBAERVS &, a<icBd 50 & B & OBESEE OHEE
WL AEREFEDBET OGNS,

K2 [K1OXUNLADaERERLCKE]

CORFE FSACEWTEEIES &, BELOERICRY

NADIAREEEI R/ ELRAUBMNRZ—VBELZ NS,
ChiCEY, Runsoa<itsd s, FOEEBIROEE

BEOEWEZRETAHIENTES,

3.1 TALDME - T4 > DRE - BUFRE - [iEEES
DEDa<Eii FSo A%, BMTRBERE - BEEED S & CRORHOHREICEE S ¥
e, MiZA, B, C, DrEah/-54 v G o@m@Foichzhik, & & BILR



FREOREBBICHT 2 FROEENFEHROR 5

2%, MMOEHR—ELD, T4 VORBRD FIZSA VORID) AtY X —OFHHEREIC X
> TRABEBPREIND, T2, BELZHICT S E, BNIB0WTBHEET S, 374
PbHA, B, C, DILRA TR, BELHICTSE, ThZhD, C, B, AKR25X%>
725,57, 94 VORIBABRGOEED 1 /4 (A BWTIE T (4 VOFBLANLS’)
Th5b L EILRZHBEOHFAEIE,

EEEEYHET &, 54 VICRZAER TN ZThERERMICBT L, BICEELH 5 L&
PEERAICBITT 5, BNEORVWESRZ 5Di24. 8rps~10rpsTH Y, 3rpsHA FTii e
BEN T, 30rpsHA ETREABKEICEET S, X, REBELEL RS LERERAICBT
L. §5<7%5 L EERRACBITT 5, BEEREYH L CRKCBAEZED S, $50EZ0
BIEETR U CRELEDS &, R ABP—FITFEh 5,

3.2 FADREDYE

ABFICHI NTHH 54 VORI LBDORZ OBIRIZOWTIE, 54 Vit Tk
Rz7v (Pieron, 1922, 1923) 28, X< 7% 53 FaOffEN%DL (Pieron, 1922, 1923 ;
Bagley, 1902), 35 ¢ K< BE54 VORILORBRBEN, 54 VORMWIIZER TN
(Pieron, 1922, 1923 ; Finnegan & Moore, 1895 ; JBEH: 5, 1961) +WHEREREB LA T
b FRIZE > THAVIHEREFIC L VRSB, BIEH0cmIZK L, BBBREI VDR
D54 VHPBAEORWELXAELIE, 1lan&i#lz 5 & 54 VOhRBICiBIEN TV,

3.3 BELSNORBIC L DRE

BEXIUNORBEEZHAWS (Rood, 1860 ; Abney, 1894 ; Gebhard, 1943) 7. %7-11X
FKRGOABHS ZMOBICE &# 2 T (Bagley, 1902) &, FIBICEThBBUAMOEBRRE
2%, EAKFBICEENAAOMEIENLTV, BEXEZHVWTHLRAKTH S,

3.4 SNHEBORRS 2BRHICLZIERR
LEICAZ 5HBBHTYL, TOTKERBELRS LR > TBREBLENS, 5%
BN BB fa & FOBEPENDL T\ (Abney, 1894 ; Pieron, 1922),

4. HEEHERN

EBAEZ L0 TOOMBE LTL, £< 0BG, BERFAFIASh TV, LT,
FHELEL IR LI, PBICRBOEED & 5 BB BERAFEN TS T L RBLELZD
2B DD

Jarvis(1977) &, a~Z AV SRIHEREH L. EBBHEROATER LB EDD, £
BEOERICEHERPNBE TRV X EENICKRIE L, M3TRT LS, a5



1V, RUZOBEHEBI L5 2 DhAEEETMONRZ —VOBRELRICHEYNT L DR, £
nNZENFBNFIR (Target) & 2O (Surround) IR L& 25, ABERKIC, a<0
EZBS5A VICENSBIZIF-HTLAERBEIN,

Torlget

gl

Surround

WU T

—>Time

M3 (RUNLADIAIHLLEZONAEE/NNT—]

EBO LD HEHONEHBERIC, TRO LS BEROXE
ZORBIERTHEFTNThaARELR FSLADS, VX
ORE»PLEZ CNDHEENF —VICHY T ARSI EON S,

NIF (1991) 13, W2 #EEHFICH > T4 50 1L Iick Leh iz RFTREIIC 4 Bk 7K
4 DR, CHER2ICHLTE5D 1 OEE TEEEX®, MABICOVWTOBRDR L
FEHE Lz, COLXHMEOEEOAICET S - BOPR/ X — i3, WETRA—TH
D, H—DEWI, BETREABAETASEENS L 1 AE->TWEI L THbD, BRI, @
ETRE—HTEIDTH->72, Thid. B - HOBPBNNZ— VI 2A—THhiE. Rz 56
EBOEB KT LW EERL T A,

DEXvEGEEI. BB Y —VORLE LD & 2 OOREAEEMICBEET 5 RIHE
RIZBWTEL 525, Bk EOEENT COFMH LRI T /-O0—MICBE R\, EZLN
%o

M4 [K2x%KEHECL 4kl ThaR UHREIC 48
DT H D)

COREE RS AKEWTE 2 ORFOL1,/40®EE THEE X &
5¢, HELOZEBT LB —VERLZTI, £42DOK
HERPETHEORE RICBET 5R/MDA% 1 /4§52
LMRTES



FEREOREREICE T 5 ERLBEFHFER L OB 7

5. FBlEOAREHEFICET 558 RE
ChECICRESN/ EBREOLEBEFICEIT B RMEIRVES,

51 Fhihckilm

FHEZELIESH T LICBGRT 2MALA, FIRBETH S0, KEERTHH. LD
RIEEICEE LT3, BIREAMEIGIK L > TEBRERRZ S LR HIC, $5—HDBTRT
bR 2TWT & (Exner, S., 1870), BHMORKMER 7B L CAEWRY? GRR LEEAHR
IRLEFBEEHPAZITNWT & (Hess, 1952 ; Gregory, 1968) 7z &6, K. <l Ed
HRAEE INSHOBBICE T HDTHLHEVZBIESLD,

FETH-> THHTHARDELZIBHOL L THE LA L 2R EREPBENE T &
BHAHIEELE, FRAIPRBCRIBDLADDOTHEASZ LERE LTS, FEEARSE
o THFARIZRLONADIE, PROFKEBREICE - TRFLVHEEFHIELTVWHT L
BEWRT S, L7cB-T, dLEBEELPFRIIEVTEL WAL SESELHITR UARRE
ShBRTTH5, ThYz LOBEER, L2506 L 02 FARBVIVORERICITER
ST RIEE D7D T T EERTELEIDIC, TAUFORAB TEHRECORRPEL TSI &%
ARRLTW5,

FHREORZIMBAZDPKRENC LA OHROBE %R T 53 D55 (Knehr, 1953)
M, ERROFEEILGEZ T, FRIC22H A E LTHZRWZ DOT, AENGERBERIIR
WdsEEZ2LNS,

5.2 RRERER - RYEFRHIE

Zhid, AR CECTHHLOZBEORE O DL LA D MRS, KSR THrOORE
DILH T2 Y MRS, BREEORKLS IEE (@) HTRE-> TWT, EEXTEARL
RA25HTh-> T, ZNARRICE 2505 &, AROF VD H\WEA 7THRIZ VT,
ZOMNHERY - B TRV DOFTHIT L » TR SBERORERICAHESEL, BD
RE (F86) PELSLTHHTH S,

COBROFERI, T TCIERBORREE TH SPrevost, FechneriZ k0 E 2 5hTED,
FAEOE 22 DHDE OWABICE > TRINTW5S (Exner, 1870 ; Hannay, 1881-
82 ; Stewart, 1887-88 ; Liveing, 1894 ; Sexton, F. P., 1907 ; Percival, A. S., 1909 ;
Pieron, 1922), COFEERICHBE TS LKRD LS5,

T, XBGICIIBED . ThLhifh & FOXKCRET S eHET S, ZL T, 3
RRGCOREENE LITNITAN., £5Thithid (REZBCTHBEIDNID BREEOL
SZEEOBREREINS EEZ2 D, STIIT, BAt0ITE VT, ABXSHRE LICBA X
hiEDdc b L, ZOROEXBHEORENEE X B, .
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5 URHEER] - BRI 25T 5]
3FAMHONL EN VRRIE—F L T B8 h B4 D EES
Bz o> TWAHE, Bt 1 iCsW T, FRBRORICESHEN
FCKELSFRBPEE IS,

K51, 3ZBHOBEONY L ENVIHDAREIT—FK L THBEH, ZOHDILL ERDD
AEARZL > TOBBETH 5, t0 0O TFICRMAREERL/t2 TE, 3IZRFHRORERR
LULKABEEINS, L2L, fizidt0 OEROt 1 IZB W T, REBFEOREEH MO
SZHEECHNTHAICKEL ., COBERFEPREINSG EEZLNS, —T7. 3ZBHED
UHLERPDOREIIA—THEHB, XBBVTLOLREDBE S E TOREBRLZ > Th55
BICHEERAROZ LBV Z B,

UED2RD O —2ADMIZh, TERL AEDLI - LBEP, HEOUDL EX D SERT
THWEE, SDEZFEFICL > OIbERDHROMBRREL > TOEBE L LAk —A
BEZHIENTED, KPRINTHLOOREDOILLTBVICOWTHRRDET VEE 2
25,

CORBHBRE I N0, AEO 3 AREPEBXIICHLMIINHZ 52T EIOC
ETHLNB, I%BMhE, WREREORL S 38k (L-cone, M-cone, S-cone) LEE#2 T
ZzhE, SHBOBEERETREALEIATE - <RV,

5.3 EFal— a3 BRICk 3

Troland (1921) 3. BOFERIZ. BEMEERIANOMEES LV OVADEBICEFA S THRIC
EREIND EE 2/, TORRIZ. BEIIA VIV AOBEIC, BT VOV AOEHFIC,
BEIA VISV ADRBICEBRINS LD D TH D, CHITET 2 b—va vl (BEE
FH) EEEIN TS,

Fry(1933) i3, COEF 2L —V s VAl b LREBAEZHBL LD ERAT, NVUNA
DawRe, Uy N—Kix EODHIBOBETANNZ —V EF-> tHEX TR, XA %
TeDIL DA VIV ADERBFE LY ZT, BB LR W20, AR TH-Th
BRI E S 2 50 LRAERA VOV AEREAS &R L, BORE (E8iE) 24AEL3E5,
WD DBRFryDE 2 F7ThH 5,
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5.4 RREFFR - BOESRHIZICRAY 2 RBROHR

§pEinish s

Ives(1918) 3. BMHDRLS 2 DDENXZFFICHEIX® 5 Lic k- T, BEREHOK
REROThERELED EE 2, TR, FEBEBLERB LD AECRET 5%5
W, FEBFXREVSETLTECTRZAREAS, EWSEIEEXHTHS, Hhit. Ei
WEOFKEBPRLGEL, & FOHEICEWC L 2R L, 2Lk, CoBgy, At
DHODILHLERD - B TFAY TIEL, AREOHMBENORIGOLEEEDENTHS LE
A7

Knehr & Lorenz(1964) 13, MHITOLHOEDH & T, avhrbS54 VERD E- 7=,
FA»a. EALROABZHETOLO DI L/IGEE TREIRBE L, 575
L. R OBEESR TN T N—EOBEHIZ ABEZT 2B L AL EBTES, ThIC
$5E, BrbAEDLARTSICIRERS, BLLRCEDLARFICEESR L2, IO
Tt YL ERDRRERMUTEL., AbTAVREEEA TR -DORAD EE 27,
(e R

Gebhard (1943) i, BEEXOFBIC L > THLERBLAENHERIT, REBY - BYEM
FOETNOZP HIFFHBINE LV, & Uz, BlIZIEHROBEXDOBHD L & TiE, ZO/
BTHABROTEORENS LOBRB/BOLNTHER, FEFXOPITIIBORSBEENT
WEWDTHEADP D, HETHORFEEADATHD, IBEAEOLLEBD - L THY
BHOHARRN &> dh. KUSOERE LRIV, EWDORZDHRETH 5,

Frost(1965) iX. Knehr & Lorenz(1964) DB > FkE. WHTOLL-> 2 ICRET5 &
S, IZEESE, BEFO2AZRE L, LrLl, CORBFRLYEETL /2L
ARINVEFEEDLE ST, Tie, METOPDOLVI A VI AT UHEERWS EBITR 2 b
7oo THUT X - THIZ. Knehr & LorenzOZEBRAERIL. BHTBEDL D EHD - B TH
DEMRRRTIRAEWr E LTHEDS (1964) OHREETL T35,

Karvellas & (1979) T, BEXTHFCIERIRA-OBLIENUNLADIREZRS L. LT
O O, BRFICIIARICRZ 2 L CARRIC, ALK RKREX S ETABRKICRL KD
13, IR & » TEEEON B ERY - BT D OMBRIIRIZTNS E LTHRALFRIC
ThAETTHA»O. IESHOERMNTIEFEBRIZEDLL T, COXDhWERSIIAEL
RN EE 2, BRERRE - BRYRHHYEE L,

Kozak & (1987) X, BEEUMAR—TIC Lz %, BHBELWAWAIELIRT
RYNLDAREFE LI IAH, —2D5A VEC R 5658, GHREY 1LATELOE
35 LufEIDI, EDKarvellas & (1979) & FHEOE B CTRERE - BRRREIS CIX
AT THH E LT3,

SEEOEWT, MIROEBRZOLDDENTIT L, BROEBEVWICE I LDTHSE D
CehOEZT, BEORCSRECHEEYE2 5L 5%, RGOMMER VLT LidEL
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KW, L L, BBOBEIC L > TRICHESET A LITELONS, BEPERLON
LB IEBRIPERBOHERERZ L TWEHEEXAZ LT, BREWRE SV VLT EHBIT L
DOBHEICTET, BECRABKALT L 3BOEBLEBICHEI RS LIIRLZ,
COREER COEAEOREEDENC L > T, L EAD - SILTH DS Fh, &5
BREINLREMEID S, Tz, 28O0 RE L TREEBROZE LR Ives (1918)
DEBBERDBI-EZEETELLDTH S L LT, BREOEHDOENC & 5 RIGERO:E
WHABH IR RSB F L2,

5.5 EFal—3 3 BICRIT 3BT

X 6 [Roelofs® (1957) MBAW/=F#]
KHOFRICEEI RS &, REITHLSRARMEHEIC, K
BICRE < RAMUTRC A <,

(E#E)
#

TV

XV E

&t

CPRErET

~—— 80mses ~—»

K7 [&#BOFEEITHIGT 5 FHERIBORRIHT]
(Festinger, 1971)

RHZRT & 5 R OREEL/ X — RO BEEEL T BIE

256, TWZhACRT IO FBREEE LIRS,
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(R ER R

Roelofs & Zeeman (1957) 13K 6 DN % KEFsHE D ICEI R S &, BEE Lz, REFEICEEMR
BWIAAORITEIC. RFBICEEMET 3 5MIORITERICEB I Wz, Festingers (1971)
By R7TIER73 X5 CREE ECTEREROBE * L, TN ZThROBIURT IO %
ELI®7, HHIR. ThZhOEES. BRI L - TH b3 b4 VS IVAEBIC—ET
BLDRELIRITDICBREPELLDTHALD., EE X,

(BEW R

Jarvis(1977) 1%, Festinger® (1971) BHW/-D R U/ —VvEFEE SR, BRAL:E
CAHBEIIEN M- Tz, BEIL, Festingern (1971) OfERII. ERICAVW LN BEIKE &
DOEZEEMEIC L AMRICYBENZRERICE 53D THA > LIE/H LTV 5,

White 5 (1977) ik, BEREZEOHELZFIAL CET 2 V—¥ a VERBRILT A TREM: %
BrDHED L L, FHIIET, ARRFIAZIBRICBT 26RORKBSREATH Y. 8
BUBEOBBIIEE CTH A EEE L, EFal—Ya VERBELWeLHIE, FEEZ4EL S
W5 LD RBEHTBR N —VREORIBIC L > T, BEOBRBIC L - Tid. B VBXW
HREEHZE IR, BRBICE->s TRRAILOTELRVWEDY, BEAEZIIREINST]
ENBD S, Thit, dLARRFEEIXUNLADOTIRT, EEERL I 2D WEERL
50, TEF 2 V—V a VEABERINAZ LIl b, O, BA7no4 vNFd—mRR
Rls 94 VHEOEOBRUMZFH S €. SRITREBREICED, £54 VKR 2 56%
3 RITCZEMICRER Lz, ZTORRICEINT, —BICKRUBOEBENE LB EIhBE54 v
IZoWTC, EEEIF T 2L DRIE>TBLREL TSR L, BEEEEINFZITT
FALEBLEL TSI EHREINIC, CORBRIE, KEF/EZERALLPTVEWS BREREEN
FO—RIEEENC - THDOATHD, BERCILOBVEBPREINIBEFIIOLH L
e £o T, COEBRMOETF 2 V—V a VARIRBEEI N,

Rosenblum® (1981) %, White® (1977) tRILE2ICE S, AEREEOTHEOR
2%, SERGRELORyF VLKA, COFRCBVCLAERREEIEFEEIT
i BRICRZBBDICOVWTRALAER vy F VT %fTo 72, BARBZ DDy F VT ZD
LORBEHZICEIN, BRIy F VI TELRVWIS>RABEREIN L WOESER, £
DFEFHPLLABEREIP LB ONEL -7,

5.6 BINE(CKZHH

Gray(1895) i3, WESROEBEOEFRICEL S, ANRELEBREOFRRTHS & L, HD
FRIT, BERENESBEIN TADIZ LATRLZWA, EEEOWKERD X > Ikt
THRBUH L TR ZOBERBRICEDEWDILBEREL S, WD ADTH 5,

Zhic L, £F (1961,1968) &, NUNADIYOHGBHSHEEXICE &2 THE
BEAELLORILERENRETIIZVELTWS, LrL, BREZOLOPEELOD
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FERTE 2w eE LT, BEXICIEDLLTLZNAHEINCEF L H6N5 C I X ) ARERMIE
DANZALDEFH LT, TREXELSRLILEELD S,

6. FEFEICK ZEBE

0

X 8 [Luckiesh & Moss(1933) OR#]
CDEOREAERMEBILI R/ ETEETLE, S/ VL
FEEHARICBOERRZ %,

BIEHBIC SO CLEBABE LS 8D 5, fIziE, RSORBE#EIE LTI LT
BOWTEhEZBET LT, BELICSA VERBELZFROBOFS R 25 (Luckiesh &
Moss, 1933), &F (1968) 3. O XD %BRIIBEROBMERIC L - TRESRSEL LD
&, RBOHEEAI R DD LRABOHRPEL T LD THSH & L,

7. S4AVDOER

FROPERT HA DXL OVTL, BERR - BORHREET 2V —Ya VRO 2
OBPENRIN, MBEICOVTIhHEETEL LD e ICERBPEINTVWS, LirLl. T
BRTEALLIK, WTFNZOVWTH, FEN. BENRTTOBEIEONTE Y, KRR
BFENTWD, COLII, A2 ERALC L LrbLT, REWLHABBONTHEWT &,
LD S ABENEEREREAEOLNTVWAZ LiE, UTIRARNS LS5 HEEARERS
NTWEDP o7l L EBDTREWIES S D,

FHRAEIZ, NUNLDARDE DG VHBREPNINZ VI TR DERICEE SN
%, Thift,. TBEEOERBFEZE L FHTA7-DIKE, SAVOLOPBREERTAL
BARARTHHD, CTETIKENLEETIVEBWTUL, 54 VORRESD CHREFT
FHBPLES ELTWBEBDITZR,

FSAVHBRVEBIEITA VORICENS | S WOBEPE ORABIT I > ThIh T
5, Chid. 54 VEXORE L OEMPERIPEREZER LY D> TWHI L ETRL T\ 5,
¥/, av (K1) RF5A (R2) 054 VALDRZR R - -BBENEB, 54 VOB
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W72 IR HRITHEIC ST 2BEOREMAE — Vit E - K A—Th 5, KICZOH
SRTTARBELS LTNETIHEIR LRICE51ITTH 5, YWz ALDICBENAEDE
Wi, DRNCS A v EZOBESS (BAHE) LOBROBWNCLBIDTHBEELHITH
27w,

A4

X9 [BOBRbhHOEAK (Hasegawa, 1971)]
SAVBERVEFBETRT LIS VORI TERRZ 5,
<y NHR L OBEBREIN S,

Hasegawa(1971) X, 54 VHBKRVEZLARBENIBEFIE. BRARCRTLEKINLS
THBHLEBRTB, ¥/2, a<%, AUy FOBLHBTE-> TS5 VOBERSZTBER
Z2HEXDICLTBELLEZABITR 2D 572, Hasegawait, Ch ODOERER A FIHT
BIcDIIT vy /NFRE L VBT TS, KIDOFBEORENT LT v/ - NV FOBRNFIEZ
OZEMHRBIZ VWA 3D, ThP2 D2 2OBRSITEL LEBEE» O4 U T
WBDTHRWD, EWHIEETH 5, Hasegawail %72 > TCampenhausen (1968) 3., HLEFR
ODRERUIH = 2 — VOMUHEEERET S I LI k- T, EBBOERT/ I RDFHH
ERA TN 5,

T, FAVORICDREBBHNS LWOEEDO L OFRICOWTE, 280 OBRBFS
nNaTHH>,

#—{3. Campenhausen(1968). Hasegawa(1971) #\>> X 5 A fIENENc Bl L 7-ZernviE
HERTH 5B, THHAEHHE & ERICIHNZ SO TH S0, BICHENRLOTH A3
POV, ML, HEIDBRICALGN S v/ PR LU LB EER A CEE
OHICBFELTOADTREVDEVDI T L TH S,

B5—olt, [54 VHEMVE EBBEZESTND | LV BELHETELDE, 54
(B) LZoRE (A) LOBERSS. BLRBOTHEE T tbbRELF UHEL L/
BL. BRELT, Al2iE B (54 VHEH) Al WO RMO/x2 -5, TR
RE—H] EWINE—VEBRTLDERLHRE DO TRV E WS FREETH 5,
LLIDEZNTBIE LWL, 5S4 VOBDLNIZ, 54 VEZORBI LEBES *—k
KEIZEZ CHRILEBELENE VD T IS, L LERIL, RINCRT L5k
2054 VOB e —REKEICBEEBZ DOV TERE L Th, LA YBRBENZY
UIIN,1991), Zh 2, COEZHEBEESNHAEEIR . T CORBRIT. EF 2 b—
Y g VEHICEEHIBILE 5 2 5, Festinger 5 (1971) BEF 2 V—¥ 3 VETETHHHLE
L7cER Y, WE—ERDIKRS, Festinger 513, »3BOEEENOBEERL/ N7 — /5,
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BRIBIC L > T3 NBA VW AFER LR L OS5 | TR I T/2DICEREHEL 5,
EEZTOA, LA axDSA VEGHE EBOTRINHEE (KE) OfREvb0EEZ
nE, 7RI 2N T hOFEEICH T ABERL A — i3, a<xTRLEBEZEL
IRBFHGDONE—V e HABE—FHLTWHL, LOBRICRTHIDTHS,

DEXD, 54 VZAB L OBRIZES W TIKE L RIBEOBRE 2D TR A4 VEH
& RBEOE S O FHERE T, BEFREELOEABFROTEMMHEEFHZE ISR IHRE LD
tEZLND,

K10 [K2 054 vEZxORE &> L5805~ KB
BEHz/-KH]

8. FBEOART HMEL NIV

N (1991) iE. FIAIBWTS A Vil & £ ORBEOMEZE L/ & — v O AERERO
ABRILD 2 OOFHEIIOVT, MEOTHY 2 msecHIUTBDORBIBFAETHH I L%
DDz,

REIEENIC AR S N RIBIEB S PRICHE D2 > THRAEINBIC oM, RIBOMPEERITIK
FIIHDONDREA D, Thdz, HBOERATFIT/NSTHE, FRICESBE THET
5EFEEING, HEOHRESHOBELLT S L 2msec WS F—F—iZi&D TPV,
CFF(EAL L2 EHE) BEEROKEFNENO—HETRTLDOTHLHB, ThebbD
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Discussion on Experimental Studies on the Mechanism Generating Subjective Color

Phenomenon

Yoshiaki NAKAJIMA and Satoru KAWAMURA

There is a curious phenomenon called "subjective color” which is a color sensation induced
from achromatic stimulation. The sensation can be obtained by intermittent achromatic light
or rotation of a disk with black and white pattern. The phenomenon was reported firstly in
1823 by Prevost and since then many researchers have found the same phenomenon by
themselves. Today, it is obvious that the phenomenon can’t be explained only with physical
law of light. The phenomenon is now assumed to occur when a certain achromatic pattern of
light induces the same excitation of human color mechanisms that is induced by chromatic
light.

A number of studies have revealed various phenomenological aspects of this sensation. The
colors seen change with brightness of illuminance, and spatial and temporal pattern of
stimulation. There are two dominant hypothetical theories to explain the mechanism of the
phenomenon. One is "onset/offset velocity theory.” This theory assumes that time constants
- onset and offset velocity - of three types of color channels, i. e., L, M, and S cones, are
different. If so, when achromatic light is presented intermitterntly, the ratio of neural ac-
tivities of the three channels would be unbalanced at the beginning of or the end of lightning
and the color sensation would occur according to the ratio of the activities of the channels. The
other theory is "modulation theory.” This theory assumes that color information is trans-
ferred to the temporal pattern of neural activities similar to the Morse Code. If an achromatic
stimulus are presented intermittently, it is possible for the stimulus to induce the temporal
pattern of neural activities that is given by chromatic stimulus. Both of the theories have been
partially supported by experimental studies. But negative evidences also exist for both the
theories. It seems that each of the theories explains only a part of aspect of the phenomenon
and that including some additive explanation is needed to fully describe the phenomenon.

Recently, some spatial interaction on the retina in color processing system similar to lateral
inhibition is pointed to relate with producing subjective color. Such kind of idea is brought
from the finding that subjective color is more saturated at the boundary of spatial elements of
stimulus and that the spatial characteristics of appearance of subjective color is like that of
Mach Band. Indeed, this kind of lateral interaction couldn’t explain subjective color in-
dependently. Unless temporal unbalance of activities of different color channels occurs at

some stage of color processing, there would be no room for achromatic stimutus inducing color
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sensation. It is certain that both of temporal and spatial properties of color processing system
is related to the occurrence of subjective color.

All the explanations mentioned above haven't been given enough empirical evidences. It
would be difficult to directly clear the mechanism of subjective color only by using the stimulus
that have been used so far. It will be needed to investigate the fundamental temporal and
spatial properties of human color system analytically and systematically. On the contrary, it
is also expected that an attempt to clear the subjective color phenomenon will give a clue to

clear the basic mechanism of human color vision that hasn’t been revealed sufficiently.



