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FLASHRATE DISCRIMINABILlTY OF HUMAN SUBJECTS 

AT THRESHOLD INTENSITY LEVE LS 

BY 

CLll'"TON L. JOLLlFFE. O. D. 

HOJlkim, M i nne~o tll. U$.A. 

ABSTRACT 

A study was conductcd lo determ ine Ihe Ilbi lit y of human subjects lo correctly 
idcntify three different flas hrales n' Ihe differenlial slimulus thrClihold of de· 
teclion. The subjecl viewed a 4ú degree diHuscly illumillalt:d surround wilh a Iwo 
minule aperlure Ihrough wh ich Ihe slimu lus while li ghl was passed. The fi \'1l 
lIurround luminance levels of \'o·hile ligh! uSl..d Yo'e rc 2700, 100, l.0, 0,01 , and 
0.001 ft. lamberts. The observers were inslrucled lO use onl y foveal visiono 

Flashrales of 40. 80, aud 160 fla shes pcr minute were randoml )' presenled as sli · 
muli lo Ihe five observen. A total o f 900 thn:!!.hold measuremen15 per surround 
leve! taken showed tha t for surroulld leveJs of 0.01 and 0.001 ft. lam beru Lhe 
subjec15 at or uear thrClihold tendl:d to see eaeh fla shrale as fa ster Ihan il aCluall )' 
was. Thus Ihe 80 fl ashrale was a ft en confuSl.'d for Ihe 160 fla shraLe and the 40 
flashra le was confused wilh Ihe 80 "nd sometimes Ihe 160 fl ashrale. Each observe r 
reporled Ihis Ihough sorne llIallif~led il much more clca rl )' in Iheir da la. TClIs ble 
explanal iolls are offered lo explain Ihe apltea rance of Ihe very fa sl f1 ashrale for Ihe 
Iwo lower surround lum inancl.'S. 

INTRODUCTION 

A study was underlaken al lhe Hone)'well Research Center Visioll La bora­
tor)' to invesligate fl ash rate disc riminalioll of huma n subj ects al differential 
threshold level! 01 slimuJi inle ll!~ il y. The stimulus being a ci rcular aperlure 
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which subtended sn angle oí 1""0 minules from Ih!! post llon of th!! subjecfll !!)'e 
snd Ihrough which \o\'hite light írom a tungsten !louree was fla shed. Five dif· 
ferent white surround luminance levels were cho!!en as panllneleTs rangi llg in 
luminance levels from that of the sky in proximily lo Ihe sun. lo the sky on 
11 moonless nigh!. 

The purpose of the investigatioll was lo conduct a basic expr imclIl on fl ash· 
Ta le discriminalion al Ihreshold levels of inlensi ly as ",e11 Il! lo acq uire infor· 
mation 0 11 the effectiventlS!! of a fl ashing light s)'stem fo r a simplified visual 
lelecommunication s)'stem. The three fl u hrales chosen coillcided with the three 
diHerent f1ashra les use<! by a n air anti-coJlision lighl s)"5tem to inform the ob· 
server of the directional palh of Ihe observed planc ", ilh respect to Ihat of 
the observer. 

BA CKGROUN D 

Ver)" littlc can be found in the v i~ua l li terat ure on fl ashrate d iscriminalion or of 
the !'ubjective appearance of differcnt fla shratt:s. Bartley ~ 1J reporls that al dim 
levels of sIimulu9 iutensit )' when the critical fusion frequency is aboul four flashes 
per second , a fl ashrale just lower than Ihis will produce a flu tte r which has a n 
appea rance of being much fa ster. lncreasing Ihe stimulus inlensity will produce a 
subjeclive fl u hrate correllponding approximately lO !hal o f Ihe actual flashrate. Bar. 
tle)" postulates Ihat Ihis apparenl " fast" flashrate should be atlributed lo tht: visua l 
pathwa }' al a h igher level than the receplors. 

An ea rlier experiment no! empJ oy ing a fla shing lighl in Ihe Irue sense hUI rathu 
a rOlating di~c with an ilJuminaled radia l slil W88 conducled b)' Charpenlier 121. 
Whil t: fi xa tiTlg the center of Ihe rola lin8 disc Ihe iJluminaled radial ali l prod uced au 
intermiUenl stimulus to Ihe retinaJ recepto rs in lhe image pa lhway of tht: ilIumi naled 
radial !Iil. Cha rpe nl ier observcd Ihal a lIuccC:f! ion of light and da rk ba ud, rollowed 
lhe moving IIl il and Ihat Ihe magnilude of this eff~1 W85 dependent upon the 

adaplive slate of the eye, !he illlenll ily of Ihc flimulus and the region of lhe relina 
~Iimulated . Computalions made by Charpenlier showed thal Ihe firsl recurrenl im1 · 
~e appeared soout 200 msees after the primar)' image. 

Ad ler (3 1 in discussillg Charpentier'lI observatioll poillts out Ihal after a lI ingle 
i! limu lus of light 01 shorter duration tha n Ihe aclion time, the primary image wj]1 
comíst of a ra pid rise in illlensit )" followed by a Jess inleflSt: fluclualing or pulsing 
sensatíon before tcrminalion o r the primary image. 
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Experiment. I . Apparalu-s 

The expe rimental apparatu5 usee:! in Ihis experimenl i5 diag rammed in Figure 1. 
In Ihe optica l 5)'stem, Jight emanating from a single !lou rce, tr8vcrses Iwo separalc 
channcls producing the uniform surround lumina nce ill the integraling sphere and 
the slimulus lighl. The lighl 50urce wa!l provided b)' a n incandescent L8 ampere-6 
voh. medium ¡¡refocus. single coiled fil a ment bulb. Line current run Ihrough a 
va ritran and a 6 \'oh lransformer supplied the power for the lamp. AUached by 
lcads lo the \'a ritran was a voltmeler wh ich provided for accurale checking ami 
adj usling of the vohage before each judgemenl. The varitra n "" as run Ihroughoul 
Ihe experiment al 120 vohs. 

Lighl írom the source travcled IIca rly identica l routes for the Iwo channels. The 
light was collecled s lId the focused in the plane oí the chopper blade. A coll imaling 
lens then collecled Ihe light J>8Sllhe chopper a nd direcled il lo a fron! surface mirro r 
( MI ami 2) wich reflecled Ihe lighl a l righl angle! lo Ihe inc idenl beam. The 
parallel beam Ihen traveled Ihrough a filler holder aperture where neulral density 
filters we re use<! lo Illake groS! attenuations of Ihe light inlensil}'. A 8ubsequcnl 
lens Ihcll converged Ihe beam for passage Ihrough the oplical wedge aperlure. The 
optica l wedge provided a means lo more precisel}' altenuale lhe lighl bcam. A rack 
s nd pillion mechanism enable<l Ihe 0l>cralor lo pO!!ilion the oplical wedge lo Ihe 
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Fi~ . 1. EXPERIM ENTAL APPARATUS 

S = Li~hl l;Ource; L = Leos; Ch = Chopper hJ, de; 
M = Mirror (rl .•n~le ) ; fb "'" Filler holder ; 
W Wed le (oplir.1 neulnl den6ilr); T p. _ TUlel pl.le ; 
P.S. Poinl !Ource llperlu l'e ; E = Ere. 
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de5 ired densil y. Alter paMing through Ihe wedge aperlure Ihe ligh! ""as Ihen collee­
led. Al Ihis point Ihe lighl is Irealed differenll y in each channel. The lighl ilIumi­
naling Ihe integra ling ephere is converged and direeled lh rough a small aperlure 
¡nlO Ihe sphere. It is Ihen reflecled nod un iformly di ffused after Ihe first reflection 
inside lhe sphere. The chopper blade intersecling Ihe lighl to lhe inlegrating sphere 
was removed lo provide slcad)' light for Ihe llurround lumi nance. Lighl traveling 
in Ihe opposile channel is reflecled through 90 degrees by a fronl surface mirror 
\M~) which d ireels il lo a ta rget plate. The targel plate has a circular aperlure with 
d imeneions Ihal provide a 2 minute sou rce of lighl as subtended al Ihe enlrance 
pu pil of Ihe eye. The surround fidd subtends 40 negrees al Ihe e)'e. 

111 order lo ohtai n lhe Iwo highesl surround luminance levels an incandescenl 
bulb, operating at Ihe same vollage lo allsure a nearl)' idenlical color lemperature. 
""as placed illside lhe integrating sphere. The Inmp was posilioned 50 Ihal Ihe ob­
server saw no va rt of the bulb. 

This oplical 8)'8tem provided lhe desired surround luminance levels and by usi ng 
neulral densily filtere in conjunclion wilh lhe oplica l ""edge. allen ualion lO a n 
adequale number of poi nt source inlensilies was possi ble. 

Eye allignmenl wilh the slimulus ""as aMured by a bilc· boa rd mechanism. The 
thrce flashra les used were 40, 80, all<l 160 fla",he5 per minule. These were determi­
ned by adjuslment of lhe vollage supply lo a va riable speed molor which drove 
Ihe chopper. The seclor widlh of Ihe d isc wns ndjusted for each speer lo mainlain a 
consta nt slimulus d uralion of 4. msect'!. 

EXI'crimt:tllaf ProccJ'lr~ 

The observen ~'e re five young male emplo)'ees of lhe Honey""e lJ Hescarch 
Cenler, who were scrccnNI ""ilh their dom inan! eye and no hislory of visual d isor· 
der. The subjeclll used onl}' Iheir dominant eye for fla shrale delerminal ions. lhey 
were given severa! experimental Ira ining se!5siolls during which data was colJecled. 
When lhese dala showed a leveling off of Ihe visua l lhresholds. Ihe observers were 
considere<! trained. Al Ihe begillning of each session Ihc observer was again showlI 
Ihe flashrales al a high inlenlli ty level in o rder lO refrt:sh his memor)' o f them. 
After Ihe fla!hrale familiarizatioll period Ihe subject dark adapled for 10 minulrs 

and then light ndapled to Ihe eurround lum ina nce selecLe<1 for lhal ses~ioll Cor 5 
minules. 

The flashing light ll limulus was cxposed conlinually. The neutral dell5ity wed,ge 
and fillers were adjusted so thal at lhe beginn ing of each trial series lhe soun:e 
was too dim lo be seen. The intensil y was lhen raised by a .01 densil)' Slep on each 
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tria!, accompa nied by a " now" signa! from the expe rimenter. The observer wai!­
instrueled lo judge "no" meaning. 1 do not !Ce il o r, if he 58W Ihe !igh!, he was 
asked lo sa y eilher " fasl". " medium", or "s!ow". 

F!ashra les were ra ndom! y eha nge<1 from series lO series and frequentl y a series 
was continuecl 3 lo 6 l! teps beyond corred identifiealion 110 that it wu impussible 
for lhe observer lo obtain informali on other lha n visual eues of the corree! flash 
rale. The inlensit y level of lhe firsl o f lhree lIuccessive posit ive rCSIKlnse!l was taken 
as Ihe deledion Ihreshold. The firsl o f lhe three successive eorreel idenlifica lions 
was laken as Ihe correet identification threshold. 

l'hirt y trial series pro<luci llg 30 <Ielermillations of lhe detection alld identifica· 
lion th resholds were oblaine<1 for each of Ihree fl ashrates aud for each or lhe 
five lumillallce levcls of the surround. The ! ur rOUlld level! were: .001 ft. 1 (moonless 
dea r nighl sky f, .0 1 ft. I (twilighl l, 1.0 ft. 4 (20 minutes after dawn, clear sky) . 
100 fl. I (ovll rea!! day sky) , 2700 fl. 1 (elea r bright daylight sky close lo sun ). 
Eaeh of Ihe five observen repl iea led Ihe enlire experimelll, produeing 450 (Ielee· 
tion lh resholdl! alld 450 co rn..cI identifica lion thn.'Sho lds per eonditiOIl u r 4500 
thresholds in all . 

40 
1I ---_ 40 11m 
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0 -- 80 f/m 
160f/m"-­

10 

go~,---C. o:,-C---.,~---C---~,~o---,~o~o---C,ooo~--,o~.oooj 
SURROUND LUMINANCE {q LAMBE RTS I 

Fi l". 2. The I'errenla ~e o, forrefl ident ificalion rebpon;;el al ¡he Ihreshold le,'e ' 
01 seein S are p'olled 1 ~l i n ,;t Ihe luminl nre level 01 lhe l urround. E...h 
J)f! rcen ll~e \'I lue re llre!lf!n18 In IVU I P.O' the fiv e . ubjefle rombined re~ulu . 
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Figure 2 sIl0 l'l'8 thal ror tllt: brighler levels of surrouml luminance (2700 ami 
100 rt. lambert levels ) Ihe slol'l" fl u hrale (40 f/ m ) is more frequcnll r idenlified 
correell )' al Ihe <Ieleslion Ihre5hold level Ihan Ihe medium \80 f/ m) and fu! 
(160 f/ m) floshrate . In contrast, the 160 f/ m flashrate is more frequently ¡dellli · 
fi ed correelJ )' with lhe 11'1'0 lower surround luminance levels. The 80 f/ m flashratc 
was very confW!ing al the Iwo lower levels of ~urround luminance as manifested 
by Ihe graph . With Ihe exceplioll of the 2700 ft . lambert lel'el o f surround lum j· 
nance Ihe 80 f/ m was confused more o ften tllllll eilher Ihe 40 f/ m or 160 f/ m 
flashrales . 

Figure 3a, b, all(l e, display Ihe dislributiOIl of wrong responses ror lhe fi,'e 
different su rround lumin81lce lcvels, Of si!;nificancc for Ihe 160 f/ m flashrale is 

40,----.----~--_,----_.----,_--_,----, 

,o 
3lcl .-.. 160 "m CALLEO' MEDIUM' 

20 ----- ------- ----'"__ - _•••• _.~x__ • ___________ ........ __ ••••_••• x 


~ O ••7:".':"_:-_~_:-----' 160ftm ~;~~EO-:;~~~' 
z O,r-----~------------~~~~~=:~----~ 
~ ~ 30...---3Ib l ____ • __ .o.. ___~~_'~~_~_A_:~~_~._~~~~,, _._.00~___ _
Ir 20 .0>--- ­
ti _000 --- 80 flmx CALLEO 'FAST' 

i O ~x~------' 
~ 0r-------------------------------~ 

3 (al" 'O __ 40 11m CALLEO'MEOIUM' 
20 ,.~--

0 ...... _ ....... ---- -- --:;;;;n-c'lLLEO'-;:S;:­x_ 

O -,. " 

.001 01 10 100 1000 10.000 

SURROUNO LUMINANCE 1FT LAMBERTS I 

Fi~ . 311, lo, " , Tia...hov., IUph ~ho ..... lhe di,;lrihuliull 01 lb., inrorrerl rt:~pon""lI Ii 

r.,porl.,d hy th., five o;uhjC!f'li.. Thio; i~ 10 d.,monotrale lor .... hkh fllihrllt., 
Ih., rorrer! f11l~hr.le " ' h ",,,,,'u\lt:d with 11 .,uh 01 the fin 1.,...,1, 01 su­
rronnd lumlnlln~e .,mployed ;n Ih., .,.periment. 

Ihe <lec re3&e in incorrt.'ct responses fo r the 0.01 and 0.001 fl. lambert leve! of 
!!urround . Of lIddili,mal inten:st is thal for all su rround luminance level!! lhe 
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160 f/ m fla shrale when reported incorrecll y was reported more a fi en Il! Ihll "me· 
dium" fla shrate ralhe r lhan Ihe "slow" flashrate. 

Df importance for lhe 80 f/ m and Ihe 40 f/ m rJa!lhrales is lhal Ihe incorrecl 
rtlllpon!le!l a re more frequentJy Ihe slower fla shrale of Ihe Iwo poMibililie8 for lhe 
highe r levels of surround luminance and Ihe raster flashrale o f lhe 11'1'0 possibiJititlll 
for Ihe 11'1'0 lower le\'els of surround luminance. To elabora te on this, Figure 3b 
sho "" s Ihal aboye Ihe 0.1 ft. lamberl surround le\·ellhe 80 f/ m flashrale is reported, 
when reported incorreclly, as "slow" more afien Ihan "fas' ''. Figure 3a demonslrales 
,hal a bo\'e Ihll 0. 1 ft . lamberl surroulld le\'el lhe 40 VOl fla shrate, when reported 
incorreell y. is more frequently ca lled " medium" lhan " fast ". 

Observer's Reporls 

The Iwo lower levels of surround luminance proved lo be Ihe most interesling and 
will be Ihe 11'1'0 levels dealt wilh mosl eXlellsively in this paper. When adapted lo 
the Iwo dimmer surround levds Ihe subjecls ni limlls rCIJO rl lld lhal a fla shrate 
appeared very fasl al firsl. This wa~ reporled by a lJ subject!l. 

Exper;lII el11 /1 . ffa5h Rale J)tscriminafiol1 ;11 J)jlferel11 Retinal 

Localiol13 and WilJ¡ Chromalic Slimu/i. 

The objeclh'e of Ihis supplemenlary expe rimcllt W8!l lo delll rminll if Ihe apparenl 
' ",'er)' fa st" fla shralc is e\'inllnl wilh condili ons other Iha n wilh foveal \'ision and 
white ¡ighl slimuli. 

Apparall/5 

The apvara lw was Ihe game as thal use<! for lhe previous experimenl except Ihat 
811 inlerfe rence filler lo provide chromalic stimuli was inserled inlo Ihe optical 
s}'stem al FH ( figure 1) in lhe chanllel providing Ihe flashing ¡igh! slimulus. In 
addilion small red fixalion painls, two minutes in angular eize ae sublended frolO 
the observer's e)'e, were place<! a l 1,2, 3,4, 7.5, 10, 12.5 and 15 degrees oulwanl 
in lhe r ight e}'e field of vieion. The intensit)' of lhe fi xalion spols were reduce<1 
lo jusi aboye foveal thrtlllhold . A 8""itchinJl: lOecha nislO enabled Ihe operator lo 
sd ecl Ihe desired fixalioll spal . 

Ex perimental !)rocedllre 

Two male observers who were subj ecl!! for Experiment I were used for Ihis 
expe riment o Becau~e of thdr trailling in Ihe prt!vious experimenl, ir was assumed 
Ihat lhe subjecle were weU Iraine<1 wilhout an}' additionü l trailling session~ for 
Ihis experimcnt. 
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The fl ashrale was !cl al 40 fI mo This same fla shrale was use<! throughout Ihe 
experimento The same procedure was followe<! as described under Experimenl 1. 
Afler da rk adaplation, Ihe subjccl was inslructed lo look al Ihe red fixation spol, 
or, when foveal vision was desired, lo look al Ihe aperlure while Ihe opera lor iocre· 
ased Ihe iolensily of Ihe (Iashing lighl by assigned increments. He was inslruclcd 
lo report afler eaeh incremenl "NO" if he did 1101 see a flashing lighl, or lo report, 
"slow", " medium" or " fll s!" . When Ihe block surroulld was used Ihe one degree 
fixa lion spot was Idt 011 10 help orient Ihe subj ecl wilh respt:ct lo Ihe aperture. 

In addiliOIl lo sludying the dependence of confusioll upon chromatic slimuli aud 
eccentric foveal allgles o f fixalion. two lumi nallce surroulld levels were selected . 
The Iwo surround levd s cho!en were 0.0 and 0.01 ft . lamberl of luminance. The 0.0 
sur round was established by completely blocking of Ihe channel of lighl which eould 
enler Ihe sphere. Tbe omerver's aperlure "" as leh open but lhe minute amounl o f 
sira )' room lighl whieh ma)' have entered Ihe sphere was nol measurable. The 0.01 
fl. lambe rl surround level ",·us cslahlished b), setting Ihe sphere al one fl. lamberl 
using Ihe McBelh illuminomeler and Ihen inlroducill l; a neutTIII density filt er a nd 
wedge selting lo obtajJl a density of 2.0. 

The color 01 Ihe fl ashillg light was estubl ished wilh inlerference filt ers. The two 
inlerference filters used aud Iheir cha racterisl ics are as lisled bclow: 

Dom inan! Wavelenglh 

Blue t2nd orderl 428 mJL 


He<! 12nd orderl 633 mJL 


A blockillg roo filler wilh a cutoff between 600 and 605 mJL voas useo in con· 
juctioll wilh Ihe 2nd order red inter(erellce filler. 

Results 

Figure 4 summarizes lbe resulls on two observers. Onl y preliminar)' findings 
were la kcn com:erning Ihe relalionship belwet:n Ihe colors o f Ihe stimulus ano Ihe 
Ilumber of " fa st" responses reporlCfI. These findings indicalt!d Ihal Ihis phenomenon 
voas independenl o f lhe color stimulus used. The duralion of Ihe dork oda plalioll 
periad also did nOI seem lo inlluence lile number of " (asl" responses. 

The mosl significa nl dependent varia ble is retinal pos ition. For angles of fi xation 
beyond 2Q tlle subj eds did nol report seelng the " fas!" f1a shrate durin!; Iwo trial 
scssiolls. Sessions were then begun using onl)' fovea! vision a nd 1Q and '}.Q angles 
of fi xatioll . Figure 4 ilJustra tcs lhal subject S.E. on ly reporte<1 Ihe fl ashing I¡ghl 
as " fa st" when he voas observing Ihe lighl 1\'ilh foveal visiono J. ]).'s results are nol 
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quite as clearcu!. Wilh Ihe surround level al 0.01 ft. lamberls he did nol repo rl a 
" fa st" response fo r nine of ¡he colore<! slimuli with fovea l visiono The combined 
data on the ¡hree fi xalion posilions are shown in Figure 5. 

In addition to Ihe above resulls Ihe Iwo minule fla shing aperlure was replaced 
with an aperture ! ubtending a 20 minule angle al lhe eye. Only enough experimen­
lal trials were condueled lo indieale Ihal Ihis phenomenon was nol reslricled lo a 
point souree of ligh!. 

• 
By ehanging Ihe experimental procedure and alJowing the subjeds lo adjusl the 

intensit y of the fl ashing lighl , the subj ecls could find an inlensity jusI a bove 
threshold Ihal would produce a " fa sl" response Ihe majority of the times auempted. 
This was found to he true when the 5ubj ecl!s fixated either the 20 minule or 2 
minule slimulus. 

In a tlt:mpting lo an5wer why a rtashrale may appear slower at threshold with a 
surround luminanee above 0.1 ft. lambert, one may consider Ihe "probability of 
seeillg zone" which is preselít wilh threshold judgemenls. 

A lighl flash of a given aud suffic ienl intensil y to fall within the boundries of 
the " probabilil}' of seeing zone" wou ld have a cerlain probabilil}' of eliciling :1 

sensa tion. A series o f light flashes of constant frequelle y al Ihe sa me given intensit y 
level ma y be expecled lo produce an apparenl fla shrate proporlional lo the proba­
bilit y of seeing a single light fla sh. 

The s u¡'j~t, when vie wing a flashrate al such a ll intensily. may Ihcn see onlr 
occassional fla shes. ill a randomize<1 order. Because of the ullcertainl y of Ihres.hold 
measurementl! these occas5ional pulses may I)t! judged as a slower rtashrale Ihan 
the aclual fla shrate. During Ihe commenl period Ihe subj ects were somelimes 
queslioned as lo whal Ihey had based their fla shrate judgements on. One subj ect 
reporled thal he nonnally would ca ll the fla shrate "slow" when he onl y saw one 
o r two fla shes. One subj ec::1 stated he would reporl " medium" whcll he saw Jlulses 
al irreg ular ¡nlerva!s. 

Judgin from Ihe¡¡e subj eclive reporls it seems safe lo say Ihal a flashrale response 
slower Ihan the actual rale is {I ue to Ihe faiJure of eaeh flash lo elieit a lighl 
sensalion . 11 ma y be suggesled Ihat the probabili ly o f seeing a lighl fla sh al 
thre5hold where Ihe number of quanla is critical ma y rest UpOIl the eonsla ney of 
Ihe sou ree and experimental apparatus and on Ihe leve! of Ihe subjecl's "visual 
cOllsciencencss" which may be in a constinuous slate of vacillatioll. 
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A conflict arises when olle viewlI Ihe resulls of Ihe data for the luminance 
lIurround level ll o f 0.01 aud 0.001 ft lamberts. Al ,hese level5 of 5urround luminance 
Ihe 40 f/ m fla shrale is nol identified correetl)' as oflen as ,he 160 f/ m fl ashrate. 
Also Figure 2 !lhow!l Ihal al Ihe 0.001 ft lamlJerl level lhe 160 f / m fla shrale is 
identified correetJy 92';i of the time. Dne musl cond uele from this informalion 
Ihen Ihal al these levels o f adaplalion Ihe dimcII sion of Ihe "probaLiJil y of seei ng 
-.:orle" has been constricll-d or thal anolher fo rm of visual behavior has become of 
grealer conseq uence. • 

The frequcncy with which the subjects !l8W all fl ashrates all ';very fa st" may 
answer in part why the 160 f / m was idenlifie(1 corn..'C(1 )' mosl oflen al Ihese IWO 

lower !lur round level!l a nd alM) il ma y explain wh)'. as shown in Figure 3a and 3b. 
Ihe 40 r/ m flashrale a nd Ihe 80 f/ m fl u hrate was confused more fre4:IUentl)' for 
Ihe fas te r flashrale. 

To expla in why a fla shrale ma )' appea r much raster whclI observed a t or near 
Ibresbold inlensily olle ma)' spet:uJale on Ihe retinal activi l)' following a !lingle 
lighl fllI sh. When a fla sh of lighl ill incidenl on a foveul cone populati on after 
dark adaplalion, Ihc group of cones cxci led may discha rge nol onl y once bul 
seve ral limes thus sending a volle)' of impulses lO Ihc higher visual celllers. Olle 
ma y assume thal the individual eones would fire in near synchronizati on lo produce 
an appearance of discrete fl ashes. 

Anolher poslu la tioll ma}' be offered. which would pcrlllil Ihe excited eones to fire 
in a raudom order. This would permit allowa nce for lhe fac! lhat each CO Il C may 
have a d iflerenl fi r ing threshold or a differellt latellc)' per iodo It \o\'o uld he necessa ry 
lo propuse lhal there is a certain summating and pha5ing of these fovea l receplor 
impulses lo produce a degree of ordcr. Anatomica l cvidcnce which ind icatcs lhal 
mosl fovea l concs llave a " priva te linc" wilhiu Ihe retina , as indica led b)' Polyak (4 J 
woul(1 rule o ut spatial inleraction of thc fovca l im pulscll 011 the retinal leve!. 011 thill 
premise if 8ummalion and phasillg o f Ihe foveal impulses is assumed lo occur il 
must be relcgatl.'d to a higher level Ihan the retinal level. The eud resull of such 
surnmllling and pha~ing lIlay be all apparent fla.shrate I'.'hich "" ould nol be in 
accorda uce with Ihe aclual flashrale. 

¡\ necd>S8 rr condilion for observ ing Ihe '\'e r)' fasl" fla shrale WIIS a cri lica l leve! 
o f sti mulus illtellsil)' for a g ivcII dim or dark surround. Only wheu Ihe intensily of 

the slimulus was adeq uale wou ld lhe visual acti\' ily which followed lhe lighl fl ash be 

lI uch as to produce Ihe apparenl ' \ 'er)' fas l" flashrate. • 
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. ·LASttIlAn: IlISCIIIMI Ioi AIIlLlTY 

Summary 

Flashrale discriminabilily of human sub jects ¡s influence<! by tbe adaptive slale 
of the eye and tbe relinal localion of Ibe stimulus. l)illllller levels of surround 
lUlllinance ma}' induce sn apparenl fa sl fla shrale as judged b}' Ihe subject. Brighler 
surround levels tend lo fa vor Ihe idenlificalion of Ihe slow flashrale. 

Failure of every lighl flasb lo elici t a sensatioll may have resulted in judgementll 
slower tha n the actual flashrate. A ver}' fasl fla llh rnle ma)' be produced by groups 
of receptor! fifing more thall once fo r a g iven slilllulus or a group of receplore 
fir ing Tal1dom l)' with subscquent summating a nd phasing. 

Honeywell R..,¡¡earch Cenl..,r 
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