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INTRODUCTION.

The'psyéhoiogicai éffectS'Of intermittént pﬁofié stimulation.
have been the subject of 1nten31ve studye Fér the most part; fesearch'
“1n ﬁhls area has been concerned thh flicker fusion thresh@lds rather
vthan Lhe effecﬁs @f submfu31on flickero' Bartley (1941) states,'"itx
~ has been an unforsuﬁate c1rcumstance thét attentlon has been foéused
almost exclusively on the critical fllcker frequencye" In an'annofam
ted blbliography ox fllcker fusi@n phenomena covering the perzcd ;rom }~1
17&0 to 1952, Landls (19K3} reperted a few studles referrlng o phew
' ncmen37335001ated W1thlf11ck@rxng llght below the fuslan-frequency
.but'thefgréater.empﬁasis wés.éﬁ.fusiOn threshcldé. o

| The earller studleﬂ of subnfusion flicker ﬁere directed tc
v1sﬁal effects9 while 1ater research haslincluded studles of more’
»compl@X‘processes such:as the relation of subéfu510n.phoi1@ stlmulaé”»
tion to central nerv#us system act;v;tyo. The;éffects of in%ermiﬁtent 
‘ .photzc stxmulatz@n include’ v:i.suais phy51ologlca1 and psychologxcal ,
_phenomenaa The v1sua1 effects @f submfusian flxcker 1nclude brightw
.ness effects, glitterg aiterxmagesg cclor changesg‘and movement°
-Am@ng ‘the phy5101091ca1 effectsg photlc dr1v1ng of the braln and the ﬂ
,- nrec:;pltatlcen of selzures or epllepts_c phenomena have arece:z,ved the
greatest attentlone. The psych@l@glcal effects have been investlgated '
,-through studles of tensicn sta‘tes9 perceptzona anxxetys performanceg

and cognitive mnctionlngo' However, melatwely few studies have-been
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"conducted to stmdy the effects of submzu51@n flicker on learnnng in
bv-normal 1ndiv1dualso:
" The present scudy has been deszgned to ascertaln the exfects
;of sub=fusion fllcker on leafning in man9 and to dlscover whether @r
ﬁot thése.effects ére a functmom of the fllcker frequency6 A rev;ew‘j.-‘
- of the research on.the effects,of submfwszon‘fllcker 15 included;és‘
backgroundvfor the current researchol*whiie:some of théééfstudies do
_not bear dlrectly on‘the problem of the effecﬁs of fllckerlng 110ht on
_1earn1n99 bhey have given rise to research in this area and may be.
in%olved'ln the explanation cf,the purrent findingse
For the'purpdéés of this péber the tefmk"intefmifteﬁﬁ ﬁhéfic 
stimulatiqn” is definedvés iiéht stimuii‘repeated at fegu;ar.iﬁtérﬁalé
,and.is expréssed»asv“flashes per second;“'ZThe range of,intéémitteﬁt
ph@t;c»stimulafion includes repeétéd light‘stimuli at sub-fusion,
fusion9 and above fusioﬁ f:éﬁuéncieso At frequenéies below fuéi@hg;
intermittent phcfic stiﬁulation is'referréd to aé “fliqkero" Fﬁsian =
:frequencies are those poinfs at which the stimuli ére.no 1ongér'seen
‘as individual flashes bﬁt as'a continuous‘light;' This.thggéhbid
value is called.thgiﬁcritiéal flicker fréqueﬁéy? (cefofg);andf;s,a‘
functioﬁ‘of[thé;ihteﬁsityvof‘tﬁe;lightﬂand~itsﬂsurrounds;;thé”arsaﬂ-
‘of the object that is flashing, the part.of the eye stimilated, and
'~‘the rétio éf light aﬁd dark period‘of the cycle or the light/dark
‘rafiés' | | |
h Photlc dr1v1ng is deflned as. the rhythmic cortlcal responsérrew-

_corded by electroencephalograph as a result produced by 1nterm1ttent
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photic stimﬁlaticns;‘ Wéves‘driven at the same fEeqqéﬁcy as tie‘interflf'
mittéhﬁjlightvare“ﬁermed responses ét the fundaménﬁal’ﬁhéreas-exact
multiple second ér third‘resﬁonseé are termed harmonics’or'sﬁb;ﬁafmonicsa

Bartley {1939) made a comp?eheﬁ31ve study of the effects of
1ntermlttent photzc sﬁlmulatzon in whlch he points ount the major.quala
~tat1ve sensory cnanges throughout the range from 1solated flasnes to .
crltlcal  flicker frequency for testnoogects boﬁh with and without
;111um1nated surrou;dso IWhen'the testmobject is surrounded.by darknesé o
'ithe sequence of changes passes through nlne nhases, but the llght/darkr
' ratxo determlnes the nature and’ emerg1ng place of each nhasea When
~the testé@bject is surrounded b& an illuminated :ieldythe.sequence
of phendgena is Somewhat m6fe cémpliéated'but,it-is_possibieftbw‘.‘w
indicaté tﬁe range 6f)fiic?er frequency in which the phenoﬁéna tend'té-
‘amérge; | o | | - |

7Alédmp0§ite qf{the.twéudiaéfams-preﬁented by Baftiej (19&1§. 
‘ indicaﬁiﬁg ﬁhe pheﬁomené'emerging under batﬁ'conditi§ns i$ presénfed:i
in Figure 1. - In addltlon to the nhenomena enumérated by Bartley;

other,effects that”hayevpgen xepqrﬁed have.been included in the -
 $iguré-in an‘éfforéffé fééiiitaﬁe‘the understanding of thiS“réView."

S

of . the literature.
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'E;gﬁal Effgctg
Talbot demonstrated, in 1834, that the apparent bright-

ness of flickering light above fusion is reduced (from that of

steady 111umination) by bhe ratlo between the perzcd durlng whlch i,__:

‘V,,_the light aetually reaches it and ‘the' whole pemmd9 but Brucke9 in -

’ 186ﬁ9 repO?ted that the whlte areas @f a rotatxng dlSk made up of
alternate black and whi te sectorS‘become~more brilliant at _appzﬂox:i.-'= -
mately 17.6 rotationé'per”secénd than when stationary. Bartley'

(193@).fbllowinglthis:Same Iiﬁe_of'résearch'buf using transmitteq

"blightiréthar than black'aﬁd,W§ite*disks; r@porﬁed\that_the maxiﬁ&mifu?”'uv"/fw

Brucke effect9 which‘he cglie& apbarent bfightnéss enhapcémgﬁts is _
a‘fecibrécal of the Télbot effect and occurs when the sfimﬁli afe
‘glven at about elght t@ ten per se@ond@

Barley felt that this effect was net preduced by photce_5 
chemlcal mechanlsms since 1t was difflcult to see how two 0pposz£g
processes prcaucing a 10wer~cencentration of the llght product -
réquired te give the Télbqﬁ ef'f%vc.‘tg:could9 at a lower raée of -
‘4élternation §§tw¢en‘iigh£'aﬁd;¢ark@‘prqdq¢e ah incr9ased'concen%"
tratioﬁ“othhé?sﬁﬁsﬁéhée }éduiré& téngivé:énhancémeﬁtsfo abparént'
brightﬁe=ée It vas his‘contentlon that the effect was neural
“and brought'about by an’ lntrln51c perlodlclty in’ the ¥isual
pathwayo EE

Jahn (19&&) presented evidence that photewchemlcal changes

| in the sense cells c@uld be uhe causative mechahlsm since the photoe'
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chemical equationtwhich éarfiéy cohsideréd to be inadeqﬁate is appar=
ently that for the darkaadapted eye and should not be used for explalnw

“1ng vzsual phenomena in the llghtmadapted eyeo‘ cheverg Jahn contenm'u
ded that lf the explanatzon was to be made on. a purely chemlcal basls
the frequency of maximum enhancement should vary wmth both zntenSLty
and llght/dark ratio. The fact that apparent brzghtness enhancemeﬁt
remains«in the frequency,ranqe of exght.t@xteﬁ'per second at all
ithnsi 1es and st all 119ht/dark ratios wculd substantiate Bartley ]
contention of a neural b331so

Bartley (1951)9 warklng ‘On the theory that brlghtnegs enhancem _
nmentkcould‘be due to the number,and TEadiness to r@spgnd of retlnalaj‘
neurél paths9 ébnténded‘that ihtermifﬁenf stimnli'shoﬁid be more

.effectlve under conéltlons which enhance or are enhanced by photlc

. deranQ. His experlment failed to cenflrm hl$ hypothes;so

Slnce the maximum ocular tenszon is 001ncldenu with flash

freqmeﬁcieﬁ prodﬁcing4maximal brighuness ez‘xhancement9 Halstead (19&1)

1nvest1gaued the 00551b111ty of a muscular orlgln by elimlnating

puplllary and accommodatlve reflexes by scopolamnee Brlghtness enhancea

‘ﬂ\ment was not affected and Halstead concluded that it was not due to

el ther of the 1ntra=ocu1ar muscie reflexese‘

| In a mare recent étudy, uersthewohl and Taylar (195ﬁ), using
'fllcker frequencles.of nine anc flfteen9 investlgated the questzon L
of whether brlghtness enhancement would help contrast print @n back=
__grounde They found that fllcker reduced the number of lines read and

‘lncreased the ulscrlminatlon chreshold for flner detazlso They'further‘.
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»cOncluded that brlghtness enhancement was subgectlve and without phyn'

1cal correlate which is in keeplng with Bartley s use @f the term.
‘apparent brightneSS'enhancemento

Although brzghtness enhancemenf has recez#ed contlnulng Qt%en; :

élon, the effects of glitter, luster9 afﬁerxmagesg'and chanoe of color |
have also been ?he subaect-of‘00351derab1eVresearcho Rood (1863)9
.using a Eecto?ed disk made up 6f_séy§nAWhite-and sevengblack,sector59 
,reﬁorted thai.revblutions éf i@75 per‘second resmltedAin'a*IQSS»ofl
Vdefinitioﬁsiand revalutibﬁS'of‘hoé perjsecond regsulted in glitteringo
.‘runbammg continuing 1n thls same area of researchs reported in 1897>
| u_(Lanals9 1953) that by studylng the fatlo of the breadth of the seco

.t@r area to that of the aperture throngh which the observatzons were -

.made».flxcker and glltter arexdlstlncto.

Bxdwell (1897) rep@rted on a series.of experlmental demon=" .~

 strat1ons of afterlmage phenomena now known as Bldwe11°s ghestse

He used a twentyaflve candle power eleccrlc lamp and a r@tated tw0a“
;sectored dlsk that had a fortynflve degree éector‘rémoved at the
;jﬁncﬁlonlofiﬁhefb;ack”and.whpteasectorsjsogthat'theaopenwsec%orawas
gpreéeded by ﬁlaéRVaﬁd foil@wed by'whiteo'*WEth the lamp at two feet
and the dlsk rev01v1ng at 51x revolutlons per second,. the‘blécklleém
‘ters appeared reda As the laﬁp was moved nearer, the letters began
 ' to shimmer aﬁd.takérénla silvery, lustrous; mstallic appearancee

“,Wiéh the lamp at'foﬁfwimcﬁgsu,‘fhé létterg éppearéd gﬁeenish:bléeé
VHeialsobdemonstrated that‘it'was>possib1e‘t0~maﬁch the‘lgtﬁéré‘thatw

- appesred red with ones tha£3Were actually reds,ﬂﬂe further‘concluded.,
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rfhat-the_speeé fér bbtainiﬁg this'phenomena was not thefséme'fér all
*peréoﬁs but that the»@pﬁimum‘range was fr@m‘éix't@‘eight fe&dlutionés
per éeéonqo,‘ | |
R - Fry (1936), continuing in this liné of research? studied'the‘
color sensatlons obtalned wnth intermlttent apectral stimuli when-
the frequency wave lengthg purity of ‘the stn.mulus3 and the brzghtness
;ef.the surr@und;ng field are'variede HHe used fiash_frequeneles of
‘f0ur9“six, eigﬁt"and ten per seconda. He found that brighﬁ flashes
alternate thh dark intervals and that the hue of the brlght flash 15
" that characterlstic ef the wave length uged and that the. dark intervals f
‘are,tinged with purple»@r violet, TFor example, at four per«secomd‘

a white flagh has a dérk Qioleﬁ intervalg at,éié énd eigﬁt per secsnd
'thé interval—becomésiblﬁesgreen, turnlng to g*eeqlshewhlte at ten pef._
“Qecond9 aﬁdreachiné white.at fifteen per second. When the inter@ffvfs
mittéﬁt fiaéheéfaré equséd’on é whit; éfeé instead of a‘darg?éreé§ }
the sécondary’imagés,are ccmpleméntéry io‘the’primary Ongs;
'Anoﬁhef Of,the.visualueffects‘éhat reachés;its,ﬁaximum in .

‘the six to elght flashes per second range 1s one of apparent ‘motion g
and 15 called "gamma movement@" Thls apparent expanszon-and‘gontra§=
tion effe@t of»light has been reported as beginning in the fifteen 
to seﬁenteeﬁ fiashGS'per'sébcnd‘r%nge and reaéhﬁﬁé a maxihuh-iﬁ‘the o
'élght to ten flashes per second rangee, There have been ocher types o
‘of phenomena reported 1n the area of apparent or actual motlon su@h
" ag’ that reported by Ansbacher (10&&) who found ‘that an 111um1nated

area of thlrtya51x degrees rozatﬁng at less than fu31on speed appears



“to shriﬁk‘ﬁo a frac%icn of’iteeaetuallieﬁgthof Ansbacher c@nciﬁdes‘

that this phenomenon is related to iliun:;iﬁé'i’:‘io’n‘:_tn‘«that ‘in’creasin‘gi.

iliﬁﬁiﬁatien‘facilitéies fhe“shrinkageo Teuber and Bender (1948) in a‘~’

ustuéy'ofvtwenty-eiéht cases'offdceép;tal brain injur&_reéprﬁed that

.the same‘fﬁnctienél3meehénism:detegm;nee gerception'of fliékefgfappare\‘:3'

en’e.motion9 and actual motidn after cefebrelltféana;Vandvconeiuded

Bhat such perceptzon has a. neural rather than a photomchemlcal b331sQ 
In dlscu531nc the v1sual exfects that accompany the use of' '

_subafu51on fllcker, it should be pozntea out that there is no sharp

alstznction betweenvfllcker and fusmono In 19379 Brecher reported =

"three dlqtinct thresholds of sensory experience (LandzsD 1953)o

Firstgbthere is the‘shift from fusion to‘an_unsteady impressienfwhieﬁ aE

" he ealled the crltlcal flicker freouencyo Next there is a shift fromi_

‘v'the flicker to a pu151ng sensatlon which he called the pulsatlonafllcker,

thresholda rina11y9 he- defiﬁed the whlft from pulsation $o the percepmvf

‘tlon of dlscrete flashea as ﬁhe moment thresho‘lde
| Bartley (1930) dernonstrateu that even when the cz‘u,tzcalv

,flickeﬁ frequegey.gae as-lpw‘as'four’per second, the subjective of '
.pe‘é_cé;vgd f’liek'e‘r_'ma:i{fesitleé '\é-fe}.faﬁi‘vew high rate. When at hivgher‘ s
'inteﬁsities the critice1'f1icker frequepcy was about‘iifty pef_secondsv
the perCeived or residual'fliekefeappeéred fo occur af the séme'ifee
queﬁcy as 1nithe former case, nemely9 about twenty pex secov;de Here
-agaln Barﬁley feltlthau thls phenamen@n was not predlcted by present
day photo=chemxca1 theory9 but is aetermzned by the 1ntr1nszc discharge

'character1<tlc of the retinal gancllon cells rather than the flash rateo,
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As ha§ beéﬁ showntiﬁ this brief review of the research on'thg
‘ visué1_éffects that accoﬁﬁany the use of sub«fﬁSion fiicker,‘theré'is
"§ §trong case fdx'a‘neural rathér than é,phdﬁoeghemical'baSise- Althbnéh
' i#tinal fuéioﬁ:has been ﬁéasured,by the elecéroretjnggraﬁ by;Babel and -
Monnier (Landis, 19533, 'E’:herev‘ has been relaiti:vle‘ly'l’ittie'investigation
of retinal précegses involved in the vig@ai,eﬁfeéts other thahrthésé'
cited above Oﬁ'brightness enhanceﬁent and résidual flickér (Bartiey;
o 1938; Jahn, léhk}o‘ In con31aeratlon of the crlteria presentea by Jahn
-;\l9hh) for a photomchemlcal baszs it is ev1aent that a definite ccnclum ‘
AS1on cannot be reachedal Howevers many. 01 these v1sua1 effects reach
their méx1mum 1n the same frequency range as‘the alpha rhythm9 aﬁd iv
‘1s ccnsideréd posszble’that these visual'effects are centralwresponses
' _ felaﬁed to mechanisms‘fﬁat may_bé inv0ived in th£‘effects of flickering
1ight bn more‘cemplex p:dces;eé‘sﬁch~as léafninéa; |
;gémgléx ngéioldgggal:@ffeétg,

With_regérds to cortical~and subacofticai responsesfto subwquioﬁ"
'fllckers the phenomenog of photlc dr1§1ng is of chlef 1mportarce, it

was not untll tﬁe deveiopment of adequate electrmcal 1nstrumenﬁatzon

" and the electroemcephalographmc studles of Berger in 1930 that the

Lo obaectlve data relatlng to the effects of svbwfusion Llicker and braln

wave potential were aemonstratedgv Although Berger noted thaf photlc
stlmuli to the retlna could block spontaneous alpha rhythm59 Adrlan
:and Matthews (loph) were the first to demonstrate photic dr1v1ng

by.lntermlttent 1lght;sﬁ1mulatlon in man. They further reported a
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great deal of individualyvariation bqth in tﬁe degree, naturégiand
:conditioﬁéifor establi#hing thié‘pheﬁomendno .

| Sinée'thgt time, numerous studies have been dén¢ deséribing
 the-§h©tié;driVin§‘fésponge'and‘%élétgd pﬁﬁsioiégical\an&uésyéhqlﬁé
" gical effectsQ A simiiérﬂphenomehon‘has been demonstratéd repéatediy
v1n cats9 rabble, monkeys9 and: cther animals. (Bartley9 19h0 Knox9
11950 Walkei, Woolf, Halstead and Case» 19&&)

Walter and walter (19&9) reported that thxs st1mu1at;on COle
be‘descrlbed in terms of flve gomp@nenet59 any or all of‘whlch could
;be present at any one timeo ’Fifst‘théré is a series‘bf disérete9 |
»elementary evoked respon..,es9 second‘ there is the fu51on'of evoked
,'respanses.giving an’acc;dgntal,appearance of rhythmlclty;;ang third,
‘there_i$ the instrumentai suﬁﬁatioﬁ of evoked respOnSe~an6 sponfaneous'.
‘rhythms; The fourth ;omponent‘is frue augméntation or‘driviﬁg 6f- i
100&1 rhythms at the frequency of the stimulus and the fifth is the
augmentatlon of harmonically reiated rhythms ln OLheT areaso ;

In this same plece of literature walter and walter aiso
' ciassifiedithe subjective effects that had been reported by subjects
receiving ph@tic stimulation throughout the rénge'of 395>t0:25'flashes
éér-Second'withié flash dﬁmation cf‘fiéteen microseconds, Their classi-. -
fications‘weré as folio&sz’

'19 Vlsual sensatzons with characters not preaent in
the stimuluss such asg colorg patterng movement

2. ‘ggmple sensatxons'other than v1sua1

8. Kinesthetic: swayingg splnning9 juunpm.ng?7 vertzgo
"b, Cutaneous: tingling, pricking
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C¢ UAudithy;' rara: PR
d. * Gustatory and olfactory: doubtful
@, ‘ViSGerala' connected with amditory
3. General emotional and abstract eVpemences9 such as,

.fatlgueQ confusion, fear, dlsgust5 anger, pleasure9 distura
bance of time sense

L, OfganiZed haliucinations of varidus types
5o Cllmlcal psychopathlc stateg and sezzures
Walter and Walber centended that the subgeetzve visual effects werei

.due te- 1nterference between rhythmic evaked resp@nses and spontanm

eous’ rhythms at cortlcal and posszbly thalamnc ]Levelse The-nOnw

?v1sual effects 1n normal and abnormal subjec%sh they felt, were due _"

,to interactlan between the evoked act1v1ty and harmonlcally related' .
‘”{gpohﬁéneous rhythms in @ther.circuits,at a thalam;c.levela"
MUndyaCastle (1953), uSing tﬁe same frequéncy fange‘(SeE'tQ
»5125 flashes per second) in. a study d651gned to further delxneate the’-

1ch1ef characteristlcs of responses to photlc stimulationsln normal |
"adults, reported experléncés durlng photlc stlmulation simllar to
| "those found by Walter and ﬂalter (19&9) He also found that clinxcal ‘

“psychopathic states and ovgaﬁlzed halluclnations were not as a rule
yglicited from,pq;zjmai-subgectsQ ~Mundy@Cas$1e,further concluded that

v;abnarmal.and'queétionable electrdencephalegraphic responseS‘were'

‘ ?usually accampanled by more vivid and disﬁurblng sensatlonsﬂ and

' that phot;c stlmulatlon provides a valuable means for stuaylng the
‘behav1or of different rhythmlc processes durzng changlng mental
canten‘to

Ulett and Johnson (1958) used flicker frequencies ranging-frbm'
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'théee fé 33'fias£e$ per Secbgd‘wéfh a Qn§ t6 0ﬁe light/dark fétioe ‘The j
phétic driviﬁg sur?ey consisted of'ava sééénd'ekposure to eéch of 24
 ;dif erent frequencles w1th a Le second 1nterval between each expésurewf

"'With a sample population con51st1ng of 182 adult maies and. 5? psychlaof

trig patients.they found that photic driving is a univerSal phenomenon_

'7f>with‘a‘peak respéhée in the élphafrangéol In the'control group, they

"found that neither photlc ar1v1ngs‘phot1c actlvatlong nor changes in‘
'  photic actlvaﬁlon were related 51gn1ficant1y to restlng electraencephalo=i
.tgraphlc patterns9 chaﬁges in pulse or blcod pressure9 selxeevaluatlon

lof,psychologic statea or of positlve itsmS«ln,persgnai or-fam11y neure;:
,‘ﬁsﬁchiatrié‘historyo j“ | ‘ ” | | | N
Althugh Ulett and Johnsoﬁ found no 51gﬁ1f1cant’re1at10nsh1p
. between photlc derlné and pulse or blood pressures Doust9 Schnelder
-:and Harrls (1952) found that oxygen 1evels varied critlcally thh the
',‘flicker rates. Flicker-ratgs between three and nine, and between: ‘
‘twélvé aﬁé“seventeeﬁ produéed,g‘deérgése_ih blood oxégen éaturatidn , 
A_valdes, Whicﬁ.weré normal‘af‘hiﬁe to e1evén5 and(eighteen'td.twéﬁty=
1twg flashéé éer sec¢nd;g-The§ also repoi%ed déﬁfeééiﬁg ihe oxygen
leveis‘by'the ﬁse‘of 6§tima1 étim&iatidﬁ'fréquehgieé and eliciting
'léédﬁﬁéneQﬁ$LC6mménts by the subjects which<féveg1¢d cgnSidéréble,'b
é&éﬁges-iﬁ affeét and 1é§éis of avareness.,

The prlncwpal use of intermlttent ‘photic stlmulatzon in fela='

tJon to lts physxological effects, has been in photlc driving and ellcis;- 
v:mg paroxysmal dlscharges 1n the electroencephalograpﬁlc stuéles of |

' braln wave pheno.menae alnce these physxologlcal effects seem to be re=:

<;1ated to cortlcal and sub=cort1ca1 functlonlng, it becomes a mechanism"
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for studying the neural correlates of complex psychologicél pro=

cesses such’ as, learhingg emotion, and motivation.
‘ gf;egts QQ Pegfogmagce ;egrg;ng

ﬁThé.effecté of fliékéfing 1ightf§h pérforﬁaﬁce’andiégﬁélex
_ pfoceséésjhés been Qidély sﬁudied with'ﬁostjof the studyvéeiné dir=
_ectéd towafd‘the effect on performan¢ee‘ Thercoﬁparativeiy recent
innovations of fluorescent 1ightingiand television viewiné”h@wegéiv@n.-
,somé‘impetus to this area of flickér’résearchb“ .
One of the ea;ilesf stuélés of the effects on ﬁerformance was‘i' -"”
»ﬁhat oI Wartrldges Lythgoe and Fatthews (1920) in whlch a’ comparlson
was made,between'continuous and flickeringAlight,on a varzegy of
lvisual'taskée' They used‘flicker‘fréquenciés of nine flashes per
. Jsecond and Zheé flashes per éecoﬁd with an intensify of six5fdot»can~‘
~&1es;. On three of the’ tasks9 perception of small black ‘and white obgects9
color percep;lon of both large and sﬁail objectss and peripﬁeral color
' vis1on3 ﬁhey cemparéd the continuous light w1th flzcker at nine flashes .
per sec@ndo In aetermxnlng ‘the 1ea5t percebtlble 1nten51ty dlfference .';2
in thé case éf_largé 6bje¢fs and in stefoscopiq vision,. they cempafed |
,thé continuous 1igﬁt witﬁ flickér at 24.2 flashes'pef second., In two _
taskg,‘éppreciation'of mbvement by {hé periphery of the réiina and-
‘éneed of readz.ngB they compared contlnuous light yith fllcxer frequen=
 cies of both nine and Zh 2 flashes per’ second
.Thelr results 1ndlcated that peraormance Qas practlcally ldeﬁ%;

ticéi for thg:twq types of illumination*except that the appreciation
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ﬂof movement dimlnlshed in’ flicker;ng llght in the perlphery of the
. retina, ”hey further concluded that the perIormance of one individual
; oﬁ’the'speed of reading task indicated that a more extensive study of
‘individﬁal differences might sﬁowfmore pronounced effeéts\df flgckeﬁ
‘in ceriain cases. ‘ : |
The field of teiévisionvga; intxdducgd”a‘new area of'researéhl
| ivnv the e;cf_e‘«;ts of flicker. '\Thgoreticauy in éeieviéien; fields -»mus{t"(
Hbé*éreseﬁted af a’ra£é grea£ér ﬁhaﬁ fifteenzpér?sécgnd'in‘Qrder not
to bAe; jerky, bbut in practice ‘tile' frequency mist be higher f{chain‘ fifteen
per second be@ause 6f'fiicker£ ~Condon (1950) presents foﬁr‘kindé:of
f%ickef that occuyr in teiévi&ion fubes: 1afge aréa f'liiciw':e:e.;i53 small -
afea fiicker; interline flicker, and'line crawio, Studyiﬁé the effectS'
: ef‘flicker in félevision:tubes,UCondon had eight éﬁservggs féte t@bes
: ef (i:iffez‘;hg‘brig‘htnevsé ..az;d‘,ﬁrequerl_cy on a scale Wh‘ere:'t’he;éteps. ‘W,éz",e
,:baigfui,'cbjécﬁionéblew'éﬁpfgciaﬁlé; nétigééblé, and ﬁéﬁg}‘”ﬂé useé
vfhfee Ievels of brighﬁnesé,,ioeo9 five, ten, and twehf}ﬁfgotbcandles;”.
_ﬁis:findinQS'are summafiéed belows - |

Brightness Level . Approximate Upper Limit
(foot candles}) . -of Range of Flicker rata

5 | 23

- 10 o 26
- 20 ' . .- "_32,

"h@se flndlngs 1ndlcate that the threshold for palnful flicker is a
functlon of the 1nten51ty of the llghte,
S In general fllckerlng 1ight is reported to have a alsturblng

eifects and it is common experience to hear reports~that,the.fllckerlng
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of fludreé@gnt lithing is disﬁrabting_or anneyihg; Héwevef$ tﬁgsé
effects have'nét been: systémati’célly studied,

| nach» Sperry and Ray (195&} uslng lntermlttent photic stlmulam
‘tLOﬂ at varylng frequen01@s in a serles of experlments de51gned to
determine the effects on subjective discomforts tapping rates, walking,
vpuréuit’rotor'perférméncé”and'fifle‘fifingg repértéd that unpieaéént N
jsubjective effects are’consisteﬁtly‘repérted when subjecﬁs are exposéd‘
?o.diffuse,flickering light; and that the most cansisteﬁtly éffeétivé\
;fiicker fiéqﬁency for:tﬁe piodﬁétion ofvéubjéctive:effééts is nine
flasheséper second,

MTheir feéulfs fﬁrthér ihdicéte tﬁat'handnéye céor&inatioﬁ was
'significantly impaired by a flickering light for a simple tapping task
but not affected on another supposedly more complex %applrg bask,éaﬁ&);.\
that the rate of walklng under condltlons of aszuse f1lcker1ng llght ’
did not seem to be 51gn1f1cant1y affected even 1n the presence of m,;‘
-lgbstacles and with a contxnuously mov;ng.llght source, However§ théir
-results 1nd1cate that rlxle flrmng aecuracy was 51gn1flcantly oepressed
‘when a s;x cycles per second fl;ckerlng 1lght was placed behlnd the
"target angbdlrected~at the subject, When the;dlffgseuflmckerlngA1zght
‘was &irected‘aﬁjthe térget; rifle firing,accﬁ;fiaqy‘was‘inqre-aseid0
| While thefs,é reports indvi_ca‘tve the mérked effects which intermite
,;ént phatib:stimulatipn méynhave'on,Eehaviprgffeélingss«and cértéin:
ph&siological'meaéufeég'thérevh;vé éé yef beéﬁ‘rélaﬁively féﬁ séudieé
directed to performance efflclency in 31tuatlcns 1nvolv1ng learrings

‘:Alexander and Chlles (1059)9 in an ex ploraoory study of prolonged
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intermittent.phqtic\stimulation,‘gave a simplé additiOn'tést at fifteen

minute ihiervals during the exposure, They reported that the performapce :

“oon th@ addmtlon test sh@wed no syutematlc trends as a function @f length_‘ﬂﬂj*'

of exp@sure tc the 11ght However§ they statgg "performancé waS'ln‘gene
eral,semewhat below the expeétéq leVélsg which since the fask was'highly_
visual in nature, Qgs bfébébly‘a resuit,ef'the adverée 1ighting condieA"
tions9" and fu?ther\éOnéludegﬂ"because df the ekplbrator§ nature-§f thg"
jiﬁv;estigation9 adequate measﬁreS'ofrperﬁprﬁancerefficieﬁcy_Wers'iét
'_obtained;"' | | | |

The preséntvinvéétigafion‘waé stimulated By the w@rﬁ‘ﬁf Jonnson,
Ulett, Sines and Stern (1960) who in a study of'corticalbaétivit§ and

Cognitive functioning used a number of téSks'involving learning. They

. hypothe51zed that the actlvatlon of abnormal rhythms (hypersynchrony

' and paroxysmal waves) would 1nterfere w1tn WMemory trace mechanlsms in
" the brain. U51ng the fllcker_frequency at whlch‘most activat10ﬁ~occurredj‘“
for the group caliéd "activators" and a fliékér,freQuenCy of fifteen per'
second for'the group called "noﬁ=activatorsgﬁ tﬁe reseérchers méa§uréd.
 performanée‘on_a.ndmber'cf‘tasks inv01vihQ éognitivé funétioning sﬁéhraé .
f‘palredaassocxateé learmngs mémory for storxes; dlgit‘spang serlél
seven’? s, and arlthmet;c prcﬁlems° They reported that the effect of pho=,
»tic stimulation on performance for the "actlvators" and "non«actlvators"‘
'ccmbined showad some impairment due to the distracting and sometimes
'  n0x1@us quallty of the flickering light on all tasks except one-=
wemory for“storieso ’Howe§er, the scores;were s1uﬂif1canﬁ1y dlfferenﬁ

» from zero only on the pszred assoclates and arluhmetzc tasks,
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o The last three studies in this brief review, using fasks'ihvola -

”ﬁjviggyléérningg pefférméncé;”énd:COgﬁiEivé.fuﬁctioniﬁgg hafé iﬁdiéated”"
that the effects of (ini‘:ermi_tten‘t_- iilglfx‘i: cither do not impair these
‘funcﬁibns,’impair some and enhance others, or were not cﬁﬂclusive;
‘ HoWevésé, it is interest‘ing to note tha‘t iz{‘aii of these studies thé‘,
.comparison hasvbeeﬂ h§twee§ dné coﬁditidn>of fliCkeringflight and no .-
‘fflickeriﬁgfiight;j 1ﬁ_é@ntfﬁ$t;ifh¢,Pfe$§ﬁf étudy?has been deéigned ‘
' ’tovéfs;:ezjf:aqiﬁ th:e‘efféc;,_t;s; of -dif:éring;v'ﬂ'ilék'e"ring,cdnditiqns on the
same tfpe of learning in the saﬁé‘individﬁals;
| ‘Altﬁough no hyp@fhéses are bheing testédvspecifiCailyy the cur-
rent reséarch wiil»a%tempt to énswer the_following questionsi,
| "1; What éré §he;effeqts of'subefﬁsion flickef_dn‘iearning i  ‘

' .2, Are these effects a funciion of the flicker frequency? .



METHOD.

'ﬁbﬁrteén stﬁdeﬁfS*frdm;the:suﬁméf session intfodﬁétory
,psych@iogy course at the Uhlversity of Arizona served as subjects
'1n this_studya, Partlclpatlon was on a volunteer ba31s w1uhout
remunefé%ioné A11 subject# weue famlllar thh experlmentai technlqﬁes
 %hrough 1ecturee"wagverg'none.had-everjpartlc;pated 1n'an-exper1ment_
, involv;ng 8 Ieaxnlﬁglgiﬁﬁation;‘ The fduft@énréubjgcts conSiéfed,bf
'L_téh:feméles and fbuf malesgvf.
Each éubjéct was exposéd.téyseven &iffefent’condiéioné'efir
‘flickeriﬁg ligﬁtbwhilebéeate& in a darkr@dm-with éyes'closede Dﬁfing;
<each ccndltlon a Ilst of ten nonsense syllables was presentéd tw1ce
through the speaker attachment of a tape recorder. A different list‘ 
of nénsense syllables wvasg used with each condition of fllckeroL After
each double presentation; the subject ‘stepped into an adjéining rOOm
where the amount of learnlno was tested by the recognition methods‘
. The stlmulus Iight was produced by a Grass Photostlmulator,

M@del PZS9 Intensity setting at;twcD which produces a spike wave gf ten
micfoéeconds'duration and é peak intensity of 131 250 candlé power. '
Conditlons of no light, no fllcker and 75 flashes per second flicker
Qgre gsed as termlnai p01nts of the range. | In between filc&er fre=
Aquencies cfvﬁhreeg six,'nine,‘fifteen,'and twenty flééhes per éedond
“weré uséd Seven conditlons of fllcker were ﬁsed zanglng from no.

" flicker to above fll@ker quIOn (75 fps)
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 26;”’“
The Iearnlng méterlal was presented to the subjects bf |
‘ means of a Wbllensak Magnetzc Tape Recorders Model T»lsooo balan;ed
)

‘w1th a Volume Settxng of smxo vThe sequence~0£~presentat1@n‘was-as-
follows:‘ Readym=five sécen&«?aﬁsee%one syllable every’fourfseconds :
'(approx1mate)g and, the list OL ten syllables presentea twice wz%h ﬁ@
1pause between presentatlcnsg for a total @f 76 sec@nds f@r the 115t
"Tplus the flve second prellminary perlaﬁ; |

) The.ch01ce of seven candxtians of fllcker necessxtated‘the
use of seven 1earning tasks of approximately the same degree of
'difficuityo- The‘iéafhihg of nonsense syllabies was choSen'as*
 »the task to be measured by the recognition methode nThe n@néeﬁée;
'_ syllabies used were taken fr@m those gr@ups hav1ng an: 355001at1@n'§ﬁ:;“ ~ »
 va1ue of 27 ber cenﬁ or 1ess as set forth in ‘the list prepared hy
Glaze and publlshed by Stevens (1651) ' The seven 115tS‘ef'ten'-l--

) nonsense syllables cach were constrmcted in accordance w1th the o

’Vrmles developed by Luhg ‘revised and eztenced by Melton, and published

- 'by Stevens (1951) slnce the use of the recognmtxon method as a means of f%t"

r:m@asurlng 1earn1ng neceﬁéltates the presentatlon of an equal number

of unfammllér nonsense syllalﬂ;es9 these syllablesD were ch@éen ﬁrom"
the same lists as. these used fcr the learnlﬁg materlalso _The

eriterion for theiiachoice was that.an unfamiliar nonsense syllablei
beginnlng w1th the éame cOnsonant as a familiar nonsense syllablé
‘appear in the llste Th@ seven llsts of ten nonsense syllables each
~. are sh@wn in flgure 29: 1‘ | | | | |

Learning was measured by the recognltlon method Wlth the

“subaect picking out the ten famxizar syllables f;om a 115t composed
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_ of‘the”random ordefing of ten familiariéyiiables and ten'uﬁfaﬁiiiag
'syllableso‘ Learnlng was measured after the‘double éresentatlon @f
 each list, The lists were scored a@cording to the formula published“
by Stevens (1951) which corrects for guessing and ranges from'zere at
chance 1eve1 to 100 per cent at perfect recognltlona The seven liéts
,»ef ten learned nonsense syllables embedéed randomly with ten unfamzllar
‘nonsense syllables as requlred by the recognitlon method of testing
’are shown in Appendix Io | |
Instrwctions to the subaects wére glven in an 1nfor§al manneyr
‘ by a brief explanatzon of the purpose of_the experlmento Bach -
subjectﬂwas assuﬁed ihat his pérticular learning would.nof be_compafed
,wzth other suba@cts on- the basis of per50na1 ablllty to learn but
\only studied in relation to the effects of the flickerlng light@> -J
“The subgects were br;efly questioned regard1ng their interests 1ﬁALI
V'Tthe field of psych@lcgye The questlons were why he was taklng»lpﬁgoé f’
duct@ry'pSychology§ whether or not he had any particulér_inﬁeresi_ |
in ciinical.psychology§ énd whether or not he‘planﬁéd to takgtabﬁcrméi
o psychologyo,‘ B | | |
t Subgects were told thaf the learnlng materlal consnséed>¥ ‘
gf nénsense syllables that.w&uld be presented by means of a;tape
recorder, fhat the list of ﬁen‘syilabieé wc#IﬁAbé ﬁreéenfed twicé,"
an&-that‘their 1¢arﬁiﬁg wouid‘be testedlﬁy @ne 0f ﬁhe Qasiér;ﬁethodsaa
*fthat of recqgnitigne‘ They‘were‘aISO‘informédrfhat guessinQVWa§;7:,; 
pe%ﬁiséible,becaééeia Qdfréciign férmuia Qoéid be used in éééfiﬁ§3 

the res&ltsa'
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S&bﬁécts'ﬁéée instréqted,to éldsé’ﬁheir;eyesg aﬁdithosé WSéring
glasses Were'éskéd to rémdye themtéuriné ﬁh@ flickefygondgtionso vAi;
,thdﬁgh the~$ubjects were hdt tdld what cénditioné ef.fliéker would be
used they were told that one of the c@ndlti@ns consxsted of no light@
‘Thls 1nformat10n was included to prevent the subaect“s 1eav1ng the da%kc'Aﬁ
room,to tell the experiment@r that the equipment was‘not working proberly;;

The subjects were tested indlviaually by ‘the same expewlmentero
iThe subject was seated in a comfortable p051t1©n in the darkrﬁomo The
‘stlmulus 1ight was at eye 1eve1 and posxtzcned apprexzmately ten 1nches .
fr@m the subaect”s eyeso Th@ tape recorder wasﬂlnstalled in an,aperm
ture in the wall and separated from the darkroom by a thln pan@l whlch
ﬂserved‘to mask the direct source of the sound as vell as to ponserve -
the darkness of the room. Both ‘the photéséimuiatqr and the:‘g‘afpfe'
‘recérder were c@ntrolied'from,qutside the darkroom.

At the work, Ready, on the éape recérders the flickering light
waéistérteduand continued until afte#;thé sécond preSéntatioﬁxof ﬁﬁe'
:iis§°' T5g subqect was then,taken,ﬁoyan a@j@iﬁing;room wheré,hé wé$ 
preééﬁﬁédiwi%h'a‘érinted,liSt @flndnsehse syllabies and instructed to
' mark the syllables that he had just heardo His eh01ce of syllablesv
was by either clrcllng or checklng those famlliar to hlme‘ Thls
' proéedure‘was repeated uhtil'allvseven fwequencies’had been presenteée

At the: conc1u51on of the experiment, each. subject was presented'
'w1th a quest»onnalre and asked to 1ndlcate whether or not he had exper=
 1enqed;any of the partlcularfphenOmena4llstede ‘He was told that at

one time or another all of these phenomena had been repgrtedgzbute‘it
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Was aléé qﬁifé‘poséible.iﬁaf hé couid have experiencéd nbnéiﬁf these .
‘ th;ngso The . questzonnaire was cemplled f*oﬁ tne ‘many subjectlve
accompanimenis of fllcker that have been repovfed by such eaperlmeﬂtéﬂs‘
as walter and Walter (19&0) Ulett and Johns@n (1058) Mnndyécastle
f:(1953)9 and Bach9 Sperry and Ray {1051!;)a The Questlonnaife,used in
uhls study 1s'presented‘1n Appendix 1I.

lThe:ugeiof différingvflickgr frequenciés:and learning téské
with the samé.indiviauals'iﬁtroduced tﬁe proﬁlgm of desiéning an eﬁéera.
iméﬁt that_wouldiéduate fofvthe effeéts of ordef, trials, pracfiéeg
énd‘fétigueei The ﬁresent sfudyihasuattemﬁted to(do'this threugﬁ the
ehOicévof afoéecOnLatig Square Design in which eacﬁ’fréatment,iﬁ any
ciéé#ification is combined once éﬁd on1y onée with each-treaimeﬁt in
each.othér.classificatiog;  U§£ng sevén flicker éonditibné and_se#én;
vliStS of nonsense syllabiesg-é se&envby seven Gra§c§vLatiﬁ Square was
set upﬁwith flicker conditions sﬁStématicéliy randcmized‘aécerdiné-tp
‘the formula dgvelopéd'by w11iiamé\(i9k9)o |

In-fhe-éraecoaLatin‘Square sho&n in %igu%é-Sﬁ‘the séveﬁ;flicker-
‘ condltlons are repr@sented by Iatln letters9 ‘the séven»iisﬁs“of7n6hSense
syllables are represented by Arabic rmmerals9 ‘the ovders of preseﬁtatlon
are represénted by Roman numeralsg and fhe trials are represented
by Greek lettefso Bach square requtres seven subjects, each of whsm  ~
recelves all .seven flxcker cond1t10ns and 1eafns all seven lxstse,
.Each subject recelves a dlfferent arder of presentation, as well és
a dlfferent comblnation of flxcker frequency and 115ton Each’ | |

rep11cat10n of the experlmenf requires seven addltlcnal subgects
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and fesul%s,in twé dr mqfe subjects éeceiving‘each ordgrlan@ieéch com=
',‘binafion of flicketlfréqﬁencyfﬁpd'list@ or two subjeéts in‘each'celll
ef.theAsguarea. The ané1§sis.éfﬁVariahce of»fhis design is baéed on
"'48‘deg§gestcf freedémyfor one réplicatiog or 97:degrees'0f fréédom

“ffOf two replications.



RESULTS

The'ﬁesﬁlfs wiii ﬁé'preégntéd inlihfeé‘parts@ Thé-first‘paft
 :wiii be cencgrﬁed with fhe‘ﬁumber'of'reéoénitibns related fo réterofr
fliégéroi-ﬁhe éecénd part %i1i“consist of thé anélysis of resﬁonséé -
‘ﬁo:fhe qﬁestionhaiée and tﬁe félation;betwéen'subjecgiﬁe résbonses-énd_,'
“ :ree§Qnifi0p1sé0res° The third‘part Willlbe concerned with individual
'différenéeé’in response to fliékér.éonditiénso |
Béfore:elaboréting on-theée‘specific fiﬁdiﬁésg,the o%eféll re-
3 Suits Qf this‘study méy.be summarizedel The’grgatest numbey 6f syllables
Wexe‘leérned ﬁﬁder-cbnditiéns'condﬁéiyéftovphbtic driving and the least
"vnumber of‘syllaﬁiés‘ﬁere 1§érnéd~under-é0n&?tiéns where no photic

' dr1v1ng normally occurse Hewever9 individuai differences in the'éffects

”.‘of flieker on’ the learnlng of the 1nd1v1dua1 as well as his responses to

the questioﬁneire-were foundo_ It was also fcund that the subgects who :
‘learnea poorly made . the majorlty of the subjectlve responses both in
“number and :a.ntenmtys In regards to flicker condltlons it became ’
‘evxdent bhat the two theoretlcally "mo fllcker" condltlon39 that of

no hgh't9 no flicker (0 fps) and steady lz.ght9 no. fllcker (75 fps) are N

,n@t the same.
Numbey,gilaecogn;tgggs Related to Rate of Flicker

Analysis ofﬂvariance showed flicker effects to bé'significant

in the second Graeco-Latin square and to contribute the second greatest -

27
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portion of thezvafiance in thg‘combined détao’ The,zesﬁlfs'of ihevanéla'
- ysis of vériance'are prese§£ed in Table 1. | | |

Thé mean numﬁer'af Syliables léérhed aﬁd ihe matri# of erite- -
ical'ratios by{flicker condi tion aré‘oiven in'tbbleJZO' Learnlng 1s
'best at six and nine flashes per second and poorest at three and 75
 f1ashes'per second, The.mean number of‘Syllables”learned at no flickei
is slightly above the grand: mean(5 2)3 whereas the mean number learned
at 15 flashes per'second-is below the.graﬁd'msang and“the‘mean number,’f
learnedﬁaf Zovflgshes‘per sécpnd.c§ipci§és wifhuthe grand mean; . This ~
' diétributién:i$ graphfcaily pfeSegted:iﬁ‘Figﬁre b,

4 compafison‘offperformaﬁcé under éonditibns:of no light, no
‘fllcker (G fps) and steady Mgh‘tS no fl;cker (75 fps) 1ndxcaaes 7
y that these two theoretacally "no filcker" condltlons are not the sameg’i
since the critical'ratio for thesg two conditions (2608)'is.véryfsigniaz
ficant (.025 level of péobabinty)q " The only other condltlon that '
' d1ffers szgnificantly from no llght no fllcker is thaﬁ of ﬁhree flashes
per second wmth a-cr;tlcal ratlo of 1667ﬁwhlch 1s,of borderhne's:.gni°=

ficance (.10 level sf probébility)aj_Three f1ashes pgf sec@ﬁd flicker
does hot differ signifiéant1§ from_steady light, no ilickefg 3' ~

A.céﬁbarison of pefiarmance‘undaftconditibns‘éf néilight and.

flmckerlng 1ight indicates that there ls no 51gn1ficance since there‘

. is only one borderllne probabllity of «10, Howeverg,there is a

.SLinflcant dlflerence between steady light and flzckering llght -
W1ﬁh fllckerlng llght improv1ng recognitlon at six. and nmne flashes

per’ secando»v



Table 1
bnalysis of Variance of the Individual Sguares and Combined Data on the

Sffsots of F11ck~£;fcpalblep on the Leafglng of lonsense lelablega

v : M AN

Gragco-Latin Sguare 1

Bubjects 28,69 é 1k B 3,39 08
Trials 27.2k 6 6.21 1.k6 .
Flicker sk bl 6 8.78 1.35
Liste 1041 6 "1.7h
Resicdual 102,23 2h bo26

Total 272.98 kS

Graeco-Latin Squére 2

fubjects ‘ ' 359,18 3 59,86 19,23 201
Trials 26,4l é bkl 1.89
Flicker 55,71 é 9,29 2.87 .08
Tdgts 26.60 é b3z 1.39
Residual 725 28 3,11

Total ‘ - sho.ol 58

Combined Data

Subjects ' hg1.67 - 12 z=h.7h 7,70 01
Trials . 23.38 é 2.90
Flicker .3z 6 6,73 - 1.51
Z!‘is‘bs . 11096 6 1399 ’
GPaeco-Latin Sguare 3,62 1 2,63
Residual ‘ 290,07 &5 b ks

Total : €21,10 g7




Vean Munber of Syllables Learned and Matyrix of

Table 2
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p 177/
////
//// 7777
177/ tyr1/7
/777 V9974 177/
//// //// /77/
5 /777 /717 /777 ////
/777 /777 /777 777 177/
//// 171/ /777 /177 /777
/777 /177 /777 177/ //// //7// 777
177/ /777 17777 /717 /777 /717 /777
L //7// 1777 //7// 177/ 177/ /7//) 177/
/777 /777 /717 /177 111/ /177 177/
/777 //// 1717 177/ /177 /777 177/
/1/7/ //7/ /777 /777 /777 177/ /777
/777 177/ 17/ /777 //// /777 177/
3 /777 /117 //// /777 177/ //// /1717
/177 777/ 177/ 177/ 177/ /777 /777
/777 177/ /1777 //// 117/ /777 /717
/777 /177 //// 177/ /777 /7// //7/
/777 /777 /777 //// 177/ 177/ /717
2 /177 //7/ /777 /717 177/ //// 177/
/777 177/ /7// 177/ //7/ //// //7/
/177 /777 //// /177 ///7 /777 /177
/777 111/ 177/ /777 117/ 177/ ////
/777 //7/ //// //// /777 /717 /777
1 //7/ //// /177 /777 177/ /777 //7/
/777 //// //// //7/ /177 //7/ ///7
/777 /717 /777 //// /777 //// //7/
7 //// //// //// //// /777 ////
//// //// //// //// //7/ 1111/ /177
9 //// /77! /// /// Y/// V/// _ML,
no 2 fps 6 fps 9 Ips 15 fps 20 fps 75 fps
light FLICKEZR CONCDITICH

Fig. 4. Amount of learning (mean number of syllables recognized) for
each concdition of flicker.



- Analvsis Qi.ﬁQSQOQSQs«ﬁg the Quest

f follews'

The respon ses from the questlonnalr@s wvere classzfled as

‘“5 5A}  Sensations1ih§@1vihg*c®n§ciousness (hypnotizedgfstrange5*‘

f, pamc9 dlzzys hazy, woozy, ‘pass . out9 drowsy9 mind blank could o

jnot concentrate9 loss @f orlentation, paralyzed9 enciosure)

. Be Sensati@ns 1nV©1ving the eyes (fatigue9 stlngg watery9

‘hurt, pressure@ paln9 functmonless)

Co Sensatlons 1nvolv1ng the muscles (bllnkingg tw1tching,

_,Jumplng W1th hght9 v1olent or drlven bllnklng, head and Jaw

. muscles pulsatlng with lslght9 t;red}

i

Dg Sensations 1nvolv1ng unpleasant effects w1thout Sp661fIC'

ref@rence to body part (head&cheg tense, nausea9 queasy9 chllls

UP

and down sp@.ne9 turnlng in pit of stamach muscles tense 1n

- back of neck9 bad“feehng9 depressing)

- Theizéspoﬂses'were'also rated as to intensity on a-scaleucfvcne through .-

fivés‘with ahticipat@fy effectS«rated as @ne,'siight effe@ts as two9

moderate effects as - threeg 1arge effects as f@ur, and extireme effects

*as-flvea

, The varletles and 1ntenszt1es of Subaectlve responses reported

by subjects as a result of exposure to fllckerlng light are given in - - -

-Table 3,

The ﬁumber and intensity of subjective responses by classifi-

catibn»ac@ordiﬁg‘to subject are given in Table %, The bétterniﬁglof

- responses indicates no particular likenesses between subjects receiving



Va ﬂieilé% and Intensities of Subjective Respons er@v%ed by Subjects
as,.a Result of fmosuve {0 ?11 ckering, L;qhu
CLASSTFICATION INTENSITY — RESPONEES  _ Loldb
. . WTINSITY
A, Gensations dnvolving
congoliousness
Hyponotined 4 i 4
Stvange 3 i 2
Hauxy 5 i B
Woozy 1 1 5
Fass Cut _ 5 i 5
Could Not @ongentrate 2 3 é
Inclosure b 1 %
. densations involving eyes
Watery 5 i 9
Hurt 5 i 5
Pressure 5 3 G
<. Bensations involving
muscles
Blinking 2 2 é
Tritching 2 2 &
Tired 2 1 2
Pe. Sensations involving unplea-
sant ewifects without speci-
fic veference toO wody paru
Headache : b3 1 b
Tense _ ok : 2 2
Gueasy - - 3 . 3 i 3
Muscles tense in back of .
neck . A 4 1 &
i 3

Depressing ‘ ' ‘ 3
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'the same order of presentation.
.'Tﬁevnumber-éf responsgs and total,intensit§ @f‘the responses
- of the seven subjects whose mean numbér of syllablés ieérned wgé‘
Qreater than éhé;gféhd'mean.(srcup,l) was comparedAwith fhé‘numﬁér'x
of reéponséé ahd,toi%l?inteﬁsitﬁ‘af‘the_sevén‘subjects wh§sé:hean‘nﬁmd‘f
'ber of syllables 1eérned Waslless than théﬁgréhd ﬁeap,{éf@ﬁp:Z};ﬁ,,T‘ o
Group 1 accounted fé:vzk‘pér cenf‘of the responéés andlZE peﬁ'eént of"
‘the'ihtensity, while Group 2 accodnted‘fqr 76 per centjbf‘the'responsesv
4 and'25 per cent of fhe,intenéiiye Correlation betweén meaﬁ number of
‘syllables learned and'intensity'of sﬁbjective,responses.was Q;gl whichfl
is very significanté' Thésé fi;dings‘iﬁdigate that those subjeéts 
l who learnéd éoorlynﬁédeitﬁ@ mé&arity 6f the subjéétivé responsés both‘,v
"~Jin nymper @nd‘in,intensityg‘ Thése[féSﬁbnses_sh@weq no pafticular“ o
ﬂ concentTé£i$n in aﬁi%énéfé?eé éf'séﬁééti@no | -
 41gggv;dua;‘Qg;f§genc§g ;gygggggégg to Flicker Condition
In all éreas @f B;havi@r individual differencegvémcng SﬁbjGCté
constitute an'importahé fagtore This is‘pérticularlyltrqe of léarning
in generél and was glearly indicaged by thisvstﬁdy;, Thgjahaiysis,of
varianée shoWed sggnificant‘eéﬁtribﬁtidn“fbr subjects in;thé'individualvj,”.
o s@ﬁéres?énd‘in the.combingd‘datas[ L | - |
| éince two s&bﬁeéts‘éérvéd'in eaéh qqnditioﬁg,iﬁ Wés‘p9$siﬁle‘§o 
".compére the performanée bf'twé indﬁviduéls under -the éame éet of c§ﬁdi£f
- tions. . Individual diffe%ences were gvidencéd not only iﬁ»the bésic

' learning process but alse in the effects of the flicker. The mean number Of
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v.;syilables 1éérned'b§ eaghrsubjeét_and tﬁé‘éafreiati6n cceffiéient for

xiﬁpair$‘6f’subje¢§é-fecéi€ih§ fhé.éaﬁé»crdgr'by flickér gonéiﬁién'afé .
" given in Table 5. N | -

' Thevmean.number of'séilabies iearned,by the fourteen subjectsv

B -ranged from ﬁ to 8. 99 with 51gn1flcant differences between the mears

.'@f all subjects recezvxng the same order except the two subjects (Lour

and eleven) who received Order v, The:mean number of:syllables learned o

' by subgecﬁ four was 198 andithe mean: numbér 1earned by subaect eleven
"’was'B T bu: éhe cofrelation coefflcient fcr Orcer IV was zerG; with |
‘subject:fqur'1earningfb§st_at nine and lﬁ,flashes perfsecon59 and
subjectveieﬁeﬁ learniﬁg best aﬁ.zéfo:aﬁd'éO flashes pef sééoﬁd; LSiﬁcé ."
thexr responses to the quesﬁlonna;re 1nd1cate>some 51milarity9 it seems . 
that although themr total performance was 31mllarg they actually reacted
'd;fferently to the rates ‘of fllckero,
The correlatlon coefflclent for Order II (.82 was very s;gnla;
'flcant but the mean number of syllables learned by subject twc dlf;ereo
;51gn1f1cantly fr@m the mean numberriearned.by'subject nlnea Subject two9
with é'mean.of h 1earned best at six flashes per second and subaect
"4n1n@g w1th a mean. cf 99 1earneé equally well at zerﬁg ﬁhr999 and six
'flashes per secondei In terms of subaective responses9 subject
.tWO reéoéfé& one sgnsatlon lnvolfing consciousness with an 1ntensity,¢fh‘
. four‘énd 6ne~sepsatipﬁ invéiving-the eyes with an in#ensityfdffﬁivé}
.}'Subjeéf-niﬁe fepor%edroneGSehsétion involviné.theAcéhscidﬁsnééé.withn-;
an 1nten31ty of threea‘one involvxno the eye& wath an 1ntens1ty of

'three9 and one sensation 1nvolv1ng unpleasant effects wiﬁh no speciflc

[



" Table &
Mean Number of Syllables Learned by Hach Subject amd the Correlation ‘
Coefficient for Fairs of Subiects Recelving the Hame Order of Conditions,

Hecelving 1
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"referénce‘to bodj part.With an,intensity of four,
The correlat;on coeff1c1ent for Order I (=,75) was 51gn1f1eant
- at the'mOE level of probabillty, but the mean number of syllables

1earned by*ﬁhese two subjects also axffered sz’.gmixcantlyo Subgect

"@nea w1th a mean @f 6 ?9 learned bes» at zero and 15 flashes per secondﬁ L

:ana subaect elght w1th a piean of ;e,g learped best at szx flashes per
f_secondo_ In*terms of their subgeqtive’responses,‘subject.ong reported‘
one sénsafion”involvinéiconsciCusness Qith ap‘intenSity pf tisfo9 and’
'subjgct eight‘réportedvdne sensation iﬁ§piving the éyes:witﬁfan‘inteﬁé

sity of three.



'DISCUSSION

Although no speczflc hypothecls vas to be. tested9 an assumpe e
" tien was made that learnimg 1n man weuld be affected by subcfuszon_'*
fllckef@. Whmle th@ results @f thzs study ao not @ffer conclus;ve "

;ev1dence to support this assumptxcn, they uo indxcate a tendency

that mlghtﬂ thh a larger sample aind certaln rev;szomss become 51gn1@

flcant The variance due t@ fllcker wa@ n@t smgnnflcant 1n the fxrst,::1~~ 

5@Ven‘subjects? but it waS[siQniii@apt~invthe\secoad seven s@bjects':
and cdnﬁribuﬁéd“the séc@n&'greatesﬁ porti@n,of the Variaﬁce'iﬁrfhe,;:'"
c@mbined Aatao Pecuonlzlng the fact that the current research wasj 
_an expl@ratory attempt to find trends thaﬁ would warraﬁt further  "
rasaarch and also the fact that small dlfferences have Qreater pﬁac=.7f
‘ »10@1 s;gnlf%cance with fewer rephcationss further analytic pr@cedures
were Justlfled to 1earn what are the ef;ecﬁs of’ subafmsiﬁn fllcker on
learnlng in man and whether or. net these effects are a. functian mf the -
flicker freguency. .'é ‘" ‘,!: “~‘  : “ ‘,'>v; o

k ‘ The resulta of fhls study lndlcate that learnlng AS best

under fllcker condltlons conducive to such visual effects as. Bzdwell"
phenomenas.gamﬁa maxmmum, brlghtness enhancement ‘and change of color.*"'
_‘However9 the experlment was admlnistére& With eyes closed to ellmlnaté
as many v;sual effects as possible and the results of the questionnazre
1ndicate success_in thls maneuver,v The only sensatz@ns 1nv01v1ng the

| eyes rep@rted by the subjects were ﬁearlng, pressu:e, and pa1n°~ o

39
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Although the questlonnalre was not ad@quately de51gned to fuily‘recordt
vmsual effects it is reasonable to assume that if such effects had
 occurred repea?édly the subjects.would have'reported them.

Studies by Ulett and Johnson: 61958) ‘and. IVMndye-Castlé -(19555
Jindxcate that the peak driVIng response @ccurs in the reglnn of exght f' o
to t;nvflashes per secoﬁdkégd that very few individuals drlve at
frequencies belew four flashes per segond; There have beeﬁ‘nerreéorts'.
of dr1v1ng at 75 flashes per seconde Relating the researchifindigés to
the COnditzons used zn th;s s'tudys it isiindicated that there is no '
'1driving at three fiaéhe$ ?er seconds-béf&érlineAdriving‘ét Six“flashes“
per secomd; @ptiﬁum'ﬁtivingvaﬁfﬁihe fléShésnﬁégfsecdnéé redﬁéé@idriviﬁgf.
at 15 flashes éér sécond ,increased-diiviﬂg'ai'Zd'fiashes ﬁer'second'
(but not as areat as at nine flasheslper second), and abcve drxvxng rangea
at‘75 flashes:per seCOnd (steady llght9 no fllcker)o ”he flndzngs of
: thls study 1nd1cate a mean per;ormance ﬁnder upwtrend dr1v1ng (swx9 nine ;;
and 20 flashes per se@ond) of- 5 £ as compared wzth b, 6 for no derlng
lncluding d@wnatrend (threes 15 and 75 flashes p@r sec@nd)s-

‘ Fr@m the evidence advanced 1t ‘seems indicated that the?e are

twc effectsteftsubafusion flicker on learning in méno' One mlght be
"the dlstractlng or noxious effect referred to by Johnsnn et axle9 (1960)1"
~and is actlng at three, 15 and 75 flashes per sec@nde The Other effect
1seems_t® be an @nhanc@ment effect and 15 actlmg at six9 nine9 and
‘somewhatfat 20 flashes per sec@nd0 “j"‘j L ‘htl   ' :}2':'ffflijf

'uTwo'p9551blg’GXplanatlonsrof why>phétiC-driviﬁgiet'siXiénd'nihéﬂ o

flashes per second would improve learhinthave been considered.- First,



hi
-other studies (Baci; et al., 1956; Johnson and Ulett,,'v1958) haiie‘_iﬂdif:
gated that photic driﬁiﬁgg especiélly‘aﬁ niﬁe flashes ger second, has
a drowsy 6r'reiatéd effedt@( It may be thatlif suﬁjects wérg t@o‘éﬁxé
i@dé;or-tense,lthis éifec%%ﬁay_ailéviate some of the:anxiousﬁe5$ or
tenSenesg; thus'impf&viné perfo?maﬁcég‘ Tﬁe:;écond explanatidn;cénsidered
.Qas"that fheisubjects’maythave'incxeaée& tﬁeir-éffort to ovércomé unuSuél
@ffectS'or'difficulties due to drdwsiﬁess‘@r reiated.éfﬁéqtg‘and by~so
‘ d01§g 1mproved their perf@rmaﬁcea Hdweverg ﬁéiﬁher of these tWo;explana@
rtlons can be fuliy accepted because‘the flndlngs 1nd1céted that Subgecaf
f tlve effects seemed. to make performancé Worse. |
| Johnson et ale9 {(1960) in their study were przmarlly ccncerned
,w1th %he relatlon ef paroxysmal actlvatlon to 1earn1ng and memorye They
rep@rted that paroxysmal actmvatlon is rare w1ﬁh,st1mulat1©n bel@w ten
”flashes»per seconq-and that,the most paroxysmal“actlvatlon occurs;at pr,;
neé§ 15‘f1ashesvper seéonde‘ Since the results of thé current étudyviﬁdic  
cate that iearning ét 15-and 20 flashes pey seCOnd was-significamtly less.
‘than learnlng at six and nine flashes per second, 1t is pos51b1e that
,‘1ea$ﬁ1ng is deterred by par@xysmal actlvatleno Howevers szﬁce thzs
is n@tAa common electroencephaIOQraphlc rebponsé in normal subgect%»
and sxnce electroencephaiograph:c rec@rdings were not available for the
féurteeg subjects, this remains‘but a slight possibilityo |
Ezxplanation of_betterllearﬁiﬁg in phﬁtic dfiving ranges; and poofer .
5 leaéniﬁé in'pafoxysméi‘éctivétion rangesfwili ﬁ@t‘acc@gnt for the\péqrest .
, Iearnlng @ccurring at ?hree and 75 flashe @ef‘sécond; C@mpafisén.éf‘
learning at steady llght no flzcker (75 fps} ana no light, no flxcker

v (Q fps) indicates that these two theoretical ”no flicker" condltzons‘



ére ﬁdt thevsame@ fNéithervcaﬁ fhe peéfei léarning at 75 flashéé
-per second be e?plalned 1nAterms of greater 1nten51ty of light cau51ng a
greater noxious effect because learnlng at three flashes per second
'15 also s1gn1flcant1y less than learning at zero flashes per second,
~Wh11@ there may be sneblal dlsﬁractlve effects w1th three flashes per-A
sec©nd flieker and w1th steady 1lght it ls not clear from ‘this study
 why six and nzne flashes per second fllcker should not. also have such
effectse .
The individual dlfferences in th@ effects of flicker on the

'zlearnlﬁg of the 1nd1v1dua1 and his rcsponses to the questvonnalre is
:“COnslstent W1th the flndlngs of Johnson et ala9 (1960) and ﬁach et a1g9 3
(1056)@' In a study deSLQned to investjgate cortical activzty ‘and
ccgnitlve funct;onlng; Johnson et ale, reported that thh respect . ¥

to the distracting efféct of intermittent photlc stlmulatian pew se

on cognitive :Eunctlomng9 there was no c@n51stent 1mpalrment in
‘performance durlng flicker. H‘oWevér9 tﬁéy~fuﬁtherv5eportéd théf aithough.
. impamrment durzng fllcker was smgnlflcant on Only two of the tasksg |
appr@xlmately half of the. subgects showed some 1mpa1rment durlng @ne B

or more of .all the tasks@ They were u51ng filcker frequenc1es most
éonducivé to’péroxysmal activation for "aCtivators" and 15'flashes‘

per second for "nonmact1§atorsa"‘. ‘ | | |

'- Thelr flndlngs were consxstent wmth those of Bach et alog (1956);

’Lwho 1n'a study desxgned to 1nvestigate s@me of‘fhe effects of fllcker -
on a motoy ﬁaskn speed of tapplng, found 1mpa1rment on-a sxmple form

of the task but ne 1mpa1rment on a more cemplex form. Although the



bz
number of trials per subaect was larges the actual numbér of subjects

in the s;mple and complex procedures was small four and th?969 respec«
'tivelyol Their COnsistent findingsAwere significant iﬁdividuaIAdiffer¢"‘
‘;_ ences in the responges t@ flicker; and whlle not c@nclusz.ve9 1ndlcated a. “
'neea t@ 1nvestlgate further the‘effects of fllcker@.dl" |

The resultg of the current study 1ndicate that -an lnverse

relatz@nshlp ex1sts between the number of recognztzons and the. number

’ -of suoaective respaﬁses@ Although subgectlve responses of subjects haﬁe"

.been reported and c1a551f1ed by Walter and walter (102;,;ﬂ MnndyaCastle
(1653)9 end Bach et aleg (1956), there have been no studzes dlrected
:’toward the relation between sub;ectxve reﬁpanses and performance
.1eve10 ‘it 1é)p0551b1@ that the paorer 1ea§ners were aw@re @f thelr
performance Ievel and were mcre prone to justxfy it by rep@rtxng
subjective responseso -Hoqure‘grexﬁ'9 ‘the s;a.mplic:i.:ty of _the 1ea;rn;:ng, task aﬁd‘
the nature;of‘the;maa§grin§f§eyiéé~wbuld.indigéte that ﬁhis ié not‘an'
-'adeéuéte explenation. ' The ﬁuesiiOnnairezwas ﬁsed‘chieflytas a means
of seéuriﬁg inf@rmatieﬁ aboutlﬁisuél‘etfects that mightrﬁccur despife‘

the(cloSUre of the eyés; and was not incarp@rated intefthe experimental

C design‘as a means of~quaﬁtifying>subje@tive%respohsesa Thé;efore,

,,although the questionnalre can anly be c@n51derea as an amlelary dev;ce‘

- in thms study9 1t has lndlcated a tr@nd that wauld warraat further rasearche;;;f

The attempt9 in thls study to ascertain the effects of dlffering
flickering'conditlons~0n the same type of learnxng in the same indivie

dualsg indicates that it is possible to use this type‘@f experimental -



s
&eéign for this purpose. Howévér, ﬁhe-followiﬁg_change$~and'revisions
are‘rééammenéédﬁ'f

1. Use of a’combined'factofiél_and Graecc=Létin Squéref

: deSignvto providé more extensive.analysis of interactionso
2, Administer the experiment in two sessions counter-
"baianeed to:control f@r expériﬁéntai'erréx; .
: §;</bé$ign one‘éession to, teét 1ear$iﬁg undef condi-
- tl@ns of no llght no fllcker and steaay l;ght no fllcker,
‘ and to- record subgectlve resp@nses to each @f the subafu51on
hfllcker COBdltlﬁnSe | |
fbov»Deéign one‘sessioﬁ'fo test 1ésrning uﬁder‘the:sﬁb; o
fusion flicker céﬁditiOnse |
3o Reviée and counterbalance the questionnaife to provide
v;mére'éﬁequate'¢ontrol‘of‘gﬁbjeéfive resp0n5é quantification.

‘&Q; thain electroencephaicgréphic ?ecordingsjin oréer to
:defe?mine“the‘dégfees of phoﬁic.driviﬁé-@r'ééroxysmal'acti?ity
durﬁng learnlng se551one |

*5 Secure a psychologlc test measure. ef pers@nality for ‘
_eaéh‘subgect | ‘ -

‘"With‘the additiOnal informatién.sécured thr@uéh‘thé aboveqrevisions to’
the basic research deszgn it would be possxble to correlate the flnae
1ngs w1th b@th psychologlcal and psychophy8101®glcal research in this

area. -



| SUMMARY AND CONCLUSIONS

The effects ef dlffarzng fllcker condltlons on the same
ﬁype of 1earn1ng 1n ‘the same 1nd1v1dnals were studﬁed 1n fourteen
s&uaents from the Lntroductory psychology class at the UﬁiveTSIty"
Liof Arizona w1th the L0110w1ng flndingsa :
‘1@~ Mar&ea indlvidual differenceSv§3ist in fhé effects of
. flicker ‘on the 1ea§nin§"éf the individual and his responses to the
1vquestionnai£eo | | | |
| 2 ”An‘inverse'felatienShib exists betweéﬁ nunbeyr of'requﬁia‘f
 tions and number and lntenslty of subgective respOnéesa

‘ 3°' The greatest rumber of syllables were learned uﬁder

‘COﬂdz.t:v;ons condaxclve to nhctlc dmving, ,and the leas‘t number of’ syllabl@s
were learned under condltlons where‘no.photm.c-dmvingroccurss fLearn;ng
- was. greater durlng f?lcker at six and nlne flashes‘per secand than -
*aurlng steady llght@ N

4. The two théoréticélly "o fiicker" conditions, that of
no 11ghtv no flmcker and. steaay hght9 no . flicker are not the same.,

More syllables were learned during n@ light than durlng steady 1lght B

'.‘condltlens.‘

5. ‘SeveraliexplanationS'for the effects of these varying
1lght condltlons on verbal learnlng vere advarced, but. the data from
“this study a@es not prov1de cOnclus1ve ev1dence relating to the

1nterpretat19n of the resnlts obtalned&

X3
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APPENDIE I.

LISTE OF WONSENSE SYLLABLES USED IN RECOGNITION METECD

P
&3
23
AN 4
(43

GUC oYY MEC JIH YIK MBS

PAF VEP © quF QuE PIY VAR

seat]  GUW wEH  GIC ZAT QU
KON - JEE gIn . TOV Wy © FOQ

KA TEP PO NAE GIB . MIF

b6

......

BIP

GRY

CBAW



APPEN DIX II

QUESTIONNAIRF

SUBJECT

EYES:.

FATIGUE_____ =~ STING___ ' - ~WATERY . HURT

. PRESSURE___ PAIN____~  FUNCTIONLESS

. OTHER SR o (déscribé-brieily)f

MUSCLE s

. BLINKING____ TWITCHmG - JUMPING (with light)_

VIOLENT OR DRIVE\T LLINKING

HEAD AND JAW MUSCLES PULSATIN(: WI’IH LIGHT,

: OTHBR . | . :_, e (deserlbe brlefly)

- CONSCIOUSNESS:

. HYPNOTIZED_'__STRANGE . PANIG____ . DIZZY.____

BAZY___. | WoOY...._ ~ PASS OUL___. DROWSY__

- MND. BLANK oo COULDN'T CQNCENTRATE_ _____

L0SS OF ORImTATiON o PARALYZED

' QTHER' ", '   v e L k (déScribe briefiy)
 GENERALIZED:

QUE ASY

HEADACHE . TENSE  NAUSEA

CHILLS UP AND DOWN SPINL‘

TURNING IN PIT oF STOMACH

-"WMCLES THNSE TN BAGK.OF NECK_. | BAD mmmc

OTHER,____ : N ) ‘ (describe briefly)

v/
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