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Tha purpOse cf tbe presênt researcb,/as *-ç investic'a+î at

oculonOt.:r hypcthesis that CculcmotOr acij- vj-:rlo â. s 7af].,2¡¿+_r.11

by the pupillary responsê, roould servÊ +.r ?*,u,-F:nuat; TfG

oecipital- alpha producticn" Tha propos,e,ì rc iati crshi. p

batween the ocei pital al-pha rhythm and the pr:ni.1Larv

lesþÕnse was j-nvestiqaled under four ccndj-t-åons , Tþ'-: soud y

øas a conpletsl-y r+j.thj-n-subjects ilesìqn in ¡¿hj"ch çach ef .,'hr,

20 fçma1e subjects attended È'¡ro expo:i.ment-al- s,çs-cicns anC

served in each, af the four condi*-ions ; il1umi,¡air.. on n

cognitive tasku alpha biofçedhacku âDd pupil l:j. afç=,11hack"

The illrrnrination ccndi''i-cn conså-qted cf a 4x3x10 '¡"i-tlril--ruh-
jccts tlesi gn with fcur ?-cansitåons of i-11-uminat.icr: ('7*C o

CI-15u 15-Ca and C*7 mil-1i-l"amhrerLs), three +-ria1s õ,r. tacI

level-" an d 1 S se qu*nt,ia 1 mea s¡rres of eaeh d *tr* l,l r,n *

va¡iableu The coqnítíve condítion consi stsd cf th îq;? L+v¡l-s

of, dif ficul-ty or a diqit. t.ra-r.sforma+,ion t.ask {.Add f o ¡ d,l 1 o

an rl F.dd 3) , t-þ::ee trials at each level-u and si x uËâ stlrÈs of

.Lc¡adi"ng*unloadinq i'¡it-hin çach. tria1, Bci,h the al nba ê_lLl

pupil- t¡iofecdba.ck condítions rrere 2x3x4 d+si qr:s wi+l: :tjo

t.raininq sessions fi ncrease a¡d deerease) o t!::-:' :::a1s

vithån each sêssiôîð and fout sesuÊtìtia'3 m€esÌllîçs cë,, racl:

dependent vari ab1* sithin each trial. Ir: eacL ccnd' t: lr u

f'v -



l-eve1 of al-pTra acf-i vif y {percc,nt al-pLa} and pu¡;1ll ac+ j-.r: :./

{pupi3- si ze and varlabil-it-¡) sÊ.1:vad eÊ .,.ht, C,îperCi:r+

variabLes. On th+ 3:a-s j-s of *.hç oculonroi:gr ãç¿¡i r¡¿l'i ¡1i i Ì:.e ¡rv

it !IaS stf,qges+-çd that pupillary eetLvítV of ârrv sc:+

{constrj-ctj-on or dil-ation} would at-tenuaf;a a1pha acilvity

such t,hat alpha tqcu''ld he promi.nçnt in th+ a l:sr¡cç c,t

pupí11ar y aÇt-ÍvíÈ-y and attenuated in its pre s?nctr à

On the basis of th.e present experim*nts it l'res cer:cl*uiei

that. tbe results rlid noÈ conc.?-usivel-v srf pport {:he c,crrl cr¡ô+o:

the.ory and the pred.icted ræla*,ionsh.i ps be¿,-li€ên allple a,rcl

pupillary activity, Froduct-moment correLati nr s bç¿ çeâr

al-pha produeti cn a*.d pupil variabiLity 'dera u f-cr thr ¡rcst-

part " insíq'n{ f i.cant, O$ È-he cther hand t-here wÈrç sorlÌË: tr,ìor.r

indj-rect indicatiÐns of srrppcr+ for a posslble ¡e1ai-'icnsÌ:,itr

between alpha and püpi1 activi-ty: 4 Bas*1'í n+ IUOVA e s

revaal-e<J that *ycs-closed alpha prcrlr:eti cn !'â:i El .";ays

qreater than eyes-open production, ConsequÊn i 1v al nT:a

pito ducti-on uas prcmi nent nnder ccnå I tí on s cf re,l rrcr d

oculcnot-or proce-ssì ng {€" g, ¡e ducerl pupi l-1ary a.ct."i viÌyit " ? 
"

In t-he ill-rrmination conditåcn qrea ter alnha attenuat -j cn

occured durång the dark versus 1-i-qht c*nd j-tic¡s i n corÌ¡as+

to tha al-most universal fåndinq that al.pha prcdrrctici j.s

qreat er duri-ng dark than l iqh+- ccnditions" Th e ûriìâtr,si

pupillarv actir¡it y {change in Ðupil si za across r',pncbs) al.sc

occured untJer the dark condlti-on" 3u Tn thç cîqri * i '¡*

experim*ntu â11 of È-h€ dåqj-t ira:*sf o::ma-ti cn tasks rg-euJ-tr.i



in åner*ases in pupil-l-ary actj vit'¡ and ett*nuati cn cf a-] -nha

actir¡åtv { compar€ d to basel in*s} , tl, ryhq rË }re :rê !:c

d'í f ,f erences in pupi-1 vari abil-1tv cr al-ptra p:odr:ct:_er. :-l

incraasç t/êrsus decrease sessions of alpha l>!cf-ç.*,dha.ck i+hr::

e'he availabil-itv of, ocul,omotcr stratc,gies was 1ì mi.iç:õ" 5n

Th* correlat.ions bøtt¡een a.lpha density and nupi-l- r¡a:iabiiitv

{coqnitiveu al-pha and pupil biofeedback condi+i cns) , ?.r.ô

bet*¡een alpha dcnsif-y and pupì l- size lil I un:na-tionu

cogn j-àåve and pupil bicf eedback eonditiÐns) wÈre ccns,i s!i:.t*
i-y fo¡rnd to be qrea.*-er than r¡ou'!d be acccunteð fcr bv chanca

expect anci es, -f n vi et¿ of, sueh inriimct e vid,:nc+: {in *.h.

l-íterature and prosen-t s',-ud.y) 1f Has sugq+steC iia: -h-.

oculomotor theory of al-pha- pupål-lary rçlaticns aey re,lïa-¡.n

viable partícula11v r'¡Ïren eensìdering t,he ins,en*cjtiv-it-y cf
tlie percent-alpha D€asuremêfito Larqely es a rEsul+ of tþ r,

ins* nsitivity an,1 failur* ôf thi-s measitr+ t c rr fl,.,r!
momentary shifts j.n actj-rratìon by way of- ampli+ud,* chaprTas

{in addition tÕ shif ts out of +-}rc atpha freguc.ney ranc=) , 'i +

lsas concl-uded that +-he pupil was mora sçlsitlvc l.c minut¡

chanqes ån activat-ion Than the perceni- tíme alpb a, nee-su,rrâ

CßnseguentlY, åt tEas suggested lhat t.he Þrrrsr-nt, stuily r{as

not abl-ç to p¡ovirle an adeguate assessm?nt of r-he ccul_onc.t-nr

theory aç" alpha*pupillary relatì ons, f mplicat ions a-rd

suqges+rions fcr futur,e r**search wete di scusserdu

vl.
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&l ecÈssç nçepÞa l-ps.Eaph.y- -gE 
gçI- asé -.Ð s eå å å sp e Ê sy

one of the nost obvious co¡elusions the^*' cer, bc ðre.un

f,ron a leview cf the EEG alrl pupillomet¡ic l.i tq ra.+ur:'.,: i-s

that reseach rç'ìatinq tbe two e,reas has been m.i ni.na1" This

ís esp€ciaLly surpl.ising in view of 'Lhe f act th at i:ct h t-h::

EEG and pupillary respcnse have been used as ph -¡siol cqi cal

i-ndicants of arousatru excitationo ãhd a.ctìvaticn,

becom,es Ðven mÐr€ curíous when Õnâ ccnsiders tl. at Ï¡cii: 1-'l-.-

EEc al pha rhythm anð t-hÊ pupillary rÊspcnsÐ a.rr: i ni'j ma-tæ-r- v

ralate<l to th.e vi sual system, As Jan i ss e {1 9??l h a-q s' a' - 4 ,

bcw+var o l:he l-ack cf studias re1a"j ng +.bq pupj J lary r€sÐÕls{¡

t-o other rrhysieLcqical neasures may ba a f unc": cn of 'hp

relatj-ve1y recent ì nterest in pupillonretry, 5i" mi-1e¡iy fc:

the gBG, despite the fact that it wes fírsl 'lisccv'¡rtrl hy

Caton in 1875 (shagass , 19121 and di*qt- i nquish+,,1 i: nen i r

'f 92 9 by ffens Feioer u there has bçen rela+-!vr;'1y 1i'',11r:

Ëêsearch on normai EEG fulcti oaing" A rec+lt suîcrÊj of

ìnterest and research on EEG nÊasurEs ìn nolmal snbiects

beqan in the '19ð0{ s and has hçer prin: rily f ecus:.d uaol rrc

båofeedhac k,
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Tt ís tbe püT:pcsâ ûf. tL,:.e presçnt pe pår + 6 + xa ni ne - l" r
possibl"€ rÈ14+icnships b€å,-aÊer +-b-e EEG al pha rh¡¡- hm a¡ d :h-

pupi'11-ary r*spons*" Before add.sessi-ncr such r*la+j-crshjns

dir"ectly" it ís fì rst n€cÊssary t,a çxamine thr IIc alrha

rhyèhm anrl a1pha, l:'' cf eedback" and *-1:cn e*qta L.:lj-sÌ: !hr,

connec.+,j.ons betseen al-nha and i-he ¡¡ì sual svstâm" Such ?. ll

Êxtensivç revieçs is necessitateä by th= fact +.hai tlÊ Ii::k
betqeen ¿¡ç ¿"1pha rtrVthm and visual prcc'Êss{5s is rct as 1,i.,}1

unrlerstood as the l-ink between l*hc puoill-ary respnltsÊ a:rð

visual- p ocessesø tnce sueh a eonnectì on i s +sta hli sb.al j-'

becomes feasåbl-e tr: çnplorê the poss j-blc ræl"ati cnsh-i,,p-ç

bseuwêe:ìt the alpha ¡hythm and the pupil-la ry r€spÐnse ê

Eh e - ES-€- Allha- 3&s3 h-ts

The xEG ås sìmp1y a record of the e-l-Ectrica]- activ,j-iv sr

t,he brain" Tn if s -typica 1 form f o¡ ne,lj-ca 1 p ì-ìrDcses i:

consists of a reccrdinq frorr eiqh.t cr norq e1á c'Lrcd- i s 1r

electroð+ paìrs attached f-o the scalp aecordi-nq *,¡ a

stardardized confj"gurat.ion known as the 1{:,-7-f s.Is+s,n

lJasper' 1958) " Fcr nost EIG biofeedback r*-sÊarch If uÊv.î o

i-f has been mcge ccminor to r:sâ one or tv¡c electrcd.q oalîs,

Research intc the intrinsic rhythms cf the human h:^air

{ê. g, " da1ta, theta, a1pha, bet.a u &0 frz, ard snnsc:'i nolol

rhvthms) has most partícularl-v focuscd an t he i rves:iqar-ion

of alpha activi+-y. Alpha has heen,lefinet-l by ihe Tern.lnclc-

qv Conmittea cf the Tnternational Fed*:ration ç,at Ellclrc3n-
cephalcgraphy and Clin! cal NÊur3phy-eicl-oqy as a Itihvlhn 

o



usual-:-y çrith a f re guency of 8*13 e/seen i:: adul,is u rrìcs

prominelt ín thc'¡:rs+-ericr arças, nres€rlt srcs+- nark+ily u\.-.:

eyes are cl ose<1 a¡C a*-tenr¡atçd durinq e!-+:r:nt-ioi, :sÐ:c:a l-l

visua3.,r {va.n Leevi+Ðnu Bj.ckforC, Brezz*t, Cohbo I-'cnô',.: v

Gastaut" Bloor, Fiænry, Hess u Knott, Klrqlel u L?i ry u l,c,¡1--

Í{agnusu Ðaurâ'l-'l y* petscheu Sch"+rab, trla"l tt: P, [Iidrno tq{:6u n

3063. One of tlo mosl'- characteristic faa+*ures cf th^ :IG i.

that i'ts pattern ås not eonstant u huL rat her a I ¡-¡¡na*,i-:l

between alpha antl f .ittle or no al-pha {Cchb" 1q63I Dasr j-*q

Ðavis" 19-19ç Hawkc*c € PrÊscc',t" 1973; Lynch î, Fasknwitz

1q?1; Aulholland" 1971, 19-V2z Peperu 1973o 1974). þ sn;-:

I

V

I

cf

>1

?

of this fact, the al-pha activity for any aiven inðj',ridual

ramains rel-ativel-v sta"ble ever succç,,ssì-vE mâ;a sur+s ""a k--. I
under unif orm ccnditi en.s {&nechaev f, Salarny o 19i9i Ccbh o

196 3; Cr€utz feldt , Arnold o Beekçr , Lanqelst,eir u * j :s cir o

Whil-hel-m å Tfutð"keu 19i6; Ðavj"s F, Davis, -'1939; Ens*''l o FonB.nl

r. Ferris " 194i; Grosv*'l d" Ðe9ijka f" Vi-sser" '! q75 ï Fla.r,¡k-ps q'

Pr.eseott- " 1973; ft!-1" Mara-ea, Saletu, Dar¡is t, Yucc:a.r'ìi,

19'75; Jahnson F- IJI-et-to I'959; f.ynch, Paskewi+-z 6 Crnr+, 19'1ui

Matousek t, Pe+*erscn u i973; fru3-holland, 1a1-7; P aske',,+''i +-z r,

Orna u 1974i Frlbj-nu 1938; Van Ðis" Ccrner, Dappçru I{arc,¡al-l I

Koku i979; VoqeL, 1970ï

Accordi ng t.o onç of

Õf +-he phl¡sioLaqical

Ånc.erscn anð ånderscn I

ç ep'êt it ive s y rch îc nc us

the most oenerally accenf ed tI lcr:i-as

generati on of -,-he alnl:a rb y+hli 
o

19683 sugqest th at al-pha rçprî:seit-r

oolaråzation and depclari zatiol c'f



¿J

grouTls of thalam j-c neurons knosn a *s pac,?ïìakllsn -L':,

rapetitive patt-ern i-s t.hought +-o be cansed hv ihe in+,:.tr-u*

ron which polarlz,es the grcup of naurons i.' cc:.:-îc'î,

depolarizinq itself and rerters€s f-þg D:^^.-â q< 
= nÁ sc or

{}Ierthei-m" 1974} " The theorY sugqests :hat al-pha itc. j.r¡iiv

is continuous unless t-here is a di,s''-u::banc* ,'¡i"h.n i.'r,e:

thalamic neurons {pacemak€rs) p

them" There is" hoarevero

or t-he synchrcnv heir+e+r

stmæ di sasreeme nt as +^ '-h.

blockinq of thç al-nha rhythm" Acccrd ì ng +6 crî + þc,i¡ y

{ç. Ç. " Arlria.n I Sathews " 1934; 4ranibar r. Þf urtseÌ:-11.r o

1977i Berq€r , 1929\ alpha bl-ockinq i.s cânsË;ñ hy a rt,j s+.ui:*

bance-, at the l-evel- of the alpha gÊnËtators" I,lçrÌ-h,t j. n

{19?4} " howeverø suqge-<ts that t-here is €v,i rl+r¡ç"o tc ì nnl-'/

that alpha bLccking is the re-srr1t of an incrc,as,:, j-r

electrical actåvity sitïria the occipiÈ-a1 rerTionu uhich !:as

an cverridinq ef fÐc+* on f-he e'!ectríea.r acti vit,y cf tb+ a] oha

rhythmn sueh that alpha activity is nê lonc¡ar capa i:-l . ¡i

beínq deteeterl at- tlre scatrp" þ-cccrdi-ng +¡ a:his 'h,ìc:v"

alpha acÈívity wou1il be ongoinq even dr:rinq prr-i-c s os

bLockinq, Werthei n notes that sur:port f or thi s thec::v ccrÍìðe

from +,he work of Gclrlse,-ein {19?n} wha fcund phasr cnhi:ercç.

of i,he alpha rhythm before and after hl-ockj.nc;u and that 1€

traynard {1972\ so¡ho found onqoi-ng activi ty resanbl-inq alpha

fregrrencies within fourier analvzed +-rac:rqs a! a] oha

bLockinq perioå.s"



most off-^..n presented wÍth a.uditory {Êo g. u

196ril cr visual cììes {e, g" e Rrûhrn ø 191û p

r

4åpba_ BÅo€ee@&esk

As neted earlier" a qrêat d+aL ef tþq î¡:cet9 1r::îr:a:c1,

and iaterest in the EEc is ta be forrnd in r-hc stuðies cf cIG

bj of ecdback. nvi¡l ence has bçen accumulat'! ng il racÊrt vc-¡L¡s

to suqqÊst t,hat human s':bjects can altez: thçi.r trFc acl:.,r¡j-t'/

r+hen they are qiven feedback indicat-inrr :h.r enclini c€

activi*"y in t-he freguency band le"g"o thË,ta, de1'ao elnhâ¡

betaS wbich i*s tc he enhanced ÐT reduceC {çng*e Fûat-'.ys

19''f 1* 19-12; creerr, Greçn 6 Falters" 1969" 197'3; Pe pe¡ tì

$u1hoi-1and u 197tJï " In the cesÊ of a.l-pha, ihc suhiects aÌ:Ë:

Kamivao 1çì68,

1971\ r¿h:ch artri

indicative of àhe pres€nce of a3.pha !rav+ ac',ivi*.y ir tl,"+ir

nEG, Sìrccessfu I alpha cont¡o1 ha s rerrori-ed 1v cccuï:r,-õ j-¡.¡

spi te cf the fact that vi srral stinuli e assocJ e;-EC r,¡i +,?:

visual- f eedhaeku has an initial siJpprs ssive .'¡:f fcct cn +ho

prêsçnc€ of al pha lKaini yau 1968; Sho::t " 
I 953: Sh*::'. f.

I{al-t*r" '1954; Slatteru 196û; Walt.n:r E yas,gero 1956} 
"

Also recentl-y there, has been .substantia-r- suppcr +. þ-..

suqqest thaÈ asynmet-rica1 control- can bæ achi er¡çd w j ih -hË,

alpha rhythm bv di fferential- feedback +¡ honol occu= sÕ?.1 Ð

ar€as cf the tv¡c heni spheres {Cunninqhanu 197e; Tbt:^l:l î,

Sulhol landu 1976; F,ehmi ø 1971i FÕx, 19?9; ITc::do Tra.cv fl.

ilaitch, 1974", fjâvos Targ 6 Hurtu 19-75 ä fik,lr j ya o 19?9;

Ncwlís E tÃoTtzn 1973, Pattarson, 19-77; Pepa¡ t 19'l1u 1,Õa2i

Ray" Frediana € T-larman" 19"77i SuÈeru firono L lÌatÌhens"



l¡¡qr sj-rce th.ç. i-nt.roduction of. the Þessihj"lilv :l::*
subj*cts coul-d 1çarn to enhance znð /cr suÐprÊs"s thc an.llr*

of theår al-pha ectivity e¡f¡e,rn recej-vj-r,q conl-ì luous ft+"ñhack u

there has b++:r considærable cent"¡ovâ,rsy as to what. sira:*

ægies are u"sed by Lrai ne€s tc achieve such contrcl.. ¡¡ihtr¡

viewed from an cparant condítioning perspect ì vtio th*r

feedback is eonsi d+¡ed. to epera-+-ç as a ::*i nf creer cn e

1 9781 u Such

contrcl,

str¡di*s ar* suo{],estì v* of Êvql

contjaüous schedule of re'i rrf orcem*nt {Beatt./o

Cott E Pavloski" 197'l; Hord ü Barheiu 1971;

t::

mc:Ë.x*fi:zð

1q"'! " trl:¡k
t ! 

-¡-!vrL 
f

Kan-i,va,, 1ç"ltJ,

flen¡ich t, Lçterdrço 1975ì , aeny autltcr-q {Beat ty, 1a61 ;

Brolund, Ð Schal-l-ow u 19-767 Epstein Ê 81a.nelrarCu 1q77; îehnio

1973; caardiner " 1971i sha piro I sclrça rT-zt 1a7?; Sþr îr ¿

19?5ï u hokrev€r, havÊ ncterl that th j-s a ssumpt: cn abou+

feedback beinq ::eìnforc j-ng ås perhaps on"] y appli cabl¡.'r rn¡h+i:

sul: je cts are nrotivat,*d t-o control" +-hai.r E-¡lG pa+,ie rns, -c:i 1i

other ånvestíqatcr*< t.ave suggesterl m*diai-j-ona1 altcrra+j,¡¡a.s

to a more direct operant fornul-ation of al pha snlf*ccntro1"

Aecordinqly it has Ì:eçn suqqesLed t.hat occip-; +-a1 a1p1.a

ac'"ivity i-s medi,ated by a wida rangr: of factc¡s s'.icl^ as

attention {eu su Grauke o 197t+; Lynch t, Pa ske¡vi. iz o 19T1 ;

5afl1er E Eason " 197'7\ e caqnitions {Ê" g" l,a.zarrrs o 1-a7 6;

Seíehe¡bol-mu 19"76) " emoticn-c {€" go BroÞin 1971u 1 .a71; liorul j.s

Fi !leÐgçr, 19593 Wal-lace â Bcnsolì. , 1972; Þiatanaba o Sha,o:'ro t

Schwartzn 197?-\u arâusal- {e"eu, Ilardto 1975; HarCt t r¡.':rîi,

1977i lin'1sleyu 1456), Ðr ocul-omntor prccÊs^sÇs {?,ucr,e



gul-ho11and å lvansu 1966; Crre f, lli lsonu 19-t7 o P1o+k

197 6, 1 97 81 , În a reccnt re vì ew of èhi s a lîa , . '! cå

t197øl c1*ar1y empha.c'i zes tkæ cl-ose a.ssoci ation r¡l:: ch

been consi stent l-y f aund between ¿'l pì!:a a nd r¡i sua 1 cnr -

syste ns,

& -.1 
p &,a_anð_Êþe -gå sga 1_ Sy çte e

The close associa.tion between v-: sì an and th+ rcc; ni1"ai

aLpha rhythm Tras been known f or quite somc + lmç {-o ro ,

Arã.råanu 'i943; Âdrian E Matther¡su 1934; Bê,rg"re 193f ; Ðilrun t

FesSard" 19351 o TIì al most al l parsons i" ha.s he ,:r Êcutd

that alpha is siqnificantly nore prcminent v¡he n t he j r ?,viìs

aie clcs'ed rathç¡: than open" a!i,1 tends t o blaek o ñq,s'¡n chlo*

nate or attenuate upcn opening of the eyâs {Ê"q, o P':-..re1i,

1930; Galeu Sr¡ratt" Chapman E Smallborây 1975; Kam!yeo -1o6-?;

trin ãslev, 1960) . f n f act a &s Ðe+¡ar (19{>'l\ ha s pcinti,,c-: cut

in e revicÌ{ of the ]-iteratureu many cor;diti cn= sucï, âs rryr

closure o pattêrnlçss vi sual f iel-ls {i f the sy*s a:fì' cÞii) p

and the absenea ûf ocr-rlar f ixatien favcr 
"hÉ-. 

apþâarânc+ cf
the alpha r!¿ythm, On tbe other hand" ha note = that -.ue!

thinq's as ocr:l-a:: f íxaticn , patt-*rn visÍ onu cD\cF:tå,-rêt-; c¡ nr

meatal- ta-qk-s or cn non*visual si-irnu1i, or the nercs:ni,i.c¡ì. cf

surpris.i n<Tu aLt-erti¡_q or emoticna'! stimul-i f¿1rcr Ìbt
d.isapp€ara:tcÊ of a.1oha, Althcuqh such facts hal¡r?: b'cç:: krowr

since at leaså, the '1931r s {Adrj-an â l{atthews" 1g3a) a-rd. }:avî

L^.*!: al ¡

rn ''!

b*en inve*stiqat,sd extensiveL.ïo

has bçen sÐmewhat inconsistent"

the in+-çrprçta!íc:: cf +-linn



våsqa l_ÄtLenf-ipnu BÊrgÊrq s {19251 oriqi na1 hypethr.ç,i s -

accûunt for +-hç"s+ data liras tbat- al-nLa aci-: r¡:+v criqi aa:":

from thc hrain anrl l,{as blockçr1 or ett*nuatcd hy {'a }::L+ j-crir

Âdrían a nrì yÅat-',he ss i 19 3 41 , howevÐr, conclr:d:¡r :-hat al.nl

activif-y was gererated i-n th+ ocei.pital- coîå'*x ra.tLç": +b.ar

from the entire brainu a,nd that it 1Èas bl-ockerì nn.st-

ef f,ect j.vel-y by v i s,Jaf rather tha n ncri- visua l" st j,mr:1a. i:.i rr. ,

å1¡'-hough they agreed that non-vi sual attsnuat i cn C c¿s Õcci,Ir r

they f+1t that it could be hest expl-ained bv C,esyrcl.rcrj.zi.nc

acti-vit.'¡ spread íno f::om othar arça s of tbE hra i r te +hr,

occi-pi-ta1 l ohe" Theref ore u Adrian an d l{a',-th:w ! s r¡ j.+u cÇ,

al.pha a+,tenua+,icn restricted t"he trl+f E¡*.i s¡rt hypcthcsis +¡

that of v'i sr:al attenti on anrl sp::eail of sf feci f rln cth¡-=r

areas cf tha brain" As r¡il-1 be notsds EìânT in¡¡es+igato:-s

have alaboraf-e,l cn ¡dri an and !4a'"thew ? s t{v i-suaJ attr,n: i crt!

hypot hes is,

l4uscle_Trâlno::ð Jasper and Ãndie.¿s (19381 end l. j.ppcld a"li

Novot.ny {19701 have noted the e1 ose simj-laril:y hc.*.H6t,¡ aLnha

rhythm anð ccul-ar muscle trêmor" ¡'!thnttoh,Jasrlî: a:i

åndrews onigínal1y trypothesized that tI¡e alpha rl¡¡¡tln i{ras

È-he result of thç qsneratian of mr:se Ie trn r.nr:r ? s.ü1:s;clr rr'

investiqation ccul-d nÐt. establish e causal l-ink ll j p¡cl d t

Nevotnye '1970ì " lippol-d {'tr970a, '197Cho 19?31 u L j-nnr.1C and

$ovo+,-ny 11970ì and Ennever:, lippcl-d anC .ìIovrsi:rv {.197-'r J o

however" h.ava f urther streeul-atçâ and hypothes !-zÈð thar alpha

is nat generated in +.h€ occi.pital- ccrl,çx but ::a th*:: is ?.

,¡

1
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f unct icn cf the trçmor of thE extraocuÌ ar muscl es rno,lul a'. i r c

the corrêo-r*t.í-ra1 po'Lerrtì a'1 vi.a sonÊ ki::'1 cf ct:ðuc: ?!,.'i

chanqen The l-i tera+-ure, *hÊy fr.l t, suppc:l*d l-bair'

cont.*nti-on t-ç +-hrr extset f-hat aLpha rhythm and l-rr,nÊr Ì:arrr.

i-b,e same frsrguency anC lÍavâ form in i.nrli.vidua"l s âr,i ih.i y

tend to rf,ccur teg,*tÌrer" Furt?:ermDre, r+i+-h i nc:+aslrg aq{.

both tremor f requencv and aL.pha f reeuency ircr*,¡- s:n if hr, y

concluded. that extraocular muscle*c lfai-hfr 'lal ¡'1,¡r

musc1es1, because or the intimaie assccìation b+t¡*cæi alpha

r!:ry+- lrm anð visual inpn+-o wcruld tr* +,he nost f avcra.h.1 v nl acr.d

and- of suff ic jent size to genarate larqe pctenti, al shi. fts,

ås ft:rthçr support they f ound that by varyi lç1 the l.'/ì_l :f
j1l-umination of tle Ðy€y Õne can vary thp corrr.*c-rrlir.a-1

potêntia1 and hence thè alrrha rhyt-hn anpl-iì-,-ud*" L'll-.t ÞÍ.F-

more, since e 1cca"!.izçt1 affecå can be accanpli-sh¿:ñ Õr orf,

side of the head indçpenrl+nt of the otìror, -they a¡cluç,d iha+

Þ+ri-ph€ral ratler than cer¿tral- n*rvous mrchanisns âîrì:

invol-vad.

Ðthor investigatorsu however" have seri-ously

f,ippold and Novotny¡s theory" T'3r çxample Shai"i,

Blotqers {19?0} h.ave presented an EEG recctd of an

sho ïras þad botli eyÐs remcverl" The rece¡il. sb

aeti vity and a clear reduct-i-or r¡ith attantionu L,

Slr aw {19711 , h oirçver " },ave poin ted o u* tha-t e

conten+-s of the crb:r-. had nc-t bean rçmcvÈd and +-he

*f.f,.æct of çxtraocul-ar mov*mÊnt- coul-ri nci- h: r

ol*d

a1- _1

1ph a

and

Ài*.^r._t :

' i- jr:

rr ¡r,: q'l- i

r.cl¡:v

ir niv i
c s-< a.
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¡Iâv,ÊTthe less u .\-T:bot.+,., anð Dymonrtr f 97 r) ) a.nd Cha pna.1,1 ? C?\îcT.::.t7s

and Ernest { 19?1i },ave recorä*C noïma1 e'l-n}a ,-c'! vr * v i l

subjects vhc harl t-hç etr-zra crhi-i.a1 contr:nis r:*mcvr,'f"

Simil-ar1y Tai+, a¡d Pavl-cski {19?Bl in a r*c,Ên*- A+!æ mni- + ç

replicate tippeld and $Ðvctr'!y{s thac:ye }t€,:r: unabl-c, '.
demonstrate any rel^aticnship bet.wnen alpha and',hÊ maorj-Ìu.C,.,

of the corn€o-retinal pof,ential, Tn arlr1i+-ion Carrcli ris ¡nd

Estevez*lJsonga {197r41 '¿êrÊ ahl* àe d.emonst-::atç hioi:1v

local-izcd suÞÞEes=qicn of alpha ac'Livity by st¡ mr¡1a"ti-nq I

rÊs',-ric-*-.r:d part. of the vì sua.1 f ield. Less e1pþ.a ac':i ¡¡it v

was founrl over *hæ h+rni--qphere that- vas contralate:a1 io thç,

visual- f åe1d in wlich they prâsented a paiår-êrriÊd stinnl:, 
"

Thêy reasoned that lippo1r1{s hypcthesi-s coul.d not eccôur.*,

f or their r+sul+ s as both e Ves reeei r¡ed t he same si i. nr:l-at i oi

and ¡*ould have engaqed in the samê €:ys ûlcv?ürÊ-jnîso cÕnEÈ*

guçntl-yo in spi+-Ê of the fact that- the am,ounì: cf a'! nha

a.ctivi-åy is aften nc,luced in the bl-i,nd {Bì.rbaumo::" 1971 ;

Koci f- Sharirrouoh, 1966i l{cebelsu Fcth t, Kope11, -t978;

Wovikova.o 1973), sr:eb *vidance supports thr" vier,¡ +,har al.pha

act.ivity is t4nct directl-y dependent" cn th': corn€c*rp.-i.:"ra.l

potertia.l of the *yehall- u trencr of the çxt-raccul a:: mu-qcl-Ês 
"

Êye posit.ian4 acconmadati onu oE eyel-id f l-uttçr:rt {Cha¡man ei

al" u 1971, p, 1161),

EYe--PQsi.ti ?I' Extreme aYe nosi"l icn h as

exaníned as a mçens of eihancing al-pha acti v

196'l; Fenwick" 1916i F*nrøì ck E I{a1kel" 1959t

I{ul-ho1"1and o 1968 u tr.a69a.u 1969b o 1971; iluiho.!.1

ity

i(It:

and

l. sc hen¡

/f\nr.rlr
ìL r:i^r-9

c '!aFQ',1

t Iva.ls o



1965" 1966; :4ul-h cil-anrl F, Feper 
"

19711 
"

11

'rh j.S ì11É: Xtr ?C--.i:, õ

a:+.'i f act concerRinq the ori€ntâtion cf t ha âyÈs 'rras f -:-::.s=

nDted by Hulholland and Evans {1q65) in th* fc::rr çr L?.

increasç in a1pha vhân the eyÊs '¿rêiß plaeed in er ãxt:îfi1.

Lateral or mcst notab'ly upward nosj"tion- This ir.c:+es.= riaF

qilan+-!r-"s+,i ys'! y sinil-ar to that t ypical1y obi:ai¡eñ threr:qT

ayÐ closure end has sinee i:een repli cat*d by -.'l+nç¡icl< an4

1{al-ker {1969\ " Irris {1968\, and l{u1ho11.anC. {'Tg69a u 1s69h,r

$u t holland and Ivans {1965) suqgested tha.t r=ha, r.f f +ei c

orientatíon c'f the Ëyes wa s polrerf ul- enough È,c al Ègi¡ i-h¡

prûbâbiliti¡ of a.1r¡ha cccurÐnce, Tr faeå i þnr¡ de"niCrs::a.'f,F

ít +.o be suf f iciently por+erf ul t-o ove rride such eff^cts a s

pattern visi o:'l s'¡hì ch *:aulð nÐrna3-'l y inhibit al-pba ac+ j-r¡i+y"

Furthernoreu th+y suaqested È-ha5,- the incræase jn a.1nha

prodrctj.on under €ves cl-csed eonditions miqh+ bc, lela::,Á *6

t he acccmpa nyinq upwa rd. movement, ef rhc eY<s {t-ìa!lrc

phenomenonì caThcr +-han merel y +-he red.uctron in r¡i.sl:a.r-

stimulation,

Gåven ttrat Er:lhc1l-anô ard Evans (1965, 1 9ñ6) cn11z f or:lr1

tha ef fect of eyÊ orientation {*,-he ltul-ho'l land ef feci.) i.r 5e q

of the suhjects tcstedu and gi¡¡en t.hat. they f+ilr'1 it tc h.¡

less rçl iabl-e in somÐ subjects t.han olhEr srrbjscts, nany

ånvcstiqators questicnErl its qênerali-ty, Fenç;j ck { 19661

cancluded that alpha was not siqnj-fj.canè,1y correl-a-1,.-'í'r¡iJ:Ì

eye positì ons, Hc admi''-ted, hor*evero i:hat a f c'ol sub-jccts

did sho,ø the çf t4ç+., KamiVa {195.81 a1s+ inr¡ ç;+j-getrrj tl:r

ç



possibil-ity that Ëy* pasii-i cn rnicl'ht ba

t¿

rÈ1eîr ð' !r alnl'a

E hu::=a rf alnh aact Í ¡rity, ln soi.àe oÇ, e,kÊ facr- Ihai

occurr€C- when subl*cts raåsed t.heir €yîs o Lis suh irc:s !¡,iiÊ

able t,o learn +-o ccntrol al!-pha wi-th their ÊyÊs 3r ej rh":i 3*Ìl

up otr dcun posi.ticr, Chapnan e sheS-burneo and Blaa,1,.n {z .q1l}

in än ex-+-ensi ve aì:tempt to replícat-e the ba sic ç xËåri i¡ç1.-'s

pf l{u1ho11and and Fvans u aqai-r' foun,1 t}Lat verf-ì ca. } +1e. va'-i.cn

af the *yes had nc di-rect inflrrence on EEG al"phe ac+jvi-,yo

Ratheru they fcund that the increase in al-oi"a activj.iv lres

contscl-l€d mainXv by reCucj-ng visua l input +i+-bEr h y c1Õs.i ncr

the eves or turnj-ng out t"he lìqhts"
On the basis cf srrch evidence and similet rindinqs {

Ê,eou Brown,19i4ã Buðzynskio 19712 Dewan, 1967 ] o Ilorr-1-js

and Kami.ya 11 9?tï ccnclr:ded thatu al.thouqh thc llir-'!-lc1-l"and

effect was nÐt rul-cd elr+.- f or al-1" sub j*cts" 1È lcq s ?.-c' *cl:1tr

to be aidesr¡rear4 or charac+-erj-stí.c of a-l-1 srihircts,

Mul-hol1ald. {1969a} admits ta thís l-ater staienent e.nð FìÐrf

recentlv (19121 has €xplained this phenomenen a.s e lcss of

stabå1i+-y of visual control prccessÊs {ç, g. s accÐnmoCa f i ,ir:,

f i xatåcnn pursui.t t,racki-ng) i*hich cccürs et q xti:e,nq, sve

positicns"

qC!ål"aEçlaE_PEoç€qs{*So Si milarlyq Dewan i -196?) f curl ',-1¡a i

shen he served as a sublect, mÊrâ elevatìon cf thÊ *yss di.a

not result in an increase of a1ph.a activity i f le e,r sc

fecused and eonverqed his ey*s vhila in tl"e+. pcsi t j. cn 
"

Sr:bseguent-l-y, he hypothesizeð tÌ:at. th* j-ncr*ast, j.n al pl:a

prodl:ction nay b* caus*d by a tend*ncy of 'h*' f vÐ-,q tc



4a

defocus and relax ccrv€rgence øhen j-n +he ,'+x+-r€ai:r r:.pv¡a-r-d

posif- i cn, Th*ref ors, he suggest,ed t l..aì: accrnncl ?,+ i,.D? u

f iN a+åcn a.nð ccnvr::gance ha d t-o bn avoi d¿d il .rÅr:'c i c
prevent +-he hl-ecking responsÊ, Such a hypot-he=ì su Ìì.,:i t c*?.ì u

was supporè"ed by çar1iÊr otrservat,j-cns ihat th* Ð:ûsË:rcq cf

alpha. is accompanåÊd ]:y the al¡senee of aceo:tmc,1a *- j cr {î " 
r!, o

Adr¿ann 194-3; Adrian & I{atthewsu 1934; Oswald, '195tli"

tt-he¡ investigators have a'lso pcì nt,sd orl+- the clcsr

relaticnshi-p b€+.we€n accommodation aað alpha e.cfi vi î¡¡o

Pl-otki-n 119?6a), for exampleo i¡1 rÊfer*nc* to somç u,nnu],---

l-Íshçd research hy Pol-l-en { 197ß1 empbas izes + hç 'i mrrcr'-aacr,

Of t.hís ' ol-e" RÊportedlyu Pol l"eno by i na.ct j va *ino tht

accommodaf-j-on sTsten wíth e drug anrl s*t+-inq up ân alrj:fi-

cial l-ens systemu f ounrJ that hi.s sr:Ì: jact l¡as ab'l* tc pr:cd ricri

alpha uhile reað i ng ¿'-"e xt. Normall v such an ae.+, i viit r¿crrIi

bl-ock alpha. The subject did not have ''-Õ acconc'latç as ih;:

i.maqe Has always in f,ocus, DEuan {196?} hot'¡e\¡er o rtrÐoi..Êd

t-hat when he usçd cyclcmydril- {a rlrug causi.no nupi J- Cj 1a+ j-cr

an d preve¡t ing acccnìmodati onJ thçre lra s no l* f-f-çc¿,- ol -þa

aÌ¡ål-j t.y of cne of his subiæcts tc control- ¿l pl a " ,û s e

sesu !-t , ít weuld seem tha.t other f actcrs nar/ al so h¡

invol-ved ir alpha bl-cclcinq {p lctkino 1976a) o 1r fae- o th:

relaticnsh'i p bet-rr¡Êen ocr¡lomotclr proc€ss-ì ng an. t he prodirc-

tion of alpha has be*n the focrrs cf many research iopcrlsn

l{ul-}io1l and { 1968} hvno+-þasivpð i-hat ¿+ lces: --i'ri=+À ? rv

ocul-omotcr proc€ssÊs w*re i nvol-ve:d in aipha hl-cckinq'i 1 ors

acconnodat í-on, ccr.verqçnce u and pursuít t:ack j-rrT"



1lt

suggÊst€d that +¡h*n aly Ðnê or nûr? cf th*s. p:crrîsrìs enr.:

activeu a'l Þha sunpressi on uoul,.d cecur* Tf itÞ +-h:.s j-l nrj:¡ i.+

desiqneti a s*-udv in rqhich his srrbi*c t"s ¡rÊr+ ? xnss*ð *,c

eiÈher a sàa-tì onary or moving targei an rJ \,rãT", !t s+ru.c+, a,ð t n

either t-rack the taiget çit.h focused acconmede+,'i cl u c:: å.f 1.ck

the tacg*t with rclaNed accommodatj,en lblur T-rackiro; u )T

!ìot tc *-rack tbE tarqet under conrJ it j-ons c f :r.:1axËrl

accommodat-ion {blur ncr-trackinq}, Th* resrrlts of his "siuCv

inåicated that ttre greatest pfoductior:l of alpha occurieð

under blur no-trackì ng eeaditì o¡sa and f-hç efri.s.test bl ccki nc

occurred under focuserl trackinq condi r-ions,

Sj-mil-arly u thc results crf a seri.es of studi r,s 1-.v p*Ðqr

{1970ì revealed that çrhe¡ever hj s suh j*c+,s -i..ritlatsC

tracicinq {involvinq acconmodation, ccnv*igen e*, ar.ð nrrrsr:ir

track j-rq) their occi pj-ta1 alpha d ç synch ri:r,i zed, L\^t ."

concludcd àhat the attenticn hypothesi-s sugqa-qt.ircr alpha

blockånq is d r¡c tc attention to sti,mrrlì o i-q i ra-"1*q'rre'i-q,,

Bai-her o hÐ suagested tha*- -t-ha elect::i-cal acti vj.tv ç¡hi c1:

blocks alpla is tbe neural efferent activitv i nvelveå i r

oculomotcr acti vati.on, Âs I{çrt.h+ j-rn {1974} pci n:s our¿ y

suppcrt for tbìs suqgestìon ccaes frcm ¡apo::ls cf rcg¿-*jr¡'*

corrclations bctwcsn elpha activif-y and *.lectrcmVccr,¡.nh::,c

{EHG) activity {€,u q" , Kre j t-man Shawo 1965; l{e¡sha 1 1 t-,

Bentler u 1 975 ) " cn rcpcrts that a l-p! a is }:1ock ed hy mct ei

ef f erents {€" Ç" u Cha+*ri an" Faqnus, Pgt€tsen E Laza tl.r:, 19 =o ;

Jasper Ð Penfield, 1949) u and on e r€:pîrl of a1p}a blnck j lq



1

fcr4durinq attempts to

1957) 
"

mÐv€ amputated l-inhs (Gl-ass t-, tse,ck

fn e nore r€cent st¿rly rlesignad ta Ce j:.*rÌni r: ,.,- vi"r¡t'l ;;::

alpha srrppressicn is hes+- account+d far by affe"rçn+ ¡¡isual.

input or effe::en+- oculomotcr i¡fl-uencË:su Goodnan {1911) had

his subiects olient to an au'1it.cry stimrrlus i¡ thc ðe"rV bv

changinq their €ye posi t'i ons, As visual i,¡nu+- ças f.q'rûr.¡Ë::i

bv darkn*ss, his result.s indi-eated that alpha supn¡qssi-on

occurr€d, as a result of oculomctor acr-i vi t v alnrr?.

Fol-l-ovj-nq' Goûdman {1976} u Brrnnall anrtr Hcnuk t1978} d+sj-qrr,,a

a sturly to exanine i:he effects of dçl-j-beratç, âyÊ nlvemË::l

and supprçssi.on of ey* îrovÊa€nt- on el pha actì vity" "lhhy

hypathesìzed that a-1- pha suppressian ucu-1 d occur ulCq.r brt þ

conditicns since hoth eye mcvement a nd suppre ssi cl o€. .ÍvË,

move m.en*- 'n¡ou1d bç achi"e v+ d th r o uql aci-ive ccul cmtl*,o1-

prOcesssse ThsY cancludcd c¡. the basi s of lheir ða:a +-l-a:

oculcnetcr aetivity i¡ the absenca of visrral innu+ is

sufficient to effect alpha suppressi-onu A1-pha i-lrckjlo \.ras

found under both instructed eye movsmãtt and €.y* rìovenn::*

s u ppre ss j-on,

f n another series of experi nents re pcrt*d by ii+",,reii ar ð

nu1hrl 1a¡d 11969), Hu1hc1] and {1969c} o arrd !{utolla-nd ald

Peper {i 9?1} , EEG alpha reeord.ings T{*rÉ aqa-; n +,akcr uh: I e

the subiects perfcrmcd varicns fixation, accÐmn¡Cal,:ln arJ

tracking ma.neü'v€;rs sith both stationarv and novi nq ta:qi'so

ågaí¡ it øas found +,hat alphe. sas claa¡ly re la.t-=d tc ch alqî.s

in th€ visual ccntrol- syst,en" wi th Ðursrrit t":e:ki ro 
"



1t

corv€rqËTlcz, aËd lans êccomnodaLi on ral-iabl-y hl_ ccl. j io -,]rr

alpha rhythm, Thçy al-sc not*d that the rel-etiansb j n b::'-r.ruisn

EEG and våsual- conttol- procÊsses are nÊcFS.a:=-'1v cârËïel- ¡.nd

not -specifie because of th+ qroËs nature of bc+h EIG and

vi sual system recotdíngs" Furtherm3rÐ/ Fulhc11an ð, aT,d prrn.¡l

419'71\ eoncJ-u'1ed. that- the cl-ose r+1alj-ons]:ip b*ti,'r.,rn th'r

a1pha rhythm and visual control sys+-*ms

@ o, is hardl-y a surpriseu si-nee th.ese pltceê.ssÊs
arÊ cccurring ín ¿"h€ sane regior:s of corte-,x f:cn
lghich t-he occipit a1 cr parietal--occipi ta1 IIG j s
ðeriveð, The changes in the SEG nr?v i or:si y
attri.huterl to rrvisu.al attenti ontt can be exÞ]a,i -r-¡
in terms cf cha.nges oecurring in cortical r+oicrs
t.hat are inpcr+-ant for vì sual conf ro]- Ðroctr,sså,'s'
The reported decreases of al-pha att¡ibutablc tlrrvist¡al ímagery,¡ and the blockinq of al"pha. in
rêsponse tc auditory stimul-ation can b+ lnte:pret-
ed in terms of tha visual orientånq procÐssÊe tha+
arÐ assocåatæd- sith ì maq+ry and audiiicn
lHul-hol-1and, 1968u 1969't , Zickmunâ (19 69 ) has
shcsn that an a uditor y st.inulus pres€¡nt c'd in
darkness is fc11or+ed by a- series of ey* mcvËr m4ì.n+so
{pp 569-5lfT

lYul-ho11and {1972} and. f{u1holland and Pep+r {19}t1

çmpilasize that. the cculomotor system has extel*si-ve, rsLrrÊ s+r"-

tation ín l:rain reqåoss 17 n 18 an A 19, which includç. +.hsi'

pari-etal- anrl occì pital cort*x {Fohinson, X S6Bl frcn lu}ich ¿h¡¡

alpha wavÊ j-s most often record.ed" There, j-s Ë vÈîn srnç

evidence to suqgæst that thosc oculomator prccessrs rcÉ

invol-ving areas 17 u .18 and 19 {e, q, e seccarlj-c eyÊ mcvq,mln*s)

d.o nct have a.n observable ef f çct on occipita 1 EEG (Fcb1¡ scr.,

1968) 
"

Sinilar to Ðçlaa¡ {1967) , $ulholl-antl a nd Pen?r {1971J al sc

int*rpcetsd the facili.+ation cf EEc al pha. rhy+-hms hy ,Ê.,xt:rjim,;

ocu]-ar äeviaÈio::s in è.:Êrms 6f th*ir theory cf ocul.cmnècr



lcti-vìtv, They fs1è that any deviaiirr q:äa-L+: t

degrees resulted la* l east in some suliiÊ t:'-sl -i r

f,j-xaticn and rel-axaticl af. accomnodatjor anri cûriF"..r,e

increa-çe in al pha" For sna]-l-*r dçrvia'i:i ons, lh,- v

Lhat fåxat i-on and accomnodation worrld sti 11 ]:e

Therefcre '"he f acilitation cf alpha need no*- ccc!ìrâ

4.-1

Aceordinq i-o the cculomctor theory o cccLpj 'al alnha

slroul-d appear in the absence af oculenotor act.i. v:-ty t\o u,, t

accomrnodation e ccnvÐrgenc€, pursuiÈ- tracking c eyÊ mcvrn'-n:-s)

êven in the pres€ncq af. visr¡aï attention" Dulj-lrcr ocul opD*,?r

acti vity on t,h* other handu alpha should bEl hl eck*,i"

stu'ly by Leh+,Õnen and tehtinen t1972) prcvi-ies adii-i c:a-l

support f,or this hypcthesís, ?hey further te.çt,:d tb,:

æffects cf ocuLar f ixatì on and vi sual at+,ûnticn cn al-nha

productìon, fcnsist,ent wit. l'r th* r:eulomo+-Õr +,h*civ o ':'r:-?v

found. tbat when tbeir sr:hject-s werç <riven

fot fixationd +hç alpha rhythm aa-s T:locked. Tf u hcw+vî.r ¡

t,heír subiect.s did not fi-xate on the f-arget, thtr :hy'!:n nas

p.rssent, In additi-on thây found +.hat th* p¡ese¡tation aF- 4,

B$ifÕrm vi-sual f iei.'1 before opÊn eyes inc¡ea snd --h.¡ a mcun*

of alpha actåvit-y" nd¡ith a uniform vrsua'l flcið.e alphe r"ras

abundant- ev€n when subi+cts ccunterl liqht, f]-ashe** çi"Ï '{:hu:,i:

eyes openo In fact d t-he amount cf al-pha prc.s*ni in ',,bç IEG

in the uniform vr'*qua1 f ield condi+*íon a. pp¡cch+d thar- f er:n4

in the eyes*e 
'1 osed. condition, teht.onen an d T rh:: n +r

surtq€ste d thai, thc enhancinq eF-fec+, th.cv anÂ. ctl_"-rs {o "1o,

y -i,:

^! 
*^

\-t.!:7.. t

L^* :

rr: r e J

=11frd t
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lldrian E t{at.ttrr*usu tr93¿+; Ðevan, 1967; !rinan o Kot:+'t

t<i ed*1 , 197riì had fo¡rnd- fcr a ð.if fuse visual fir,1C a.nd ':,

closure o car be ceqerded es a resul+- af +l:ere h'¡, j.¡ c

'l .8

vj:

n1:

Ðpportunif-y f or f i-xati-on" p-lthcugh thç r.ls¡c of a õan 2f.,..!^,

in,stead of a unif,crm vísual- fiel-d. {vhitç pa pe:} d: d rct
víeLd such consí-<tent resul-ts in this and anei-hç: S+.rìdv

{Bunnel-1 & Hanucku 1-eVBi u HertTrsim {j9-74) su<rgÊs+ç{]'-\el

tbe inccnsistency cou111 Tre €xpl-ained as Cue +-c ecr,rl.onie:cr

acti vì ty related to an attenrpt tc prÊ,vçnf- blackrnq ûu¿- of

visicn ç¡hich ís of,ten reported to occur j-n th* qarz.fr¡-',ð u

In sumnary then there ås suhstantåatr evidancç tc.-qunno:t

È.he th*ory that bLockinq of alpha occurs duri.n<y ocr-ì-1,-cmoîcr

act j-vity, Furth€rmore, *vidence pra-<ented b V f,lul- h ol I anã a.¡ ñ

PepÐr {X9?1} suqgçst that tl¡e maqn'i t.ude of tÌ:., hlack:-ro

ÐÐSDons€ may bC eont,inqçnt Ðn the amOunÈ'- ol ccr.1l,çpolc:

acti-vitv, .ås vi11 be noted u thera i*. a cons; rf ,arahl-a a moirlt

of evìdçnca to support the contenlion th.at alpha acilvirv
coul rJ be regulated hy brain mecl'ra-ni.sms i-ncrinsi c 'rc co:+ j,caL

visual- systems {Beatty o 197'7 a\ , Tn fact- o +tris hypc+-h: si s

can €vÐn âxplaån scm€ af the non-vi-.sua.] dâ+"êo

As l{u1hollanC and Peper {19?11 he.vÉì pcirted cut, +-hr

reported. ð€creases of alpha attributahle to visual i iraq.¡r¡

lÐu Ç* u Antrobus" åntrabus S S j,nqer, 19€'41 E1q'uin-FcCy" 19'71 i

Furst, Gardiner t Kamíyao 19?tt; Kamiva,o 1969; sbcrå u 1953 
-:

SLatter, 1960) mev he interrr¡eted hy means

orient'i ng rlrocess associateð lgith i ¡laoÊ:v" Th

a pha in response to audítory sti-mul-ation {Ê, g

cf tht- v:sr:al

? blcckinrT cf
.:.\.-1 

-i a¡ i
O t .-^{ r- 

-L:,i 
rj
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flaf-.thews" 393O7 Fridqer¿ater, Sherrv E i'tarcgyr=-{:o 1e?5"

Fatha llalf¿ss Ð rdorshairr-, -1q67; V:ronj.¡ E Sokolc'¡ u 1!/v1:\ ye.,{

al-so bc Bxpl¿ìn46 acccrding +,-ç the o¡jar*,itie r.asIcì.gr, fr

factn A.rlrian anC t{attheas {1931r) u Sel-zar a¡.d ti':hni tlelSl

anrl athers {e"9., B€TnstÊin, 1979; l{al-tzaan, 19'V9; CeGrrflan,

19'19\ suggest tTrat nost forms of aÐvÊl- a, xð /a: s-'-qr.iç-i..ear ".

st.i muli ca,usÊ an or5-entinq r*sponsê which :nc1r¡fla,-e

desynchronízat'i cn of a lpha actì vity ø Þ*rti crrl-a::l 1¡ l--r:f tr,i

habítuat-{cn has occur=ed, f)eGorman a.nd Llov.d t19-76} evân

found that tha omissì on cf a reqularly cecuiri.rcl st: rnul ns

resuLts in i¡:erp;asad alpha tr'! oekinq" Tbe resrrl.,ts, 'hev

suqqest support Sokol.ove s {1960u 1963, 1969) ncd,'Ê .¡ of :-hs:

oriecting resporse in +'¡hìch an orientj-ncr r.Êspons.a lcnr=, cf

',-he components cf r¡håch is e.l-pha blockinq) is çlici*,e.J if 1_t

prerl.icted stimulus does no+- cccure In addit.icn u Tabi.'tuaii.cr

oceurs: Tf an auditory stimulu.s tha+ evokas alpha hle6ft¡¡6

is present,*d at reqular intervalsu t,he btoclcit:{:r:espc!:rsrn

râiminishes lFathu T{a1lace E Horshamu 1976; Pc-] 1.¡rn F,

Trachtenberou 19'72b; Sel-zer Ð Fehmì u 3977; V+'1 rl rn, 1978) .

Sini l-ar habitr:aticn of alpha blcckinq has been f cu¡d fc::

visual ,stimul-i {El:rerlin û Hul-ho1land" 19-76; l,ans:rqu

Schwartz Ê Lindsleyu 1959; f{ilsteinu 19'7U; I{crrell" 1q66;

4u -hcl1and" 'T 9??) " Tn adði-tion" cther airth.oz's {Bcrrdrr:È,

Goodnan Ê $u1hcl1-arr14u "19?8; tewis & ÌtcLar.rcÌh1åu 19J{.1i

I{etrauqhlinu Solemon Ð flarrisÐnd 1974; Ornê f-rrÌi1sct" 191t;

Pl-otki-n, 1976a, 1978) havÐ ncted th+ cLose aESccie+.ion cf



!_'

a3-pha bl-cckinq and the-,cri-enting respôIrsË and suqo'ç-ii i'r'.

oriËnting responsê has a strenc{ visua,l conÞcn*lïo

Othcr support for è"hË oculcm"oior h¡/pcthrsi s j q

fron t he r¡¡eL1 icncwn desynchronizatì nn n sscei"a trd uij- ih

,lt:- :

it a:
*À^

effort {eug,, åndreassi" 197.j; Bau+ru 19'762 çehhu

Ðe¡¡an, i967i 9ílcsçvicu 1978; i{unðy-Castr?" i957; n:::,

Evans e Hilson & Paskewitz" 1975; Pcllæn E Tra ch+pi-br-q o

1972b; I,ierthei.m" 1974ì, l{anv aut-h¡rs have fcrrnC c'::crr::.r.:
oculomotor actìvity {eug", €yê movenents) itt -:ì.:rrt-:1 ,*{ :'

wi.th such tasks reguiling mental eff ert {eo Ç" , }.ndr!-r1.ssi u

3 973; Änttobusu Antrobus $ Singero 1964; Lorensu Chrsl-+r f,

Ðarrou, 1962; fteverø 191-11 whìle cthers have found a.Lpha

b3-ockj-nq as a d j-rect functicn cf F:1lB movemtnts (. "(i, s

Bunûel1 Ð 3{anucko 19-78a Geodmano 1916; T{crdo I'ai+-oh Ê

Johnson, 1972; Y-eismanu 197tl; Pr:tney Ê Br.r*-1+r, o.917; s.r1z.:,

19749 n Therç, is even sone *v'i dence to suggest 
"hAÈ 

m3r:r

compl.€r task*s requiríng qreater mental- * €.f cr! 1,,.. Ç, t

countinq backwards by 1 and scrial mui.tipl-icati.e:r) sr:ivB lc

bLock alpha tc a nuch greatçr extent that d.or,s autcma.:j-e

coqnl.tive acti-v{t-v -such as countinq {Ga1eo ch::"isi-1.--, i

P*nf old u 197 1 ; Galin e Jchnscn rr äetron, '1 97 8; L-'a*q kçui t z E

Orne, 19711 Orne et â1, 1975; Po11en E lrachtr:n!)€*:qs 19'7?-h) 
"
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&åpþe- på eÉeeË b a E h- p + d_t Þe_gs u I Ð m st e q* Ey p e g he sls
A. great rleal- cf *-he research a ppl ica bl-c i,ç '1.: cc'11 cmÐ:

tot hyncthesis com*s f rom the area, of alpha bi cfæ,çðbacku ?nd

partícularl-¡¡ from those studie-c '*hjch arid,less iiamsi.,lva=

to thç stratægi.es subiects util-ize t-or anhancemrr:. :_rf

suppcession of al-nïra activì iy, t{any authors ha¡¡e r,cird. tt,a',

l-earninq to eontrcl the al-pha rhvthm is con--iderahl v ¡.asi,¡.i

t¡ith the eyes Õp€n than ¡+Íth the êyÊs cl-osed {,&,qn, ltcr,¡1j.s f"

Kamiya, 1970; Paskcwítz E Orne ø 1973; PÊpel:o 19?/.) u åS

further supÞo¡',- for -t,his fíndinqu Pãskewi f-z a.nd C¡l¡l {1q7-'ìl

f ou:rrl that shen the j-: sub jacts 1{Êïe: e xpc;qåd i.c an al nha

Lraining procedurc unðer conditions of total- f,arknÊssu * !¡q¡*

was a nonsicJni f,icant increase 'in alpha p¡oductio¡ .v?r si x

20-minute trainånq tri-a1s uhen cornpareC to t-hcir âv{s-c1oseã

basel j-ne alpha levç1, fh.*y cnly t:Gcôvi?¡a,i ihç' i ¡i *.i-a l

ilee¡ease ín alpla caused. by openin<t th*:-l: ey€s ir *he ,i.e.lk"

These increasas cccurred rp'i th j-n 2 or 3 mi.n ute s çj +hcr:+ ea v

vol-itj-cna1 effort. Thev fcunrl ho¡.¡aver: that wþ,s:i ihr: -<aBå:

Trrocedure t,ras usç,1u under ccndàtions of 1ou amhi_r.ni

liqhtingu anotbçr group rf subje;cts wes capable nf s:qni f i.-

cant.l y increa sing t.heir Level ef alpha prcCuct i on, rþpr,r

also fcund thí*q san+ effect fo: the *cubi+cts prrviousl'r¡

trained j-n the darku vhÊn they i ntroducçd 1cç a.rnhii'n+

Liqhti.nq* Th€y ctrserved Èhat ope¡:ns th¡ *vÐs i.l ar:

il-luminated ænvíro¡ment resulted in a narkçd sìlpÐ:esst,cr c'
alpha acti.vity. !vÊn in the later trìa1s, +- h j? a.l oha.

!r¿î â Q ll rÊ. -activity nevet cxcecded the eyÐs-clased basÐiì¡:q



Pasker¿itz a*ð. Orn€ concluded that lnw amhi*nt li-c¡ht::Lirl

an overridinq effec+- cn aJ-pha prcducticn as )-a a1l.cv;s

su b jact to e:¡'qaqa j-¡ vì sual scanni ng d urÍ- nq ba s¡ll i ne p+:i

and consequen'"1y markedl y râduce his al.pha p¡cduct j-n¡, e

j"s not poss j-bl-e in åota1 dark-ness" Consecjuel t1.v und¡': s

conditj-ons the subjects may ]-earn t.o enharcc, alpha

overcomd ng those f actors s¡hich normally oxert- ar i nhibil
influencç on ¿1pha activity" Tn other words" sublr:cts -'1.:;

f-o rtlockrt te suppress al-pha andttnot- l-ooktr ¿,-o enhanc.¡i

{Peper, X97û,| .

?.?

L- ^t:-

*L^

^¡ ^

lrc ]¡

hr¡

nlv

.L-

There j-s extensive suppcrt for ihe

succÊssful- contrel of al-pha preducticn is
reducing {or increasi"nq) visual- system aeti
process€s} {Ch i-qbo1üì p Adams, Va3-1e t nÊGcôd o

-1 9?4i Grossberg, 1972; Ki,ngu 197'l; Leitr

Paskcøi.tz å 0rn€, n 1974b3 T,ynch, Paskewitzu

1970; Ðrne 6 Paskeuit.zu '1971åb; OrBe t" I^lil-son

E Faski n u 19-7t1; PrewåÈt I Âðams o 197 6;

Younggr€no 1974) n I'urtherm aræ s manv c*.hers

alptra eouLd nct b* "=iqnificantl-y enhanced a

Lras+l ines {Bridgeuatero Shey:ry Ð ú.a.rzynskí

197ç, 1911i Cleel-andu Bccke,r I Hnsokawau

l{einzu lour" Rill-iams I Andreychuk " 1977 3

flosrordu 1977; Kamiyau 1968, 1969; T,eh.¡narr,

1976; T,eibs 19ffå; L+ibu Tyron & S+-ro*he1

Paskew j"tz E 0rnc " 197 4bZ Orên-*tein E ttctl il-l-i
î, Paskcr-¡itz , 19-7tt; Faskkevítz u Lynch, Orne t,

hypo*hrsis rj:a+

eecc m el,: sh l ,ì h y

vi'Ly locrilcncÌ:cr
I q? tr . llr: rr ì¿ -.;

' -i t

1O?tt ' T¡¡-.¡h
! . : * ¡ !v...\-:it

Or¡ie F. cis:ìIIou

, 1971; PÕd1çsnv

o'ln*l¿ir 1C'7ç"| 4 ¿ )' - 9 ' '. .t

havç for:llÀ *heo

bove s.yes*cl c-ccd

{O?tr¿ T?-nr;¡n
A t - . t t-- - ai t

lO?'1 " r+¡a¡¡¡| ). j \-, uì,rt,:: t

I-lôd qes , 191];

I,ans u ÐaEtuvn? ,

1O1 Ã. Tr¡r,-l-r r Y r- ø

âmq_ 1C,16' ôFir!a dr!, I

1-nc*e. l'l n J Q?í1 .
'_v¿.''.^_.', l',
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Paske oj.!.2 E 0rn€ , 19'73; Pener E 1'rulhcl-1er.4., 1g"l; Pl^-Þir u

19'76a, 19-l'7, 3978; ?lotkin I Ylaz.ey I I-cvïye 19-76; pcCl..ls¡¡v Í,

gask-.ì n, '19?4; Fqqçs*rin u PÊgraFu Cook C, Brad Lev" 19'1?; 1,/¡ l-1,r

î" Levine, i9-15; Þia'lshu 19n41. In a rÊrrj-evr af +'!rl* L:Lç:re-

i-ure, PlotkJ-n {1978} feued nc puhlås}retl s:udy ç¡herr alnha

proiluction increased abcve an opti mal Èyes-cl-os*d hasl-r i-:. o

Ti:ose that hava report'ed lncreases a.bnve þ¿.s.;1 i ¡+ (Ì,. q" u

Kulman 6 Xl-ie TQt ø 1975; Nc,lElis fl, Kanì Vau 157Ð; Stravtr u

,Scott E Bakanu 1973; Travis u Kon,lo rr Knctt- o 191tr1u 19-7 trl ,

19759 did not- usê. adeguate eyes-closçd haseii ne m;ÌlasurflsÐ

Stíl-1 cther r€sç:archars {eu g" 
" Hardt s i974, -19?5 i tie:ã+ â.

Kamiva" '? Q?6au 1976 \ f,ecl houever t.hat enhô.nc€irrìr;r + 4hnvt

eyes-closed hase]-ine i-. possible if trai¡inq tinç, 1-o 1cnq.?r

lover f*vo hoursl and if tha nor* sansitive in+-eqra"¡ð

ampLi-tude measure j s used ínste,ad of t-b* palrcÐnt-tim,r, irdax

of alpha dens.j-ty" Plotkin {19?8} il a studv de,s,aq..er'l io
test. oü+' these suqgesti-onse again fail-ed n-ç fin,J. r.'nharc?m,tn.il

abo ve ept.ima l- eycs-cl-oseô baseline " 'ã,æ crnc'1. u,i :d I ì-,n t
increasçs in alpha production ðuring t.rainlng arê th+ lcsul!
of the gradual ðissípation cf alpha-inhibí torv inf l.rii:-lcî s

{anv behaviour rr stat-o accorìpanied by oerrlcmc*,er actlva*

tion; lookj-n g o anxiety rea ctì.onso and q eno ral c:- ien + ina

rÊspûns€l Ð

In summarì zinq thc=:se rnany stud.i pso :-t. rurcul d a"ppea: '..

the evidenee st" iLi larqel-y sr.rÞport s !{ulh o1l-a nd ¡ nd Pc p.,

11971ì Ðculomotcr hypoihesis, ås a f urtþe,r +.r si- of

oculomotor st a-teqy" Plctkin 11976a\ desiqnÊd e. stuiv

L^ !
.:-a

:,S

L\,:-

: li



1U

øhåch he mani-pulated threæ l-evel s of .: c.struc¡i.cn lcca:i*-.vi: o

oculr:motoru and noneS and tr¡a l-evel-s nf- 11qh+ j.::s {nn r:,4

of f ï , The cognitive i-nstructíons enccu.raqe d t hç' suh_i,:c- te

rel-ax, 1et Çoo try'"4 fee]- pleasant a¡d ser'ân.:p:,-i^ð:c tþir,k

of pl-e,asant parsonal experiences tc '?nhaÊc.j a.'l pï=." n)

supt)ress al-pha f-hey were instructed i:c ccncent:at r:" 'r.Ty

hard" exert themseS-ves mentall-y and try tc fç-,*1 a¡xicus ir
frustra*¿çdu ThÊ oculonoto¡ insi.ruc+,ions sr-lgg¿st+d tli+

subìects bl-ur their vision and not focr:.s +-c enbet2c,? ain.ha

anð tc fccus to sltppress a]-pha. On the ba,=ìs ¡f hr

t

c

results" Plctkin concl-uded t.hai enhanc*nent. and suppl:', s-1i on

of occípital- alpha i 5 alsays mediatad Ï.'v ccnt¡c-l cf

oculomotor: processes o whethel or n ot the pÊrson i s er,ia-r,t c ç

t"hi.s st,rat-BQY' He noted tha+,- +*his lges Isstrict+d. +o rh¡

låqht cenrlítÍon, Tn the dark therc, r,r€:re no si-qr: f ican+

increasas ín a1plia or differ€ncÈs betqeen th+ crrcurrsô The

oclllomotor group" hÐa'ev*Ep +les nuch norê successf ul- '¡':h th-
l-iqht s on" This f indinq is par,.Li cularly s$nÈr a.lizabl,.:, *c

most alpha bíofe*ilback studies when ûn* ccnsiders tLer. mcst:

st,ud.íes to date use l-ors l-evçl-s cf liqht j-nq a::d âvËs*cÞ$..rr

eonditions, The ocul-omotor hi/po+-hesis woulð. prcdi.ct +-hal

there r+culd be mi nimal enhancement ovêr ootirnal Êves*çL¡er,f

11ì qhts cf fì hascf ines as a3-pba stronqth sherrld al-rçadv l:,

at naximum or n€atr maximum J.êvels. Con s*gue¡t 1y rr'ì eck rr ar: 11

resçn*? nç,l¡rr strat.*qies ¡¡ould har¡* l-ittl-e atf.*ct i-n tha Ca:k"



Tn concl,r¡síon then , Õî the basis ûf Pl-ctk j n ¡ -. stud j t's

Ðr1 the basis of the e1 ose associ ati on ç¡h.icir ha =, h€..,1

consístentl-y f cund be'i'-w¿¡*n alpl'ra an d vi-sua1 c1r

procçssÊs, it r¿cl¿,]-d appear that- thg Õcr:trcnc+ol stra ts,cr

+-he most effec* j ve al-ph.a con+-rol- techni a'ue irl+rti f jE4

dat e"

E r È e n så e xr s- q Ë - 
g& e_ gg.*n 1e q o È og_ Hgp g È b e s i s

A revlery of the li teraturc reveal s *-hai. Lhe, ti"r.crv Õ€,

attenuatåon of al-pha duri:rg ceulomotcr activin-v ha *o tr,i h:rrr !:

accepÈed unetruivocally" For exampl-*o I-lert hc,-i n {197tt } ha-s

oointeri out what he considers to be shortceninos cf '-his

simple eculonotos hypothesåsu H* noies t-hat T,¡.ht-.lqn a:id

T,ehti-nçn 11972\ fcuad only a sl-iqtìt ræd.ucti¡n in t?:+ runbr.:r

of saccades durinq vi-sion in a uni_f orm visu a.l rtÊ1¡ ;

Gaarder" Koreskco an'1 Kropfl {1966) j-npl-ic.:r1 t}o Ð¡,"ç{,r:c"¡, cf
both alpha and f ixation saccað.es; and llulLol-1ard l'!968"

196 9cl rsported elpha act.i vity àurino eon*.inucus sacca4i c

ey* movement.s" l{e poses further questi cns shen t+ r'.rtr rs 1)

studias by Pollen anð Trachtenberq {19?0, 191 ?e s 1 97 2þ,\

uì:o have observcd àhe presence of alpha du:in<l ¡cað: nq c f
eid,-.tíc i.nag@ty r¿ith ÈyÊs op€n {al-+,-houg}r som* ir,l-cckinq idas

prë,sent) and alcpct çi-th saceadic sya mcvemEnts wh*n -quhiç,cts

pl ayed chess blindfol,l'E,d, Werf-h*im al"so refer:¡l ic a .s*udv

by .Seraf isides { 1 968} r¡ho f ound alFira when suh iscrs r:iri:.

asked tc initìatc eyÈ mÐvêm+nts wi-thouè. vìsua1 sti-nr:1a+.ier

or nental imageryu and e study hy Lansl¡g u Sebwartz., arC

L,

.: ::'

sc

,-\-l

v t-=

-¡
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tånåsley {1959} shc found thaf. a*tenpf.s +.D ttack cf fnlr:srlr

a vi sual- sÈi.rnu1i onl-y disrupf-ed alpha r:nt- j-l t,he : ask l?Êc3D,.-

habi+,ua'! , He ccncluderl that a j-tÌ:ough a .!-pha sE { i: s sôl1l?hc w

as"socíated with th..e activities af t!:e r¡'sual sys-.r¡u srlc'i

Ðbservations are inccnsistert sith the oculoinetor hvnctb"sis

becau,se eye novçm+nt.s of any kird suqo+st t l"+ nrêscncË ¡f

ocul-ourctar efforç¡ts"

3n view of such inconsì stencì es, Fl€rL h ei m {197 u ) p¡:oncs?s

an al ternativa hypothesås in ç¡hich tr+_h e evr:,r cn goì nc

occì pital alpha rbythm is attenuated.o d,asynchrcr,ir.::,J .¡r

blocked due to ccntanination of the EFG trace -uri,+! r:l,r,cti:i,--

cal activity cvoked d.urinq actì vation of lh,r' 1Íj!lî11.

meehanj.sm raspcnsíb1e for attentive oculomc*-or h¡,ha'¡:crn

l¿hil-e durinq intentive ccul-omotor behavi o: f,hs ccci-n:*ai

alpha trace remai::s undísturbed,rr {p" 249 ) " I{c: Co f :, r-";s

oculomotor behavícr as a.tt-ç.'nti-ve whçnÊvÊr s.snçcry i-nfc::rna*

ti r¡n cr the expectancy of such i nf o¡ma tian j n€l uancãrs

aculomotor behavior, and as intenf-i ve w|,e¡errer thç mcni_t,¡r-

inq of eculcmotcr aci-i.vity i.s based crì inf,¡.^,rna1 Ëaran*ttrs

ir¡espectåve of ccncurreet. or anLici"pate'à s€rnsory 'i nf orma-

tion. Therefene" ati,entive and intenti ve ac+i'.¡ity i s

d.iscrimj-nated sclely on the basj-s of whether or: ¡ct arv !rsc,

ís mada of s€nscry i nfornatj-on ir ceulonoi:er

Ðurr'ng ínt-enti ve ccul-emetor bel:avir:r th*rç is r
ccn

a

tr¡-1

alnl-.a

disturbi-nq el-ectrical- activity" on thfi basis cl +-hi.s

hypoth,osi-qø !{*rtheim f el-t he ceuld êxpla j-n both sa ccaCic :tyã.

movements and habiàuati-on as inientiv* te :"¡: tr xt,it..- t ha+



2"7

they ara er ?:ecome nore ar l-ess ind+perd+ni-- ef i.lfctr:airrn

deri.v+11 from external sti mulation" Vç, fails hcÍ'..=- 1c

âotq [4u],hc-1 laÐd and Pepet?s t1971] slrqg€stiar that ccu1c,:ro-

tor functians rot. invol-ving ar€a.s 11 , J I úìr '1.q r*cul d ?c+

necê*esarily Ïravæ ã.n cbservable ef f ect on alpha, act-iv'i +-v*

Consçgu€nIlys saccadic mÐv€ments {i"nvolvånq o:j nar: 1y t'?.

f rontal F;f€ f ie -1 d sl {Bach- y-R'i ta o 197 1 3 Hcy'. S Iri,,+s*n ,

19'75; Taconc îr lykken" 1g-ICl nay nct be as-qocåa:c,î +¡itl:

chang*s invclr¡inq occipi+-al- al-pha

t{ul-hol'l anrl E Peper o 19-71; Robi-nson u 1

oft.en recorded from the pcsteríor scal p*

(llu1l-rc11æ.nc1 o 19-72i

958) " ',+hicl. ls t¡cs:

lurthc- rmo:€" Li¡

críti.cisrns for f-he eculomotor hypo+,-hesis are basnd on lai:a

f rom Pcll-en and Trachte nberq {19-72a. u 19'l2h) and I,ansing sè

â1 " {19591 r'¡hich prcvide evidçnce for al-nha ati¿:rila+ j cr

occurri-nq until- tle task beccmes hahi-'Lua'l n Fa th-r' i\ar
servi-nq to reiect the ocrrlonotor hypothesis thsno sncL êai-a

are consistent with i-t-, The dat.a provi de s ú.r¡¡: ðercç f er

habitue*'ion vhi-ch is again consisten?- l,lith +,-þ,: visua,l

orienting proc€sse

In view of such eviåenee íi soul-r-l Þerhaps ht: noi^

aÞpr'tpriate t o ref er to the oculom.otcl hyrrothç si s as t h.

ccu1amctor actåvation proc€sso This s+?lns part: ci:-'la:1-v

appl-icable when crÊ; consi-d*¡s the ¡elationsl: j p hr+.'sl=t

activatì cna arousal" attentiop- an'1 alpha acti-r¡ity"

llany =esçarchers have sugoested å-ha¿, tle s+renqth e f

occipi taì- alphe is a functicn of ths 1er¡rl- cf ercusal,"
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f{almo {1959} , f cr €xaaF1e" ccncl-rrde-d lhat a1phe. ?c'.i rr: +y ,',:

ralated tc artclsa-1 or acti ¡¡aÈ-ícn 16ve.:1 by e.l :'rve:+i,:d

{J-shaped functíce, Generally theno the levrl ,:f a.ln'\a

actívity wil-1 be reduced if t-he sub je ci e i t,h..rr i:1c:ri,-,s *nO

dro¡qsy or tc¡c alousÇð. ûa thç ot.her ha-nd o at an inl"::nrii, -

ate 1.eve1 of. arcusal {a state of. relaxed v¡a}ç.sftl.l:e ss) al ph¡

is said to h+ nax j.ma.l- {Bartoshuku tr 9? 1 ; Hard i F, Kani-ya o

1976a; Kamir/a" 1968; Li-nds1+v, 1952ë 1956i tiâlï'c'1959;

Sadl-er t Eason, 1917) 
"

In a review of the arousal cantrol- stra-teqv lrl ctkrn

{1976a " 1976b} notes that øhen investigato::s asscclatc al.rrÌ^ a

¡lì th ft=elaxed ¡¡ak'qful nesst0 and bcta røith tthypelarc llsâ:1 r' + h,îy

t"and to con fcund bçhavicral erousa I anå ocul cnct er 
",lo 

usî.1 u

Bêhavioral arousal ref ers te the sl-êep-r*7¿kefu"l nçss cc¡t-ir,rrun

¡¿hì ch is assocåat-ed with changes i"n the C.cl.r:ra¡' I:1Ê

patternu wh"13.e ceulamoto¡ arousal ¡:efer.s to ccu.-1 cmttt;:

system act-ivatj.cn, whic?r is associa,È*d r-ri.+h cha¡q,?-e ijì

strength of the alpha rh yf-hm, By com bin i-r g rris .-e.:cl

tel-evant to hoth types of arousalo Plotkin sugg€sîs :hat

alpha wiLl be maxinaL when the sub-ìrct is ai+akc, ard u,hqrr

there is no eeul omotor processì.nq, Fr:rtheiñìrrii, âS

ocuLemotor arr:usa1 i.ncrease*.o al-pha st::+nqtl: r,¡:-l I Â:ir¡tea=ï"

å1t hou qh he notçs '..hat many ínvç*qtisator*c havç a sscc.', a t-':d

increa.ses i-n beh.a vi oral- arsusal- wi th alnha d,asvrcli:oni za-

bicnu !rÊ feel-s th+ l-ìteratuiæ has suffici+r:t1./ dc.ncr:s',:a*:d

t.bat alpha rlesynchroni zaticn i,s p::inarilv assoc:-a':qtJ ri* h

oculomotor actåvation" Ifç *qugqests thaf. r¿hrrhç:r cì:: nrt
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th* re is any ehangc in behav-{ oral a.rousal. o d.*s1rnc}:tD j: ::za+ io::.

renaåns closely as*.oc-t al:ed 'sit,h ccul-ciuû+,ûf ¿c- j.,"aïl Õr: ,

?he:efore" ¡+hen cculomctor act-i va_tien C.oe s tÐi- âccaF par v

hyperarousal-u hÐ suqqests Eç'G aTtenuaLicn dc,es r:c+- cccl.tio

ST.t¡dj-es by Orne and paske+¡itz {I974} and Frr:s:., pi:ri.sh an i

Hol- m s I'1 9? 8ï provid.e suppo¡t for +,-his hypc*i:.:*=:,so Thry

f ounð that althcuqh anticipat.i cn cf an cl ecti:ic sbcck di¡
not deF::ess alphau ít was assocìated v¡j.th re ports af êìi xj rf '¡

and hei.qhtened a rousal as indieatsd h:¡ i-re¡+ased hea¡'i: :rate

aod skin conduct-ance responsesø Simjrla r sunp0r+, ccm+s F::lr¡

Suter {1977"1979\ and Suter" Francon: o Johnsono ar,d Sr¡ i+-l

{19771 who faund central of a-l-pha and skir ec¡dr:ci!enec'- +s bçr

in,lepenrlentu frou Kondas {1973} Hho found +-hat al-nl:a

supprêssion dåf, not sj qnif j.canf-1y 'i ncreasÐ arouse 1u f :or¡

repcrts of åndepen'len+, chanqes in al_pha and ti'1G (+]-rc{-_:c*

myography) fD€Gocd Ð Chrisholm, 1977; tiardt E Kanjvau 1978;

Lelrtonen S tehtiner, 1972; fla¡shal,"?, 1975; Þetacn & l1u1-ph\¡,

1978; Sarlleru 19'?7; Suter, 19i9) " of j"nder:endent cbenqËis ir,

alpha anC heart ratæ {Chishol,mo ÐeGeod & Hartzn 197n I tsGccd

Ð Clrishcln" 197'7; 5ad1e¡, 19'77; Trar¡ìso ?erè,lo,,ru E?ei E

Kondo, 198û) end from ncnsignif j-cart corr,{3 ]-ati o::s t,.:,t T/;:,ììi

alpha and anxiety {Ðol-ecki y '1976; Frosi:, errri-sh Ê T'cl n.'s,

19'18; Grarrkeu "19?4; Herd.-t, I974). Such îtÐo:r.T Ê:tr

indicative of hciqh*-€ned arousal in the prç sÊnca ¡f a,l nha

act ivj-ty" On the other hand" Lhare arr sevc:tl c*-h:I

stu d.i as t.h at havç rspcrtsd si.qnif i-can+- pÕ si e,i '¡? t:. la : j rr.-

ships ber.-sçen al,pha desynchronizaticn and GSp f ïcni a.ín,ì:,
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1974; Stsnn*tè-o 195'7\" EfG fK¡aif¡p3¡ t Sha.wu 1q6Ëi 1e_:sl-,iil

f' Benil+r" 191 6\ u lca.rt ra+Ê f Bsan u KînÀc ¡ -:1 rri.F Ê

f{nott, j979; ûcchipinti, 19'76\ " and aLXiêt-v {Amicnccl" 1q74",

8enjamins, 1giz i Eh:risman ? 1973i La17.ys 1?76; Iî!1.:.,: o

Schoicket, Cerr!nqi:ar: Ê $oo1f elku 198Ð; tevr u 1.976; Tî::1rk u

1974i rJtz, 19'74\ " Such refrcr+- sugq'*si- a pcsitive rq'''!a,t j_r.-

shj-p between heiqhtened arousal and ðc,svnehlcni za+ j-cr."

Pl-otkin 11976a, 19-76b\ u t5ulhc11and. t1968 u 1973\ " l?+ris.,..us

and BEnigs:us (19-17l. , an'l Ornê f, Hi-1sc'r t1977\ su cqæsr- t hat

such al-pha desynchrcni.zati.cn that- r.la"s thor.rql t +¡ hr.

assoeiat+d witlt heiqhtened arcusal may in fact bç, a- fu:relícr,

of the cortical cculonotr:r act.ivit y a ssec; a1l'4 r,,¡ j_-!-

he j-qhtæned arousal, On the other hand o bÊcominq d:cr,:sv o

øhich need not necessari1y be assoeiated with ch.ar:sÊ-. i-r,

oculonotor proc*ssese nay be an eff ecti væ stra r*g¡ f c::

supprÊssÍng aLpha activi-ty {pepei E I'1ul}c11andu 1q?t;

Plotkin, t97t>a\ and may reflçct an aeti.rre i¡hilrj.ticr cf

alpha by the mechanistns asscciatod '¿ith slpFp iaih¿: ihan

3-ow levels of a.rousal {orne g !¡i lson, 1977tr " ih? usî. of

this strat eqy bouever e seêms å"o l:e red rrc¡:d lc i lr¡sc

situations in which ¿t- is rçlatj-ve1y easy i-c bacÕîr+ silr.n'.'

or drowsy fe" e, p subiects j-n a darh roÐn wi+.h thç:ir *yq,F

closçd),

Althcuqh the evidence j-s nct cÕltclusi vau

thar" the oeul-omotor acti- satì on conpenant-

Lhæory nay be the nost pctent factor assceja

ç¡oul d apReal:

t he a:rusa l

r,.ri +¡ ¡-he*.r:c

uc,o s GI'aukni: ,

nF

leån al pha. Consequenf.Lv those researchers
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197r4; fiardt o 197"1; HarrlÈ 6 t<amiya o 1976; Ça jl r: i Ê. Ees¡lr,

19'7'7\ røho emphas'i zÊ f-h* îelat-åonsli r: hetq,=:q,r. a Lnl n 3r ¡

arousal ma_v indee rl be ref+rîinq to oeuJ,onoto¡ elcusal " Cn a

plrysiolcqical lcvel-" l{u1}roll ar¿d {19721 notes t!tà' rÌ,r-. rr l'i ¡þ¿

blocki nq r*spoÍìse ì nvcl-ves ÞtocsssË":s in 'i--hr,, raij"crllal
substance of thç brai nste,n t-egmentumrt {p" 1?gl . Ir:rth,::r*

mor,è" the oeulemoter pathwa y ås l-ocated in tht=- sam€ 2.T,2,e, ¿r

the brainsten t*qmelf-uÍl as the ref-içr¡fg¡ a.ct"'¡¡a-ti na sys+.:m

and stimulatj-on of the !AS that can cause coli j ca-l desvn-

chronization can al-sa cause altera*,i ons in svp *"trp¡1pnis

{Bender E Shanz€r, '196¡{; t{ulhol-land, 1972; Plof k jn o 197c,¿z

Pobínso¡, 19763 , Si mílarlys oculonotc! activi+-y is cl cscj-v

associated with attenticnal" prÐcess€iso ås ì-.as h?''n nl+-ÊÀ

earl-i"ero it has often bEen hypothe"sized tÏ:at the amcur.*, cf
alpha activity is increascd by rlrcreaseC. at+erticr. a¡:i

suppresserl by increaserd a*.tention {*u q, , lidrian t lf ali1.r',¡s s

3 93ll; Bêre€r s 1929; Fu11-er" 1978e Jackscn , 1q7'7; .Jtr,is T,

Barnesu '19?Bi Lyncþ S Paskawitz" 1971) " T!:*r-. i.t'o hcr.r*çËïr

much evidence to suqgest that a.lnha enhancemeni: cen Ðccìlr

shil-e an ìndivir-1ua1 mai-ntains a constant- staf.e cf a++Bn:ic:.

{BroÞIn , 197 AZ Ðaç¡an " 19672 l{ul-hcl 1-arido 1968; taul!cl1*l'l Ê

îunna'Tsu 1962; frcrrelJ-o 1966; Peper, 197C; I,Ii-l-1ip-11s? lqsi),
On the basås ¡1f such inf ormatìon, P lotki-:r {1 9?6a) and Orrq t
!f il-son {19771 conclude t}rat the de svnchroniza+-i e¡: cf a1nb.a

actívity t-hat acccîìpanies tl'Le o¡i.+nt-rnq respcrs{: {',hi
al-tertånq to a.n ext-erna1 stinuli) ís a f u:rcti cn c5 cculc¡tìn*

tor actj"vity {litulhcll"and F" Evans, 1966\, Si¡ct, mosl f c,::ms



of novë1 stå muli eaus€ an orientipq rssÐo:is,e

flatthewsu 1934; SelzÊr Ð Fehfrìå., 19753, al-pha i"c I:

an individr:a-1 crient** to any slimulus preisert

modal-it'¡ Srecause oculcnotor a.ctivit-y is a qÊt:.1rã

of the ocientínq rçsponse {Zi.cþ,rnund " 1965} 
"

oculonotor activi.ty leads to elpha blockinq" In

the literature" Hul-hcl-1and and Eva.as {1966) cou

a\V stud Y j-n which. cculcmotor acti- vif-y has h+en

as a ceusâ of th,e-, al-pha 'lesynchronìzation c1a

associa-ted wit-h attenti.on,

1n concJ"usíon +-her:u there i-s aore than ampl* eviC*ncr, t.c

suqgest t!:at ths integrative and ef ferant prccîssÊs rll_e--r i
t-o movinq anrl posit j-cning the Þye-s { j-nvol¡¡ino f j xa ì:i ôi o

aceomncdationu pur^-.uit tracking" êye movem+nts u atc. ) ê;itr

related to thç dísturbance and rÊcovâry cf thc al-ni:a

no*a1pha cycle {l{ulhcllandu 1972\ 
"

Sínce *'hg:r+ is sôa

+rri-dence ta sugqest that aipha attenualion j-s thr l¡i,sriL+ Jr

addåticnal el-ctríca] acti-vì ty which contaminares thô rItG

síqnal- record,:d at 
"he 

scalp er create,s intn rf :::erer 2.+ rhi
1çvel- of al-pha qen€rators {eo3-dsà*in" 19'7t; t{ayna:ô o 1ç12;

ß'erthçimu 19741 , it wcu]-d appear that cccì nital alpha. i-s

attenuated due to el!.cc.&rica1 activii-v e volced" vie cci:llrctll
activatåan. Ccnsi stant witlt an oríenting rc:spÐ?:sâ, a,1,cha

attenuatìon soufd be expected +-c oceur with nos: fcrns of

novel stimul í and r¿ould be expãc+-ed to habi t uatq, r:;j',1

râpÐat€d prÊsç:ntatì ons {Peper fl ¡1ulho11and '1 g?1) 
"

blocki¡o

?'.ì
-j !"

l\'1r1a^ l

iecktd rhîr

td .'n ary

l- ecrnocn.qc t

an 4 h+caüs.r

A T"vj.'7.u OF-

iC act find

t1-.ìmi nan,g:C

l nr+4 f-c h ¡

g

ûÀccorrlì nqlv, al-pha should bç nromì n,:nt a.nå n
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should aÞpçar ån t hæ absence ef ccl,rl emctcî ac t j_ v:.: y" ln -,L r"

oth..er handu th+ maqnitud.e of +he hl-oekirs î?;sÐc!lFq sl:crll-rl_ ì¡r,

continqe nt Ðn the a ncunt nf ocrrlomot-or act iv i-tv"

Ðn the basis c f *,he cculcmotor ?r ypothe si s +h ç r u al nh a

activj-ty 'øonl"d be, blockerl hy any +.vjl€ of cculeno¿.,o:

procassinq such as €ye novâ mÊnt s, Pur-cìli r- tralk:lq

f ixati"cnu aecommodat-ion o â!ld eonvergçnce. Gi ven tþr v¡*1,

I

1

known relatj-onship between the pupjl- and ecccnmcCa,'-ilr o

converq€ncÊe eyç rcvËnents and fixat'í c.nu pupilla::v cþa_rq€:s

miqht also be added to thi-s list of cculomoter p:cc?s-s?s

øhich a*-tent-uatc alpha actì vity,
Â s has b+en noted in '"hp present rar¡iew c f 'rb-F. I : ',-la *

àur€, sucl': paranetçrs as Êy€ mcverTre nts * f j-xe. t j on rr îpon s. s u

acconno,lative respcnses and eonvergence l:Ê;s Ðons€:'s lia¡¡e h+qn

actj val-y exani nertr in rela"ionshi-p È.c alpha âct:i'¡-'.,tr¡"

Si-mil-ar1y such paramÈtprs havæ also Tr*+n e xami :rld i r

relaticnship to tj':* pupillary resp3RSÇo

I have for¡nå nc r€sÊal:ch shich has *xamined the ra]a+.i¡r*

ship of pupillary actj-vi ty lmov€menå,,s) to oceì pi tel- alnha

desynchrcnj.zaticn" On th* hasis of the oculcmotcr hypa+ba-

sis" one woul-d pred j-ct that al-pha, ticuld be at it:lualed h v

pupill-ary mo v€ment s, Consequentlva âDV crami nalj cn cf
pupil"lery activíty and i-te s relati onsh j-p tn a" l. pha preduct:cn

woulð serve as a further tcst of the oculomcto¡ hvcc:h:si_,q"

Íf indced pupå1trary b,ehavior is rel-ateå t-r: f.þz a-l.pt,a :hvthn

throuqh th.e visual- sy.stër!.p one 'sou'1 d exDect LhaI- a rr--i.v:r.s cf



$'-hÈ pupillary l-j terature mj.qht prnvidr., scnÊ

the nature of thj-s pcssiblç rçlaåì o¡shj p"

3ll

",r¡j-l llCÍ a.Ì:tt1.

T b er Pffi p¿å I aqg _ BeSp-q¡S.e

The puplllary rÇsponse {thç s}ctcr a.c.tivity ef. thr Tuna,:

ì-risl prcvides an increasing'1y useful sor.!rca cf ãa+.e. fct
both researeh and clinícal- fiel-ds" f + h a-< b eeiì 'u¡. d ¡'l \z

us*C as a tcol- ån siud.i*s and resç,:arch cÐncernj nq thq:

physiology ef the ÞupiLl-ornatnr svste¡n {Carter u 1-'\79;

Hansnann " Semnlcw E Stark , 19-74; Ilulthcrn u 4or"i Ê tsnkah à:.A. t

j 9?8; Lowenslein f" Loelrenf eld o 1959) , in nq uicloa j_ca I

diaqnosís and rcsearch {ÂLexandra" Kfaslel Ê teut hr:u 1?'79;

Appen , 19792 StantËn Ë Stark o 196C; S*-a::k S Côrrs ïr+,?t u

19581 n in pharmacolÐqy fCa¡rpbell-" Î{andelzy Ê 1,1i11s, 19"9;

Carlescn , 1957 i Crlzan " Ðunrìeeu Buchanan E ,Ârcï,c¡ 1979;

Loeltenfeldu 1963; Okando" Kase t Sþi.nt-onio 19?8; Sli:av E

Shi cku 1978; Tress fl' El-sobky, 1q79) and psychclcqv {i:oq, s

Janisse , 19'13 n 1976 e 1977] "

The irls of thc eyâ is a- compl-ex struc+.-nr:,e cernpcs:i cf

two opposínq musclç groupso the sn!rinet-r,rle an ð dil.a:or
puÐíl-l-ae" The innervati cn cf the dilatol muscl,* is f rcn ',-hr',

sympathetie nÐrvolrs system {superi or sr/mpathet_ic qai:qllcn)

and is relatcd ta pupillary dilationu îhe j"nr* rva*icn of

the sphi nctune pupitrl-ae i-s f rom o-h e parasr¡npe+-h*,1-i c rÊ;irrous

sysr-em 4Ed.iqer-ge*ctphal nucle,us) and is îË!sÐonsihlt, ro¡

p¡¡pillary cons+-ri.ctj-on {for a reviev" sRâ lcs"ts+*j-¡
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l,Oeø*nfeld, 1962T, ACC+rding +,C Lcwenstr:i:t ard \*Cti,.t;!r:i-f. 
-l_d

4196?.ì the pup:i"1 has f-hree maí.n funciions; i'. cîti'r.rîr-s --'!r.c

arnôunt of lioht entering the *ye, it- -incr,*asc,s d,:p+l of

focus by d+creas'i ng +-he ap+ratrÌr+o anå j-t roduc*s ah¡lrra-

tion*. especia 1-i-y ín bciqht liqht"

Pupå1 dia meter is vari ahle and is Cet-.e::min,Ê:4 bv *-h,=,

momentary state cf. actåvat.icn of- +,-he sphi_ncture {pa:a*. yr:

pathetícl and dilator {sympat?ietic} nuscle qrou ps liì.r.ai*.y o

1977b, 1977c\ * f n Inanu *-he diameter ef thæ ploil- ca,t rengs

fron about '1' 3 sflìa to 111 Rflì, althouqh '"h? a\/.ì¡afi4: ounil

ranges frcm about 2 rFITro ín i-ntense liqh+- i¡ B nao in

compleTe darkne-<s {l,owenstein Ð Loewenf*1d, 1962),

The nost universally accepf-erl phenom'ilnon :eq3id.i rq ihr
pupil is its reaction tc líqht {l-iqht rafl ex) , Tha prroii cf

lhe eye const rict.s a.s the a mcunt of f.iqht leac'rinq '.h!.: å yi

incr*as€s, Similarly the pr:pi1 dì1atæs as +..h€ a¡¡cun* of

1i-qht- reachi nq tb'e çy€ dÊcr€a ses" Thã pupi"l- râq ul-a å,Ìs --hri

anount of liqht eneri ng thç €yêp a.l-t hon<Thu 1-:.ker mîsn

bioloqical ccctrcl systens, pupil såze is n.ot ralate<-l tc ihr

3evel cf luminance in a clear '!inear fashicn {Êl-p¿¡rno 1971)"

The pupi.1 eentracts whether exposed r-ç a l-ioht flasl cr 4

dark flash {Clynes " 1962\ u Acccråing to Êigqs {''! 9"'1) ;,crr:t y

is fairlv línearly r*l-ated to trrJpil -<izç: at. l-ea.s'. ur to e

ðíametÐr of 1mm" Aithouqh --qom3 improvÊmsni occu¡s if :1..*

pupì 1 bacomes l-arge¡e a hiqh eenstani-- value cf acuitv hcl ds

ovêr 2,5 tn 5 ïìf , licgs suqoests the,t sj"nc¡, th.e .ÐÈ-i-cs c.c.



the ÊyÊ are nû¿. perf*er, tlptl-ea3- aberrat, jons

pupil- di ameter, This is the casÊ L:+cause ravs

â Sinql-. sûrlrce æn+etj¡q ihe eye thrcr:gh a oil
no¿- converge rn a si ngle point cn the ¡:*tina 

"

distertíons apÞeara

There are alsc other rnre11 k:losn faets allÐu¿" pupji

Al-parn 119?1i concl-uðes fram a varìet-y of e'riðrrncq

¡rt,har€ are l-inear ¡el.atj..cns a.monq th¡r innerve-t-i cns cf th¡

aeconmcdatåon response, the eye rota'ri orn ar-d au¡i,1

const:l åc+"i-onr! {p, 3Bl¿} " The relati Onsl-'i- p com pri sr,S t-h r:

near-focus respcns€ in +rhieh pupi-L si ze i s :rr d-ucr:d u

aecrmnodat i on incrêases, end acconmo,l at ir¡e vtrî gt,tcr

increase s" as gaze i-s shi-f terl f rom a d ista-nt ch i+c+ Ìc e

near oneq In fact" Al-1pern, T4ason, ãßd Ja::rlir,icc {19511

have f,cund that positive corverqet:ce flìcvË-:m.îhts ca ue,s, a f ,18?

!ïl IR a decreasÇ j-n ptJpil diameter for a each ð,,ÊûrÊr,: +f

movÊ me nt u

A great ileal- of t.he recent interesr- on t,he oup:"1 !:as h:::"

l¡ièh the psychol-ogy of the oupi-11-ary resÞôns.êg Sincç. +.h{.

intraccul-ar muscl-es cont.rolL inq pupil si z* ar+ i::n s,rvaiçd Jrv

the autÕncnic rervous syst€:n, psychol-oqical '¡a r j.ah_]:r,s ne y

have an ef,fect cr pupí1 sizç, Consegue¡:tl-vo th,e punil la¡r¡

re*qpons€ has ï:e.e n ånv+stigateð j-n its relat'i anshin to ten

vÐrbal comnunicaticn {e" Ç, ø H€ss , 19-7Bi Sa-1-1as u 1qi 6î Sanclcl

E Fat he rqil-1" 1977\ , perso¡a1i+,-y {e, o" , Fîad1.,y î Jen i ss'.l' ¡

1976; Glaberscr s 191-7; Zeitner E I'ieiq¡+- t 1979\ e s*x::al

arcusal {aøÇøp OrNei1l 8 Hirton, 1977i Jel:s.s.o 19732

36'
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Gold*rater" 19723 Zuckernan u 19-71) s âir: =,ly {1.u 4, s

9j-nkel-stsin E T¡la1ker.' i976; Kuc e 191-7 i .Taitss =o tg'7'¡1 
u

cÐqn:-{:ian anC mçnta1 ef fort {â" g, " Buckbû1+ u '!9?5: I{1: x I,

Kras*<a-, 19T5]" abnermal behavicr {enquo CorriloìT, 19.78i

Tkuslrj-nra ?' Hatsunaga u 19'75; Pat+-erscn u 1916; \"/çr¿:bl ls rJ

Pattersonø 19?B), attít-udcs {e.e,, Col-ì-i.ns" Ël=.r{cf+h f.

llel-mreich, 196'!; Iiess, 'tr965; Metal-ì s u -1 9?B) " a.r d ::t'¡-r -r-i-
genc€ {€"9" u She,rn f" Beaå',ty, 19-79; Crr:ugho 1971; nr a-r¡l-*: F-,

Nell-isu '19761 
"

&å pha*_ t ïie_ Pgpå 3- lar.s_ eespgg se¿_ aeë* Ê be _ g å Sga I _Sys t e m

It i-s obvious t hat the pupil-l ary r€,sponsâ j-s a n i nt r i cai I

part of the visual. systen" From my ea rl-i.er di sr: rl..cs'i oc o !.i

has al-so been -eugqeste,d thar- al-pha acti vity lras vçfv cl¡s'r

ties Hith the ecul-amotor sïs+,ane Êr/en on a ph'¡sic"!ca j.cai

hasis" Tn spì te of thís" there aro no si-udics +het Lar¡q

directly adriresscd th*msel-ves to a stud y cf t-ha. r,:,latj,o;:-

shi-p between alpha activity an.d the pr:pi1l-arv rqsÐorisâ,

Neverthælessu there arê stuð j-es tha.t have i nd jracr:''l v

i-mplicatcd a r€,Jationshiþ between the t-wo vari at-'1;s, 1.T'

other casÊsø pârall-e ls cen be dra'*n bEtve+n i,hE al pha a.::d

pupillomet-ry literatures which nay have impli-ca.ii,cns €c::

Èheir relationshi p"
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In the earli-*.,r discussicn çf tha naâr-fçcr.:s ir.sFCrg::n i.+

has heen nof-ed thaa. tbe pupil- contra,cts +¡ith coî:vr,rrTrjlcq,¡€

the eTas and acccmmodaf-åon of thc lens e-s tl,* Ga.z?, is

shifted from a distant ohiect. ç,o ã. rrç:ã.T oïtâø -t,i, r.= jr :_'t_gc

sone evidenee f-c sugqest that aloha aei,i vit-v is r€l a.,ad +-ó

the degrec of çve cÐnvetrgencê" iJaScn anC SaCi,. ¡. (1c-1j\

-4es igne d a stud.y tc i nvest-ågate tha cf f +ct t:f iJc ryr'+t rf î v.,

convêrgç¡ce {and accompanyj-ng changæs in a.cc+mnc d atior: ) c:

alpha actåvity undær both eyes*cl-os,ed anC ,Ê vÊs-cp. ¡

conditicns" The results of the ir sruð v i nCica+,s.d :ha+ -hi
âegree of ÊVe con vçrgÊne€ e¡as inversel ¡¡ rçl atc,C +-c alpha

actívity'u¡j-+,-ï, .ejt.her eyçs ÐpÊn or âyâs closedo Fur+'h,¡:mcr?d

they f or:nd that alpha acti-vi-È-v an.C. rTegree of *y.? ccnvç.rqîncÊ

covarj-ed ¡shen their subjacis attçmpte.d to sni-.ar,c,: cr

supÞr€ss theír leve1 of al-pha activity 1n an Ë:yÊs-cl rcrð

feedhack cond 1.ti.cn,

The results ef thcir study a¡e in li-ne uith +h'n ceulonc-

Èar ïrypothesi s as ocul-ometsr activity 1,ras fourd tc be

ínversely relatçd to alpha aetivj-É*yn !'ur'.hÊTrnor*, u r,rb,3n cnii

consi ders the lj.near relatíanship f ound bei-r*e*n corl¡ersr:rcî,

accommodaf-i on, a nd pupillary cr:nstr ict i on lA I p*rr , 1911? an C

t he \'¡c-1,1 es tabLished facf thaf- Þupi,'lla rv ccLst.ri e+.: D\

acconpa:'! j-es acccnmodation_ {Bcrì sho 1

19751 " it s €ms ::easonable to h

aci-ivj"ty nay be sìuril-a:l-y râ1a.t,îd to

BoÈh alpha activity and pupi,l- sì z

Q?îr Þi^nv'ir*- F .orn¿-hI : |'J'-: !

rrnn*hr-ci zc. +l-â; ='l nhr
¡' H! -¿- . !.- 
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ii.ecr*asç t¡j.th pasìtive ctfrvprÇË:n=Ë: movâil,*nts {arl

accompanying changes in accommodation) as th,rÌ *y*,= essu¡trt e

positicn for víesi.nq nêar ot¡ieets, ?he corfcrrrdjrq f=c-cr

in this 1ånç of r*ascning j-s that accrFncCatjcr arrl

convÊrgence ø both of which hav+ besn f outd î-c j-ifl-llÊrc.

a] pha activitVu rnôy be ned iating facto¡:s t-o a ¡ry pi:rri I Le rv-

alpha activity r€ lationsh.ip,

E f € e ct s_ q €-. 3 å 1=ü.s å_!ê +-å-a B

Given the r+e11 known pupillary r*spolse *o 7i.qy'' llh'
1íqht reflexl it is al-sc possj-b1e tc exani ne thosr s*,ilC.:-,i.-c

t¡hi-ch have invçst-iqateð the effect cf varic'ls Ler¡ç'l s of

illuminati.on Õn alpha productj"on and alpla eclt::nl " As j:.as

been note d eatl j-cr Faslceçì tz â.nd Ornç { 1 973) }, e *¿q pcin -,eð

out that a suhiect¡s abiLity to contral alpha prcðuc+icr

may he ¡*stri-etcd t.o those eondit-i-ons which ncrmallv 1'¡:ad

to decrcased levcls of alpha output {e "cI, t an i-11um: t.â+.-Ë

experimenta l- settj-nq) " Cl-€ar1y, thÊv harr€, stressrd ihr

importancç of; -jllumina+,-ion 1*ve1s on alpha pleduc*-icl,

sp ì te of 'LhÌ-s o this va¡i-ahla has only lreæn a,Íd:¡*qsø C h

fes studies {Cram u Kohlenberq E S.i ngel " 19'7'7\ 
"

Brådgewater" ShËrry, and Farezynski 11975) o fci cxann]¡o

investiqated. ilhe relaticnshåp he-,-:seen al pha acti viil- {q".11

Hu ) , auCitorr/ feedhacku and li-qht inpuL r:ndqr coldi+"i ols j r

shåch t hçy cl-aì m.ç ccnvÊrgsllcee ec?omüodaticn E srro¡tl.

pursuit. eye movemerts" and fov+a1 fixations kr!:ìrÈ ,¡lini'iel,':C,

ThÊir sub'iects t¡cre 1iqht.-di f fusirq gogqles ¡,¡hich Ði,.vårJl,i.C

:T

vâ



pait ern vis i c¡ but alLawcõ t-hè * r:{--.la :rce o

intensities cf Liqh+- {1" .3u and 15 fccà.-cen,ilesJ"

th* study was desj-gnerl to investlqa+-e LL+ iî
betr'¡ee¡ auditory f eedback apd l-iqht innut, n:! d

â1" ðid esi.a,blish e conditicn in "r¡hictrr pr:pi1

measuring eye mcv€mênf.s howevero ¿'hÊ possibili"v

occurr€nce cf convergent movements eanno*- ha cct

completel-y e1ì minated" As no?-ed earlier o Fason an d

?"ì+L^

ì ^ ¿.1 ^- ^

^a.1t^+ t.?
9,, F 

-

r*,¡

cf

sidt
d- ¡' 11:

a tl c

..- n

fr å

manipulate,l by liray of varyinq Liclb +- i nt*r,si t y¡ l¡hil-a

aeccm¡acdation a .ccAVi3rgÊnce, snoo*-l-r prrrsuit" çyf inovpm,r.¡ts a.ed

fixations lvsre el-i minated., Sì nce +he v di,1 :'c: rl i-

t;h .'

led

i c':

t197-7\ have ð"emcnstrated that conve'::qant $evenr-i.r *s !¡4;r{

rel-ated to alpha €v*n under eyes-clcsed cc::dlti crs, çhçr,

resr¡lts of Bri-dqerøater et a3. {s study i-¡C.icated the+ : l-,c¡,:

was sígnífiear:t1y mcre alpha acïivit-r¡ wi.th feçdback rn ti:r'

dark than i-n t?.e presence of ei t hç:r 3 c:: 1 5 f co+- car Cl t

luminence' Althouqh the al-pha actì vi.ty was â-1 -cc crEa*-,.t: i-l:

tlrç dark tiran i-n +-he 1 focf-canðle ccndi+-i-ono !* !iâs In+

sign if i cant" Dn t.he basis of, this t-hev cenciudad +_hai

ðíf fuse liqht has a siqnif j.cant al pira b'l ccking p:.rrrl:* \r

riuring alpha contingent auditory feedliack condil:j-c¡s" Thqv

fe1.t however that d-i f fus* liqht bV i.tsal"f {without er:dit,:r:v

feedhack), dír1 nÐt have a -<ignifj"cant supprÊssant eçf¡:c+- â-s

e'here rderÊ no significant di f f erpnc+s bat'dsçn E:ves- clcs,=d

dark, €Y.âs-open dark or €]r€s*opÐn itr1r:mi nateii {3 f no+car,:l:" l}
baseL ines,
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T-,- should ì:e aeted, hÕwêv+r" that iril-i a1- appr": lr,ls:iols

aÏ¡ouÈ- the experi ment u the Tlovê1':y cf ik+ sitrlat:r:r., â*-cn u

have been asf-ansi.vely tencnstrated ta havu* e srlppi2ssanl

ef fect cn alpha durjnq init-ial- base li"ne F,"asurqs (?o Gu u

Cross+nu l'i*ínzu T"aura Il,ii.N.1iums E ÂnC.reyehuks 19'77i Fask-::vt:.*.-2.

& Ornêu 19-73; Plctkín, 19-V6ar 1a?8) " S j-nce B¡j d q,â rÁ'ât?i il,i

41, did not repott" using an adapt-ati"¡n p+rioC L:Ð a11qr¡ia.i¡r

some of, f.-hese factor:su their: initial bas+l,ine-: ÍnÇesr.rrilrs,

partíclarlv the fi.rst {evcs-closertrJ baseli-ne mçasur.i, o',

alpha activity" çcul d be cxpec*-ed to be d*f l_a*ed " *h j s

miqht explain shy they found a tendency fcr alphe *rha_nct_-,*

man'{: uith op*ning the eyes in t-h,a da¡k whil_e ct- hg:rs (r o c o o

Paskelüítz t Crn€" 19?3) !'Lave found t.ï* iêvÊ-:ist? Ê+-F-t:e+ " Th*

conf ou¡ldínq ef fect of the initial eyes*el cse.:d ba.srl- in c,

IEeasurÊ consßqueîtly renders íL irnpcssj-þ1* tc î,ak=. e.

conparison to theit thirð baseline measutrÐu whi-ch i n+rlduc¡,d

ill,uurínation {3 f ootcandl-es} as a variairLe" ïr. addj i: i.i,u

they made no compa¡i-scns to other ill.uminat-ien Lrvcls {Êo o.

15 footcandl-es) . It is al-so rnterest.'nq to nc tr.' '-ha: :.b,

I

ta

amoun+- of alpha tenrled to rleerease across t:ia1s aÊ ..h î

l-evel- of íllumieaf ion i ncreaserl fron 0 f-o 15 f cctc¡nllrs"
Tbey ccncl-uded tha-+, the 4û ni nuÈe f eed i:ack .-rain -i nq n.cricð

did not enhance *-h* abil-ity of their subiects +-c irc:,qas,*

thej.r alpha activit-y ahovp-, baseline pçli orj s,

Tn sunmary thcn i+- renains a pcssibj_1it'¡

díffrrse liqht nay h.av+ a suppressant- æf.f.+.e.,- or

::h¡.r_ r:, Vî I

^F^' 
n: " - !

\r' L \-- l./ - +',i -

.t,,,:.
i' t''"

,.- :. :-*'tr:,"1i .,,:.'



al-pha Êven l,¡her* cth*r oculomr:tor

controlled { wit}r the possj hJc *xeept

Consequæn+-1'y', pupil1ar'¡ ccnstri eti on

sitì: ar ì ncrease in i'ì lrluÌinatì onì rna

effect c¡ alpha activity" thi s of c3

t*nà øit.h the ocul cmof-or hyncthesi-s,

variables

icn of cc:i

rã en^n cì Ê I

Y havr: a s

rrrsÊ r¡culd

ll'

?r= rr¡ h:¿:

rva:rn-1n n: !.)..-!1., ta

^.: ^; -.:

l:ÐDrrassaat

b: ccrs:.s*

Or*nstej-n and ltïcWi11i-ams {19?5} a1*<3 dæsi qn*d â ;ri:uðr¡ rt

assess the effçct af dlfferential liqhti-nq ard ar¡dj.+,-.orv

feeðback on variatåcns j-n al-pha activit-yn Th* subj,r'c's'hrìlâ,

given biof eedback traj.ning fcr si x sessions ei *,- h€l: urd+::

condj.ticns of darkness or di-rn ligh', {f ,5 footca¡,d'lp.}, e..r'l

for a seventh eondi !:i on under *he oppcsit* car-d iticn. Si.ncri

the grcup àrainerJ r:nder ,1im l-iqht conrJì tions n?vâ'lî rxcer.;.1*d

t.hcir ey'?s-closeð. bascline ¿'l pta tr-eve1u thç,: y co¡c1uðeð thar

dim l-iqht has a suppressant effect on alpha p::cdr¡cticr." -f,..

resul-t " of collrsÊu is ccnsiste nt rli th *h e tcr-r1crnelor:

hypothesìs, O:1 the other hand* hoH*ver, rÌ:.ey fould lo sr:cl:

ef f ect rr¡hen the grcup traì nerl und*r six sess iols af Carknîss

øas exposed ta a seventh session of dirn l.ish*, It is
interesting f-o note that the sub-lects i.n +lis 1a.*-.*r

conditicn had afread.y been traina.d to naintain ccrsjs--iltl..1

hiqh 'l evel-s ef al-nba productioa" Censeouently, Clqrsi'=ir

and $cFiLl j,ams suqgest that the suppr*ssatt, e f f cc* cf 1j. qhi

nay !:.avc hecn nåni.mì zed because of f-heir nrîvi or.ls trai_nina

and- exparience jn hiqh al-pha prodaeti-cn,



tl?

Crame Kohl-çnb€,rg, and Sì rqer {19-'17) simil arly ,7r.si.qr,,r:d

st.udv tc test the effçct of i1-l-umi-na'ti cn l-;1¡-=,1s es '.,.'i¡l l e

Èhe positíon of, thc eyel-ids {op*n vÊrsus closæC } cn *ho

sub'Íectøs ability *.r3 l"earn È-o control his alpha prÕducíicn"

lìssÐntial-l-y " t be studv was an Ex'!:e::-cicn cf Þa skr v¡i,+ z aa d

OrneBs f19?3) study ¡shich elearly indicatçri *hr,i-mpo¡ï?rcË

of j.X-lunånati-on in a sTrbiects abilj_t-y to e,nhancr elpha

pÐoduction" Tn a 3x2 factorial designs Ctram êi: a'1 . ma.¡i pn-

lated three level-s cf åll-uminati.on {darko ñ 'l cs fcotlan*
berts; ambíentu C,4 tr-oq foctlanherts; and bricþt û"1 1eo

f ootlanherÈs) ¡sith t+¡o Level-s of r.yç1id posi f,j-crr {Ðf :.rn e;: r'1

closed? " Consistent vrith Paskerøi-tz anrl orn+es se:udv" -h1,

ræsults of t-h€ir study j.ndicated that t"b,ere r¡r{::{: nc

siqnificant. aloha cantrol effects for the dark condi+rln"

Onl-v unöer the LÍqht eondì f,ions and qspeci al l!-v : n ihq

arnbåent liqht ccnd ì ti-on rders there siqnif icani alpha ccntlol
effeets, T?rey ccncluded that ambìænà liqhti:r{T ccnhjnç:ã ç.+-L

Êyes-open trai.ninq 'is the opt-ima1 ccndition fer attaj-nj-¡q

alpha coqtrol" ,ålthouqh Crarn et el, i-n',4.icate. rhe-. scmä

r*searchers have hypothesi zed ïhat eyes*ope I ¿rr?i r j:-no

r=sul-ts from disj-nhibi tion anC that in.creasinq' l-sv:l.s cç

il-l-umi.nation çro¡r3-,3 incrçase inhibition a n,å +"h us sacili t:.,te
t,raininqu the result.s of thcir study dc nct in4ica+-r.such e

'l inear relatÍonshì p, Thêy sugsest thai briqh+- j-1.?.lmi.ra ti on

mat ?rave made it suffåciently uncomforiabl 3 fei +-h*i:

sub'jects to use anvirc¡imçnta1 stimul-i t:o inh:hil a\n\e

produc tí on.

e
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Al-thou<¡h thç,re a,re many int-,:restinq rssul+,-s i:r CreF 
'-.¿

a1* es sturiy u +-he conf ounrlinq of m.env ocrrlenotcï: rr:f ct j-cis

lÐø Ço " f ixa+-ícnu couvr:rqeneÊe eLc" ) make :t i-mocssi hlo :n
separate out the erfects cf il.lun: ¡a t_ion or pr:n:,1_l ar:y

changes cn a1pha" proðucÈion. It is c'l çar tha+- the î-,i.sur +.,9

a:e consi-ster,t çrith tbe oculomotor hypcthesi s" Fcr ç--yar¡..p] e

eyes*e3-cser1 measures of alpha al-¡rays *xcerd:d çvñ,s*cÐsr

mÐasulesa Þêrtícu1a11 y wh+n Ëyes*open mea,sìJr+s rÃtr)Tr:. t._¡,krr

under ambient Ðr briqht il-]-umÍnatíon, ï t is a'r sc i.ntnr.si--

ing to note that the sub-lects i-n the hriqht liqtit srcrln ha d

a particul-arly diff,icult tåme aTt-emptinq +.c :rhihi t. at.nha

production" Perhaps th.is is beeaus* alpha sLrrrpiÊssi er- has e

fl-oor effect which was already reached vja bricrh'j: liqi:",
stinulaij-on and pupj-11ary const-ricti cn movçnçnt"s, G:.vrirl

that the tra.inånq ef fect l¡as d*te¡ni_ned h'y ,li. f {¡¡e,n cûs

be+-w€en alpha-on and alpha-off periodso iì*- 'oroul .â a pÐear I jra.

thE b:iqht liqht groupss d'{-ffieulty in further suFn::assj-r:<r

alpha is responsihlc for thej-r poor tra j ninq pa::f n¡m ?.r,C4: o

ft is also i"ntetestino to ro+,e that th,e usuall-y la::qn arid

rpJ-atível-y guået pupils of normal, aleri- su h -Ìcct,ç j-r

cotnplete ðarkne*<s tend to becone sna l_ler and ilciâ: ac*i.vi

t¿åth increasing Liqht {T.ouenstein t Loewenfeid 10Á. ,.',1
It-,"¡._Ia

{Prr¡-"11.a.rvf heref oreu t he j-ncreasinc pr:rpi1_lary ac ti v:t r/

uûresÈ? miqlìt hava had an inhi bitcry *f f+ct cr a1pþa

productionu The ceul,omotor ac*-'i vation È-heoi'r/ i+cul-rl prai j.c+-

that such incrcasing ,cculenctor acti-vi.tv soul-d s,r,rr/l. t_c

bloc3< a l- pha ,



rp two othâr stu,Ji-as desiq'ned to irvE s{:ì rTa l= thir ,Ìf f r.ct

af level- of j-11rrnrinat.i cn on ocei pital a-'l.pþ.a F:ll:arctlj"i+-,

Kondû, lrarri su Knotts end Bean t1.9-V6,1979\ *,_ock i:as:.1 i.r:,

mêasur€s of al-phe actir¡ity undçr a liqbt ccn,,j.i ticr {1i.7
f ootcanrS3-e s) anrl a rlark condit ion {c'" 0I fectca::cl-rs1

un f ortun a+.*3-y " t1''.e sub'lect s I eyÞ s wrer* cl osr,d un dç,:r' i¡c*,

con ditåons l¡}lich souLd. ci ceursÊ mi_ni nlze anv *f fe:+, ç

rroteworthy in the present context i_s th+ r+laiionsl:i
between vaiying 1evels of í11umine,t'ion an.i thc annl_i+¡ld{.. o

l:

€

liqht" As Êxpecteå" they founã r:o sj.gnificalt srlpÞlr,s.çani

effect of 1åqb.t cî t-heir eyçs-c1cseC" traselinæ nee.surr,s" \'
is notalrleu horae.v€r, thaÈ ít did aoproach siqn'i f lcance i p

As has been nctêd rarlieru tippcl d ( 197û) arrl h1 s

coll eagues flippolrl E IIovotny" 197û; Enncv{ìr, Ii¡pold t
llovotnyu 1 9711 have hypo+-hesizeC i:hai: alnha is a f unct.ion cf
the tremor of thæ extraccul-ar m¡:s31e*q modu'! aà-i¡rl ih¡
cornec-retina1 pct-ential via somÈ kì nd cf conductarcq,

chaags. ttorçoverp they fcund thaÈ- by varyi¡:tr t-h¡ level- cf

illumínat,ion È-o tha eYeo they coul-d vaty tlr.e corn,FÐ:l:eti:a l

potent.åa1 and hence the alpþ"a rhvthm ampl_iiud,ä,u Sj,m:1a:1y,

Leisman {19'7tl } f ounrä a siqnif j-cant ccrrel ai: j.c:: f C,, 92)

bçt. ween alpha anp1.i turle m€asurçs ard. i-ha corrso-ralr:a l

potenti.al" Aqa-inu he found the ampl-r'tnde rf .,he e,lcctuÐ-î-

culoqram vari erl with th* l-evel of i l_lumina ti.cl. -i,lh a t i

Ï)

f
r.tbe alpha rhythm" Lå.ppcl-d {197f} hnro'C1râr- sriî lbei å]l



tL6

resr.tS-ts coüld not ba expl-ained is terms ef *hc, r:f€rcl ç€

iJ-1umi natì on Dn ret-i na1 or cortåca1 furrctir:r ï:€cei;s¡. thr

çoTneo-reïina1 pc+-çnti-el- va ried. A c1oçe e xami na f : lr 3€

T,eismana s {19-741 grephs" hoi*ever" iave a1 a g::nêra l_ *€-r.ô,*!'.cj,.l

for aLpha ampl-itude +,a i.ncrease over t-h+ ,1uraJ--i c:r of :hr.

dark ccnditian anrl t.a decrease over the periad cf ill umj-ra:

ticn" A.l-+-hottghr lippeld ? s qraÌrh is not a*-q eons:.s*,ç nt. j n *-h: E

trcn'1 as T"Ðisma¡? s graph u il is dif ficu'! +, tn il.er tr::,:mjn.. +hr

source of the díscrepancya l¡*j.n-har invest j_gatc¡ :r.ì:cr+ ¿C

f-he intensity of i-11umj-nationu tippol.d diri nct reÐcr* cr.-l:q

number of subr jects usçd, and lei sman did nci :-*polf- 1f aipha,

aÊcorrlinqs ser€ tak*n '*ith Êve*q c'! e*<ed (a. s ir. T.r FÞc1 ê q s

Stndy9 or lqi''-h €Ves op,âno Ta spi+-e of f-hi su +,hÊ r¡ossihl-_i-l-i-

Þ-V remains that a relationshj.p betuee:l .l-cvel- cf il-l-umj.nat.iay..

a:Ìd alpha çxlsis,

îhe resul-ts cf ath*r *etudies +,-hat |'ave ,int-rc drrcei l rcht

as a varia,bl-e are evÊn more incenclusive o Lçbf-eren and

liqh: fla,.l.î ciIÐht-in4n { 19721 assessed *he effect cf
occì pital a1-pha activi ty and founC alpl:a to be alrunda"::t ,¿:vç'î

when thæ sub j:ct wa.s ccunti ng f l-eshEs ¡øi+-h ?y-¿: s*cÞÊr j r
fro¡t a unì forn vi-sua1 f içlr1" since thç sub'iect å s Çy€:s !¡.¡:trì

dil-ated ¡øith tv¡c rnydria+,,ic drcps, howt-:vÊr, it is impnssj Ìr.ì ¡

ic assess any effect of pupil-1ary chanqes on a-] oha actj.vi-,¡¡"

On the o+-her hand it is i.n.-leresàing t-ç not,e the i iha 1iq!_,,

flashes rlid !ot sÊrve to hlock alrrha ç¡h*n prlpll-1arv chanqes

eâre e1i-minatc'l-" Similarl-V class t19'77\ ass,îss*d -t-h.ç: ?ff,.,c'
of liqht fl-ash*s {p}rotic sti-mulationì oL aLpi:a acij-'¡iry j.



tJ-l

Èhree sub j+ct s vþ.o had conqeniå-a1 def j.ci ---q tha'- a I I oi+i:ð or'l v

diffuse f.iqht. pcrcentica thrcr:gh cne Ðy.:-s -'r.ts :c.s¡-:r1:.s 1Ê,

his study cl-earlv indicatad that r.h* a"1 pha ¡¡r¡t.ln r,",'?s :,o+

blockcd by photic s+,it¡ul,ation to the dæpriv*d Êvâ alt!:cuqir

år- øas effec-È-ive1v hl-ocked vi¿- sti-mulatio¿ 'f"o rhe r,cc,ã *,1çu

Sinc+ his subiect-s had hean deprived of vi.sj.on ii-r *-hq,

rlefçctive eye sincæ bi-rth, hE suqqestecl that- thÊ dqprlr¡aticr

has prebably rçsulted in peEnlnent alteraaticn xf the

prinarv vi-sua1 pathtrays and. the.ir connçctìons ui+h lhç

nervons systen, Again" QTl the basis of thi.s siu4v i_i is

impossible to assess tlze eff ect 6r l iqbt and pupi 1l arv

chä.nqe ôn alpha actj-vitv, ïn anoths= sturl y Ce vôr:i_u.s i:.,i

Estçvçz*{tsanga {197ql report that. they r¡ari_rñ :,1 lrrnina.ii.on

1eve1s over bl-ank and patte¡ned fiel.rls a nd f cu:r,4 nc

di-f farenca cn at-pha suppressi 9p, IL shculd he i.ôt,.:d ,

houæve¡, that t-hÊy only varierl il lumi na+.ier, f ioni ihc pcìt*,

that tbe pattern was f i rst cl-ear1y vis'i l:1æ tc th+ l.j ni t..s of

their proieetor" they did not repo¡t acrrra-l liqht _l-evris

ç;t?o

In conelusion u ',hÊ existen ce of e :e1a.,, j c:Ìs1- i p h?i',¡i.i

Þupi11ary changçs anrl al-pha aetivity remain.s a r>assjh:7,].ty,

Âccor'ling to +-he oeulomotor theerye rne r+orll d *yn,¡cf

oculomotor ac+.ivity cf any so¡t t,o hl-cck al nha ¿çr:i s j,ty 
o

Âl-so on.ë wou ld pre dict tha t thrs b I cc kirr¡ rt sÞot Fr: rc r:-Ì i

hal-¡ituate vitb ccntinued crxposrir:F-. 3r rÊp*ai*d ËxÐcSìJrf::ia ln

lhe hasis of the evid*nc* preselt=çd ea rl i': ru : t s:t,!,rn s



lr Õ

r€asÕnable t.hat a1-pha sÐpprâssjon w11.1 oceur r,¡j_tb pun:1.1a:r¡

changes eíthe¡ ån +he di-rectien cf ccnsi-ricii cn oî diia o,i.r,o

The evidence pre=+enf-rd assocj-ati ng al_pha hlcck:lg a.rf,

pBpilla¡y conslrjctian as j-n tb,q aear-fceus resporsâ. {iasct
t, Sadl-*r u 1977) , anrl thç evi-r1çnce associ at.r r,q al-r¡ha

suppress'ion anð prrpi f '! ¿¡y constricti-on as in r:h.¿ li.rTh:-

rçsponse {e,e,, Briåqer'ra*,er et âXn 1975; Crap. €r- a-1" u i91-71

woul-d supr¡ort the contentior thaL alpha süppîass j-cr: occrris

with pupållary constri ctionu Th+rp ara othqr .'l-i nr,s of

researeb" howeve:?:, that suclgesl a pcsÊib1e lq.l-aijcäshi-p

bet,Idæen pupii-1.a¡y tiilati-on a¡d al-pha suÞprÊssi ono

çsgeåg¿ôs_ a.nQ_ Hen têLEgJ:oEÈ

There has be+n considerabl-e researeh invesii-qat'i¡,c¡ +,h¡-

rolÐ of ¿'l pha aetåvi+-y in f-a-ck pärformenc* {for a :':'v:'¡',r,

seÊ l,ar,rrence Ð Jclzasonu 19??) a $os: of this rÊ:s? a:cY o

boweveru tras add¡esserl itself to the issue of c.;fficacv of

task perfornanc€ i.n rçlationship t-o çnhancsd alpla ac+-j vj t y

{Bauer" 1976; Beatty, 1973i Brìdqeso Fallinqs E Fhra, 19162

Green, Green â Fa'lÈers"'19?Ð; Hawkinsu 1976; Herd, I.rrb1i.,"

Tracyu Jesman E Johnscno 1976; HÕrd, Trecy, T,uhi r Ê Jclns+Ìl /

1975: Jackson, 197'7; Nr¡l+l-i.s I Kamiya-" 19?fi FÈqe,,,si::i.r".o tìuck

land 8 P€grane 1973; Su¡vj.1l"a, 1963a 1963b" 19640 196ei \1,-2.,

197 q; Idcodruf f u X 9?5) u Althouqh tire rÊ,sü"! ts cf stich s:: ud ic s

are scmewha.t at var-i.ancÊu T,awrâncÇ. an4 Jch::scn tj977\

concludc that alpha enhancem*nt has nôr be+r demo¡-s*:atÊ, d ic
aid task performanc*Ð fn factu they einphaÍizu that alnba



acti vì ty is ì nccnpati-hl-e irith tas?<s re.guiri nq ãn1'

of, æff or+" {Orne " Ivansu Þiilson t Paskew j-t zu 19"5) 
"

üq

;t.*^. ^-

ås has been no+-Ërl earl-ier" it is a brË:l-l--krt'¿r; f ild irrcr

t,hat desyncl'rronizatj-o¡ of alpha act.ivif y is assc cia'r-q.ð i,¡1r-l

mental- effort fê"Ç"d Cobbe 1963; DÊwan, 1975; tridlanu 1gT9;

$undv-Cas{:le" 1957; Orne et aL" , 1975; Pol l-r:n f- rrach:rr*

TlÐrg, 19-72bi Wertheim, 197iJ.). Drnç et a1u {1q7-.1 ço:

exanpl-eu while j.::vestiq'ati-nq the abilitv cç, srJbj4,c*,s ic

naíntaín hiqh f-evel-s of alpha activit'¡ ðrrrì ng .oo¡ir-jrr*,

tasks" found 1.Í"ttl e decrement j-n e.1pha v¡hilo, couriino
back¡¿ards Lly 1" ccunting hackwards hv 7 hcwevr¡ siqnifi-
cant 1v bloclced al pha a ctivit y" Thay conc-] rt j." d rh?' :h ^

conplexì Tv of the tasko the sub jecÈ-4 s abi_lit¡¡ ..c Fl¡f c:m :,hn

task " and. the amcunt, of pf,f¿:rt recuired tc perf elm :hç:

tas,k, werç all relatcd to the deqree of a1p!:a b-reckriLic.

Simì la¡1y" Pollen and Tracbt-enberq {19??b) f ounÈ t hai men'.al

a¡:ithmet j-c wo'¿1d "siqnif icantly block a1¡h a ac+-i¡¡i*v Êvírn

síth evÊs closed br¡t cnlv if it Exceadad cop.oli¡x'ij:v

rasponses avsj-]-ab1e fram rote memorye tr'then subjccts !rlÌt+:r

asked ta aal-cul-ate seri.al- po'wer-s of t4o thç alpLa jr{-ríila.in'td

pr€sent as lonq as he eould dc so *asily {e" g" o 4

128, 256ï hut bl-ccked and remained bl-ecke'1 as t.

attempted hì.qT:er progress'ï c?s. Sini.1ar1y,

back¡aards fronr 1û0 by 6as or ??s eff+ctive.l"y illock*C aLp!:a

actåvity throughorrt the task, ålpha migh**::çeppÊer-¡l.si as

or after f-he respÇnses ?Jqre made, Tn spatìal- vjsual-j.za,+!er,

1ç Llt
I I '* !

hç suhi+c!ç.

¿-nrtn; j n n

tasks {.?,Ç, € ec$tplicated arrto routas) o alpha r+as foui:d tc



q'

inítial-1V bl-ock" È-hen foll-cs¡ a grãdrral- vet incclnplrt,: rãrrll.:l

Èolrard,' restinq 1eve1s, Ðurirq blirc.f ol d el:+:ss 'r'ho ar n}:a

rhythn becemes blcck*il during f-ho-ee paric,ls 'u,,1ç.i lh,l

snbi¡tcts cl-ai.med t hey reguì red t-h.e grÊa t-est n*,nt.al. a f f c¡+- 
"

?he resuLt-s of- several o*,her inves-.igati.ons lRakc. t F.

5'ranken" 196'7; Chartr:ck u Glassman, poôn E l{arsho 196'? i

Ðoyl-e, Ornsteå¡ â GaLi-n, 197tJ; Ðumas t, Nerøar u 197 5; tLt T;-.:,,

19-15; Gale, Chrj-stie E Peafol-du 19712 Gale , Sprã-t+, u Clris.li¡.

8 Sna11bâne, 19-75; Gl-ass S Butl-er,- 1,977; l!cK*,eu Humnhrç,y r.

i4cådam " 1973; ¡{eyÊre 1971i Harqcn" llcDcnald. nr Hil qarrl , '14?[;

Paskewitz t CtnÇ e 197 1\ ar€ con-qi sè,Ê!ii- r'¡j-th tÏ¡os+ Ð::qs?¡.:1ì; d,

above and suggêst that tasks ¡çquírì ng qreater: R¡::iìta1 ef f¡:z

sÊrvÊ to bl-ock al.pha ae+-ivity, whil-* those ::.+quj-::i i:g f j. {-,'--t--,

ef fort C.o not såqnif icantly bl-oek a3-ptra acti vity" Tr r-eei,

al pha hloeking cn cagniti ve tasks i-s such a corisi.sl :,¡:-

phencmencn +-hat :.t ås j.ncrea.sinqly used as an i nd+¡r:,¡la¡:¡ r

varåabLe to nêasurê henisph+ri-c actívatio¡ acrÕss ¿ 1ai-flr

variety of tasks {F-mochaev E Sal-amy o 197g i Ce.ci_aBpÕ¿ Rcv:}' ,

Snyder, Nolan & Snparak, 1979; Chaitccku GlassFana pocr t,

t4arsh, 1975 i Ðavidson E Marshak n 19-77; Davi dson o schva::tz o

Saro* fr Col-êrltann, 1 978; Ða r¡i dson o ?ay1_or ll s6 :cn o 1 c7B i

Ðavidscn" ?ay1or, Saron î, Stengar " 1979; Ðavi dsc¡ u iàl'l r: o

Saron E Snyder o 1979; Ðoy1eu Ornst ei n & Gal j-n" 191!+: purìa.s f,

fforqan" 1975; p¡¡1 j chman ð }]einer, 19'19 o 19BA i F r::st , 1a16;

Gal-in, Johnson E HarrÕnu 19?8; Ëevlns e ?,?!'.-l in" tinq,r_i:q 
"

Ðoyl-eu Ðedanu Schaf.fer" lcunasset E yeaqeru ,19i9; C",/1:s o



2e!*-Lír." Doylç, Schaffer Ð Gal-l-aÞrey? 1979; cLa.ss Ê Futli:

19-77 3 Goednan, 19-78; GcoCman, Baatiy f, ìyu1l"ctl a_rd o 'Ìgg

Grabow, Aronson, Gr*€nÊ t Offor-1 , 197 ra; Gru:¡al_C*'"u1:r:bj_',

Grunwa1d, Fasche Ê Netzu 1978; Hi.rshkow:tz, l1:1t, Ê Da1-

1978; l{axi¿el-l-, Fenwicko Fen*-nn e Doll-ímor€ s 1alui tiulþi:

l-and, 1979; Pf urischal1er f- Aranì baru 1978; pfui*,sclt 1l+

1{a esch I Schuyo 1977i Ornsteino H€rrcn, Johrstor:,

Sweneicnisn 1979; Febertu 1976-7'7; Bebert t T.cr¡ , 1918; S'hai,'u

1978; llojo , 19781 Trotman f" Iiamnonil , 1979\ , licrl=.f vi:lî u â-s

noted be fore several investåqators have f orrnd e v:-r'lË;äc? of

co1lcucrent oculemctor actj-vj.ty in assr:ci"at i"cn v¡i1ì: sLrel

t-asks regüiring mental effort {Ê n gu n AnC-rÊ:.3ssi u 19"3 ;

-ê.ntrobusu Antrohus Ð Singer, "1964; LorÊns u Chastc:^ E Darf ôwe

1962; l-udl-am o i 979; H*yer " 197'7\ 
"

The pupillometry literat.rrre a Lso prorrì des an ahundancr. lf

snpport fcr a consistenT relat-ionsh.ip J:et.$een or:nj I *jzi errr,l

mental- effort {for revj-eqs se€ Beaþ*+-'{ e 19'7'7h; HÊss, r 965u

1972' 1973; Janissâ, 19771 and futhp"r evidanc'Ð f.i'coiicltl:-

¡en*, oculcmotor actívity in assoei at,ion '*riÈh tasks re¡rui:tr,q

Ë, 1

:,

Yç

t*
r

L

mental effort-

One ef the

effort nas

prasen*-eri the

6r i-ncrçasing

!{as Ðre.sented

maxi mum ir¡st

report, there

earliest studies relatinû pupil size anê n:-i:a1

undcrtaken hy Hess a nd Polt { 19611} o rhr- v

i r sub-lects ui th f our mul-È ipl j ca.'-i ol: pio h1 c,n s

diffículty and found tT:.at afàer ¿:ech prcble.r

pt¡pi1 ðianeter s: cui y i ¡.craa scd o rcac]:i iq 1: c

hef cre solutia:'." Fc'l1o'¿'inq srlutici 
=.n4

Has a return to Ìrasel-ine" Pupil si z- r,rõ.s also



found to increase as a fur:cåicn of prchlen

pr*eessing l-oad* Thë a.v+rag€ rlil-alj.cn :anqtd

íacr.ease for Lhe simpl-est prcbl-em te a 21.6Y-

{K ah::eman E Bea+,,1y, 1966} ånvesl:i gated

r-luring a short-term memory digì t-span task"

ì ..'

\.1 cT

fl âci

.icr

-¿ - ^

dif

fr:

l- Ìl

f:culf

ra¿1

L L G;]. T-

the mo-<t diff i-cu-1,+," ?heir ccneJ"usi cr "'da s *,kar. nuni:'

coul-d be used as a dir*cf- neasurs of nsnta] act,j-vi+-yo

Since thÍs study appearedu there has b*p.n a qraat rlc"al cf
resee.r ch which bras add.ressed it-sel-f to tbe a sscci_a t:cr of
pupil size ch.a:rges and cagnit-ive aci.ivi.ty, Sûme of lþe EO;-¿.

organized rçsearch- has been und,tr-r-aken bv r_he Kah:r.r¡rar

group anC t.he Pa j-vio anð -qi-mÐson group {Ja¡:ssc o tc-77\ 
e

althouqh considerable a mûunt of i ndepænden-t res çarch has

providsd supporÈ fcr thçå¡ results"

The first study undertaken by T hâ Kahrr flar crcu.Ð

pupi-1ia:v cl âro'=

-h+, rc.su_Lts ei

this str¡dy Índåcateð that pupil- si ze inc¡€,asc.:d 'ø:!th t?:'r

presentation of each di-qit" reaehinq maxi mal sizc aft=r a1-'l

the diqits are presented {load*d) u Sì rnil-arlyy punj.l s j-z'.

d.ecreased as the sub ject reneated each d igit,u l¿ac'ni_nq

baseline level- af*-er aLl the ciiq'i-ts wÊfe rÊprated funioa..d*

êdï , In addi-ti-cn the amount of åi-laïion 1r¡ô-s fcui: C tc b* a.

direct funct j-on cf task dåf f i.culty {th* nuinbe.r cf ði cits :: n

the strinqï" The greaÈe*<t rlilat.j,on gras fcund rnr :h+

l-arqesÈ strinqs. The use ef norê difficult- Ciqi+*tîan.sflr*
mation and vcrd-rccall- tasks provì ded additiola I ç r¡: C,¡,îcl

that ihe dêqree of pupil-1ary ôílai-ion was i+_!a,-¿i t¡ &.ask

difficultv,



The sÊríçs cf str3flles that, foti-ca;ed {Beat+y E, Kahr ^ t?r_o

196'6; Kahneman I Bea+-ty a 196"'l ; Kahn*m3-n, B€e'.+ r/ t, i .' 'rn o

1966; Kahneman, Beatty t Pol"laeku 1967i KaLtenal^ o truska t
l'lilman, trE6B; Kahnenan E Fear¡lera 1969; Kahnc'nai:, P+êr¡'J+-' r-,

Onuskao 196BIu 1cd Kahnenan {,49731 to ccncl-udr, t.haè Ðr:oi-l_

dilatian is a sensitive autenomic i.ndica:c: cf nq,rr+al

effort, He cautì 6na6 however thal tha çç.f*ets cf misc+l la*

naous varåables {+"q, u stress, anxiety, ¿¡i ve sta't--s) nav

conf ound the re'l nti onship between menta.l s, f f ort and

pupå11ary acti vì ty, CorìsequÊntlyo he aãv+ce-'-t:d ',h€

inporÈanee of ccntrc-]1ing -ouch variablEs in r:si rs Å:h:¡:

pupil-l-a¡V Eespon sç 1o qarrgrâ m*ntal ef f ort u

The s*riÐs cf, studies by Paivlo an.d Simr;so¡ and + bäii
colleagues {Faåvio å simpson ø 1966, -f 968; sj-mpsÐr u 1-a69;

Simpscn E Clìmanu 1971; Simpsoa f, Ttai-ao 1969; Sirpsoi, Ê

molLoy " '19"71; Simpson 8 Paiviou 1966, 1q6g'| s{ mil.a:l'¡
provided evidenc'; that pupil siza is an eccu¡at'.,ml,esurâ çf
the díf f icultv cf a cognitive i-ask" In his re,vi e',.', ua i ¡¡i-c

{19731! poj-nteð. qruf,- that pupíl- dilatj-on is not- cnL y asscci at-

ed rqi.th coqnitíve activi ty but- also evaluer-j-¡n a.nelelensi cn o

musele tensicon " ald d*cisienal groces-<F-:s o

The r*su1* s cf cther research undertake¡ h'-f

investiqators provide additional evjCa¿ce for
re laticnship bætseen pupil síze and eogn j-t-i-ve act

example" Schaef er, gârguson, K1,e j-n" and Bawso:ì { 1

that pupilj-aro¡ di3.atj"ans agle etÊâå-Êt for mo:e

j.nd+panð.lar

th.,.*: e l. ls,'

: V---".Vc ''11

o68ì na'q.d

d if f i c';1, r.
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tasks acrÐss diqit sÐan, mu'l f ipLicationo and scid 4c't:,ni!ier

È.ask.s, I1shtai n and Schaefær {196e} f cunð a p*s:t:_v,l ì j n,ä,a:

relationship bet+reen .processinq requj.r+mar+s cf e vrr-1,-a1.,

recal¡- task and pupitrlary di'! atåon" Daj_y {19661 lounð nr:ln:1

siz* tc be l-arge: during prohlem sc1 ving th an ctr i re l

condition*s" Payned perryp a¡.d Harasyniw {1968} i.r e -.*: i-*s

of. nul-*-ípl-icat'icn proble!ìs'" f cund ði1a.+, j-cn :,lclsiase i

l-inearly sith di-ffieulty" l4oreovero thæ 1j st cf sruåirs

that suppcrt the consi stent rel-ationship !rer- He?rì n'lf,i I I a::'/

ri.iameter and mçnta1 ef f ort {task diff icu-'r tyo nÊnory 1,cai u

accuracy of r*spcnseu bnair: activationo ilco) goas rr

{,?. Ç, " -1-harn, 1978i Äh+rn €, Beatty, '1.979; grTrblr:o Fis:caic fì

Proet-or" 1976; Beatty f, Wagoner " 19"7-? o 19-78; Brad-rhawu 1961 o

1968ar'l96Bb" 196Bcu 1969au 1969b; Co3-man f. paiviÐu 19-12;

Coult-er u 19-78; Englê" 1975; Janåsse S HcTn*,yrau 1o'7\; I.i-d;ky

E Anderson o 19'7Xq PÊavl€r s 1974; Poock u 191-a; pcock f r\o,î1

i9i5; Shiqa f, Ohkubo" 1978; StannÊr-qe Headl-y å Cl a:ku 1a"72

ïanOl-st E Kortenarr" 1917; f{right E Kahneman " 19? 1 ) ,

Tn conclusi oÐ u a great d*aL of rÊsêa¡ch h as nro'ri i,i,l

consåstent ev ì d€nce-: that pupillary C il-a i-i on i-s a rc.l,iâhr e

index of nent-a1 effort, Tt is alsc a well-kncwr fir4inq
tha+' desynchronization of alpha acti vity is assncie+r:â r,r:,+1,.

mental effort, Tn both case*-., the maqnj_tudç cf rhe r4:spclns.¡-

appears tc be a funct,ion of th.e arnount cf cocrn-j_tivp cffr:n,
requi"red. r-c p+rfoln the task, Tn vi-e¡¿ of r- hl:, cculano-,ol

I

actåvatåcn thçoryu Ít ç¡cuLd be expcct*å t-hat d*svlcl:irli za"-
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ticn of accipital alp]:a wculd ba associ at:i. will irc:*asrñ

ocul-ometor aetivity; in thi s cas? possi hly cta n<:.{ s 1r. puni l

siz+" Sì mål-arly j-t woulð br; expaeL+d Lhat the ma-gn::-u,ir cf

tlre blccking rÊsFons€ woulð be a funetiol of ihc Facri+û4r,

tî. the pupi-l-1ary ði l-ation rãspcns?o Thercfo:r o Ci. tl-i l:a.: j.s

cf thç ocul-orootcr hypothesis it coul-d bç surrqr,st'.'C :har-

pupíl]-ary movçment,s {dí1ati.on} in tasks r*quirinq ir;r:a.'t

ef -f or?- may serv*-: a,s the cculcnotoî acti r¡i tv ¡¡,'b i.ch re sr:lt,s i n

alpha r1çsynchronizati on"

&å ph a.* Fsgå å_ Såze_ ar"r d_ gt bes* p bgsipåe g1 ge!_ [n d!ca n g s

Tn a reviars of *.hs l- ite¡at-!.lrê ass ociatinq pupj 1 s; zr' .uJ:rî L

other'physioloqi.cal indícantsu Janisse {19'77) not,¡s i}:a: ih,..

Ëew studi.es that have been r:ndertaken lzav* nÕt a,l,årcs¡Eð

thamsel-ves to the interrela*-+d:r+ss of vaii.ous ä,aîrSilils:

Bathero t-he re**ults havç be+n repcrted in m{:rÊ of a ÐeÌra1t*]

posj-ticn" Gir¡en tha'" pupil-l-ary charrgas rÊfl"r?ct eharcle*. j ¡:

autonamic acti-våtyu Jânisse {4,97'l\ nolçd r-ha-t c¡q r+cr:1ñ

expâct- the pupillary r€sponse to b* rel aterJ to vari rr:ts cth*r
indåcants of au+-onomic activity" Tlis expr:tcj:aiícn has nct

been borne out in thç litera tures a ramlnì nq +he lal-at j cnsh:-n

be+"$een pupil- size and elect-¡od.*imal- r*spûtìsc {t3cl 1 , 1973 :

Bond u James Ê lad,ar u 197 4; C1ark" 1475; Co1ena¡:. fl ta j v:l o

1969; Coulter, '1978; Kahnema¡u Tu¡skyu Sh api,::c 1, C¡:.1çr,

1969; HcfllvaÍ,n" 19'7t; Scottu ìilel^1s, !{ood Ê l{crse:le 19[:7] o

electromtogre phic meesures {tlcr:lteru'1 973 ; Sr' nrpscl f- C1' r,..n o
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1971; Siapson 8 llale u 1969) " rpsr¡'! re+:.cn llc'¡+lts:.¡j r, f,

T.DÊw€nteLd, 196?? ; *voke,J pc+6ntial {Eee.t',y u lxtaci; Rccko

1976; BÐnd et- aL., 197 4; llustr:arr & Bsck u 196\; Fl:j.dftî.:,

Ha3(erem, Sutton 6 Fl-*j-ss, 1973; Hakeram, 197rt1 " h,¡,a.1: ra-r';

{Bernick" K1inq â Borowitz , a,9i 1i Bei-1, '1973 í Bcnd r¡- ?7.o ,

197t4; Coult,er" 1978; Kah:tÊman et eL,Ð 1969; Kue S..,-eÌliss,t:

19762 I-ibby* Lac€y {, lacr.=y ø 19732 T,ahr, L.j- t-+.1_ç f, .r¡i4pd1¡ 
u

X9"7 6\ u blood pr€ssltrâ {Bel,l- , 19'13) p an d EEG lBcnd 6.;- ?.j., ,

197A; ¡,luller-Jensen Ê Haqenah, 1978ì, ê_s Jarf ssc Þas lo:-_-d o

tha mosi: consi.stçrnt fi.ndinq j-s a nsrTati'¡¡e rc'lai.jcnsl_":n

betveen pupil" size and heart ratæ; most af- :hr o+h,T,î

fj"ndångs have ?,.een míxed or eontradi-et-o::y" ,¡r,s lct-;C

earl-:"etu the relatjonship of af,pha ac{:i¡¡jt-y tc r¡ar.i ûr:.s

physiological- measur€s {e.g" p GSEo eleetromyoqreÞhv, l¡,s..ari

ra.f-eï has alsc bçen an inconsi-stent" crfren côttraãj_elôrv

Ofl* o

CInl-Y tt¡o studíes r{ere found in whi.ct mçasurt¡nants cf htth
EfG and pupill-ary clra::ges s€re assessaðo liul.ler-Jçn-qqn a.r,4

Haqenah { j 97e) si multaneou*sl y m*asur*d t- h* FtlG an d nupi_'i l_c*

gram ov€r a lcng pcriori of time {24 hcurs) or1 aâ uncc¡sciorrs

44-yea.r-o1d, man wlo had epi-1*otic *seizu:es o chrcric
ai-cchcLism with l-ivsr deseaseu prì miðcn into:ricai-icro a::ð

pupillarv hippus {1arge anpl-itude rhyt-h mic constricti r:: î-rL:r

dilaticn of the p'lpi 1) 
"

the resulrs cf s:mu-i+aniat:rs

recordínq revealed that bcth the basì c EEG rhy+ì^F at cì

pupili-arv hipprrs had t.hc same fnequçncyu M¡rr ¡ ¡¡.; r. he * h

recorrXings $Êie tçr¡porarilv ån phaseo t-imç-l ockçd n âtd corrlð



b* blocked by painf ul. and audi-t-ory stj-mu1j-o Plrpi il a::v

hi-ppus i{as alsô feq¡6 +-e ha unaffccted L.y cL.a't$*s ir

i11umi-naticn" The man, ho'ø*v*tu Has unconscj-cus, Ccl;a-

{fuentlv his ¡EG 'dres characterized by åsl ta an{ thr,è¡ u?,vç

ac*'ì vityn fheref ore i +- is not possibl-c, t o ass,?ss i:b+: + f ç¡cz

of oculomotor arcrrsal- rn ESG a1pÌrao vi +,heut c,:zlsj,d+:j¡s .Ì:r.

effects af behavioral areusal-, !+- is ì.ntçt.sti rg ic ncli o

howev¿+ru that when the patiÐnt regain*d consci-eusn4ss a::ld

the EXG changed tc ncrmal alpha actåvj,.ty" hi ppus rias n c

longe¡ seene

The other s:urãy in which n,easuremçnts of both EFG alpha

and pr:pi1lary cha nc¡,es çrerÐ assessed !¡¡as condr-rco-,t¡d hy tscrð o

Jameso and Lader {19?41 , Thi*. st-ud V was ,iesign,,rd +:c ccmÐei:Ê

pat"ients suffe¡ing frcm chron.i-c anxi-et-v stat.es +,-c ncrma.l..e cr

a variety of physicl-cgical IEEG, auCiÈory evokcd i,s:sÞcr:s* o

GSP ø nul se rat.e s âtd pu pil- si zel a. nd psyehcl oqi. ca1 n Êasur.iF o

?ha resr¡lts of thair study rr,vea.led that ths aa tis,n:.s l:a C.

siqnificantly l-ess alpha act-ivity lhan +,he carå-tc1s,

aådítion, al-t bouqh Èhere sas nÕ rlif f ere nce he i wecl +T,e

groups unð.er dån illuminaÈ-i onu unðar briqht i11uni na'ì cn thr'

size of ï-h.a pat"iantse punì ''!s wÊrÊ sign j-f icari l'¡ 'j aro::i

vis*a-vis +,-he con{'-¡c1 rrrorrpø tlnfortunatelyu hot*?v*r, +1'1 9

EEG was not compared to prrpil si.ze u

undçr dim versus briqht i11uminao''.icn,

nôr filâ <

Bo nd ei a1. ccr c l- u,-1.': C

tha+' both tlie pupiLlary rÊSponse and alnha hlock'i ra :f speasí

vlâre a function ef th* hj-qher siai:e of arousa"! asslc: ?',.-. d

q i.lr b t his qrou p c f an Nåous pa tien+,s"



Thçorícs of arcusal" erê oftan t*fp,rrc.,i I
pupil-lcmetry and, EÍG alpha l.iteraë.ür+s" Beatt-

has been actively involved in iesea_rcL sr bcth

5Â
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ishc

ï.¡

L'- ?
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tr 11

T¡il 
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Ln+). :,-

q'7 ? l^.\

r - ã nìl

szzeø snqgÊs+.-s that sevÐre1 different m+thcðs c=Ì:

emplcyÊd to m€asur€ nervous system {cortical) act-r, rra t j.

H* inclurles EEG nÊasurÊs, Event-rtsl-at€.id cortj-cal- nctqr,+.i-a,

and pupillary mcv€m€ntse and suqgest,s tha+- ,+ach bas

strenqths and r¿'ÇaknÊss*s,

Accordincl to Eea-tty {1977b1 anC othErs {e ug. s Fa:tos}rr:k o

1971? Hard+* E Kamåyau 1976a; Kamiyan 'T96E; Lindsls,¡i, 1,9\?o

1955; Halmo" 1959; Sarll,er 6 Eason o 19?7\ u Lt has h,et: '¡cl-1

known for many yeers that, the aloha rhythm r¡.,f1i:ci-s

variations ín arcusal er acti¡¡ation" A l- plra d a *c vnch TCr.:: 
".?,'-

tion ref lects increas*d cortåca1 act ivat.ion uhi- 1e d oninarr t
al pha act,ivitv ref lects a l-cw state of aetiva-* j-on" Peea us,¡:

cor+-ica1 actívatio¡ a l.se sprearì s to the p'*r,: ph,=r:a .J ncr: j. cn.s

cf the nervous systç'¡r e and partieularl y thn ail+cnor',i c

nervDus systÊme Beat,tr¡ suggests thaf. thr prìpi-1.. cf tht, ryâ is
also tsc13- sui ted f or measur-ì ng ccrtical- acii¡¡a* i cl" Tp

rev j-frrdinq the two m,.*asr:res u BeatLy coneluderì *-h ai hî::câlts$

pupí1" sìee is capabl-e of r+f1ec+-ing rnomântary shi+rs il:
sympathct,ic and parasympathe'.ic actåvat-ion it is n::ohatrlv

most suit abLe f or i¡rvestiqa tì aq ralat; on sni nq ì^ : - h'î i tì

eortical a-ct i vat--ion and thcught" whil.e t-he EEG nqe,surr,s

miqht bc nore suitable indicators of the ssne:aL slat¡ :f
cortÍ.caL actåvatåÐn ovçr 'l cnge:: TreriÕCs of Li mr,
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Sadle ¡ and lascrr a19'71) fcund t*nta*,._i'!t snppcri fo: +

hvpothe sis that volurrtary alpha contro_1. is m*ãi_a +¡¡i i I ca

thrcuqh chanqe*c ir; eor+,ical acti va-i-åon ar d hnðv a_,:cìl s?

Thêy used sevêra1 physiclcqiea.l indica¡lÌ-s or such ac*_ir¡:-

{gfiG, skin conductance, and eye m,ôvame;nts} l,.ut" ur,foitu:1a::

3.v f or t-he Ðres€nt purposês" diå rot mÊasurç. prrn:l1a

respoos€ss lvn.siqnif,icant differ*nc+s fo:: hiqh and _r_

alpha condit¿ons wÊrê found for the grÐì.tp as a i,'hcl

a1 thoUqh many cf thÐ variables {Fr, g" e F:yÐ Fovfrmen ts} \tt:,rf}

the åi¡e ction cf the ac+-iveti-on hypothesi" s" Th* na

effects they suggçst uer€ masked hy inrlåvitluai i,l-josvac:

cies,

At this point åt is important Io ke+p in mind f,h's ra::l_i.r:

di-scussicn of arcusa'!" As has bæerr not=do Flcl,kin {19a{-.2.0

i9?6bì sugqests that investígators cfi.çn ecrfaund hç.he,¡j.cy

arousal- and ocul-cmctor arnusal, B+þavíera1 e:cìtse-1 rì r.'ts

to Èbe sleep-'¿akef u1næss contj-nr.:um and i. s a ssocla :*l r.¡:rt h

chanqes in +-he dorninant EEG patternu whll.e ccu'lomnr+,or

arousa'l refers tc ccu lcmrttor activati.cn v¡hich is a. *.scc'i a.r*ð

with strength of the alpha rhythm. :t is i mpÕr*.,ant io rci..?

that Beatty {19'7-'lb.) in ref;erenc* to ths r¡ì qj lalc,;; =i:uði.+s

196,6) is refet¡inq Èc behavieral arorrsal and chaaqas i.r :hr
sleep-+¡akefulnÊss ccnti nuum" SadlÐr and Easc:t ir1971\ ou :hrr

other hanrla are maki'ng refçrenc* tc bcth brha¡¡lcral ar,ð

oculemct,cr arousatr" As h as baan note,d j.n :.hr af nha

3-iteratur.e, f-herE has been a gr€at deal of cot f usj-c:; a nd
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åaconsi-steat. fi¡rdinqs ¡¡hen

aror:sa1 are ccafcunderJ.,

mçtry studies that have

arousal indj-cants {Êugu 
"

bl-oocl prÈssur?,

oculom.otor proc€ss {pupillary changes'} 
"

h,::

ecttl-omatcr aror-rsai ard beLa,¡),.c:z.i

The *qãmÊ mav appi-y +,-o t h r ¡up: 1l-c*

attsmf;t*d to cÕmparê !;,1þ¿r,rj.6¡¡l

"l'lG]

Juså1 as

..¡i: h ?-T.

èf.Ëi'* z.=

ample evið+nce tc indj-cate that su pprÊs.çion cf alphe

actåvj-ty occürs as arcusal d.ecreas+s, hou*var o 4 Ï1:r is
ample evidence to sugqost that pupil changes occìl: e,r. .'-or,;

l-avels cf behavioral- arousal-. Tn a revier+ of a cc¡sidr;'ahl+

num ber of studies rel-ati.rrq pupiL si.ze and fa:iqua (..oe o ,

Bartlettu Faw € åiabcrt" 19{)7; Geaehirrj:e'¡ E Þaavi^io 19"¿t;

l,oryenste j-n îo Loevlenfeld u 1951u '1952a, 1952h; t-os¡:n*qî.{:rir,

Feinberg I Loeu€nfeldo 1963; yoss, Soy+î 1- HollÊrhoi:st

197tì , Janisse 419771 concludçs ¡0that f aii sr:e is a sscc1 a::,1

rdith {1} chanqes i.n the shaçre of the puni"1la:y Iiobt t::11 r.xo

{21 increasing variablity ín pupil s j zo o ltsrral I y sl-rr

d.il-atiens and constrictions¿ â!'ld (31 a.n overal-,1 g€:r'?ra-i l.v

smal-ler pupil siz*n' {p" 75) 
"

la facT- tb* pupì'ì :,i:fl'.;x has

been used as a mÊasure of fatj-que {l{arek o T,àryns t ¡ict¡c1Õ1 
o

1979ì " Thus althouqh Peper and fiulhol-l-an¡l {1S7,Ìl a,nd

Plotki.n {1976a1 ha ve suqgest-ed that heccmi-ng drovrsy rc':d r,cr

necessaril-y be associated *¡ith chans*s j.n ceulcmo+ci

processÇ's, tbe evj-d*nce rel-ating prlpillary charc;s r.c

f aT j-{Tue woul-d suqo*st ofherwåse. F.qeiro

ocul-cmctor procçsses {i,Ð"u plrpill-ary cons¿¡jcti..ll ¡lrJ

íncreasj.ng variabil-ityì ccul-C. be assocj-a ted r+:ith sì-::trÐri-ìssi.cr:

Ðf alpha acf.iv.rty.



examin€d pas*eibl-e relationshi ps Ì¡etrre en ¡up: ila::y 3st-i rr:_:-v

and ai-pha density¡ the t&/o l.it.+ra&!ur?s ha,¡e nlc'¡i cl:d ai

abundanf- amount- cf in<lj-rect evidence ic srlggÊs-; that thr :lín

vaniables arç rel-a+.ed. As has J:eel coted i¡. the -'Ê 11 
å

revi ev¡" sÊvera1 paral1*1s a,nd ccrrç1ar-eð sait: ct

have bçen observed j-n +-hç twc measurâsa Fcr sxampl-e

}¡een ncted tha'u:

5W$ m ê.gg.-e& d_3 Atå ørzg-&E

Tn sníte çf thc a3:sence of sLudies i-ha:

1, Fhotic sti"mulation ll-iqht flashæs) 'øhich

consistcntLy fcund tc attenuate al_pb.a act-j

Glassu 19'1'7\, di-d not d.c so '¡hen th+

ren dere d uryCri ati-c and unr*s pons ì ve v

{Lehtcnen E tÈiìtíîen s 19"'12\, Sirni.larly pol

fcunrl that a)-thouqh reaCing woul_rj ncîma

aLpha ac*ivítv j-t. failed to do so'¡hqn

6, at

?-la Vt {i ¡,;¡+1.r7
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v*rÊ dil-a+-e d with mydriati c d lops"

Hany re.-eearchers have sugge,st.+,1 tha., aipha ls
praninent under dark {eyes e1o*qed) cond i t.j cts ar; d

attenuate'd in an eye.s-open i-l-lurnilai.ed envircnnetlo

Furthär u it has been *qugqÊ st<¡d { Brirlqeçe *Êr i** eJ., ,

1975\ that dif fuse l-j-qh+- {ancl ccns€,gue!lr cens:r:icl.: cr

pupi 11ary mov'em+nts) may have a supp:rr,*csant r f fr;s+- or

occipåta1 alpha even when otlrer ocul nmDi',c:: ve.::i-abl-.s

have l:*çn ccntroll-ed"
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ASSÌI IN: â

3" Both al-pha acti-vj-tv e.nd pupil s!z* h-avr bqc

d*crease vj.t-h positåve ccîv6rgêrlcÈ r'Ðvt

accomaôdatåcn of t'he lens as t,h* âv,?s

positJ-on fcr vi*sinq nea.r ol:r-iects,

å great deal of researeh, has previ'C;d ccnsj, s*,*,r.*

evådence that both pupi3-lary cÞanses lCila.tjcr) anä

attenuatì on. of al-pha aetivity arÊ assoc j a!,.:å r¡*ì t h

mental ef fort tasksn FurthermorÊ o +.hf.: ne c¡n:'l.tr¡lt ¡f
the r+spc"se in both ceses appâars to be a fil:ic,,-icn

of the aFcunt of cognitíve af f crè- rsqr¡i ¡s¿ L.c pe:f oirì

the task,

.fiuLl-ar Jensen and tlagenah { 19781 re pcr..c rj iha: bc. }

Èhe EEG anrl pupi13-oqran had the saril+ f r+qrr+tcy ¿ lqrìI1

temporari l-y in phaseu t,ima i-ock*d anð ccuid bri

hlccked hy -.ini1ar sti-mul i- lat l.q-'a.so in an uecrt^:*

scj-ous mân v¡ith pupi3-l ary hippus) 
"

Both alpha and pupil- acti vitV have been ¿.dr¡cca{:e,l as

ind j.eants of nsrrvous sysàam {ccr+.j-ca1) acri rr?:.: cn"

f ÐreovÊl pupillarV eon**trict-ì on at l-crø ]+s¡çl s cf

arcusal {i,e" fatique} and pupil-1ary dila+-icn e'hiqh

l-evels of arou-qa1 arç hc"h assoei ated r¡¡it-h 'lcur 1r.'væis

4'

5n

6,

q iå Ëaq+9

eç. ccursç

'd:': h ":,1r

?"

of alpha activi.ty,
-Even on aa anat-omiqal

been suûgêst€d that
pupi-l-lary act-ivitv"
ocul-omotcr systamn

and physioi-ogical basi

aLpha açtì r¡i È-y" and.

har¡e clcs* ties



Al-i- such âvid FsrtcÊ sr:ggests tþ-at ocul-ÐnotÐr: ac1-:-ve,,

rÐflÊcted by oupi-11ary acf-ivít.y sprvas te bl_cck cr at

cccipital al-fiha prc'luctåc¡ in a ma.nt€:r consj.s+Ènt v

oculcmctoi thocry, Accorrlj-n.q ta t-he, cculono+_c:: 1c+_

+-heory" alpha ect-ir¡-i-fy is blcek*d by ary ty¡ry ¡Ç

of- oeul-cmotor ac*-í vit v"

It has been suogested- tbat al-pha suppr€rssicn

with pupillary changes eitlier in the di reci'i cn

lion ôr di"1at j-or" Acccl4i.rq *o the ocu.l omc:c:

v¡ou1d êxp€ct ocuSomotor acti¡¡íty cf any sort {r"

a-rì -.

r.q.t 11â.+ î

*. l, ". ir ':

t¡ e' j-0:l:

a. c' i,. r¡ç,

oculcmetor procassånq .such es ey€ mcv€nentsa ecccÍr merl.al i:r o

fixation, convergÊnc€a pursui+ trackr¡q" ã'ud as suoor=u..,ô.t

pcssibl-v trupill-ary chanqes, ThÊ inteqrative ard +ff¡îr't-t
procËssês relaàed to movína a.nd pcsitj.oninq tjr* çrv?s:c,su.l-*

in additional el-eet::ica.1 act.ì-v'ity uhi-ch. contanr.i.nat,es t-ln litc

siqnal- at the scal Ð or generator 1*vel and caus€,s aå-i-qrr:e,*

t i-on of ccci pital- a1pha, The rnagni+ude of t-hr hicckir,q

response renains continqent on t-ha afnouïlt of ccuicmc'o::

acTi-vity" Consi s+,€nt- *¡ith a visual crierti,::o rr: sÊcrsr? a.r d

aÈtentienal- thecriesu a.lpl'ra att*nuati cn woul rl h,e cxp?cir*:C +.ç

occur with mosz forms cf ncvçl stinuli and vould T,.q exÞ,îc:e.rd

to habiiuatÊ Þ;ít-h repeatecl Êxposur€,o Ccnsi s:cri vri,*.h

arot:sa1 and ac*"ivaticn thecries" alpha a+.tenuatic:l l"r:Il-

eccompany both increases and daereases i-n aiousat al¿-l /ol

activation at l-east wÞ,en cculcmotcr activit v is asscc:,ar.ed

with snch changesu Alpha veuld b* prominrnt in lhe al;s¡rc;.

erlrlt.?'. ì P

t '-l: - '"

eç,

th

,1'-ô

t¡i11 c'ccur-

ccnst ri c-

OT:. "

+.i ^*
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oT ccnstric+,-ian) å,o block al pha ect.t vij'-y" in *1ih.--.1 cas:r

àh* maqnitude of +h€i blocklng rÊsDons¿.; veuld br c.:1,:i ns=l*

on the magnitud€ or th* oeul amotor rÊ spcn sr: { i " 
,¡,, , ':î?

amount cf Þupitr]a:v ac+,-ivi-ty) . Thare has be en a ccrsid.r?*
bl-e amount of eví d*r:ce pre*eent-ed to -sunpori- l.hr ccr,t,ly:zl.cr:

that aLpha supFression oceurs v¡ith pupi-11a.r'/ ccr s.lict_i,oro

41pha suppressicn and puoil-1arv constrj-ction ilìo'r.¡€, n¡"¡is h av+,

be*n assocåat-ed in t.he neal-foeus respcn s"î., th;:.- 1j.aht

resp,Ðnse u a nd ¡*ì th f ati gue, Therc has alsc bee:r e cons j-ã*r*

able ancunt of evidence to sugcrÐst a n assacåa*ion J:,ctr+E*l

alpha suppression anrl pup:í] J-ary dilat.ion {mcveniçn:s} ir
tasks reguìrinq mental effort,

l¡ conelusion, it is felt tha.'- Èhe evi'lence suqoÊ-q+-s +

ocu'l omotor activatirnu as refl-p.,ct,ed by pupil-l_a::y acr-iv-i

sÐrves to bl-ocJ< or êf-tênuate cccípif-al a.lpha p¡oduct icr"
is the p!:rpose cf the prn-s€flt st-uð y f-c expl c:c. å

associ- at ion "

i-.a i:

J- ¡¡.l?

h:s

qEeseqg_Goaåg

fn vi ew of thc indårec+- and sur{gesti¡¡e evid:ncç p:cs;nt.:c

abov.eo thç prr,sent study i-s concerned 'øi +.h ?r. svsnrna +: c

d.irect exami natíen of ehe rel-ationship hetuGrn prrpi-t'r.3::y

aci:ivity a¡ld, occipj.tal a1pha. across e vaii.-ty of sì lrla.tj_c:s"

The relationship !:r*tçeen pupill-ary activt'-t..,' and a-1pla

acti yi¡-y ¡+í'! l- be çxamined under f crrr ecndit:.ons r::hi ch ni.¡rl:.,

be thouqh.t. of as ccnsÈi"t-utinq four seperatr lxp:rj..rrf,lis; 1rf:
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involr¡inq varyi¡.g 1e'¡els of illuni.nai-i-en" a sr,ccnC iivcl¡¡i-nc

cognítir¡e tasks of va::yinq dlf ficulty" a thrr ð iro¡oi'¡_:,,.io

a'ì pha bìaf,c.edhacku and a fcurth invo.l.vi na nr:n_ì,1- ltj t:f ,¡r,1ba.cf;.,,

Sinc* the nain cÐp^cêrn of the presËnt st-udy i"s tï,e l:!tâ.-,,i cr*

ship bat*¡een pupillary activíty an,1 occ.i.p:-*-a1 alnha s rc:

attempt will- be mace to ess€ss the *ftacr- of otþer fcr.rro,'r-r.c*

tor activity such as eye novem ntsu nursu_it .l:r:acki:o 
o

acccmmof,atio¡t, ccnvÊ-rctan*" movements cr fi xa.tier" 1s J:as

b'een noted in tbe trêviq'¡ of +-he 1it*ratr:::au s:rcf r¡a::a h,l-Es

have heen studied çxtensively j-n rçl-ati o¡ shi ¡ tc ih.*ir

effecè cn alpha activity, Fati:cr +-h* Ì]rêsâr', st-udv l+:11

aT-Èempt to mininize the effeci-

¡¡rovidi ng sub''l'ect instructi onss a uniforrn vi-srla1 c:=1du

rrniform ål-lumina+-i cn and a constant- f i-xati-o¡ ncint* f n

addition, eyç- RrÇv€ments and €ye h'ì inks r,¡il-l- i:i: dnt+clañ try

t,he pupill-omæÈ-*r on tTe stríp chart ¡*co¡der and r+i11 b.er

çliminated from data collec+ícn"

In '.hê il,lumi nat-ion experi nento i.he pupr11

reflex and concomitan+- chanqes in occípi-ta1 alnh

wil-l be exani-nedu As noted fron th.e rnvi-e¡E of t,

tureu no stqfriçg lr.ar¡e h¡ee¡ founC '*¡bich havç,

examined the +ff*ct af- varvinq transiti-ons af il.

li, Ð " pupill-ary .changcs) cÊ occipi-ta] alpha acl i,

controll-ing other eeul omctcr varj.abl*s" ryh*rr

stud-ies" how'*vÊr ø ++h j-ch har¡ç exam j-r:ed the e f fc,c

brief {e" gu 4C nì crosecoîds) f l-a.sha s oi lich
stímulaticn) or: ccci pit.al- alpha activi ty, ,1"j.t

cf such ',¡a. ¡i al.1r s b v

Â'r-v 'l i ahè'--- |

a ac| i 1¡ì r-ç
I

he .i it ø::n *

di r+c* l- y

l-rimi na-+i ol

v:"t.v ',¡ h ":J.c

har¡c hi*p¡

t ¡r v!i\¡

+, lphc*j.c

hcuoh sucir
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slimrrlati cn has bee¡ consi-sterrtl"y f.anrd tc et*-cr uaÌ., al pia

activj ty {Glass u 197-71 " it is i nllr}s-iing ar, nc"i+ +ba+,

T,ehton€r and L.eht.in+n {1972} found that it C j-C nc. ^ c .sc

:shçn the prrpi-l- vas l:etdered dil-at *d and tìnrcsncts j-1¡",,, 'u¡iiÌ-

myd.riatic drops, Siurilarl'¡ Poll-en { 1 97f) f * und - haf

readingn which ecrmal-l-v black.s al pha act.ivit ¡/ u d:'j nc'+- i c so

when the pup1ls r+Êr* dilatcri sìth nvdrlatic 4rcps" Sr.tcl:

resul"ts t¿ou3tã Suqqest that it ís nôt the sÊnsôrV ¡fjl*,:rrn+

actirrity but rather å.he mctcr efferænt aciivitv asscci a+:.ç;.ã

with €yâ anrS prrpil,Lary unv€nent-s çhich mj_qht s,lrvra tc

attenuate alpha actì vi-tv" Tbi-s woulC particu 1a::1..y s4ì?n'. : c

be t- he cas6 in l.ehtcnen anrl l,ohti nen ? s stud y r¡þ ich t f f rc-
ti vely bl-ocked pupi j.l-ary activilv and fcunC nc:na1 a.l pba

production" Tn vieu of such evj.d.encac t.hq. jl-'-rrmjnat-ic:t

æxperåm*nt in the prçsent st-udy r,rit1 examine Lhç srrqcJrsî,îd

eausal- rcl-ationship" This sål-i, be acccmpl ished I,y i:: trc,l rlc-

ínq four transitions in j.llumination {1*C, t* 15 u 1\- | an c

0-7 mj-11-j-lambcrtsS which wil-i- be renpJa*-cd on +.hz+e t-rials,

Since åt j-s a !rel.1-kn*sn fact that pupill.ary cha:icrg"s'"¡i1-'l-

accompanv changes ån j-l-lrrnination, L,he, pri par''¡ i¡t^:¡st hl¡:ç

is in the effect of pupj-lLary chanqes linduc+d by cl,e tq* s j r
iLlumination leve'l sl ûn occipi ta1 alpha actì vity"

The c¡:qnj-tive ccndition cr experiment is prcncsed tc
examåne The effect cf. tasl< di.fficul-+v on both puc:ì- ard

occi.pítal- alpha activiry" The revi er,¡ cf àhe tr¿o 1: it¡ai--r::q,s

has indica.ted. tha+ there eE€ nL:.merÕus strrdi.es r¡rlii.g.t h.avr::



aither assessed Èì:e eff*et of ccgnitÍ.ve tasks cf va:./:::c;

f,ifficul-ty Ðn +,-Y.* pupil- or }:ave essessed. t\,e Ë',fr¡c-.- 1,.:i;cl
t,asks on al-pha activity, Aqain ?o s+-udv r{as f.nr',rl r.vlricþ has

exarnine,l changes in both Þuni 1 anrl al.¡:ha acti"¿i+v unil::::

identica I eondi- t; ons and task-<n Tlra. nr+s¡n: erpcr:fp=t+ :s

desi{Tned to rlo SCs Th€ predi-cte11 paral-1r,-:l-s ilçi+ rÌâr:an punil

anrl alpha actåvity will be examined ov*r thrr,r f-r'lr¡c.,1s of

tasks tiifficu]-ty {very easy to vÊry hardl ut iL!zl,sq a ilqit
+-ransfo::mation task, Althouqh thi.s conditic¡ '¡ir 1 :ct
provi.rl+ evirlence Ëcr a causal retaticnsþ,i po it rnj.oh+ w.11

provide ðisconfirm'í ng evj rtrence of the hypoth Êsízc:'d l',-1,a.'.:-or:

shåp. Thís wcul d he the case i-f puoi lla ¡v cha::or:s Ì,r.i:f r:

obsçrved in ttre absenee of al_pha attenuatj.ono

F'ínally" il the bi,of eedback expÊrimpntso th+ rlla' jInshi n

between pupí1 activity and alpha dansity witrl h'+ sxã.¡rj.rrd

lrnrder twc ccndíti.cns" Tn the f irst eonditt ono arr ¡.1r¡ha

bi-ofeedback model ç¿i1l be used in vicr,¡ of th+ cl.osn

asscci-aticn whích has been consistentlv f ound b. t r¿çci a'l nha

and visual eontrcl proc€ss€s and t-he sr:cr{tr;srici: thâ:

enhanc*ment and suppression of tccipit.al_ alpha j s al_r¡ays

n€dia+*e,1 hy ecntrol cf ecul-cnoto¡ proces-q?s {.I?l_c*k: ¡: u

'T 976aï " Th* sub iects s:-11 t'e in strrrct*d t o a.!.t+lrnat, :l _-r'

*nhance and suppress al"pha activity under a ccn ditj cr i¡
røhich oculomotor activity lwith +*he €xc€ption çf nr:pi'r l arv

noveuentsï wì 11 be mininized, Gi.ven tb.at '.hÊ s:r l:-içc-*"s a:î
able to col:+-ro1 alpha, one would exp,.ç¡ tc f 1i:d d'i f fq:an cË,s

in pup j-1 actívi tv hçtween enhancç ard srjpprr+ ss t::i a_1. su T1



te

or,åÊr tc f urther assÈss the vi_abi1i.ty ci a.n ccu't cmçtr,i

:nediaiional_ s+-rategy as ref_1_*cted by rrrrpillary chanÇ*=, z

pupil- biofæ+dback conrl.iÈion vå11- al-so b* desiqn:d, Irlil.crrqf

a. pupil- l:iofçedhack stu<ly has not bee:: ati.enÐ:-Êô, pla:h1,i- 
"

Rerry, and PaVne {197"11 ø and F¡at-ir'.:r and Bqr:V {1q??J h1r¡n:

fou:td thaå pupål- si ze couLC be shaped us j-nq r¡ori:a." ri= I rr -
forcement. ConsÊeuentlyu it is *xp*ctEd that" !-, clr br

similarl-y shaped sith accurate feedbae'* ìnfcrmatìcr, !b.r..

sub jects sil1 be inst::rrctæd to a1tçrnatr:l_y cons:rì ci ard

d j-late pupil slze under conditions in +¡hj-ch other ccu,l-nmc+c:

activíty ís minimizedu Thç correlated act. j-rrit y cf :Lr ;r.rc

respot:--ce systems ¡rili b* trrxamiD€d under l:oc-h fc::r¡s of

bi ofeeriback"

5È A*- qs en Ê- q,f _ .tÞç_ Sgp ol_h e S å s

TÏe pleserrt experim*nt l¡i1l" test t-he fo11-owincr hvcc'.h¿,s*s

generat*d by thç eculcmotor activation th+ory,

E q_1aq eê_ I o_ å_1 ls-s å3 a r å on,.

3, Given thaÈ the Þupils cf norna.l, a"l erå crr Ì'-i¡-.¡! c

Usuall-y large and reSatively qlliet in coBÐl€¡+r" da:kicss

become snaller and morÊ act-i ve +¡it!r incieasinq ligþ-. u :
hypothesized that alpha actj-vity and pupil siza ç111

coûcÐmitantlv wit.b changes in illunrinat,ict E çj +h

great*st pupil-1ary constriction and vari.ajri'11+-v - erã,

.tt:

--..t

i¡^r\/

+ìr¿:

+1,.+
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'-..èleast amount of alpha

i11umí¡a- ti on l-,s ve I,

actívi-t y cceuring at rh¡ ¡- t'fI

Be ¿e t æ*d_Ê g.- cçs eå t å q &*.

Pupl I sL7.a vl_ I ! i neraas-o a.nd al-pha

of increas!nq task rii

"..:1 f
\!t -. _ :.

decreas€ as a function

E eå_aÊ e d_ & g Þå-a f ee 4 þec&_cg srdåÈåq e Ss_

3" There r¡íl-l- h*, a sìqnificant diffarËnce ir a!-phe. actlr¡irv
under enhanc,sment and suppr*ssi-on conrliti_ons cf al pha

t¡ia feedback w helç Í-" is expeeted tha t thç pìtpi i wj- 11 h:3 l. ¡ss

variabl-e under alpha enhaneement than under alpha sìtÐpr.î,s-

sion ccnditicns"

|J^ The:e ,¡¡i11 be e significant diffçrencç in pupi-]_ si.z¡

ax+i vi+v

ffi-culrv"

under constrict

and. thç anount" cf

of the amount of

and dilate conditions cf pur:,i-l- b-i cfcçdhac?<

alpha acti vily ç+i11 hc an inve::sc funct ion

pupillary actåvity.

8]tbough nct directl-y relatcd io a test cf tho

ship bet'¿e+n al-pha dcnsåty and pupillary actj-vii-y,

cerÈaia other results whi-eh vculd be expected +-ç cc

Given ihat it has been a. eonsi sLsnt f i-ndinq

litçrB-¿,*tlE€ that al-plia pEodìtctio¡ is gr:ea ¿.âst r'þ,e¡

l"i c:: -

€ ar{,

r-h..

:::,:.

åL -*',1rr-

c ur:

l..Ti

¿L^
- !- -- :t v?.c



arÊ closìde it is eNpect:,1 tha+- ihr, gr?a-,?si

t"ion *yål-1 occtlr fcr th* sves*c1csc,'d ¡¡?l:sr.ls

basel-íne conditicn"

a1

i Lr:

.7i

nha r':nJtc*

tv çs* t' ilr';'i:

¿"'lsc si-nce in'itia1 appre!:cnsions abcut an ?KÐârinç11 and

the novelty of exoerinp.ntal sit':ations ha.r¡e be*r qxn,:lsi v*lv
demonst¡at*ð to have a srrppr*-<sant" effEc+, on a_1pha ?,c+'- j-v:-t.¡

durj-ng initial taseline mÐasur€su it is *xp,:et d rhat alnha

production fcr both eves-cl"csed and eyÊs-opÊn hascl ìnqs r,'i1l-

be qreater fcn the secontl f,han f or the f j,rs+- Ê-:x.Ðêî-: r:rn+-:-.'l-

s*s sàcn u
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SebieEÊs

The sub jeets ste rç 16 f çmal-e unrl*rgrarlr,rar q,s cn¡cl .l- ad in
sumnêr or evening ccurses at the university of Hari:cba a¡:4

Il fernal-e vol-unteers f rom outside ihe un ir¡ersi-t.v {nr'.a-n eqe

22' 45 ye ars), AL1 the suh jacts voluntaer*d t.o Ì:ar,i çi pa.l:,

i¡t âs o D t¡sr.rtdy designed to ass?ss Ìhe effi¡ct cf r¡1:r¡:.rì,,:

l-iqht level-s and arithm*tic tasks on brai:r r,rav{: aci jr¡i t./" "
3n addåtioa thcy were informed that. thr.r¡ urould hr, s ô Ð

ftgiven an opportunity to 1ea.rn to contrcl- t-hej":: csl: h:ai¡
HevÊs as well as the si-z* of their orÀrn p'"loi 1s *hrni:eh

biofeedback rrrceedures, t¡ Tiqht- other sub jr.c:s wi:rf

eJ-iminat*cl hef ore +hÊy completed the experimr¡::.i as ::+sr:1r cf
excessi-ve b1ínkinq {1} u eguipment fail.ul* (1) , þ1,rndnç,ss lr
one eyç l1ì " eyê:!.ld ì nterforenc€ {3) and f ailurc, to retr;:l
for the sçcond sessicn {2\.

71
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Es pegi men€el-* Ð*s j-en

In view of the indiv-i-dr:al variablllt-y çf b.-.T'e-1 rla ali
pupi-11ary act'ivity anrl other Þ¡acÈ*icaL ccnsi-iË,:at,:cns of ']r.,.

pre seBt stud. y { e. Ç" the l-imited nr:mbet cf sr:h i,¡cr s

avai3-ab,Leo ihc -,otal- amcunt et tjne reguj".rs¡l ¡f *ecl,

subiectu #'-he amcr:nt cf time rçq¡:ired_ b,-a posi+.i_cn subirtcts

into the apparatusu and the nted, to habitua¿in su!:jec+,s íq

t he experim*nta1 ÊguipmenÈ-l , *ach subiect sçrved es hpr- atíT

control- in every ccndi tion cf tha study" Conse,qricrrly, -h:,

st.udy liras a ccrmp'l*tæ1-v withil:-subiects d'-sicn L,i.h. çha-

miqht be +-houqht cf as four seperate expariments; {1} ê,.

l-evel of iLluminatj.Ðn experi ment " {2) a. l-¡v*,1 ef ccai* j-vr

task dífficult-y experiment, {-?} an al-pha hr'cfe'r Cback

Êxperímente and {4} a pupil bìofeedback axperìmen{-" ît lach

casee al-pha densìfy (a percent-alpha maasur+) ari pr:n:1

activíty {pupil- síze anri pupil- variabili ty) se jî'yË i1 ls ,.hr

dç penrlç¡lt variables,

The f írst sxperÍmÐnt, r€L ated t-o 1ç.ve1s f transiticnr) cf
illuminaf.ionu cnns j-sted of a 4x-3x-1 4 +tåthi-r-snhiect s rËpÊa:r,'d

IReasures design wi'th f our transitzons cf j-l-1umina"ìcr 1eç¡l

{7-A " ß-15u 15-Ð, aî.d S-? rnillilaberts} " +b ret i:rj a-Ls 7+

çach level-u antl llJ saguential epochs {DÊa,surffnralts) cî r:.ci

dspendent variab1e ui thin each trial,

The second *xpâråm€nt re1at,?rL to leveL cf task rli

and r/res a 3x3x-a çithi n-subiæcts r*peated nrîesu:€s

with three leveJ"s af task diffì-cutr-ty, three t:j.als

f f i cu1' r¡

4 ¡::s:.cl

^á .^^^L(: :.at,:
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aev+L, anrl thr*e meesurês af 1 oadi-nq-:rn3 ea11:zq er,r-th:1 ;a.ch

Èría1 u Ttrç claÈa øas later reûrqanic*d so as 4 e '¡.t i1cl. 1so

m€asrrr*s of leading:unloading anë th:e+ nÊes1l:i:s faa:-l vu n1d

and 1a tel cf SÊ guenc¡ã vì th in ça.ch tria.l. i:r 'ihet bcca in I a

3x3x2x3 wit-hin-sub jects ðesåqn,

Both the alpha biofeedi:ack and puniT hi-cfc,rdhack

experimçnts '¡{ere 2x3x4 uå+-hin-subiects ræpaa+'Íi nr:a_su:?s

d'esiqns øitlz tr¿c +-raining sessions {inc¡ease a.nrl dqc:*,¡ s") o

three trials erithån each s*ssion u and f cur sequÊrt ial ,":occhs

lnÊasurem*nts) cf each dependent varie.!:1 e r¡¡j"tlin cacb ir-'i-a1"

åpp-arg_t-qs

The stud y l+as con ducted in a gu i-et pupi llomr. i¿î.r ¡_n d ,Êvîì

novement research I aboratr:ry {4. 5 x 9 nat-er.s) ç¡h j ch hcr"¡:r4

t¡oth the .suhject an,3 t.he phvsiclocrica:1 record j.nq +r,luj,pnêni:,

The sub jecà ,!{as "seaterl {wj-th the egriipment hçrh j n d hq::: ) a s

eomforÈabl y as possihl-e in a.n adiustable arm chai¡ r.¡i-.,h. þ,rr

Ïr*a d posåt lonerS agains+. both tha chin a n,ä f orehe a d ra's is o f
the pupil-1oma ter, Care ÞrÊs f-akçn i-c Ê,nsui+ tl+ subi..::c+-

coul-d comfortably vier¡ the ta.rgct"

The expçri nen-+-a1 chamber provj-ded uni fo¡m1y

coloreð arallsu ceili.nqu and f troor to red.uce ccntra

in tþ-e vì srra 1 field" The srrtr-lects wÊrs place,i

rlìrectiy in f ront- of a ¿+,5 x 2" 5 netcr nai-- white

sul-¡tended Èheår fj-eLrl of vi-sì cn a,t 50 dâaleçs horj

rrat*w h-i-ts-

: - i:lL I ::r '-.,'j

ua i l. 'øl: ,i c l^

ry¡n i¡'l ¡ ¡ Â



55 degrees r¡*rtical n Tlr th* mlddl_q of .,-h:ir

the subjçcts vare plovåded +¡itþ, a constant

point {¿r r" 4 cm} sith indefirite edges sû es

blurged çh+n it qas viesed at --l maters frcm ¿,lit êv¡!:c

served to ensurÐ constant ill-umination and r:dtcç.

effects of ey€ ncvements, conveicÐnt mÐv?mrrtsu

accommçdation" lì ghtinq wa.ç provj-d?d by \ a C-iirsr:

j-ncand€scen+. liqht scurces pouererl by a constalt r¡ol

tqansfo::mer and oriqinating bahind t-he sub j*ct,

direct+d by aluminated refleciors so as to providr- ì1n

cf r¡:-

t- - 7.- 11

1:c a. n

1ir. l

Y

-ì t:

s i-or

+-ior

Ij' - -

l-

i- hç

:tì. !i

t a"crc,

IÂÌî T::

fcr m

y of

lam*

1

.lillumånation to the *ntire visrral- f i ald,

the i3-Luminatinn uas ail-1'ustable tc Cu '7n

berts measurËd af_ tha subjectes êye"

" l!î 1l i:1 !l-11

a.nd 1 5 r¡il1j

Tbç bì-pol-ar cccipital EEG Has reccrled fren ncs-i.lic¡--s ,. 1

Û2 of the 1û - 20 system lJaspçru 1958) r¡ith ASï staida.rrl

EEG electrode assemb3-v l'¡oused 1n cr¡linrlri ca'ì sÞotÇr di scs

and uscd i,¡it.h a nodified sali.ne conductiva ,eeÌrlficlì llUC nl

watere , {J5 ml- l iqui d soap a¡d 5 m1 of sa1+- ) " rho qrcurÄ

electro,le, uhich merely acts as a t.çrurír:.al- tc conduct rhq

common nod.e {in+,-erference) vo3-f aqa frcn th+ suh jact rc a

neutral referancêe was placed oÐ t"he forehcarl sun:a-c¡iri ia.l *

ly to the ri-qh+- êvÇ,

The llc si gnal. wês recordçd and ampl_if ied bv e:. Autcse¡

12A encçpha1-egreph analyuer ruhich bras cali"hratet nric¡ 1c

lhe esperiment at the Åut.cg*n lahoratcry {B*:k1+yu Celifc:-
nì aï . The EEG siqnal 'das f*d +.hrough t-he gFG ti l.r: svs:+n

{6 Cflz tand pass f iLter) 'set to f iltcr cut a sj. qnal ir' :hç



7c

8-13 Hz ranq+ +rith an amplítude r*quir*F.,:;ht cf 1l: uV" Th,'

Âutcqen monitor *çsà functiee !tã-q used tc t.,-,-ei fcr ad.:t,ou¡-rä

electrcde eçntact, å I{FE {Y*22, Cåil}. u 7\ t¡¿.r_r ) r-ru1+ j:c}:a.l-

$+1 st,¡ip charT recerder vie" a, BTT 231 cp-,i ca.l i srl ato:: ü?_s

ånlerfaced wit} th* Auè,oqen 12û tc provi,de a racc¡4inq cf
fil-tered al-pha aetivj-tv lcha¡t snÊ€d 5 mm,/stcl " Fcr t-h¡.:,

alpha biofeedback expqri-msnt-e tha Aut-cqen 121, rras s,?î {- ¡
provì de a proportì onal {anal-o91 type tone f +çdhack {thr:cuqh

a Sony SS - 23 " 6 - 12 wat,t speaker wi+_h B ohrn i.mne'Cenc,:J

åndicati-ve of bcfh frequency and amplitude shifts uitfin ilc.
alpha rãrgêa

Pupil si zt was monitoreð on a r.ihiLr'- aker Space Sci.qr¡e*s

ilor1el 1992s relevisicn Pr:pi1.l-ometer uhich pTcvid¡d 6r'

neasur€s per s€cenrl" ?h,e systam provldæd e sqnsi t j va 75 ch n

siLi-con matri x television cançra which f unc'.i-oris 4+ a r¡€jry

1ow í11-uminati.cn. Tha illuminator *¡as a t ou l€rvril n.,e:!:

infrarefl l-iqht sourcæ centererl a! B5tC¡ Alq.çt-rcms, oh.F

pupillomctçr vas alsc interfa.ced with tha t{FP '.,o nrcvì d{:, e

simultaneous contínucus reccrdinc' of both alpha actj vi.t¡¡ ani

1æf t ele pupil size, Pur:i l1om*ter ca1 ihraticn an d pr:ni 1

diameter analoq output { l'1FE J w€re ch*cked.,lu:nst ¡_

s+-andard mortel plIpi1 priar to each sess i enu n Ccu-1 hcìlr1ì:i;:

soljd state audio gæneraf-oq {por¿er si.tpÞ1y, s15*15; ar:4io

mixer amplifla=u 582-24; and voltaqe contrcl1ed csc:1lat::u
524-!159 coupl-+ri ai"th a Sorly SS-23 spea.ker and jnt.li fec.;å

v.i-th t-he pupillometer provìded the audi'c:y prcp¡rticiel

tvpa to¡:e feçdbeck f,cr the pupil biof+p,13back r:.,x.Ðeri m.:l:t"



PqÕ€8€æEe

On arrival- ât th€ l ahoratcryo tLe, subiccts

egai.n ir:fcrmed about the nature of r.-Y,e studv" Ã.l.scu

f i me, thÐy $Êrç, infolmed abcut- lhe proced.urç' 6€ *.r

pl-aeementu Tn ad<1j-tíon e âvÊry ef f ort vas made è,c rr¡ dncÊ

àension or apprehensi-cn about the nov€,1 sit.u.atìon, Tc

end " al-1 pÊrt-ine nt i nf ormation abcut t he pliysi cal s?r -un

{ê" I' thç purposç cf el-ece"rodesu the aguipm.*nt u thr sîqnd cf

the f eedback tcn*) and the., gÐnere1 procedrrre {4 uÇ" , *,itt

nunber of t.ria lsu J:he varí ous phases cf .Lhe cx,Ð*: j mel.i-'ï lras

a-r pl-ain€d to the subf',?cts, l{oiÈovÊr eny gues+. i cls r,i.::i'r:

anslrer€d çrhen it ryas fal-t- tha t the answe:*q '¡cul_d nc+ iÊ v,lai

the *specific purpos€s of the experiment-u

Each sub.içct part,icipatad in each of the fo¡:r c:

Èal- ccn âi tions; iLlumina+i-on" caqnitive ia sk

biofcedbacT< and pupil biofeedt¡aek" Tn view af
linit-s on each sessåon which r¡ad.e åt j.mpcssitle tc
of t,he hi"ofeedback €xperiments i-n oDÇ., session ? +_

tåons t¡€re countertalanced withín the lirnits that e

bj-of,eedback elrp€rinents p1 us eíther Þ-he ì.!l-rrmi.n

cognìtive cond itåer ãrer* ru:1 in each se'ssi cn" T n

an adaptaf-ion pe:i.od, ârt eyes-c].osçd base l_in+ o

eyes*op*n baselina lJ,era gåvçn in ï:ctþ Session T En

TT¡åo the sessicns w€r€ appraximat-,1y 1"5 hours

1F

li]:t:,.,:.

¡n,l ¡

D:

-À.

liDr.:'l 1m?n-

a 1 nL =t 1".)-i---

á-Lñ .1-i*.-
1.1:: -tlLl ",

iun bcth

ht con,l ì -

nc of ihs'

at'i ar. o:

-^ ::--: ..-.)::,

an,i a jl

d s*s--i cl

;ach i ¡

Length and a¡¡eraq+d 3u 9 ðays apart,



gdepÊAeåog__pg¡¡åed- åft*¡ a Þhasa '¿hg:- ::cc:l

çl-ectrcdes w4TÇ a+.tached. arrd ¿,,he çuhiç,cts \i?Tr. S.:iâ

comfortably unde¡ 1ov¡ ¿¡¡þi a¡i+ liql-tlrq 17 mi1_Li_1anh¡r

lqith their head ncsi t-i-cneC aqaì ns,L Èhe chin ard fcie h

restsu they H+re giv*¡ a 5- mì nute r+st or ada ptar-i. c¡ oe,:j

Ðurínq t-his ti me t.hey Hêt* a11on+å to mcvs and I cck arc

so es to aequaint i--hemselvas çlith þ-T,?, +nvirenns li: anC

nost ccnfortable pcsition,

this peried"

EsEs:.ÇåeSg¿_å a qe1 i¡q*

7-

¡io tçeordi ncs wË,rÈ ma.d.: dur

Fo'l 1sw1¡ t th* ada.ota+i ¡l nr:t-c¡

-1,1 at

:c\

.r-:¡ ä

^¡

unC

tL *
._ l: .

I tcJ

the subiects wers ì nstructef, to pl_acn t hEmsçf v+s ilr
pos!t-icnu tc cl-ose tbeir €yes, and tc ref rain f rcm mov-i nq

for the next 4-minute p+riod, nurinq this line 'i.h,¡j.l:

eYes-closec l:a,sc1íae leve1 cf al-pha activity '14'a,s Í'trrcc:dêdo

_EEeS-OpeÊ__tsag€3i-næ. Thp E,yês-c1 csed ba s*1ir:: vt?.r

fol-1owed by ancther 4-minute baseline period du::i no ,¿hlcl

t,ime the suhjçcts e€ra instructed tc onËn i-_hei_r ?vÉs n ,r

l-ook in the dírection of t-he tarqeta âlld Èc rsfrajn f:an

eXCessi-ve movements, eye bl inks, Or 'èy* mcvementso .his

pÊrìod. sÊrvF;d as a basel_in* _for hcth Ë,v*s-op+l: alpha

act. j-vity and pupi I si za, Thi.s $as fol-l-oç,ed bv a, br:.c,f r.:,sr.

per-i-od {4-månutesy f o1lcr{i nq vhich the sub iect*q :n ¿a j_yt=ã

theír instructio¡:s for the next condition"

_f 1 &e_gåeet åçe__ Esperi. n e nÈ* ?he sp+ci f ic r xr,*-* m r¡- a, L

i-nstrr¡etions as tley wer€ read Lo t,h+ -.uhi*cls aÐÐ:-lar:-r

Appendix A" T:r ihe ill-uminatì"on expsrinent tþ¡l ,çuhi*crs

sÊre given tlrree t:i als of the f o1-lowinq combinaiicn cf



transi tåcns af th¡e,e 1* v+1s

eri-l_l_il-amberts " ThE ;t ur¿t..i on

30 seconds, There 'das a

tríals" Aftnr e l:rief res*,-

Posàex perin¡en ta 1 <Tuesticnnai

lsee F.ppendix E) ,

e Egæ_i tå w@ *__ E sp€gå me q te.

18

of il-1u-ninali on î 7 -'t*1 7-n -1 -" -1tr'

of each cf tire 2x çxnôsìl¡,?s lraq

1-mj-nut+ îftst ptricd þct'o¡'.ler

p+riod th* sr:b jÊc+,q ccmnl-e--; d e

re f cr th j-s pha sp of t!:r¡ srud 1'

Ths spæ ei f,i c f rro ê:.' n or,' a .l

ínstructions for thì s €xp€riment are presen t,ad 1n Annr:,n,,1r x

B u ln the coqnitåve experi-nent th e task lras a d. j qit-i:ans-

formati-on proc€dure i¡l which rhe suhiects r.rerr, pre:sc,n*.rd

qith a randoml,y geo,erated 4-i'liqit sequence {.1. im j:-r:.i i c

numbçrs batç¡ee¡ 1 and 6) {see Âpp*ndix B) u nhe diqi-s }il,,rî

preseràtËd to t he sub jects hy the e xp+råml,:nta¡ 3 + '1*saccn ð

interval s. Three leve1s cf di.ff iculi-y were i:ri¡edrrcscl; ldd

ûu tlð.d 1, and Àdd 3u Ðurinq t.h¡¡ 'rAdd lrr {1*a*"+ Cjffjcu-l+)

Level Èhe suhjects wer€ asked. to tt¡dd 0 tc *aci: cf llrr-

foLLoving diqits a¡d repeatl?, For th,e 'N¡.dd 1rt l-er¡ç,1 {ncdj:r:n

åiffíeul-ty) the suhiacts w€rÊ asked tof¡add, 1 to çach cf the

f oll-owj-ng diqits and repeat,t " For +- he 'rÂid 3 fr {mos+

dåf f icul-t) level- the sub jects rircre ask*d to rr ¡ d d -? tc c ach

of tha foll-owing diqits and r€p€atr¡" lto attçmpt i,ias rnaCe l¡

nonitor t-he accuracv of *,he sub'ject-s r-esrrotlsË,so ill h ic,'.r'

trials wçr€ prçsenterJ at each level of c j f f icul-+-v, ?l:il sam.¿

random sequence of l-*vel- of difficulty {¿fÊre pr,î,sÊn+ÊL tc

oach subiect {se* Appendix B)* åfts:: a hr j-.af tÊs*- p*r: oñ

the strbjects conplcted â pos+.*xperinenta'ì, qunsti crlaj.rr fcr
eaeh of the l-ev*"!s cf difficillt¡¡ {Appendix F),



79,

ålpþê_Eåe€Ce#b.as3_SspæqåqçgÈ* the' sn+ci fi 4 :lrs::nct.iris
fcr thc alpha Liof çedback experisrent aÞpêar i.r: åppçn¡ i.x |,
Tbis €xperi mçn*- ccnsistcd ef thrpa 4* minr:te tre.1Fi.â_ cti "

{increasel trials a1 è-Ernatång'*rith t}rr*e Il-ti: lr.¡.*r,?, o'a_l p11a,

offou {decrease} Èrials ¡sitir six 1-minute j_:r+'erspEi,=,îdl'es-

Þ+rj-cds durinq whi-ch timç auditerv feeåba,ck r{ras t-ermi,r::È-.ìil"

åfte:: a bri+f rest perìorl fal-1 owinq t.hís cond j.ticr i,h,:,

subiects cornpleted a postexpsrinental qr¡estíonra:::e fn¡ :.h*,

increase and for the å*crease trials (Appen,lix G) "

Pupå--"1-Ele€ge:dhag-&-E4peråmqaå* The .sp+cific irst::uc*ion=
for the pupil biofee'lback Êxpærin€,n.. ar* prÊrsettqrd_ i ¡

À ppendix Ð, Thi.ç experj-menf- also consist.ld cf +l,ret

4*mi nute diLaticn {i.ncrease) }-rial-s a'! ternati.n<l rriih rh¡e.,1

4-minute constri.ction {decrease) tria,ls sit!r 6 iní-€isprrsrd
'l - mi-nute rest period s" An audi- t-orv prepor.l i-:n e. t *+.VÞå cf
f*edback was prcvided for successfu1 chanaqs in punl-'r si-z'c.

i-n the d*silerl dårc;cti-on* Iro fendba.ck r¡res p::ov'i.ferl dur-i,ns

the rest oarìods" Artai-n a f ter a brief ros+- p+¡ j cd +-ht'

subiects cornpleted a postaxperi m*nta1 qussti.onnairc fcr ahr

I tl rÊFËlâe.å

flì "

tråa1s and one for the decreas+ 'l:ia1s {.4-ppln4lx



SçesåBs_Psqee4çræ

Å11 tlze raw data from n-},e 
¡f FE r acerð.*,T s.-:i n cha:-r: s 'dâ I

anal-yzeã by t wo âxpÈrzmental scorerss The colCiticl= wt:;Tt:

di-vided betseen th'* scorârs so t.l":at cne a::a 1 vzeð S' ss',i cr r

basgli.ne, the il-lumination *xperÍment.î e?:4 *h. alnha

biofeerlback çxperi nenf, ¡+hi 1e th* othç:: anal yzçð. Sçss j cr if

baseline u the ccqn;,tåve and the pupjl bj.r:f*adback *:sÞq. j-i *

mafit, Tnterscor€r relj-al¡j.1ities {Pearson Prôduc.,- l.tonr.+n*

corr-À1at.ions) w€r€ ccmputorl for th* basel,.n+ ccn,.lili clso

ållrrminatícn expcrirnentn coqnit!-v+ sxper j ment c ãr:d hic f-ç.,;:,d.*

baek experimEnf-s' Fcr each cc'ndìTionu e,ight ranrJcm sa-nnl.¡ls

af- alpha densj"ty a¡d eiqht" sa.mples of pnni.7 sjz:', 'rr;i:Ë.

d"erived from each of three randomly chosen sui:i¿cts rÕT a

total of 24 pairs of neasures of alpha rL*nsj-+y a,rd 2¿r pai::s

of measurês for Erupil- size in æach eond.j"tion" The i¡-.t*:-s-

ccrêr rcliabål-ïties uere r = .998 (a1oha d*nsit y) arrl T:

"99 lpupil sjze) fcr basclines; i = u98 {a1pha) and ¡

{pupål) f or i 11umínar-ion; r
{pupil-) for the ccqnitive task; anrl r = " 99 {a.lpha) a.n

96 {pupill for the bicfeedback #xpgrím*ntsu

The HFE stri, p c}:art data lra s scored seoe -a+-c l v f nl .; a cÏ

of the *xpecimental cond.itians as fol1ov¡j.no:

Ee se¿¿net-g pa dåtå 0,8 se. The haselì nçs for bc"h Sçss"i on i

and Session TT &?ere scored in an identlca1 fashicnu t_ lc:el
Ðf, four 2fl-seccn<l {10n mm} sampl-es Esre takø.r filn *hs,

middle cf each minute ûf f-be 4-mi.nuts *vãs-c1csr:d ard

4*nlnute eyes*open bas*line*q" Given t-hai thr I':9I pe.p;ìi i s

Y\j

c?

=ET



cal-ibrated ån+-c 1 mm l:1ocks" tï:e p*rcat+- alpha i,res

calculated by ccunti.nq the t*ta1 nunb+r .ç, 1 n p hl cckr

crossed by the p€1l shåle deflecterl in +hc 4:::rc*-j_nr

inrlicatìve of supra threshcLd al-pha activìLy"

Ten m€asures cf pupil- sìee l+ãfÊ taken ov€: lhr: =?-w,

20-scccnd samples f¡orn r¿h.ich the a 1_pba mea sur.:.;a w¡:.-,rÊ

deråvedn The flFE was cal-i-bratad fcr each subiçcl sr,+,þai-, 1

mm of pupiS- chanqe would be repras*n'lsd hi¡'! cin ¡f Ðrjl

d.ef læetion makinq it possibl-e t-o accurately rea.,l puþj-l siz*

to CIu'T tnft" Fye moven+nts" eye blinks and the cÕîlâsnnli]i¡s
pèn defl-.ect ians wer.È eliminat.çd" Tf an eyc novÉ1 n':lÌ er ::.yî

blink correspÕndeå to a point of pupil si z* m,"asurÈrTì.ir-,,u '_hi
point sas a'ãvanceC tc +.*he end of tb.e arti fact"

_T1_1-Ugåea&åpa_E3perånest*, Al_pha density an,l pupil. sj,r,î

were determì ned in the sanc fashicn fcl the -1 {"-fl u +1 5

l0-15)u *15 {15-f.r)" and +7 {0-7} mí11-ìl-a.mber., iilunjra+_:,-,:r

cond,ttions, A tetal of 14 rDeasüiss {1t Fn sa mpl+s) nf nr:p: l
size and of alpha densi+-y werç: l:aken fo¡ ç,ach 28-seccnð

prese¡.tation lt,riall of each ill-uminaticn conôi-,icr"

Cognååås'e_"ægpegå*mq.Ble. Agaån a1plra densit y anrJ prro_ì i s.i,,zr

wer* deterrníned in the soms fashicn f or rhæ tli::+:e coqn i t-ivc

cond.itì ons" Each pres,.tntaticnu howev?ru +¡a.s di vidtl i ric
i-oadinq {11 mid--loadin<r {H*f} and unloadinq phas;s {iTI,l "

The loadì ng phase cotrr€srrcnded to the *-i rn* hr+vr+çn ih.
presentaiion of thç fir*et a¡d. last diqir-; niC-1naCi

correspc¡ded to the time betçreen i-!rê ç,nd of the icadj.rq a ni

beginninq of unloadinq phases; and. Èhe, u::'1 oad'i ¡q nh"ase besen



at the poj nt +-h+ 
-cub ject l¡egan ræpeaÈ- inq

ended shen the -<ub ject cûmp]ç{çd i-h.e rene*,i t

and al"pha density !,rer€ calculated for e,.vÐry

l-oa-dinq " mÍ-rT- I oarling and unl-oaCincJ,

ti =

Lt :: a

sec c¡ 4

ôa

-.aizs arõ

f '.1 c: i- 
=:,,2,,+

{5 nn} cF

Gi ven the variabil-ity íl +-he sp?€;t1 r,¡:th "*1i-ch 'h ",

subi€cts perfnrmed thi-s task u the number of rn+a su rã.:s h"+ hr?îr

the subjeets a.1so varied" ¡{oreovery since t}re m-rd*1¡ad:-nc

phase was {Tuit€ short {1-3 second.s} any mi?e sìfr'* of pupj l

variabili.ty vithi¡ this phas+ l,¡as biase du ConsÊ cJuenil-v +h¡

loadinq and mid-lcadíng phases wer,è later ccurbined anC an

+qua1 nnmber of mean a.Lpha anð pupil sizr m,?a Êu,:,:s Þrlrq

calculatqd for load.inq and unloarlínq phas+s {c,ar1v, r'.ido ar'l

lat* loadi nqt earl-yo mid and late, unlcadi nq) ,

BåEteeÊb4c&_Eg-p€rinents* !he sa tnÊ sc crri ns p::cced r:,':r: €3 t:

alpha densi-ty alrl pupil- size lras us@d fcr bo:} å.hÊ bjcf,,r¡:,i-

back €xperimants, A s vit-h the baselirr cond'i-ti cn s ¿ a tc:a l

sf four 2O-s*ccn,å ( 1ße mmì samplcs w€rê t-ak*n f lcn i,hr-.,

uriddle o f ea.ch minute f cr eaeh 4- rniDrl+-* t,ri a,l- c f i,ncrcas+:

and decr.Ëase coeditÌcns cf atr-pha and pupi 11aiy Ìricfer,Chack.

Aqaj-n 1C neasurqs cf pupil- size wâre t.akcn from th"¡ *samâ 1ln

an sanp]-e from uhich alpha densi+.v øes cel-errlater-'¡,
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the alpha ba se-!-ine d ata was enal-vz*,d in a 2x2x tJ ccmn"L ':,tq*

l-y within-subjects fac+.oria1 ana1vsås of variancr '..¡i+-h

Sessian I versus Session T.f. and ey*s-e1.osed 1./Ëîsus :îvÇS-cÐç,n

with fcur suecessiv+ çpochs cf neasurÊme¡t { tri al s) irr ¡acr¡

conditicn {Table 1)" The analysis of varj"anctr' jndicated

lhat as expected thera was a siq'nificant diffçrc¡ce in a]-pha

prodücti"on for Sessicn T (¡{ = 67\ v+f sus Sessj. cr f : {i1 =

B0ì " A1se" as Êxpected u the eyes-closed al-pLa produc+ior- (n,

= 78T $as greatc¡ than the eyçs-Õpen a] pha nroduci jcr li. =

691 for hoth SFSSicn I fEC lrf = 71 ", LìC Þ! = 6 3) I e nd Scs-rl. er

ThÊ trials main effec+, Ïre.s lc+rr {Ec r{ - 84;

si gni-f i.cant 
"

En if = ?ql-

'rhe onlv siqnificant in*-e::acti.on rres *ha' ¡ €

Eessionu eyâ-cr:ndì tíon and traj.ls" il: VilW

intaractionu t-hç îtÐwnan:Keul-s l!rri-tipl-c' Fangc Tt si r,Jê.s u=.¡,C

r-a ass€ss Sessicn f versus Sessicn TI d.:ffrrences ecrcs-=

t.ri-al-s 1 - 4 of both cye condlèicns lse* Tabl-* 2) " ,ns sh¡v¡
j.n lfab1ê 2 t¡cth .e,he eyes-cl-osed and €ves*cl"ça al pha

d*nsi-+-ies w€re si gn j-f icantl-y qrea ter in Se ssi c¡ J? thar

Sessicn T over al l- trials, The eyas-clcsed vê:stl= çr¡€S*Ðrl,Ft

B3



qß

dif ferencesu hcw+ver e tn'ærâ cnly siqnj f ì ea::t f or -rj al r,t c.s

S*ssicn T and. rrials 1u 2 e.n,3 3 of Sessicr fT"

To sLtmma.ri ze n ths anal¡/si s of a] pha basel trr ðe.t-a su qo:s:

that 'rhÊre Þtes grea-te¡ alpha pt:Õduct-i on assccla+*C Lti-ih +h.:

eyes-cl-esed vÊ?rsus eyes-opÊn conditíons and si*-h sess:irr ar

versus S*ssion I, T he çf fec+.-s wers cruali fi *ð h.¡ ù h,î

interac*, j-on cf sessì cn, êyf.-conclition ar:ð tria.l s qr:ch :Ì:e.i

eyes-c'? osed a I pha prod ucti on lras gr*ar-er t han êv€,s- on¿n

al-pha product-ion fcr Tri-al 4 of Sessi"on I arð 1"r:ial.s 1.,

and 3 af Sçssì on :T"
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åLPIIA BA SET,T¡?¡ gI{CIlA

------T- -3-----------tr---**---l
!Sc,lrcÊldfli{Sllrlorì'f

Eve condition {E)
Trial-s lTl

SXE
SxT
FxT
SgEXT

I 1" 19 1 5674"24 6f1"5C I !"¡:5'1. I

1f,5,tr2 | C:ou-7 |

266,91 I C" tE I

55,9'1 lfi"34 !
g0.L+7 I e,1a ¡

59, ?C I ro Ê8* I

I 3" 5-l !

I 1u 19 î

I 3" 57 I

I 3u 57 !

49"Q7
Ira â r
Li- d ¿.)

'! g, '13

11 ,72
| 3u 57 | 291,19
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The n*an pupil, sizE ovãT th.e fcur cpoehs ef tb+ '?r¡'{,s*op:qf

base'! j-ne across sessions lI vel:slts TII lr€rÊi anaL'l zeÂ l;i.-t e

t-wo ç¡it.h'in facto¡ A¡rOVA {sea Ia}:l-s 3}" Th,Ê. eral,ilsis

indÍca+,-ed a hiÇh1y sign if icant tri a1 =f fect and a sr¡:1,1;nry

f or pupil size to dçerease across e,rials of l:oth *qqssi trL :
and sassion TTu There r,rereu b,:t,lÊvrife nc diffcrsr.cFs irr

pupil siee bet+reen s+ssions {Sessìcn Te t{ - 3,1?'1 ; S,?s::l-cn

IÍ, f", = 3,96) Îcr rùas ther* a-n jnteracti on b,etr¿e+r ÊÊ,ss j ons

and trials" l{oî'ãover ø e simj_l-ar' ¡-}TûVA on tht n¡:p:'f

variabiLity aeaÊur€s (Tab3-e 4) índicaterl -.hat +.-l,æîe r,:eî* nÕ

siqni f !ç¡¡i d j.f fç,rences ån pupil variabilit v h€tr.¡,:'i:i

sëssions or acrcss trials,

fn -eumüaryu the onl-y siqnificant difference

for pupíl- baseline dat-a þras a decrease in pupi

trial-s cf both s.l;ssi.ons@ Thls is an qxoçct

pupiLl-ometry studiçs {Janissa n 19'17),

Sugmerg_gf_Eese3åee_ggsgåeg* Ås hypoth.:siz*,{ t he

of bascl-ìne analysês indicat.ed that- gr+ater alnhe,l¡,t

t'tere associateC r+ith ey'es-cl-csed {rêrsus Êyes-ope¡ coÞ

an'1 i¿ith Session TT vÈrsus Sessicn î basel_ ine: s, T

signif icant fi.ndi-na emerqino for the pr:piI hasrl ir:_q

siqnåf åcant decrease ån pupil si z,ç acrcs-{ tria 1s,

i han- ?melaç.ð

1- si ze ãcîc*<s

qd çff'lci :-r

rqsult,Ê

-^; !.i ^^i è t-|;r

rri-tions

l1.: n n'l rr

rT al: a



TNBTE 3

PflPlt BAS3LT¡18 ANOI/å: PüPIt I,T7,Ê

-----?*-------y- -?----------T-------_n
I Source ldfl lSrrorlFlftt >

Session {S}rrial {?}
SxT

1,19
?q?
3.e5'7

t" 1156
0" 0978
c, CI 088

c" 2336
0, tc85
n 1^^1

f, /-t9 i
1'l ltËj< ti 'r *.-j 

I

n tt^ t\4 a ) !

------å-------J
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Tå BTE tI

PU!?T¿ BÅSIT.Ii\E A¡7ÐV Þs PIlPTL y AI IARZT.:Tv

----.?--*-----T--T---_----_T-_-__-_.]
I Source I df I ¡1S lFr:orltl

I Session IST
I Trial {T)
I SxT

1_1q
3,57
3 "5't

0" 0c54
0,00e2
0" 0cc1

f , tc35 T .',?, 56 I

CI,0015 | d:.12 |

0.ttî8 I f",1? |



q1

3}]- ä s í.nqti-oA- E spe r å sen+-

å.lgba__ÐeEsífg* The al-pha daf;a ir t he

*xperiment, ldes ¿¡¿l yzed for separaLe il11un.: re å,i.on 1:, v+1s :-r

a 4N-3x14 comple,tel.y uithin-sr:bjects factcri a1 aral'rs-: s af

vari-anc€ desåqn røåth f our transiLi cns in '! l-.1-uniraij,cn {-1 o

+15, *'15u +7) rapeaf-ed on thre+ trials aî:.d 14 sÊ.ûu.ql+:.al

epcchs per j-lluminaiicn tri a1, The re.sults aF tl:+ thrq,{ì-'rav

sithin*suh jects ANOVå i ¡riicated a siqnif ica¡t ma j n ¡f f I'c+

for j-l-luuri natron level- and a sj-gnifícani nain ef f-r:cr- fo:

apochs {s+e Table 5}, Clos*'r çxani nat'i o:l of lT, ?a'a

however" ínrlÈcat-.ed that the tcst cf campound synrnçt¡v fol

the epoch eEror sugg*sted a viol"ation of i.he assr.tnpi-ì c¡: cf
variancç-covariance symmetrv {p = ,{l-?5u 19i1!) " Cor,sc:nuørrly

the Gtsênhou*ee-Geisser correctícn {Greenþrorrse f,, Gq,issr}r u

3959; Hiner"'197'1) ças m.ad.e tc the deqrees af f:ee'lcn" .n,s a

result the epoc .affeer- $as no l-onqer siqnif icar: lÇ I l, 1q)

=2"81"Þ(*12\"
ldÊ!Íman- Kauls Hulti- pl-e - Pange Test.s

that thc maj-n e f fect for ålluminat-i on

t,he r1íffer*nce bef-wean the t{.ro increas

+15) condiÈi.ons {H = 611} versus the twe

ill-umination cord ítions {fl = 58} as na y

The r4ata d o not s trppÐrt HVpotires is 1

l-he qreatçst ancunt cFt alpha activitv

{Tabla 6\ cc¡fi:m'í, d

wa-q aec.ou.nf.ed fo:: br¡

inq i llumina+i.c¡ {+'7 n

Ã.rr.¡a:cj-.T t*1 -1qì*!-¡.T 1 A :- i

be se€ri i I F: rIu:E, 1 ,

'*Ì: ch *ÊÐFci-firð thrr

wclrJ-d Õccur a.4 -: h I



l-oçrer illumånati.cn 1+ve1s {*7 u - 1b}

al-pha :¿ith the bi-qber il-l-unånatåon

^-Â &L-

l.r¡c'l c l+?

Q1

Tea=! a. mcua : D €

J-{ Êì
'la
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TABIE 5

ÅTPTT& TLf,U HTNATTOTJ F.NOV ¡,

Tl-l-uminati cn {I)
Trial- {T}
Epoch {El

ÍxT
ïxE
TxF
SxTxE

-T--------t
Frra¡ I rr I

+----**--l
138-V,çB | {,}A* 7

6243"uu I f"aâ 
|

{131, ¿t 9 | 2.81}. !

828"16 | ":.22 !

426,11 |'!"f'5 !

416,e2 | i1"9-l 
Iu29,12 I n,?5 
I

df 1 1{S I

? q,?

2 13B
13 o24'l

68114
39,7l¿"1
26 "1494 |
7 B , 1î1821

B'183,23
53ß?,25
121Q " -a2
192,14
446,75
385, 1û
320" t5

-..L---------_l--_-__-__ _ å_______J
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lIEÍ;¡1¡N*KETÍT,S TEST CIF THE

1"48f,! {1

I,1ÂI}I E!'FECT FOP IÏ,TUI'iI IJ¡T iCÏ LTY IT,S

Cc mpa ri sa n Critical
| ÐifferencÊ {edJ t Di f.f.r::'!:ç.T, c¡.: {Ì{C) I

-'7 vs +'? 5
-7 vs +'l
-7 vs -15

-15 vs +15
-15 vs +-7

+15 vs +?

3,367 I 4.4* I

4"C46 1 1, gf* 
!

3,367 | l"?2 !

4"046 I 4,62N, I¿r,451 r 6"1q* I

3,367 I '1 "5; I

l{ot+; df = 5'7

*p
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Pepåå_Såee* Th* pupi 1 sl.zn Caia f or

96,

:h;: i L l- r:¡ri:- :..^: c¡r

experim*ni- 'días anal yz¿d in the same fashion as llt,i a.l nhr

dat.a, 'lhe re*suIts of l-he three*way æitliin*subjs¡+s at?.1.v¡-'-s

of vari alce e¡€ prçsç:nted in Tabl-e 7 u Tai]]e 7 is inlì cative

çf híqb1y s'i gnj-f icant mai n efe,*ct.s fol l-ç,ve1 cr i11uni:a*

ti-on and epochsu and *qígnif icanÈ interact ion af : j luninatioi:

by epochs and illuminatian hy tría-1s by e¡cchçn Tht

conpcund synm*try i-+st-" howe\rer, suqgesi*ed a r¡i cia.l'i ûr cf
the assumptìcns cf varianee-ccvariancÊ symma-t-::y for !hc: ma.i.r

illum'i nation ef f ect {p = ,Oûe .19df) u an,l f or f þ.* .:,Ðcc!

effect {p = uOOn 19df}, ålthouqh tbpre weTF: l;2suffic''',¡.,n"

degrc,es of, freedocì for a crrrpound symmetry t-*.s+ ef È}'q

ill-umination x epcchs interac'"ion c.r th* i,1'li¡.mi-nati-or x

trials x epochs interac-+*ion u the viol-at-'ì6¡s fo:: r.\t*, m¡"in

effects plus the -.ignificant symme+"ry'!:est cf the :rt,.-l:ec*

tio¡ of i1 l-uminati cn and trials {p = , C'! 5" lgdf} sucg:as:+-d

an overal-1 viol¿!i6¡ of cemocund synmatry, Cûns€

Greenhouse-Gei-sser cor¡ec*ien lras mað_e f o:: 'ho

.r rì â r"l-'l r¡ ¿ h ,:

-1 ^ ^*^ ^ ^ ^ ç'l-q-'-.-ì u-

ì:-1 :l-,-frc,edom af a"11 the eff*cts prasented in Tab'!-c:

effeet.s rcmained siqnificant at l-east at thç a

the exceptíon of the three !{ey interact'i cn af

Ttials anrl epr:ch s {¡ (13,2471 = 1,62up

$ot surprisilqlyu th* larger pupil si-ze

vith the l-owçr íl-luminatj-on l+r¡el-s {-7, -1

pupil si ze was associated isith t l:e h:qh

'l rrm'i n: J-'i r¡

1

0f1

i1

s)

levels l+-1" +'15), Næç¡man-Keu1s fl u1+,i p1e



confi rm€d *,het the il-1umi¡.ation ef f ect t"ras accrl?r

Èhe di f f+rencæ bet'ø**-¡ eonst¡ìc1. and dil_a.-q. t:ia

+15u Cd{57) = "217, I{C = n952u p < "C5; *7 vs *7u

,197" Hð. = ,865, Þ ( "û5; -15 vs +7 u Cd{5"1 = c

,833 " P

consf,ric+- {+? vS +35 " Cd {57) = ,16U " !1d = " fl 87}

¡1i-l-ate {*7 vs * 15, Cd { 571 = "164, t'ld ' 
^ e32\ i 1

Level s, The €f fÊct across epochs and hiqh r/

illluminatìo:r condi+-ions is pr€sented graphåcaL1v

1 a loa q tîi-t h the a l- ph a dåns j.', y dat a. 
"

¿-^)

ca'{

'I

+a!.

ôr +

l trrn:

1t

9-7

fc¡: hl¡

{--'a

r "7\'I

lr,c +.'vl c

11 : ùwD

- ^ 
À j 

^*.tc -r tl

.s 1c r,;

l, l. g 
'1: 

L-

As i s obviar:s frour Fi-gure '1 there was a mricþ, aoÌ:ç,

draurat-íc chanqæ i.n rruoiJ" si z,e associ ated 'ø 
j.t.h :he d i 1a_te

{-7 and -15 com.bined} condif-ions, Th.is i{as narticularlv À"hr

casê ¡¡io*h the f irst -T eFoehs, Althcr:ql thie dif f ,tsrî.¡.cî: l¡la s

noÈ- siqnifica:ìt ltl821 = 1,43o p

ånq to notê that tle grËatest ttêå,..w€€h and wi+,hj.n*suþ'ject

pupil vari,abilif y was a ssceiated r+ith +hs -7 {t!: = .li.l-,) ¡n d

- 1 5 (lS = ,47) dilaàe conditiçns yì 5-¿: yi _c thç +7 {lr = , 16)

and +15 {tt = ,39) ccnstrict ccnditi"cns, Th"i--s is par+: cu1ar*

ly relevant in våew cf Hypet-hesis'l ¡*hi-cL assu¡netâ:hat +hr,

qreatest prrpil variabj-l-ity would he associatei a-iil th'=

ccnsårict {hj-qhly íLlumj-natåcnT ecnditions" th* la*z h*lr-'

suggest that thj s sas not the case but rathsr iþe a::+a-tç-s:

wi-th j-n-and 'beà€een-pupi1 varia,bil,ity tcnd¿d tc he ãçsoci e.,-*

âd ç¡ith thç dila-:-ç cenditi-c¡s"



Al"sc as can hæ seen f rom ?ab1e -? e the

epoehs {the slqnif iean*, i ncrea.se in Þüp

æoochsl Has qualif ie d by a sj-q'nif i ca n+- ¿**^ ^ri

ts'¡ 
^ttra''-:'''í11-umination leve1 bv rpoch-c, ås dspi-ci,ed

increase i-n pupål- size acrcss epochs ''la-s *=icinifjcar

greaf-e¡ for the ð il-ai+ (--7 , *15) r/e¡sif s tire cor,--t,ri,c*- (

+151 i-1-]-umi naåion 1eve1s. Àqain thl s cnn f i:n " d *r. 
=':

9e

fcI

îsg

^6

zh*

¿J v

L'7

the

^¿^

+h*

c aa.

t. t-- .t^

ct
4.

Çfc

-

aar

:]

r-n

,¡^.+-ji,1j.c

Yr.P-:

IL-T

noch s

+- l-. e r,"

"t .¡ t-..-lr-

¡-#^

r,Ìr*- l.

å

c:7

greatÊst chanqe j"n pupil- síze was associ.atr*,l wi-;-h

conditions; nÕt r+ith the constríct condi"tions

esize il"

J-ha

a.=

cil
h./ pr

Tn summary then the analysís of th.e pupil-'l ary

demo¡.strated. ttre obvicus i-nve:sÊ rel-âti cnshí p hË,',ni¿::.î¡

size anrì ilLunrinaf-icn l-evel. The data al-qo i::d ica*ç.d

there sras a si-qrrif icant increase in pupil siza acr.ss Êj

f or f-hç lower {ð ilaf-c-,9 il1umi nation lcve3-sn t l t-hc uqb j

been assum*d that th,€ gr€a test pupì 1 varial:il, i-tv Hou

found under thc ce¡st:ict ccrnditi-ons" t1-,.e presr:nt

susqest a slåqht tenrlency f or sreator pup!1 valia bi.l- j +v

the r1ilat.e conditicn*e,
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14.

å1pb,a--anë:-Puçå1-*$åze-.-corrg$gËåons* The ::cle.+i..cr::hi p

betwe+n alpha der¡sity an'3 pupil sizc f ci :¡drvj ð,r¡.1

illuminat'i on 1*vels ?ra-q ì nvesti qat eð si+.-h pÈe,:scr rrîor--l'lci*

mo¡nent correlat"ions* Since corrç1a+i.on ccetf.ici;:r,ts. \tc:Tt

computed for çach epcch in eaeh cf. the .'-hr+r -:j alsu *.l.rrt.::.

were a tota.l- of 42 ccurpari-sans for +ach i llunira I j cr 1,¡ r¡a l

{Table B) ' Tiì vj-es of the small sanplç size {n = ?l ì oÌì

whìch each correlation vas bas'ed and t,he¡sfore ihrì '1,:w

orobahi1ity of f indinq signi.f icant corrçil-at.ions r:r.1,Ìs.s ihqv

Ider€ qu'¡" te largc {r = " 
38 f er si qnificance ¿*. ,l:5 lrvo-l ii

one-tailed tests) thÊ corræLations uR¡Ê ava: aqc tr fcr

separate illunination l-*vel-s and tested l:y r::aced uras

d*scríbed t¡v ¡{cN€mer {1966} to deterrnj.nc whctl:¡i tl"ra

obtained corr€lati-c.ns rÐpresented a nonchance le'! ati.crs hi t:"

Z t¡ansfcrmatìcns and te<t ef siqnificance f¡: ;a.cl-,

i1l-unina.tion 1+ ve1 inðícat.ed that- thæ averagÊ co:re1a*-i ¡¡ çr

f=ø 15 for the +? condi+-ion {rtz = "155 SE = ,137u F < "irr:1'} ,
the av€rage ccrg€lation of F=e 13 in thg +15 ccnð i t icr {yz, =

"13 u SE = ,03?, p

*" 07 i-n t,he -? ccndiÈion {Yz = -,0?2, SE = "C3n ¿ Þ a , n*!)

could be co¡rsidererl siqnificantly gr*aÈer than ztr.icn -b.

avêrage corrÊl-ati en for tbe -'15 condi-tion of * 
" C5 lyr, =

uC54, SE = ,03?a p

d.eviatino siqnificantly from a nonchance occurÊncÉ, li. b,*st

then t-he i-end.encv f or alpha anrl pur;i1 .-.ize tÐ ¡¡a::y +cgs;t hc:

seems only månimal, and nìost notice,ab'!c for ll:" hiohe::

í11r¡minati on l-e veLs vh+re th* pupil ffas al so icss vari-:-b1 
'-"
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P os te xperå nga e a._1_ g ue st j-ee neå r ea

1t _?

T!rÊ suh i-:cî s ir : î: :a -::. o

and the frequeacy dj.stribution acro-qs the 12 :a r'i nc sca1,,:s

of the pcstexperimenlal- guqsiionnairë âi€: piÊscntr.,d in 'i.al:t ?

9' The m*ans rcpresenÈ tþe subiects ratincrs c\t"zr al i lc;v,¡,1 s

of il l"uminat-i cn* The questionnair+ r{as ¡c:. d :si arrð tc
ctmpar€ va.ri-ons i1l-umina-t.Íon leve1s {Ses Appr:tâ:_x n- 1) o

Õveral-1 {as de picted in ?ab1a 9} t-hÐ sui: jec:.-c iatc,d t hc

experi-manÈ- as reguirinq ssrna a'l ertnsssu atte¡+,:v+r¡.ss end

conceatratj-on and a.ç b.einq relaxeð,n *asy and unfi-u.siraci nû"
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1r\

Sxå sary g€_E-1å_umåg+Èåçn_!esr4?-tg*. ê_s exp.,*cte,1u'.h¡:, 1 a.= q:::

pupi-L size ${as f cund for th+ losB:: il-lu minaÈi cn Lr.r.¡lJ ç {*f u

-15ì and smaller pupil- sjze t*e*q fcu¡:d_ fcr 'h,:: h:cr1-:,,'r

illuminatíon l-avels {+-7, +15)" Grs,at*r a L pha o::cCr-ic ::i.cr

contrary to exp*ctatjons, ?Ìas feund durj-ng hiqll*rr:j.ilunina

g

ticn {ccnstríci.} ecnilitionç" Tn addi-tion, tht r,}su_'r_:s

in di-cated that. there fias a *.iqnif .icant i ncrea se i¡: nrrni I

size aeross apoeh-s for thE dj-1ate illumj_natior. cc¡di_ii+rs

which sugaested- that thç qreatest chanqn j.n pun.i1. =j"ze {alri
1oç¡est al-pha prod ucti-cn) r¿râs assocÌ ated u.it h t hE

condj.tions" Tt !ras expect-ed. that ttrs prlpi,l ¡¡ori'l d

d

he

: 'ì 
^.1- --!t -'

$ orf;

variable and cÐns€qu€ntly theræ wculd be -!ç.-.s elpr"u t1¡Nr.rr

the consirict ecnditions" fn any evenLu the greatçst al-nha

production oecured under the hiqhpr il-lumina f-i nn (can si:':i:: )

cond.itions shere ther+ was a sliqht. tentl,æncy f ci 1cçtr
betueen an-d r¿íthin-subiect- pupil varj.abilì i-y"

Thc cÐrrelational- anaJ. ysås, revEaled at hç,st ct1 y z

minimal tendency for alpha densi"ty and pupil_ sizr tc \¡.ary

toqethcr betwecn subiçcts" This tenlçncy rfras nosi Ð=c'-

nounced f,or the hiqher il-lumination constri-c*- ccrdì Ì,icns

where the pupil- r+as l-ess variabl-e +¡ithin -qubjÊcfs ald r.¡htre

pupìl- size anC al,pha density t*ndqd *-6 cÕvary bç,i',¡'rlr

sub'iects in a pcsitåve fashicn. Overal-1 thc -qu?-.iects:.atnô
The €:(perj-ment as requirj-nq scmê alerti€iss , à!.,:r: j.vrn*ss

and concqnt-rai-ien anrl as being rÊl-ax*d, aasy and urflust-:at-
ing"



1¡ f:

ÇEgrìå tå w€_ E Eperi n€ nt

å1pha_Pgn€åtg_-{-å*__U:4}* Tho alpha dersi'y d;ta f¡; -..T,,¡,

coqnitive ta-ck condi-tì or ritas j,n i?-i+-al-lV ana\yzzð j.n a 3-¿ -1v?

víthi n-sub iect äesiqn with three leve-] s of task d i f ¡: cu1--v,

three tri.al..s ar- cach 3,evel-, and two meesuras ¡€ .1 oad:nq f c:
each +-ri al- {L = lcad inq u an¡å LI1, = unlcadin q) 

"
Sirce +-h:=

mid*l-oadinq (M-1) phase ças of tçn very shc:t a¡ d j_r raíiv

casÊs onl"y contaj-nçd a sinqle aÊasureo j*- sas cl i_r.r:nal*,1

from analysisn Thç rçsul-f-s of the å\tO VA {*ahl* 1l )

suqqestçd t hai t heræ ver€ :'!c d jf ferences i-n alpha prcrlu ct inn

for level of dif f j.cultv or tria'l s, Only t1'r? r;ffr:'1or

l-oa dì nq ?¡as si-gnåf icant and suqgæste d th af. the. rt was e

decreasç in alpha F:oduction f ro¡n T, (g = 5¿1,91) to tî*T, d:, =

48,661 phases"



1r,1

TÂBLE

cûG¡ïïTï1IE Ati0l,'A {,1-u 1l*li FOF ÅLPTTA DEIi¡ST?'i

2o3B T 350,32 | 386"22 | fl. 01 
¡

2r?8 I 359.08 | 5c{+,¿13 | 1,6 I

1"19 | 3520"53 I Ii1-7,02 | Butrtr* I

t{r76 I 551"82 | 3gl.g7 | 1"ß\ 
1

2s38 I I+"57 I 394n81 I I,f1 I

2o3B I 1t5,82 1 26B"gg I n.39 
1

u 8'76 1 17 3.49 I 295' 6¿r I ¡" 59 !

Dàf f ieul-ty {Ð}
Trial {t}
Loadinq f f,'l

ÐxT
Ðx1,
Txl
DxTxT

-¿---- ------ 
g----*__-- Å_______ I



41.ñ
1 a-l

å1-Eha-peggåÈ-y_J$ggu€ftae!6_ Il ordar ta j-nctud* +þ,.^ t*t,

data íntc the analysis and in orde¡: t.o €xp-ì 6:-o tL+ .rc idç

ait.hin the; l.oadi¡q and unlcadj_ng phases" *.-ht iara i,reF

rÈgenerettjd " Tba T, and g*L phasss i{er".? ccmbj n- d a:-d er

equaL num ber c f mêan a-l-plra aeasurÊs çÐre cal-cul a+e d ç_ti

loadins {carl- v" mì d and 1at.e loading} ard unload::"lg f ,:ai1 y u

nj-ctr and J-at-ç llnl-ead j-nq) " The da+,a çerÊ analysc,rl j.n +h+ semå,

fashion abovç '¿lf-h th* additÍ on af three levels ef s6qu.;rcq

{ça11yo mj,d and ]-ate) " The resul-t.s cf the repæat-+d urja.su:r{is

ÅNOVå arâ prÊsente ã ín Tabl_e 11,

Â.s may be s€€l: frcm tahl e 11 onlV *,!re nai-n ef frcr f_ct

sêgu€ac.Ê ç'as siqnificant {p = "0258}, Thærç Þ,'as a t.r'îñ,ri,ncv

fo¡ al-nha to decrease actross early {tî = 52,{,J u nid {l{

=51.25\ and late {}4 = 48" 3ç) phases of bo:h lcadinn ani!

unlcarling trials. The compound syqtme-È-ry tos-, hnw':,,vsl-

revealed a '¡iclaticn of -<ymmeÈt:y of variancÊ*cÐva:iarcç,

natrie*s lp = "CI-342, ladf)" With the Gr€Ënhous+*G::.ssir

correcti on u thc s€guËnc€ ef f Ðc't only epprcachsd thç cl,¡-qe n

Level of siqaificance {8 { 1 , 1 S} = 4" *4 e Ð

ef f ect f,or lcadinq al-so cnl-y approachçd siqrl f i-carc* I I

{1u '19} = 4á03, p = ,C592) lnrli-ca**inq a tenC+ncy fcr a hiqhel

alpha density durinq loading {¡{ = 52,13} t}:an r.lr.::::no .-ì.q,

unåaa{tr j-nq phasÊ {}f = 48" 53),

Alt.houqh j-+- Ïrâs hypothes 4 zeã {tlypcthe sj"s 2)

prod uct.icn wculd decrease as t.ask dif f icr:l-,-

t-here &ras no eff,ec+, for dåf;f ieulty, It is i
v

nt,c

c1 'not*u hcuçver, that alpha d.er.:.sity rluri-nrT



coqaitj-ve f-asks lra,s signåf icantly l-or"cr +, han ih: lvr,

basel-'ìnç'!*ve1 l-t{19} = 3"C4u p

this ít Biqht app€ar âs thorrqh a.l-pha product'i en rries {--

btr-ockæri. try a1l- the ci:qniÈive tasks and r-his L,-'1 cck:_rcr

s¡as maintalnerl cver bcäir loarii nq and ur:lloarli_lq ¡rha s,zs

eognitive tasks"

s*9n?ï:

g rre 1 .nr '/

.- ç E -^L1-: i r ':!, l

¡,ì +'- -



t:l

T¡, BT,F J 1

COG};ÏTTVE ¿}IÐVA {SESUENCE} !'0F ALPnâ llxg:r iTY

? Ðåfficil1ty {D}
I Trí a1 {T}
{ r,oa d:"- nq {r,)
I S€gue nce {S ?

lIìwT
I Dxï,
I lxt

' 
ÐXS

t TxS
å ï,xS

1 2e38
! a ?a
I s õlJ\,

I i,19
t ) ?Ê
1 .¡Ð¿t.

| 4,76
| 2e-?8
| 2p3g
I f¿r?6
| 48'76
I 2"38
| 4,"1 6
1 B ø152
I 4a76
I II o-16(: I a {q?L I \.t ¡ r¿

DxTxL
DxTxS
ÐxtxS
TXlXS
DxTxLx

715,49
144. 12

-1gD 2 " 6C
16E _3 " 43
1661 " 35

369,5C
8'1" 6?

759 "?A539" û2
1229,14

32'! , 95
328 " 22
110 A?
L1,9.-t

12C 5' 5-:1

855" g9

'trCI59*96 | f,.68 I

1846"98 I t"t8 I

96q"C2 I u,ra 
I

41'7 " 1 6, 1 4u lL¡t, i

1ll9o21 | 136-- I

.1{J¿tlJ.Gq I a,2G 
I

721"6C I t"11 I

517,37 ¡ 1"48 I

u3-7,4i 1 1.23 |

6jg,tltl I .1,9.'l 
l

946"82 lf;,3rr. I

464,U| 1 |o'71 Irl3c"93 | 1.,51 I

521,62 1 2,?1 I
¿]6C,81 I 1.a.5 I



:11

ål-pha_VagåAþ!]åtE_-ÃL-*_8:&j-e In vier* cf t,hc fac*. Ì:h,:rr,

lderÊ f.ew changes in av€ragtr al-pha proâilc+ic¡, '*iri 'j,r
ccgni-tive å'asks u yç-r some i ndica+ion f hat. aipha \,ra s blockrrl

by the tasksu the data for alpha variabì litv {r+rtL j:-suhjlct

standarrl rievíat"ions] f cr eacli suh je;et we-s a. 
j sc ar¡,,1-ysrd 

"

The resr:lts of åhís aaal-ysis fr:i Lhre* 1.Eve1s of ¿iffjc,:1":vo

thr** tri-a'ls and f-sdo l"evel-s of leadi-nq {Lo U*t) arr
prêsent€d in ?abl_e 12, The analysi_s revealed a siqr::ficant

nain effect for l-oading" qualified by an inte..:ac+=jo:: çF

difficul-ty and loadj.ncl" ThÊ effect f o¡ '!+vç1 cf d j.f fi cr:l.t v

{Ad.d 0, Add 1u itdd 3) cnl-y approachrd *"iqnifjca¡cr ln =

' Ð536) ind-; cati-nq cn 1y a =1"i 
qht tandencv f cr a"1ph a variab,i 1*

itv to åncrease as dif f icul-ty increa-=as {Add t t{ = 13" ^6;
Add -tr ll = '1 8.4; Adrl 3 U = 19, C8) .

The såqnif-ì-cant ma'in effect for lcatlj_nq revcal-ed .-ha-

al-pha was siqnif i-car'¡t1y mor* varì ahlç¡ duri-nq i h.È i cadi.ncr

versus the u¡1oadj_ng phaseu The loadins ef fçjct u 'l.c!-rÊ?ri.l.r

sas qualified br¡ a signíficanf- loadj-n¡1 by l-*vel. cf di-ffi"cu.!

I

''y i n te rac tion, N€erman-Keuls Post-hce an alvsis ::+v+a 1+d

tha+- the .!-oading v€rsus unloading +ffçct &'a.s ell v sjqr.ifi*
cantfartheÂ.ddc{tvsIJ-1uCd{?6}=4.Q2¿l1d=,1,lo13uo<

,01)andtheAdd1{1vSIJ.tCd.{?6)=4nD2o{d=4"6,1p<

,05ì level-s of diff,icultV" Tbere wes nG differâ¡c* j-r a,lnhe

varj-ability hetçieen th* 1oar1ing and unl-oarling phas*s cf tltp

å,åd 3 1eve.l of dif f Ícultv {f. 'vs 1-l-L, Cd {?6) = 3" tt-3" l1lrl

n€0, 51) , The trend in this data sugqest t har a s 1-¿yc1



díf f ic ul tv i.ncrçased

ræmaine .d mÐr* vari abl-*

th* loading

and did nct.

,1 12

ef.fqc'- d:cr.ã.-: 4 : _nl r¡ha

:?ccv?t bv : f : Iï*r nl.as- 
"



T.¡, B T,E 12

coGLrïTrvF ANOVA {r,, U-T.l FÐF AlFH.1. i,'ARIAErT. iTy

I Scurce ldf l,! s lllrorlFl

Ðifficulty fÐ)
Trial {T}
T.oa di- nq {L}

ÐxT
ÐxT,
TxL
ÐxTxt

| 2"38
I 2u3B
1 1019
1 4 876
| 2c38
| 2a38
| 4e76

7 63, 17
1 49, 01

232C,21
1 4r4,27

1 û2'! , 83
10< 1a
t -t -tù L-.

45" 1g

249,35 | 3,t6 I'14t,6f | 1,?6 1

18U,2 -1 l'i2,6f,* I
''153" 43 | t_'." g/J 

I

1l+9"54 | 4093'r !

1'!3.6f 1 1,i?, 
1

'1 1.1.lll I 1oß1 
|



STrgnerg_g$_å3pþg_Êæsu1è,s* Ê 1+.- hcuqh i- t x{as i ycr+ þo-" i

thaÈ alpha d.ensiày '+loul d dscrÐasc es l:r711- lf i:Íficr.r

incrças€'d" the hypothçsi-s +¡as net, supporterd. hy i hr Lì:?s

anal-ysås, Rather t.he data sllggesttr,d tha+" al_pha r¡,ra-{ çsrle,

bl-oekçd by a1l- ef the cognit!-ve task.sn tlorq,cvrrr t

bLocking effect lras mai-ntained ovat both 1c adj rq

unloadj-nq phases cf the ccgnitive ta.sks lj ulo ¿ lead

ef,f ect, seguencÊ affect.),

Tn addStionu thare wËre diffel*nces ín alpha

shich sugsestçd that. alpha variability tçnd;d to
Leve1 cf diffícu1f-y incr.easçd" ln aCdj.tior a1p

more variable dur j.nq the l-oarlínq phase t han

unloadi"nq phase at least for the Add 0 and Adñ

dif ficul-ty" As di-f f,icu1t-y incleases u hov*vcr,

effee+- rieer+asað, suggcsti ng that at th* ,ndd

difficultv alpha remained',¡ariabl.e anrl did no'r-

f- he ü- T, pha se n

Pge_å]--9å_ue -{$."_*U-&Le The pupil" size data wF:

i-n f-he same fashícn as the ccrresp3ndinq al-pha

resul-ts ef the ui+,hin subiec*s Ahr0V'A {?ah1* '13)

l-evel"-s of diffi.cul-ty" three trial-s" and +-we

l-oadinq {Ln S-T,) indi cat,ed a nain af fçct f cr

d if f íeul tyu anð tria'ì s" There serÊ nc siqni f i-ca nt
àìane
v!v¡arJo

-ås hypcthe*sLzed' Þupå1 size incr*ased as thc

difficul"ty incrç,asedu The Nçl,rman*Keuls +-esi de

----¡/,. "

1 å rr

^,, I

J'1rz

ard

ir<;

t¡¡t-ieh¡'l:+V

i n cr'.ra s$ a s

ha wa,s nuch.

d ui j-re +-h*

1 1.1 ¡¡t-ì,s of
¿hc 'l¡2¡rìr¡

-? l.sv.rl" of

:.Îccver h v

a¡a .1. y r.r.ð

1ao Thl

!oi tþ:.zc

L^^^^ ^Cli'i¡-"> ut-

lq.vt-1 cf

itåtrec-

da

ï)

41:11

cf
.. ¡

,r ç r¡r- 1

ncns+-rat



t-hat pupil size wes sma?l*r in +hE Add f cor.d:+j cn +hal

æåther Add 1 lCd {38) = ,1386u aâ = "CBop < , t5) 1: lr

Ad,1 3 ccnditj_on {Cd{38) = ,146, t{d = o1A1, Þ ( ,Cl,.lu qn

other hand pupí1 size was nct sr:b stant-ia I 1y di f i..:.-r.:

*.h* ådd 1 versus f-he Adð 3 l-evel- o f d,îf € j.cul_+.y r cñ {3 Bl

,038ó" 38df n ¡{'i = ,02'T J,

gbere eas alsc a siqnificant ¡nain effect fo:: t:jals icr

the pupj-l size tlata anr1 a tendancy for Þìroi 7 =jz+ tc

decreas€ over trj-a1s" Àl-tþough the conrpounC svrìmÊ+¡r¡ Ìrs'

indícated a vicrlation of symmei;rv cf vari-a.ncç-co\rari anc*

fiat¡ices {p = u0C58, tr9df}, f,he nain effac+- fc¡ -;11i al.s

remaineri si qnif icant ',¿j-th the Greenhouse-Gejs-*er ccl:rct:_cr

fF {1"19) = 12,97 o Þ Fost *hoc analysls (IlrÌTrmen-

Keu3-s¡ indícate d that pr:pi1 size ðeclãa*e*õ sjali fir:ar*,' 1r

from Trial 'l t-o Trial 2 (Cd{33) = "Ð458o ¡td = ,ltr6,u Þ 1,e5}
an{i. from Trìal 2 fc lrial- 3 {cd{38} = "1458¡ fld = " t54, p (

" 05) 
"

n:18

ìr

itt:r

¿ r-¡

t¡r

=



?ÅBLE 13

cCIGï¡ïT.!-- ÀNûVp {Lu U*L) FOF pÜpIt stTr

+*------j
ç " t?.t'1 | l ilo 'i Sr,'* ¡

ô-n?/ìf t.)-o'1 r- t
| '-J "' !

c,123? | i" f5 I

,,4153 | f.74 ¡

CI.c155 1 ?^4e I

0,c138 ! ir"99 I

n"0102 I f:,2.1 1

-4.--_--_--.1

I Sourc+ I df f{s lï::c:l?1

I Ðif,f,icul-ty iÐ!
? trì a1 lr)
I T-cadi nq {L)
I Ðxî
I ÐxT,
I TxT,
I DxTxL

2 r3B
? ?R
- 

?r'J

{ {o\91-;

4,76
2r38
2,38
4e'76

t" 294'1
0. -3978
0" 00,{2
0 " 4121
0. c383
0, {,ì'1 36
0" 002ß

------¿-

" 0001

" 0000



1 i'l

Pgeå1-Ëåze_¡[5eguencgl". Th4 data fcr pr:r:i1 si.z.+

reqenerated in a mannêr si m i"l- ar tc i: ha,a- r"¡ i!h thq

and anal-ys+d j-n a 3x3x2x3 A¡iÍoVÂ wil-h tþ.rÊc.:

rlif f Í"cu1tv" thrrç trì ¿lsu f $¡c l-eve1s cf l-ca.åin.q"

levels of sequence fearly" n'i d, latcJ " Thç :Êsu

4¡¿'l ysís are pr€sçnt"ed in Tabl-e 14"

As r*ith ÐE€vicu*. analyses pupil" ,si ze ïras fcun4 !c

increase as task difficul-ty i-nc::eased, åtr-houqh this erfeer

sas ín violatåon ef ccmpcund symm*try assumpt,iors {p = "^32,
19dfl i.t remainetl sj gnificant wit-h the Gre,€nhouse*Gl= j.ss::

correctì on f F {1 ,19) = 12,1t1 u p

sj-qnificant díf ference betwEcn the gdd 0 ler¡e1 cf di f fi cr:L- v

and. the nore 'liffj-cu1t, Âdd 1 anrt Ad.1 3 1evals {ltr*qrnan-Keu1s,

p < ,05) , ¡-lsa again t.he Add 1 ¡l¡ = 4" 33) and AC,i 3 {t: =

4" 35tJ) pupil sizes çêr€j not siqni f icantl-y d:',f-*ron*

sugsÊsti ng that t-te tasks are a'l most of .?gual I i f f icui+:y"

?he díf ferênces in pupil- sì ze, how*vÊr , weTË i:: ':Ìril

prÊ dåeted rlirect ior:"

å,1so consj.sr.ent with prævi ous anal.ys€.s punil sizç

to d.ecrease ecrcss årial-s sucfges+-ir,q habi tuat.j or

pupål-lary díi-atian responsç :qith repear'"Ed qxposüiqo

pupil- såzcs ?rerç síqni f icant-l-v smallpr than r¡itb e::

lCd{38) = *û595u }1d = "Ð92, p ( "C51 o:: Trj-al ? nr:pi

tr'Cd{l$1 = ,t49" t{d = ,Ð51u p

T:iaL -1 and Trial 2. al-t-hough in the prE,licted dir*cti.

Þ¡,1:r.f, a -Ls c

-L'.lJ -lìr L l-

=rã åL---

líq nf th,:

.- '. :: :'- i:

n*j ^ 
"t f: : _-a!:

rrj¡'ì 1

I .l-: l-'-r,:

L^t.,-^-

crl crl v

approachâd siqnif i canca {Cd {3 B} = , 04 9" ll4 = ,'3f¡-'l } ,



11

As may be observcd in Table 14u Ihetæ \:tã.;n a slor:fican

intç,raction of- leadinq by sÊqr.l*nee 'u¡þich fienr obsc,r¡¡a'¡i cn I

tlre l-oadi¡q segueîces {1" rd = 4,2-73Ð 2, :t =t-tr,32.L, .lo

ll, 342) ver:sus tbe unloadi ng sequences {1, ,¡ = 4n 34.1 , 2,

4'31-Ì u 3u 1,1 = 4.285) suggested that, pupil siz r zrid:'rl + ¡
i ncEease across lcadinq seguences and â1c,.:ee.s¡:, a.ryicss

unloa,f i nq se gT:encÊså Tha lüewman-Keul-s tost {Ta.hl"; '15)

confi-rmed Èhís s âlthouqh the segu3ncÊ eff acf- i.¡a-s for +-h+'

nost part onl-y siqnåfi,cant fcr ,1i fferenees in nr:¡:i_1 F.-:.v,Çt

b,.etween s€qìlÊnce 1 versus sÊgu€nce J"

The analysis tf coqnitivç data alsc ¡¡râs j.rdjceii.vl, cf a

siqnificant +-hree-'wa¡r i-nteraetion ot difflcul-t.vu l Õ-"dlrg,

anrl sdlgu€nce" Ss may be s€:€n from the po-st-!^rcc a.nal_r'si,s

presented in TabLæ 16 u thrs ì ntera cticn i-s e xpla j- n'ad br¡ :'r+

l-oadinq bV sequânce j"ntelact-! on rahich cccurs cnly j:l thq. 1dd

1 and Add 3 1eve1s of di-f f ícu1ty" îhe l-*adir q-sÐquFncry

in¿r-eractj-cn we*. not- significant for I1ç år1ð I 1¡';a7. af.

då f fícu 1Èv "

q

=
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CÐG¡IÏTÏVE å,NÐ Vå

rt!aÐ?'î 1ti
L."þJ-L !Y

{-CEQNTNCT} FCE FT]PTI S:ZT

I Source I df I ïS
T--* --*- -T----- - - *ì
T iìI-*¡r I r' I

I

I Ðifficulq-y {Ð)
å Trla:!. {T}
I Loadj.nq {t}
I S-equence { Si

2 o3B
2u38
I 10tø I )

? ?p
-øJvl

4,'76
? u3B
2 u3g
4 

"76t4 a76
2,38
4 s76
B ø152
4"76
4 e-'16
o tq.)tJø IJL

a"g4-76
c ?qoo
',øtJ))

0" 0Ðc 6
0, ü'1 63
c.0630
0,0985
t, û1 86
t.0î:21
c" 0c68
t.3587
n n 1aot- c.- I 'Jr

0"004c
0" 0486
c, D2?5
î" 005'?

ß" C764 | 12"t41** !

C"1*1u 1 lutBt', 
I

c"f¿t5? I c..,:'1 t

0"f3-13 I ^.52 r

cnf4ü¿r I 1,!J2 |

D"1'32u I ,3"¡û |

0"n2g3 | f,Lil I

c,tx24 | i'"1t T

ô^1?"¿J I .-(< I

0,1?14 116"'7 l1 >!:.kq< 
I

1).294{: I r:"47 
I

0,tfqg I ^o41 |

0" 0QqB I il" 99Y¡ I

0"n14c I 1.96 I

û, fl{:i8g I r" 5? I

I ÐxT
I Dxï,
I TxL
T ÐxS
I TxS
I ¿xS
I DxTxf,
i DxTxs
I DxT., XS
{ TxLxs
I DxTx LxS

p
p
p

o1-i !

,0û01
,0CICI0 j
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TA B I,E 15

}ùE?{I'14Ì{-KEIItS TEST: LOAÐTl{G BY S18{IENCE COG¡]TTT\ii? ]NT!F,\.CT:CI\]

r--*-------?---*--*----J-*-*-----*--1
I crì íical l I{€an ì

I Cemparisan t ÐiËf e r*nc€ lC'1) I Ð1f"fatçt cr {1.! d) I

t'tr v*e t2
Li vs 13
L2 vs L3

t-t1 vs ú-L2
rj-f 1 vs U-L 3
{r-L2 vs û- f 3

1 L1 vs U-L1
9 T,2 vs ß-L2
I l, --? vs IJ-L3

" 051
, û567

" 046

,046
, c5'l
,038

,051*

" 039
.054

| *uf51* |

I -,t6Ç-"¡ I

1 '"118 I

I

I

I

I

I

å ¡') rt

& /ìÊÁ>k10 
-

¿ i1')

I

I

I

I

I

| -"C58rs I

| +"cc? I

| +,c5?"È |
¿------- _-*-J

Note:

*p

'1f = 38

ør:-)
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!ÂB1r 16

îIËtr{II.A};*KEilT,S lEST: ÐTFFTCTJT?Y BY TCAÐI},IG BY S:iTIITiIC:
CÛG}JT?TVE Ï};T flF F" CTTO}r

---*T'=-- T-------------------!
I cri t åc al-
T Comparíscn

+A 1'-1 v-q L2
11 vs f-?
L2 vs 13

+0 TI-11 vs U-12
$-t 1 vs rJ-L3
Il-L2 vs Il*T,3

+ 'l ,11 rrs
f1 vs
12 vs

+1 U- L'1 vs Tl-I,3
U- t1 vs tj-t 3
U-Lz vs U*13

+3 l,'1 vs L2
1-1 vs f,3
I, IVSLJ

I Hean
I Difference {C,1}

1 , Aa17
I .44t1
I , ¡4r.l

rt
i Ðif feierc* {llC) I-----*+- ----------t
I *"f36 

!

| *"C28 
I

| +"Ûf,B I

I

I

I
t
r

r

I
,

I

I

I

I

I

I

I

I
t
I

+3 U-t1 v-< rJ-L2 I
U-L1 vs I]-T,3 I
U*r2 vs U-I3 I

T?
x3
T,3

" 044

" 0368

" 0;"68

o U3h

" 06

" 044

'051?
" {ì 577
, CI1186

" Q577

" 
i.1615

. î485

,0486
nqoã '\.' -) -
nqtrI

I

I

I

I

I
I

I

I

I

I

I

1

I

I

I

I

I

I

r

t

+o121

+"0t8

*,Û46
-.1?4*

TøL Z 1

+"C'7 1*
t nf +

-,f7ti.
-" 1C7*
-rt -2-7

+,f3 !

+" CBsr,- I

----l:ll::-------l

I

l
t

I

I

!

I

I

I

I

I

I

I

ì

I

I

I

llotæ:

*p<
{df = 76

øuJ



P upå l-_ -- vaeåeb$,fu1?j_ __{ &.,.____ ü* åL E

1?.2

l"li"t h1n*suhi'¡:ct nun:.1-

variahåli+" y {correLated fcr each tri-a1 c f l rail:_r,o 
=,r 

4

unJ oadj.aq for each lcve1 cf diff icul-ty) 'd*r* alta'l vsli :n {_l:p

samê fasÏ¡ion as a1-pha vari.abj.lity" The:esults cl tlq ¡,¡tnvl

for three levels of difficulty, threa trial-su and tvc .rri'¡;Ls

of lcading {1, U*f) are pres€nted ín qabT* 1'7" Crly +hl

effect for Lcvel cf diffieul_ty aÐprcached siqnificanc,". !- n =

,A7 1 suqqçstång a tendency for pupj"l varíabil-ity ,c lr:cr??sf

as 1eve1 of difficulty íncrçased,
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f¡.BLE 17

p upT'l v ÂR rA B It TTY {1- r Ti- L} ccGlII Tf r/l l, \or,¡ _rr

I Source ã ÁË Nt rrr I

Diffj-cul-ty lÐ) | 2,38 I CI"0tr31 1 û,t0ti6 t 2,ea t

Trial lT) | 2138 ! C"0î83 ¡ 0,n*4û i -1"8ç I
Loadinq (f,1 | 1,19 | n,ôA02 I C"lûtr? I l.lt: 1

D v s 1 t4"-16 t C"Sû60 | î"C059 T 1"13 I

D N 1 tr 2s3?, | 0,(126 1 t,a1{,ç | 1"9r I

T x L t 2,38 1 D,OCfg I t"fC53 i ¡"'15 
I

Ð x T x t 1 ll"?6 f 0"*029 | C.fi039 | r,ltt I

--l--*-------.é----____ *_ ¿______*_J



s rg m ma re _ of _ ? u.på-3_ Resu LÈ se

n2u

As was þypotl:F=: zr4 (lItrr>r-L';r,;"-

sí,s ?-1 pupi-l- size incr*asad as a f;uleticn af iscrc,e s: r o

di f f i-cu1ty, The ccnsistant -iria l- ÈÈ,_ f æe+- f cr puni"l

across all a nal-ysÐs indicated *-hai the pupi I i j.l-

response te¡nded ta ha.bituat* {d,ecraase;) acrcss : li a I s

nepeaÈcd *xposuxea

Al-sc as çxpeeied on the basis of tha r,rrpil1e?-y litria-

tutæe pupi.l- size i.ncreased rlurinq the l-ca.di_nq ÐL"e-rÊ âr.t

f,ecrçascd d¡:ri ¡'¡q the rrnloading phase et least f cr + t+a ¡rôr.'

di f f i-cult {Àdd 1, Add 3l level s cf task"

Â*1pbe__ÊAÉ_pgpå3*_Si-ze_*C6rre14ËigBF* Th* r,: 1a,:.j cr:ship

bet,ween al-pha and pupí-1 size was also i nv+stigat r4 ;+i+-h *1.,.r

PearsÐ¡ correlaticn, IniÈia11-y these corr*]a iicns r{:}rËi

coinputed betr¡'Êen alpha anrtr the eorrÊspendi-no nEa.sLìjt,? cf
pu oil sì ze aeross three le vel-s af. ta -qk dif f ic ul +- y a i d : wc

leve'ls of loatlinq tLu U-f) øith thr*E l-eve1s et each olas,..

of l-cadi-nq {sce Ta bl-e 1 8) .

4,3 rhcuqh most of t e correLati"ons vr*rÊ n?oatì v* as vcu14

be exr;ected if i¡creas,es i-n pupil- si-ze H+rÊ essociatç,d r.¡ith

decrçasçs j-n al-pha density, feçr w€rs siqnifi.ea.n'.., In e

procedure d+scr j.bed earlier iha correlaticn s f ot eacþ 1 r:¡¡¡1,

of Cifficul-ty were tra¡sfo¡md to z - scÐrÊs and avÍì:eq-:du

tnlv thc mean cor¡cLa-tion {r= -"'19) for the Añ'1 3 l,.i¡¡el cf
diffi.culi-y tYz = -,197, SE = ,099p p = ,n23j cculC b*

considered siqnif i cani-ly qreater than zçTo and rf pr.-s*r:+-irrs

morÊ than a chanc* fac'!:or.

¿ - -.1.c_ -:. ,"

-._ /,

aii-cn

.".: rL
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The samÊ p:ccedur* Has a.l so applj-*ñ i* !h* ::åot:.l'-{xat,+4

sÊguencÐ data {see fatsLe 19}, Aqai.n mcs+- of thÊ co:::¡1a.:"'.ci

ccef f ic j-ents werÐ nêga+'ive j-n n aLure hut f *vt of * ì.Erc!. rrn:Í,

sì qnif icant' Agai n only the averaqâ c:irelatì or: ir L'!':t: l"ð7

3 1ev*l- of åif f iculty {¡= -,17} }ras sj-qnificantl v slrË,a+sf

tban røhat ç'ou1d he expac*+d by c]:anc+ {y_z- = -"168, So Eu =

.057u P = ,t0'16)'
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1å BI,E 1 B

âÏ,PHA ÐE}IST?Y À1ìI] ÞLJPTL
TFT Â LS

COEPELgTiCNS .I.C?NSS'TIJi IIE
Ê1;Ín Tf-L

S IZE
C'F 1

9----"*--
{ ComPari son i

L lria1 -1

2
3

U-f, Trial- 1
a¿
3

4.Ð
**Ð

111

-. f'43
- 10q,

a\-'lL

-. 232

" 1C2

-^1f8 I

1îq I
ø f . - J I

- ôtrq r
D i\ 't t

I
t|'\1 r<t1 I6*L ¡ |

- nt','78 |,)ac 
r

oa¿--l I

å{:C 0 I Add 1 I ¡,dii 3 I

-,1t?
*à3?3*

àt.¡t¿

-" 074
-" 075

,'106
----t--__ - - -_____--..!



PAGE I27 OMITTED IN PAGE NUMBERING



T¡\BT,E 19

AtPI{Ã IENSTTY AND PIJPTL 517.T COFFELA?TO}IS
1,OAÐÏ}G A}1Ð STOI] E}ICE

f------- ----:T
I ComPariso¡ I Add 0 I

1?g

---'ìi--*- -----**--- -1

I ådd 3 IÂdd 1

T1 11
T1 L2
T1 T"3

'x''l u 1

T1 u2
T1 fJ3

T2 I,1
22 T"2

e2 ¿.3
12 Ü1

'12 lJ2
T2 U3

T3 T.1

T3 r,?
T-ì t3
T3 I'1
T3 U2
T3 Ur?

-.18 I
-,053 _ l*,121 

|

--nq? 1

'r 11
-"'151 !

{

,0'18 |
-" 455** !

--??5* I

*' 047 |
-n 196 I

-,132 1

I

Ê 0Bll
-,031
-. t35 B

. c96,lno
6 L'., J

" 114

1 ^A5Z I

,223 I

- 1C.< I
I i -'-) I

-"$8 I

"176 I

,492 I

I

-"C6 I
_" fltlg T

- u 0'1 I
-"273 |
^ att O t

ø L- t f

-"c-15 |
I
!:^ Lt?3*Ìk I

-, CgB I

-" 495 ** I

"492 1

,C66 I

" 
q83 

I

*"173 
I

- ??i. Io -' I

-" 355* !

'^l'rj3 I

-"-l 52*. !

-n Ir[] *rr I

!
lAlt r

*,18q !
É^i'lv I

1?O I
ct.)ì

- 48tr r

, 1,81 |

I

^^2r) t
I

-,1'l'1 !
1aa r

È t :L I

^"126 I

-,25? I
1?O Io -. I

Note3 T = trial-
L = 3-oaðinq s*quenc*
U = unlradinq seqlter:cc:

*p
**p



ååeþa_end__Pgp:*1_ryagåab$_1åty*ggfr_qlaÈåc¡ìs" t': "ì ?sur: i; o f
alpha dansi ty and pupil var åabi 1itv ue,T* al sc sr:h i,'rt +i å,O

corr€Laticnal- anal-ysis acrcss thro* l-ev*1s of task d.: f¡i c':1-

t V anC tr+c level s ef. loading {Tabl-e 2D) , Sí nce j_: had hr,rr

su.Çgesterl that alpha *¡ou1d be blccked r+ith pupilla:.¿ cirarqi.:s

it was expected that alpha densitv and pupli '¡ariabi11"-y

Âltbouqh ma.nr,' cf tht

corr€lati-ons were in th¿ pradicted direci ion onlv cnç: of +h*

cornparisons was siqnificant {p NOne çf tho rr?¡

correlations wer€

ex p+cÈancie s"

sisnifi-cantl-v greatar --har chancç

would be nÊgat-ivç1y cerrelaterl"
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îABLE 2N

åTPHA DTNSTTY ÅNÐ I?TTPT¿ VåFTÂBT¿TÎY
TË]FES TETå1,S ÛF i, A}IÐ

cnFÞrt¡T.ol.'s la:lî ìs
LT. I

4A

9

14
10
11

L Trial- 1

¿̂

3

if-L Trial- 1

¿

3
L-------

4p
**p

-------*--_i

-" 32*
-r 06

o L4

-" 0B
{?

"0?

- 1û
ÈL -',

ô?

'^26
ø t, L

* ø tJ2**
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å1 Pb 4-gegåaÞålå3.9- an d- P upåå_EåZe _ eESg C lA _t=ic!- *oe.. r¡ r:. ?. s llr l s

of alpha variabi li-ty and pup il =iz,e w+r+ sr:h jryc1+d îÕ *-h':

same analYsis lTable 21\" On4 vorrlrl. exÐect a.lnha .'¡alj.ahj"1t-

Þ-y to increasç uith either år:ciea ses or ð.þcrea.sâ s j n -n,lpi 1

si"ze, The resul-ts cf the analysis irdicate +-hat six af i-hi

1B ccrrelaticns wçre s!"gnif i-ca:li- or app::oachad siqni-fj-cArc:o

The relaticnships tcaåed to hc mix*ð {io+o r Þcsi.-:i-v<", anC

neqati.vely eerral-atadl * åga.i ¡, Tion€

corraLations wçre siqnificant-1y gr?jata:T than zt?Teo
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?ÂBtI 21

A],PËå VAFTAÐTLTTY AIgÐ PüPTT STZP C(]FPTiå3TO$S åCICSS T ïI IT
TE I A T,S ÛF L }-}TÐ iJ*T.

r------- ----T---------------1I Cem parison I Add C I A dd 1 I v..ãð, ,l Iþ-------------+- -*---+-- ----+--- ---.qT, Tr íal- 1

2
3

It*L Tria-"l- i
.ì
¿

3

" 0"1

' 33{"

' 11

*n 4ll.**
-" c99
*,26

- 1q.o lJ

*.Û-?7
.266

*" Û6¿l
- ?l*
*"'136

þ '. 1

1/ l. r-
â _1 (]L+.. I

aa'l>\ I4 -,' I

I

-' 31lJ I
l\ r"7 Io '. ' I

-n 1tl¿ I
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& lp be_ _ v ceåe&å3-å ty_ * a s d_ p u æåå_ * v a ei e þ å 1 i Ê-v_. _ _Çç, r is1e ! ¿ p I ç *

Correlaticns w€r€ alsc ccmputeð bet '+¡çc n cor ras nîî i tl a

rÍìÊesilres of alpha variabilåty anrl pupil var;ah,i11j:v acî:osî

three levels af l-cadínq {Table 22\ 
"

fi ?IâS ¡Xn.:lCå4ì t'a_?t

alpha. va::iabj-l-ity wculd vary dir+ct1v çsith pupi I va:iah j l -:,.:

tY. ThÊ corr€l-ational- anal-Tsis tænåed +-ç sltppcî+ .hj. s

expect,atåon as most of thç cofr€,lations ì,rËrrç i-:: ,-ht

predåcted direction, OnIy *-he a v€raq? cÕrie lati on a +- +hc

Add 3 1evel. of dif f ícu1ty {r=" 2ß) t¿as siqni f,ica¡f 1y qr,ìer.Êr

tha-n zero {142.= "2ü1, SE = .Ç99" p = ,t22\"



åtPHA VåSÏÂBTLTTY

I Trial- i
2
3

It*L TríaI 1

2
3

T p, EtE 22

PT] P.TL V A?I ABTI,TTY
TFTAT,S OF Ï, A NB

J?tl

c0FEqT,ÂTin¡¡s i clf. cq
1T- T.

Â T\TD

T lIR EE

Conparj-son f Add 0

* 15 I "14

--1------ -*-*-----t
| ¡dd 3 f

ntI
i

10

"?5 T

^ ¡tr I
I

,55+* I

"c4*"15

no
ø L {)

' 31*
,26

| *"2,3
| -ou I

I

| * 
"2'7I " 48*+

1 n32a
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SggtegpqsåsrpæËa-1__9r¡pSÈåg4nêåc€e Âs mrlv hq s{.r.,r, :.I

åppendi x F the postexperim+nta1 quest:-enlaì ¡e {tr è.1.i:

coqnitåve expÊriment øas rated sÐperaf.-el-y for,:acl:1er¡*l 1€

difficulty lAdd lu Add 1, and,ldd 3)" Th€ di.ffeiÈllc{.,. !.¡år¡

tl:+n analVsed f or each -qca1* by r-þ,,,; rçn?e.t-û.d nc-a-çr-ìf f s

anaLysÍ.s of varj-ance, The means f or each l aveJ c f ,4: f f 1cr:1-

f-y tror each sca-l-eo and th* :esul-ts of a.nalysi,s a:e. Ìlrîsr:Ð.ieð

Table 23 "

ås may be s€€n f,rom Table 23'.-ha, 1evcl ci ,i,:.ffierrlty

consistently dif fnyentiated l:etveen th.* sr:biects rati rq Ðr

each scale with cne €xception (clear vì sj-on l..l-ur:i.:,i

vi-s:i-cn) n Thæ Add I 1eve1 of di ff icul-ty

differçnti-ated fron the A'1d l and Add 3 ievel-c"

Add 3 versus .âdd 0 cond!.èicn was ratçd il +-hç

mennei; mÐre a lert ? rnor€ un nl_eas,en_t, rnore unr*1

anxious" norç frustrating, ncre motiva+-ed e rìtor(ì

more active thånkinq, norÊ efferlfulo marz Ci

mora actirre cfrncçntrat'i nq"

as cl'¡ailv

tl veral I :.h a

fcl-:'or,¡ì rc
a wf: Ã m^ra

, 
|t¿ __ t..

a&'ó-r:-ij ¡ln
3

f f icl;,1. + ali.
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rÂBrE 23

POSTEXPEFTI{ENT3,I OUESTTOT}TÀTFE: CCG}IITJI¡: îTi]}TT-C'J :

FEPElTEÐ 3'iEASUEES AI]OV ¡.

'{'-----' ----T---*---r------T---------1
I .Scale {1*{l 1 +C I +1 I +3 l-¡12"?3)îr------- ----+------+------+------+*-*--*-*-,t
1 Alert - Ðrowsy
l ltnpleasent Plea-eent
I Rel axeil - Unrclaxerl
I Act ivel-v th ink in q-
I llot thinkinq
I Anxíous - Not anxious
'l Not frustraf-e d-
I Frustrated
I Ilnmot-ivated - l{ot ívated
I Â.ttentive - IIDattcntj.ve
I Effcrtful - Efforf-less
I Difficult Eesy
I Actåvel-y concentratinq*
I Net concentrafí¡q
I Clear Vision-
¡ BLurred vision

i,q5 | "1.9Ð
r+,45 | 3,75
2" t+5 | 3. 70

1,5C I U"?U* I

2o65 l23,7îxrr¡
4^ 5c I ?t:,^ r-\1i<rí |

ll
1 /rq r O (û:<Jr
r t ?-/ I ' .) / r .

2"51:: I 11.99**l
lt
1 31"98'ã'Fl
? 9. iJ1**l
I '1 4" 4q''t'* !

I 2f ' 9-lt;4' I

I 51' 92+''''I
lt1,40 I 13"59**!
ll

3"35 | 2,31 t

2.3CI
3"7 A

1"80
tr q^

2, 50
3" 55
5" 50

2" 5C

I Oq
t6 t J

3.55

2t\Jt \,'

,r Oll
4 Arr

2,45
3,9C

,l oq

--à '-r

'i" 4c
I q,q,

lo 4\.

I

I

I
I

I

I

I

I

I

1

I

I3,D I 3"2t
-----.!-- ---*- å- -_--_-_ J

blot e: VeTY
$o d eret e1 y
Sliqhtl-v
Sl åqht ly
¡sodera"te 1y
very

l=

)=
?-
l{=

S=



1 ::i

S*q&eaEy-'gf_Çc-gpåÈåve_Bgsu3*-s, å s vas h ypc*h¿..s : z'. d

size increased as a funct'ion af task- diff-icu1-+-v" tl
1t was hypothes lzcd tha*- a1-pha dans.: iy r.rou''l ã dqc¡,¡e

l-*v*l- of, ,1if f i culty increased" tha hypr:th+si s r,iâ

supported by t-he present analysis " F a-thær +,hç

suggestçd that alpha r1'*nsi+-y miqh+- !:ave.. he*n +:qua 1,1v 1r

hy a].L of the ccgnitive Èasks, Thë nìeasurf cf

variabi-1ityu hcuevero tended Lo ircreasa as 1+i¡

dif,fícultv increased,

As uas expecf-ed for loadinq, pupil size j.¡crcascC drlr i.no

the l oading phase and ðecreascd d rrri-ng the urload iaq cha,s*s

anRroachinq ínitial level-s {aspccially for tha Add l and L.4d

3 1evels of di,f f iculty) " Yhe L¡lockinq rf ftct f nr a l pl a

de:: s j.t yu eias nair:ta-ined over bot-h loadinq and. un'1ca11:-r:q

phases of the cegnitive tasks" ThÊrÊ was nc trr j ð*:-. ce c f

recoverv hy +-lie end of the U-T, ohasç" The aLpha valjabi'lj.ty

datao hovever, indicated thaÈ al-pha'das si.qnlfícantlv inD:q

vari able rlurinq the l oa.rlinq vqrsus unloadi nrl pira se f c: tho

ådd li and Add 1 l-evÊ,'l s of dif ficulty, ,rnìs 1i îtir:1 1s

suggesÐ"ive of a tendency tc reccver Curing o.hê I'*L nha=i.o

åt the Add 3 l-evel cf difficulty" hoçevBlte alpha rr,na{ ri,.'!

variabl-e and. dj-d nct rêcovÐr hy th* end of t hc: tI-I, pl.a.sq,

The ccnsis*-ant f,ria.l cffect far pupil- sÍze ind j.cai-ed +-hat

the pupi 1 dilat.icn r€sponse tçnCed tc hairì tua +r acrcss

Èrial-s althouqh i-t ne ver complet-el- y rat ur n'*d i-o ba.s+1. ir*
leve1 lH = 3' 93ï ' There Has no tri al- ef fccf, fcl :h{, p'ulri..'

variabil-ity" al-pha densítyu or al-pha vari ebi li..t'y ð.e+a,

nrr ni- l-

o l O::q l,

:-' 1t.'

- *¡à.:: lr.

\)A C:

7 rckc ð

a -l pha

.'j cf



3

The ccrrÊ1ati 6¡¿1 data d1d not cl_*arlv sitpn.:î- +-

hypothesís È,hat any change in riupj-'l si.zs- çculd. ::ç=r:-''t_: jn ?

d.ecrease in al-pha prodrletion, 1t brrs'- : Ì:lrç rdrâl c:i v

mìnìmal suppcrt- tc surge-qt that alphe and the F:,:nj-'l- -rrd¡4

to vary tcqether, EvÌõerlce for a rølationsbi.p cc¡rr:,s frcn

correl-ations betv¡een Ðupíl- var-'i-abil-it-y and a1.pha r¡ar-jabj litv

whÍeh -sugsesterl that t.he two rd*rB posi:'ively ecrlelat¿rl at

least at- the gdd 3 levp,1 'sherÊ the evÊreq* cort:e, 1a',-jcB ïas

siqni ficantly greater than zêEoo tSther suppoit. ccnËs flc¡n

Èl¿a correlations l;et+teen alpha d*nsif-y a'nd pupil szz*o

åqain" hôr,¡ËvÊr, faw of the eorrelati-ons rder: siqnif icert anrl

only the correlaticns for tha Add -? l-eva1 of diff i cultv 'rìrîr
siqnificantly greater than those expectad bv chanc+ alcn.Ì"

The sut, jects responsÊs to the postexperi_mc:'ltal qr,Ê,s+_.ion*

naj.rÐÊ +rer-e clearly dif,ferc-rntiat-e11 anoBg the ¡.1d r, Âdl 1

and Ãdd 3level"s cf d.iffíeu1ty in t-Lâ expected ð-trçctj_or"

?he ãdd 3 versus the Add 0 ccndition ïras rated es siqrifi*
cantL./ mote frustratíng, unpleasent, ûrra-1a.x+C u alt:+ u

anxiousu mcti-vatedo attentive" effortfulu djfficu,l+- ard as

requirinq mcre active concent-ration and thinkinqu

.J ¡T

þ¡-

&lpbe --Ðå o€ee@&æs-&_E sp erå Eeet

ê1p&ê-Ðe4Êåå3-" ThÊ +¡it h j"n sub -jects A Î{OVA rvas apnf i*
+-he alpha densitV d.ata in a. 2x3x4 dçsign l+i i-h j:uo t¡a:
sessions lincrease and decrease), thrâr? l¡ials cf
sessionu and fcur epochs {neasurments) '-rit}:n cach .,--i

The results of thi s analysis {TabJ-+ 2u) f e¡ alpha dcr

C nn

ri.¡ci

¿ a ¡l-

- j * r¡
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clea¡1v in dì cated tha+. conf-rary +,a expecta+,i crs { i{'¡pc:h¡ s_: s

3T th*rc wÊrê nÐ sj-qn"i flcant e=ffects f cr traj"rirç' ar,l î,c

differ*neæ in mÊan al-pha prÕduco"ion irs"iween *l:è 'i lc:casl* l¡'1

= 6u%,l cr d'eeraase {tl = 6tlV"1 trai nì no' *qessi Õns. ¡l sc rh::tr:

'úas no Ðffeet fcr tråal-s, epcchsu tr inÈeracticn cf a¡:'/ ¡f
+*hese ef fects" Hcreovere th* n&an a] pha do¡.sit v lr' = ...t:.n,)

dið not exceed that of tl"¡e m€an eyes-cl os*d lt{ = "8"¿} c:
mean ev€s-open bascli nes {8 = 6'tV,\ 

"
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TABLT 2U

ÀT,PHA BTOTEEÐBACK åUßVÀ: A LPI{A DTilSi:Y

--r--*--**- -T-------'ìsourcã I df, l{s I-ro: I f II

Sessj-on {S}
rFri a'l lTl

- ( -tEpocÏ {E}
SxT
SxE
TxE
SXTxE

1e19
? ?a
1-q?
2,38
3,57
6u1',T4
6r11ü,

{ ¡<
J ø JJ

lqa 1fi
1J\JøLi,

312^ 142

355,55
11/.' ?{]L1Vè¿J

82" 12.

138 "26

542"55 i l,L1 I

4lr8.22 I r)?r 
I

19.1,89 11"63 I

4û1,7tr I C,g9 I

119"93 I 1,75 I

i22,?'3 I 1,"(,7 I

1Ð6"8û | 1"29 I



?seå3-Såqe'

4.111

.rh€ results cf the ara. 1y-.is pj.-,h tlûÐ_: l- si_2,+

as th.e Cependent m*asure {A¿-b7.a 251 ir:dica+,-qd nupj i s:zr r,r?s

siqnif icantl-y Larqer rtrurínq +-he i¡creass {lt =

tre.ininq sessicns versus tbe d*crease {iS =

ll.i8l aloha

¿1" 1) alcha

a S'ajr:l:C¡i":traininq sessicns, Tn aridition u thrre lÈras

rLacrease in pupi l. size across epoch.s f ar a1l :ria's,
Ål-thor:qh there was a viclat-ion of the conÌround .ynm c Lty

assumnticn f cr this effect lp ( " 02o 19df ) n t-he ç:pcch +f f o.c+

remai-ned håqh1y siqnificant sith the Greçnher:sc*G.:lss¡:

correction f F{1, ,191 = 57,*9o p < "0CIC0).
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Y-

a lt^'1.

TABIT 2\

Âf,PHFå EfOFIEITBACK ålf0VÂ: PüpTt ST7,V

SourcÊ I

Sessi on fS)
T¡i a1 /rli ,.t

Epoch {E}
SxT
SxE
TxE
SxTxE

i ,19
? ?q
3r57
2,38
3 u57
5 ,1 1ti"
6d114

t,8416
n " 4241
'1" 33ll
s " 0527
c"Ð132
CI, 0ßq7
0,0c5c

+-*------{
0.f5f8 116o56¡, !

l.t1-?tr1 I ^or? 
|

A " ?,233 l ''l " C9*t' I

CI,t'!58 I 3, 13 |

0,C'l49 | 1,,89 I

n^if,7tr r '1 -?n r
I

Q"t1C6 I f"rr7 |



Peeå1_*Yesåa&å3åts* sini"lar anaJvsis Fcr

vari abil-ity maasurÊ {Table 261 in.dicated tha.1 +,he

d.iffarences in Fupil var j-ab.r lit y f c¡' i- ncrç a

dÊcrease aSpha se.ssi.ons, ecïess trials, cr acrÐs*€

4lt2

ì-- Vi:..*- i:¡-l

SÊ V.?:SiiS

c" n¡¡h =l/ _\ _:-...j



1¡tlt

Sessicn {S}
Trial {T}
Epoch 4fl

SxT
SXE
TXE
SXTXE

4 XÕtE lJ

2 
"383,57

? ?a
3 e57
6?11U
6 u11t4

n n¡n?
ô^ n¡c 3

0.0tfl8
0.cc16
c. c0c5
c, cÐ-j 6
û " 0cc2

û,tû'?c I t*6", I

^ 
n^a4 r a a:.r O '- I 1 | \, t ) I

Û,ÎtX5 I r"5'1 
I

c,1,101Ê 1 1"C5 |

t"f,'116 lC.3f' I
r..11 C1? I r.,iì8 I

0,,1î1? | f:.'!3 |



4 /r rt+ )

ånpbe__egd_P=npål_*-$åze**angge3.e3åogso çhe r:.- le iì cn çhi- n

between al-pha dç,nsity anri. pupíL sLze CLiring alpha hj rr'-:l-

hack lles i.nvestiqatcd r¡ia eorrçl-a*,iona-1 anal.¡s j.s {Ta l-.1 s-:

27\ , Non* o f +- }:e ccrre'l a tions l¡Ê:re siq n:' iic a r +, -h.

ccrrelati cn s d"epicting the rel-af-io¡ -chi.n w,Ðre m:i xç,r1 {pns: iir¡c'

and negativeX n "lhe avêragâ cor¡*1ai- j. ens wq:+ not s:'.qji i f i-

cantly qrea.ter than tT:cse expecte,l iry chance al ore. {rrclças¡

Mz = "ç99u SA = "A73 r1*crease u F^z = .Ç5u SE = u |t] ,
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?P E T,E 2'7

AI"PHA RÏOFEEDBÀCK: å1PIìIA ÐE}¡STTY B.]\JD PUP]L S fZI C1F3]:I ]..|:Ci; S

ACFÛSS TFTP.r,S A-¡fD EFOCHS

Triai- 1u !pcch 1

1

1

;

T¡ia1 2" Hpech 1

2
3

u

Trial 3n Fpoch

- ^? 
t4\jL 1

r -'10 I

,23 |

"09 {

"12*,7 4

" 1''l

"Û51.161L

r27
q 15

-o..b I
a4

.Jl

u _19 I

u2lj I

Jq
nq.

'T tt

?rr>!

o '.'l
lo
11Ð',)^

I

I

I

I

I

1

2.
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f¡--^'l-.L.¡^*^L.: : _ I a

î'¡Êr€ also computcd fcr alpha density and prrpil va::_.iahi1i:y

{! able 28) 
"

f t lra -q a:xp€ct,*d. +-hat d€crpa,--es j-n :1n1." a

production r,¡cu1tl be as"socia"êd vi-'.h incrÊas{.ls in puni i

sariabiLity , S:ix of '{:he 24 pcssilr3_e coj::r?l_at-i.crs li;.r-ç:

signj.fican+, j-n t-h* pr*.:dicterl rl,!recLìon while anc"i:hrr- +hu"ir.

approach+d siqnifìcanc*o Ths mean crrrel-a*iicns fe¡ hc:l:l:,r

lncrease {t = ^ "26\ and decreasa {r = -,23\ irial s *xcet'1,r,d

those that scul-d be *xpected by cirance alono lincr+asc o ir.z =

-"269, Sf; = nÐ"7 " 
p

p



TABT,E 28

årPHA BIOFEElB.ACK: ÂT,ÞHA DFIISI?y À¡lD PIIP:T, YÍri?T¡Ellr-Y
CCFRETTTTCNS ACBCSS ?FlATS ÄITD !POCïS

I Ccmpari scn I ïn cr eas Ê

4â
¡ li I

qQt:i: I

a 4-r-
4-

l?:l: t1.. I

I
I

Ãô*>k Io.,. 1

-"'14 ,

^sl' !
1, 1 I

Þ, I

I
ttto1

o. l

. o2'.: I

tr '1 ** I
ì

Trì a1 '1 , Ppcch 1
a

i
4

Trial 2, Epoch

rrial 3p Epoch 1

2
3
lt

I

2
3
4

I
,l

I

I

T

I

I

I

I

I
i
'I

t

I

I

-,38**
-' 56**
:r 01
-.33*
-, 21
*o 44**
-,26
-,14

- "24
-"11
--)q
-"'!C
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PÐs&egpeqåegÐ9el_Q¡¡esÈåonnai!Ê* Ls nay h+ cbs-:v'r,i :r
år¡pend j-x Ga +-he post+xperj.mçnt,al quesi:.a nn¡laír+ fai r\ç. alpÌ:a

biofc'ecback *xp*rìment was rate,l se:pera'-elv f.T ir:clças+ a,nd

decrçase t.raining scssicns, The data f er '.hc, s,.? -qe'ss,j cns,.

wÈTa a¡a lysed by a wj-th.i n-subf cels ¡¡¡ûV A" Tht m{ ?as fo:
*aeh sçssìcn for eacþ. scal* and the resul-ts of +-h- p.lìCvp. a:fl
presÊnt€d in Tabl-e 29" As d*picted try,!ahl-e 29 thr: sllbi,lictq

raÈed the increas,a alpha biofeedback sessi.on as nrrâ

unpleasent-u mÐEe anxious, 1Ês.s difficul-t a,nd less frr:stra_-,-

å.rlq t.han the decre..a.se al-pha biofeedhack s+ssieto r'*'€,1-v..

subiects reportcð that they fe1t r-hev had some ccrtrcl_ ô'!¡.:'j:

aJ-pha" Only t r'ro sub jects repc¡|ed an a t+-ennt i:c ìtsF e I
ocul-amotor stratçgy, p.11 the others ¡eported usi"Lo vari-ani.-s

of thinkinq - ccncentrati nq fr = 12) anô t,æns1nq rcl a rinq
(n = 6ì,
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POSTE XPEFÏflE}ITA t

,î 
Þ_ B1 3 7-9

nTfFqîTnrÍNDTFE" ATP.¡{A RÏC'FFçÐI1C1¿ i:'iiII

llncrçasc.; lDecreas: I F(1î191 t1 Scale {1-61

Àlert - Dro*rsy t

[Jnplsas€nt - P1çasent I

BeLaxed - llnralax€C I
ActiyaSy +-hin}çinq- 

1

þlot thínkinq ¡
Anxious * Not anxíous ¡

Not frustrated* |

Frustrated I

I,95 1

l" 95 I
2,BD I

I
1" 8C I
3"9C I

I
*?,35 Ir+,Bf 

I

2,0 I
2, ¿t5 Ij"05 

I

I
2"15 !

I
3.7t I

)1q
? oa,

4,1q
f c i{*'

/.q N.)n
Lo\-'
1 trtr

^ 
,r^ t â2ortrl I 1"2? 

I

? 4 n |l ^ 1Ê. 1--;!: I_ta t - I j o

3"6û I 2.8c. Ì
lt,:

{ Unmotivated - }¡o+-i-vaterl I

? Attenti.ve, Snattenf-iv+ i
Effortful Etrfortless I
Ðif;ficult - Easy l
Actively concentratinq- I

ttot concantratínq I

Cl-ea-r visj-on- I
Blurræd våsíon t

1rt nt n. vÐry
Hode::ate1y
SI åqht ly
sLiqhtly
Mo rlcrately
very

I f^c4 |

| 5og5* I

lr
t 6"69'k I

| 3"13 !

I c,î !

1 1,63 I

¡ 16"52**'¡ ¡

1ì
1"91 I f.zq I

tl
4"11 | z"UA I

------J

1

2
3
4
5
6

4/{*

p
D<
p

,025
n'lq

" 
t{}1
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sg¿4@eqg_o5_*ålpha_e!ofqg4bag&__g.esql_tse_ -1: sunrê:v ;iir
hypot-hc-.is {Hypethesj-s 3} cf a. siqnif -icant djfirï:ç.¡c¡ ir
al-pha activì ty untler êrhanc€mr'n+,- aad supÞr€^_.sio:: crrdj +:.clE-.

of al-pha l¡iof *edback was not sunpor*.e4 bv eh* ðai-a. Tr

add.iiicn the çxpectation {}lypr:+hesis lr} t]na'- th+ pupii'o¡cri1ä

he l-ess varialcle under alpba enhancenent than under al_nh¡

suppress'ion condi.ti.cnsu â1sc !ra-q nct suhstant!a irC hv tþr
rlata. There w€,r€ nD differences for alpha densi+y c:: nupi-1

vari-abå1ity between enhancem+nt or supprpssior. ccrd:'.1ons"

?he:e Has, howev,er, a significant clj ffe::enc+ ir nr:pii s,!-zr-

with the largest pr¡ni1 si ze occuring fo¡ the enhanc*nrnt

condíticn' T+- is alsa i-nterestinq *-c ncrr-e tìra,t ihê -eulri.. c-,s

rate'l thc *nhanecm*nt condit-ion as siqnif icantt v norr,

unpl-easent thaq th€ supÞressi cn condit-ion"

The ccrrelatiena"l data again do not clearl-y sr.rpncit lrr:,r

sxpectaeLicn that any ehange in pupil sj-ze r¡ro;:l_d rEsu-'t i i n a

decrease in alpha production, ï:-niral- sr.rpÐôrt ccn{s €-..rr

the negativa correlations bç.rween alpha and pup't'--l va::i.ab1l j--

ty that. H+re in thc predìc+,ed direci_ion and. siq:lifica¡+.1 ¡¡

greatel than thcse that v¡ould be expect*d br¡ chancç alÕnqo



15)

espåå*Eå sE æe*þæs.&_ E qp eså q e&È

Pupål--gL&9, Th+ i:upå1 biofeedbaek êxÐsiii m¿Ìi-t r,ras

analyzed in thc scme fashi en as thE a'] pha b,i cfcrdl-.ack

experì men*, ?he AlfoVA {Tab3.e 33) ¡avæal.*d a s:, <l¡ri-l ica¡ i

main effect f cr epochs anC *"i gnif j-ca¡t- lnte¡=cr-:-on cî

session" trí.als" and epochsu f t sas not+d u holrr \'' iu lþa*

+-ha assunption of compaund symmetry ",,res vi o1 at:d {p = o'l( u

19df) for thæ '¡'nt*ractì"on, so tha GrÈenhcusE*Gri.sse:

corrçction sas mad€, In view of th* corr?ci:icnu i-hr,

interactionwaSÐÐ1ongersiqnificanirF{1o.19}-2"(!'!'Ì]<

uZQ 1"

Althcuqh -it, ?Ias predicted {Hypothp:si"s I¿) f-b,a'L therr, çÐrrið

be a siqnif,ieant dj-fferenc* in

constrict ldecreasa pupil sí2c.,)

nuoil si- ze un ð pr r h.Ê

and d.i.1ate { i nc rea -.¿, p uni 1

f, þ,"er: e ç,'...!1 n csize! conditiens of prpi-1. hiofeef,back,

dif f erences in pupil- sj-ze bet ween íncre-,ase o: d;crçasc,

traåninq sessicns, Clearl-r there Îras no eff rct Íor 'î3i. ninc

on pupll size" simil-ar to t"he pup'i l- dacr*asç in +.t,p a.'1. nha

biof eedS:ack experiment, there vas a signif j can*,, d'.,'ci*ase : r
pupil size acrÐss epochs"
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FIIPÏL FInFEEÐBACK ÀIIl3rlA: PITPTL Sf711

r-------
I Source I cf

Sessi.on {S )
Trial {T}
,E poctr lE)

SxT
SxE
TxE
SxTxFl

X ?39
? "383 u57
2 u38
? c.?
-JøJ I

{} ø11 t4

6,11 4

^ 
A^a-i- ¡ Ll I '

Q"1325
l], 62? 5
c, il4 51
c, 01 97
c ^ 0c'72
n nî1Á,\- 8:- aLé

l,A3?2
f"c?c3
0,n10û
0, {1 169
^ ^^¡4:-ror. r'Ìil

0"0c86
?,ß+86

|"2 !

I aÕ t,. t 'l

ll ll" Q*; r; 
¡

2"67 I,-\ nl r¿o 1- -r I

r, E3 I
7 - í,Uì. I

l

-----¿--------i

&p<
8*p

" 0çfi0
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?wpå3_gagåaþåå3tq. rJsins pupi 1 variabiliry ilì{ e.sìr:4,s u''-r-:

t,hê sa m€ anal-ysis as usçd- wi-th pupil çL2,3, da+a {raY}. 31 ) ,

there Hês no diffe::ene* f ouad f or pupil- vari.abi-l j-tv hr-.:rvr¡,r.ri

incrçase or decrçase training sessj-ons cf pupj,l l:i cf =r ih¡.cÞ,

ncr an v oÈh€r sj.qnif i cant ê f f*c+*s or int*¡act j Ðns,



{8tr

Session {S}
Tri al lT!
Epoch {E}

SxT
SxE
TxE
SNTXT

1 819
2u3B
?c?
t aa
?q?-18-):

6aX1tJ,
6r1lt1

0, {-îCIC02

? " ft01?
^ ^^11u 4 \J\,! )¿
n 

^n/'\..}.) ø \-'L ¿

0, 0 0û1
0" cCIc9
û, 0t'14

C,û123 | t"'-a'1 |

'î"nc42 I 1,r:f I

0"C$12 | 2,6t' Irl în{Ê ¡ a 1tt 
I-o i .l '"-n"ßlcl I t" t6 It,cc1f, I c"g9 1

f" 0s1 û I ,1o 5',1 I



els¡!a_Ðeng_i!9,

156

å s üav he see n :1" n Ta. b1e 3 2 !'i',, n:,, i. '¡

siqoåf ícant. ef fe'ct lcr alpha densit'¡ da+,a idas a *.iq.r j ç i car:

díffarence in elpha prcrlucti.cli fcr th+ i.rcre,,as€ v"rrsr-':s

dçcreasç e-raiylì nq sessicn.s cf pup-i1 ïtiof eçd.back, *b.., mêa.n

alpha product"ion !¡as greater durånq th* dÊcreasr pr:¡;i i s j.zr

{H="78qílÈ}eanthcincrea^sçpupå]-siz+i.ri.a1s(t.:
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T,å81,T 32

pUpIT, EICFFEÐE.ACK ÃlrOV.q: Â1PH¡. ÐEl':iSrrY

I Ses*cion {Sl
Tría1 {T)
Epoch {E}

SxT
SxE
TxE
SxTxE

I 10
? ?a
3r5?
2 "38?q?
6 e114
6"11¿¡

I 203" A4
345,36
qtrlr a-Ì1Jaõ L I

288"26
21 " t49

6ir " ?Ê
?ñ 1^

1852"18 I ¿!3¿1?+

\)U^4U I 1_^l
1!41"2rr I 1,fg
1?)^74 I 1-)a

Ê?^Bq I 1-)U
9-7,€_,-7 | 1,4¡
B'!,_?? | t.-"9

À---------¿-_-_____J
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+hE

possibl€ 24 corrç1a"j-ons b+t'¿**a a 1-pha d,:rsi +.v alC rr:p- j

size were siqnif icant while five cthers appro a.cl;t d siqrr- 1i*

cance {see "tatrle 33}, Cnl-y the, avçreq,f.l caTTzla ti cr çÍ r=

-' 16 f cr tbe increase sessien 4{as siqnif i can+*l v <;-::ea+rs 
".1-e.i

zaTo Tfiz = *ui64u S'En = 'Ð7, p



PûPïf. BTOFEEÐBACK: åf,pHA
ACROSS

TÃBIE 33

r}ET¡S:ITY åÏI] FUPTT,
TFÏAI.S A1'IÐ EPOCËS

4 Ê,A

sTz? coFFlr_¡,Tro¡lq

*u _?6:1, I
)) I?;: I

*? 4rì** r

? 1* Io-, ì

n?

? 
^:!

"26

I

I

t

I

I

I

-u21 I

^ f'7 rÐ\- ' I

^1

o 1? |

nrial- 1" spech '1

2
_'t

t¿

Trial 2, Epcch

Tría1 3 u Ðpa ch

*u15 I
'"15 I

-"c6 I

-"25 I

1

2
3
4

.t
!

2
3

4

*ø 40**
?1)e
1-7

-" 36*

.a 1

l't 4êv'
-, (:ì lr

,03

I

1

I

I

I

I

I

I
I
t

I

*p
**p
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Cn l-v --vte o f

the 24 corr*1atj-cns bet.rqc*n al-pha d*ûs:'.y ar¡ i:r:nj l,

varì abj.l-íty {Tah-ìe 34) HçrÊ si-qnif icant- rqhil: tçc c+þ?::s

approached si gníf icanc*s Ll"thcuqh nr:st- of thrr corrt.lar:cls

wer.e j-n thç predicted rlirecticnu onl y th+l e fJqra. qe cctrl l a .*

tj-on af- ¡= - u '14 f or the decr+ase pup:.1 si ze sessi.ei: !¡as

siqnificantl-y greatcr than thos* expect.ed hy cha.r:cq; {'':2. =

' 1U2" SE = "t7, p
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?ÃBrE 34

PTJPTT- BTOFFEÐBACK: A.T,Pi{Â. ÐTIIST?Y &}ÌD Pf.]Pr1 .!T¡"?Ï AEf If -Y
COFAgIS,TTÛ¡TS åCFO*SS ?RIÀTS ê¡}Ð EPÐCHS

-T------ --1------ ---l1 Ccnparíscn I Tn r:Êâ cÊ I llcc i"=e sr: I

1 ïlrj"al 1u Tpoch 1

12
l3
I4

"Cq I

-,37* I

1q r
I

^tr ro. 1

,41 | *,u9+>, I

-.7.8 I ,1tJ I

Trial 2, Epcch 1

2
3
tl

Trial 3" Epoch 1

2
3
4

I
I

t
{

I

1

t
x

I

I

*p
**p

6L'i

-"05

" 1¡4

-.21
"15-r'!B
aL I

I

'I
I

I

I

t

I

I

I

I

I

I

I

I

I

o '.

o Uî.

{o

-"5'1** I

^4-aL I I*"21 
I*" _?1'F I
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1 6,2

ôc mâr¡ h: e-r'q ':-
LtL t- y ). '.. ; r'''-:. j :

Appen,C.ix Iì t he pcstexfiçrì me nta'l quæstonn a j-rç fc¡ oho rri p: l

biofeeilback expe r'i nent was also ra*-Ëd s+Ð+ra:-,;,1 v €c:

increase an'tr d*crease training sÇssions. Tþ's mlans fc: r,ach

sessi.on and each *qcale, and the resul-ts of the ena1v.9t*a 3t:(:

present+d in Table 35n Ear the ncst pa::ï +-l:a sr:hir,c+s

ratÌ-ngs f or tha increas+ an,1 decrease pup:1 bi efr,.e dÌ:ack

sessi ons d.id not dif fe¡" Cìnly t-hÊ al-ert¡ess scal.p: rliff etÍìl-
t-i-ated hetween the sessionsu ?he suhr j*cts rat.e d +- h¡mse1¡¡rs

as mor€ alert ðuri¡q th Ç increa sa pupi.i s-i z+ ss ssior, of

tþ.ose subjects uho fel-t they had cortrol ûver *-hp; tcnç, (:: =

9T , t-wc repor+-e d. usång vari ants of Tens'i ng - i+l axì rrlu ;3,,Ìv13:ì

used varj-anÈs of a coqnitíve strat-çqy end faur ma.11:¡ usÊ *f
an aculcnotor strategy,
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POSTEgPERÏI{ENTAI O{JESTTCÌT}..fATFE: PI]Pîf EIOFElÐts.&CK 1I]NY¿

{-------- -r---------'l
1 ScaJ-ç, 11*614 llncreasa lDc.cr'-,ase I F11,19) I

{Jnpleasent Pl ea sent
Felaxad - Un¡el-axerl
Act iveLy thr nkirrq*

Not thinki.nq
Anxious - Not anxious
Net frustrateð-

Frustr ate d
1 Unnoti-vated - I4otivated
I åttenti ve Tnatte nti-ve
t Effcrtful- rffcrtless
I Difficult Eesy
I Actívelt' Conc*rtratinq-
I Not cencê ntra+.ing
i r*1 o¡r rrì qi nn-
I Blurrc.:d visicn

I 3" 45
I 3,45
I

I 2,0
I 2.65
I
I ll,^ 10
| 4" 35
I 2.05
! '! 

" Bû
1 2"1l
I

| 1"5C
I

I 3" 85

2"54 t

3"15 I

1

3.80 I

4,85 I

2"28 I

2"45 I
2"1^ I

2"21 i

'^3'1 I

I

l" 86 I
t't\lc-

f,"'1q I

1,19 I

^j^é/t. I

3,2\ I ',1.i 
I

3"5î I l"|1 !

tt

l1
1"o5 | ?"85 I

1l
4"34 I 1"96 i

Notel = vÊry
I = moderately
? = s1íqbtly
\ = sliqhtly
$ = moderately
6 = vç:rv

*p
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sggsreqg-of; -Peeå¿-EåôgeeÉþec&*-&asr:f!s, rn crrmfte:

hypothesìs {}Tynothesis ¿¿) of ¿ siqni.fj.cant 4!f t+r+r

pupil- s3-ze under constri.ct aad dilar-e cor:,iitjcn

pupilla¡y bi-of*edback rEas nct supported hy th* data*

sas u hoøevêru a signi-fican+" deeraase in p:rpi1 siz.c' a

trials r¿hi ch we.s simílar to the ef.f.*'c+- sç¡çn i I *-h¡r

base_]_inc ðatan Thera -lllas nc dåffarence in pr:f¡j-l_ ve,l:aìr

bef-r*een sessionsu There vâ-qæ hcvÐvËro siqrifican'lv

al-pha i-n the decrease pupil siz.e såssi Dn, Thc sul:

raÈað the decrease session as mor* d::cwsvo less erxiou--

l:eguirinq l-çss ccnc+ntration and. r-hinkíns.

The correlat j.cnal d.ata again diri no*- clearly srtppc:i- th':,

eNpectatícn that any chang* i n pupil size '"'ould rq,srrl-: .r:i ê.

de,er e;ase i n al-pha producti on n nnl-y mi ni ma 1 surrnorr comrîs

frcm the sågnifícant ¡ega*-ive corr+l-ations b*+-u¡eÊi a].ptia

densi+-y anð pupil- variahi lity for ths tleeraasp sçssic,ns 1r:d

betseen alpha densiÈ-y and pupå1 si zç' f o: thc i T:,c:,'ìesÊ

ses sions 
"

å1 pb a * e¡ -d- Psp i 1* ¡ íp-{ ee4þ as&_ ç cnpaE¿ sce E

In order to ðet-ermíne whethar there lrerÐ any -.:.ori,f -icanì

diffÊrences in the, twc bìofeedback =xpe.rimrnts or anv r,€tltc+

for crder for those' who recæived. al-pha bicfeedba.ck firs: {r:

= 9) vÊrsns the,se who received- punil bi-cfc.,edbeck f iis* l¡ =

11) " t.he data for both alpha and puni-l biofrçdhack rdî.rî

eonbi ned u The data l.rere ai:alysed i.n a 5*'u¡a1¡ n ixq i n*dt i

analysis of ttariance design l2x?x2x3x4\ r,¡i+l t-wo hnèwes:D

v *hc'

¡*(, i :l,

- ^.ç

1, : ! :

12 : r ¡ ¡j

nlr n'i l

i.7:, +.'r

..:..^+ ^l':1, :

arÃ



snbi{}cts faetors cf ord*r {al-pha b'i creedback

biofcedbaek f iistì and o,,be lrith j..n sub ip.c1:

{a1pha versus Þupl1 biateeãback} , str-:ss,j cÐ {

dÊcrea se) o t ria ls { 3) an d epochs {l}J " Th

pçEforaçd seperatel-y f r:r a'l pira d+nsit yo p1,ì

pupil- variabil-i,tv data"

&--1p&e_8*B5åtg_e ?he resuLts of th.r analysis fc: '- lr alnt- a

densít,V data e.re nres+ntccl in Tabl-e 36, ?he Ta ?:ia sho,,¡s ?,:

siqnifj-cant. çfrec*- for moðe quaJ-ífied bv'Lha intçraciicn cf

mÐdÊ anri ord.ern

The sìqnificant effect- for mod* indica.t-,*11 tha+ .l¡,: rr-rian

al-plr a product j"on f cr *,li,e al pha b j.ofee,i hack me,3c {}: = €,tro/,,7

was såqnif i"cantly 1*ss than that f cr ttrre pupi 1 b j-cf¡rç'ihnck

norlæ lH = 74Y,\, we.s crualif r d hv ãl

Pcst-h cc a, ¡a l- ysl ssiqnÍfÍcant ¡node by orde¡ i-nt*ractior"

{Nçryman-KÊul-s nastsl inäicated" that in a1pha .b:'_orçpdback

node those qho received aLpha biefe*dback first iF = \?n'.\

had lover alpha Consities *-har thos-* qho ïrÊc€, j" v*d al pI: a

bìofcedbaek sçccnd {H = -74y"X ÍCd{18) = 13,27u I'fd = ?-1"\8y F

than t hos* j.n th* pupil biofeçdback ncde r,rhe ,e.:íl-.hç:: feçc.,i yçÃ

alpha bicfendback fi-r-ct. {¡t = j27"1 f Cdi18) = 1nøQ?, ltfl =

i 9* 58u p < "C5 J Õr pr:pil- biofeedÌ:ack firsz {!{ = '158) i Cd I 1B}

= i4,7, Hd = 23"28" p < ,051" CtnsÊqu+ntIy tle rcds zff*ci

l{as accounted for hy tlie 3.owçr al-pha Ce¡isi+-y ä,ssocj.atc11 r,rith

'l6c

€i¡c+ ô- nl:ni'l

F=t€ rre -c r^.1 .:_ Ç'.2' | '- -: :- :it .J . 1

'_ic:ie.s: v?*sÌtq

I ?r¡'!lrcjc T,r:1v_..- -- t --'

ñ- , 4-ta ar -P -.-- ^

the al-pba bì ofe*dback made {rJata}

recâiï€d aLpha bi-of açdback fi.sst,

a. nð t Il ose sub i Êc rs l,¡b r.
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TÂ BT,E 36

C{] 14BT ¡]EÐ ETOFETÐÐåCK 3-ïIAl,YS TS : NT,PHA Ð8.}i TTY

------T- -'T------*--'T-------'r
i Source I df I l1-q I Er:Õr I I i

I Orrl*r {OT | 1,'38 l*?799e"?4 19386"94 ç{i"15 I

I Session {S) I 1r1B t 3541i,69 I 857" A9 I {ro 2Ë |

¡ trial {T} | 2"36 I 30S"89 | 516,71 1 no58 !

I Epoch {El | 3,54 I l-[4,1" 5 -1 I 2U2,14 1 1, BU !

T ¡{ x O | 1"18 | 18959,93 | 32-1C"9ç I 5,9'1t I

85?" 4q I i,5| I

1615,C I ?"4? I

516 "7'l I t: ,-7 2 I
IL-'!)^64 I r^?r I

2U3"66 I ',l"1î 
I

2U2,C 4 | fr, 5g !

1 0'i, C? | tl" 4'l I

"3,Ut I ',r,36 
I

1C4,28 I 1,"63 f

16',15"C I f".35 Ir!12,53 | f,.63 I

2t),?"66 | t)"11 
I

38?"4C I 1"21 1

101,n" i c"12 I

73"11C i r,59 ì

133,22 | f" 95 I

I HodE {14} | 1"-18 125951"'11 | 321C,99 I 8"39**1
Session {S)
Trial {T}
Epoch {El

¡{xO
SxO
HxS
T xO
HxT
SxT
ExO
11 xE
SxE
TxF
I.I xSX
l{xTx
SxTx
MXSx
Mull*r¡ 

^ ! ^SxEX
EXSX

o
o
t
T
o
û
nIi

o
E

T
E

;
T
I

T x E x o | 5"1C8 | 31"63 I 1c,4"28 I f"-rf I

l{ x T x E | 6,108 I 84"79 | 127"86 | t.68 I

| 1,'38 | 37994,74
| 1,-18 1 25,q51"'11
I 1u1B t 3541i,69
| 2,36 I 30S" 89
| 3'54 I l-14'-{"5-1

I '1u18 t 18959,03
| 1"18 | 428,23
| '! ,18 1 -j9 22" 38
I ?"36 I 369,59
| 2,36 I 169"38
1 2"36 | 26'1,11
| 3n5r+ | 14'tr"7*,l 3,54 I

| 3"5t1 I

41" C'l
99"76

S x T x E | 5"1f8 I 11¿1,31+ I ,q\uzU I 1o21 It|, x. s x T x c | 2"36 I ri43,3Û | 389,49 | 1,1tt I

l{ x T x E x 0 I 6"108 T 41,81 I 12-r,96 ¡ r'.3¿r I

s x cr x n x c | 6r.TÐg | 1tt2,rt7 | 94,2t] î 1,51 |

l{ x S x T x E I 6"1C8 1 69"66 I 94,23 T 1""4 I

14xsx!xFxol 6"108 I 4C"4C'I q4"21 |f'¿.1ÎI

I 6u1CB t 66,22
I 1,',t8 | 56$"81
| 2,36 1 295"81
| 2ø36 I 26"13
| 2t36 | 4'!2,34.
I 3"54 I 12'1,4
| 3,5tr | 43.25
i 3e54 | 126,2tt
1 6ulCB | 31"63

| 5"1f8 I 11¿1,31+
x C | 2"36 I ri43,3û
x {.r | 3r5t¡ I 186.3tr
x O I 6"108 T 4'1,81
x C | 6,1Ð8 | 1tt2,tt7
xE 1 6u1CBI 69"66
Fr x ON 6"',lcB | 4C"û0



4 anrr) /

PUB_åJ_Såz.er The z'esi:l-ts of +-he erralysls f cr :l-¿i rup: i

síze mçasuîes ere pr€sÊnt€d il Table 37, Th¿ râisu1:s of +hr

.åNCIVå j-ndicat::d a si.qni f åcant nai-n *f f*ct fc¡ 'iai¡: r:cr

sesså-on and epechs and siqnifi-ca::t- iniaract ions f nt mode T

session" ses-.iÕr x trialsu epcchs x ordar, and mÐrit' r lpoch,

Ð'lÊtovio]-at.ion,cf.compound.symnetryaSSumpt-jons{p<

the Gr€ânhouse'-GeissÐr cerrecti en we s mad e to ti:* r,ncclì r

order interacticn ard the in+,*racti on ìrD l-onsç r r?ac\c,1

siqnif icancê ler¡e]_s I F {1,191 = lu t}Ðe p

Âs r:resenterl in Tabla 37 there Þ¡a-s a sisnif i can+= na.r'-r

effect. for ìncrease versus decrease trainìnq sÊss-iors v¡:l+-]"

pup.i1 sise beinq s:-qnj-fican.tly larr¡er for the jncr:oas'i,

s+ssicnsu The main ef feet f,or sess'i on was rrual-tf ieð by thc

interaction of sessj-on and mode {al-pha vrrsus pr.rÐi1

biof eedback) " Ccrsistent, arith the índ,ivirlual analysi 
= u +l:*

sÊ,çsion ef fect- Has accountp,d f or by t-he s ir¡nif ica:+ m?an

diffarence betsa*¡ è-he alpha bicfcildiraek ircr¡?F,: arð

decrease sÊssicns lcrd {18} = ,051, i{å = ,ç840 p ( ,1.5J" 7l

ås inieresting, howevêra to note that !: he al-pha t,:'cfetdback

decrease session h.ad the loruest nean pup j 1 siz^ (lv - Ir, ß) cr

all *sÐssions" It'¡as also signìfica::t1y J-c'¡a: tha¡ î-i.'h'=:

Èhs pupiL biof Eedback dec¡ease {lli = &, n7) í Cð lt Bl = o Ì?.8 , i'lc-r

= "il69e Þ (,(l5 l cr lncrease sessi-on {H =4,fi8} f cd{18} =

"046" l{d =.C}?6 p < "C51. Th*le !¡as no dlffs,r:e¡cr, -ìn nrroii

si ze aÌnonq any cf th* o+-her sessi-ons {i" eo o ouo:'. 1 ¡; ¡fc:,irl*

back inc:easço puÞi1 hj"ofeed!."ack decr.*.:aseo ai.Þha. bicf--,'r'dhack



increasel, corsÊouently the sessi ç¡1 ?f fec+, desc:i,

t+as acccun+-ed fcr Ì:y the si-qnif icantl y snrall-cr: nr:pi 1

t-he alpha bíof*edback decreas€ strissicno

The main ef fect for sess'i cn ',Ea s a lsc aual .i f i e¡1

1'.R

b¡:4 h.]îi'

size ir,

il v t,lìî

interaction of sassicn an d trials, Pcst-bcc alal'¡sis

indicated that tÞ,e sessicn *ffæcl rdas nnl v slqri f ice r:: scr

Trial 1 l'Cd{36} = "033u ITd = ,(-19, D

rcd{_36} = n03'T" Hd =.05, p ( "051, "i'he .ð"LtfÊrç_ncÊ fcr

íncrease v€rsus decraase trial-s fo¡ tria ! 2 o al-the',rs! :-r 4-hr

sâmê directS-on" was not significani- I C.l {36) = u 031u i4l =

"0'151,

ål"so as nay s€çIì f rom Tabl-e 37 there lia s a si.gr j f j cnn t:

main eff*c$, for epochs and a t.endency for pur,j l. sizr i:c

dëerçase o\r€¡ epochsu this ?ras qualif ierlu hcr,rû v*r: u i:r¡ a

mode and epochs i nteractj,on, i\l-+-hcuqh rhe apaclT !¡as

siqníf j-can+, f cr both alpha hicf eedhack f CC ( 54) = ,1 42, i.r:4 =

" 043u p ( ,051 and pupj"l biofeetlback I Cd {54) = " 
Ô-?8o l{'r =

"57 u P

back mcd€,



tI
I
I
I
I
I
1

r
1

T

t

¡

1

Order l0)
l{ode {l{}
Session {Sl
Trìa1 {TT
Epoch {El

l{xO
SxO
ß4xS
TxO
t{xT
SxT
fxO
MxE
SXH
TxE
HxSxO
llxTxO
SxTxCI
Plx.SxT
ilxExt
SKEXA
mxSxFl
TxExO
l! xTxE
SxTxE
HxSXTXO
l{xsxExc
HxTxExf
Sx'1'x xo
ExSXTxE

HxSxTxfx

I 'n"18 I -1'4'754
¡ 1"18 I 0"1723
I I,18 I 3"4625
| 2,36 I t^12C6
| _r"5¿l ! 1"9432
I 1"18 I û.25.39
| 1s18 I C,052'7
I 1u18 I C"3693
| ?,36 1 Su1562
g 2,36 1 lt"t422
| 2,36 I 0"0883
| 3"54 I 0" C8C6
I _?@54 ! G"C729

N 6"108 i 0,ç11-7
| 1,-18 I C"C-?94
| 2"36 I ü"-îC5lt
| 2"36 I 0,Cß9?
ì 2,36 I fo 013?
| 3,54 t 0,ryC58
I 3,54 | C"û11C
| 3r5rr I û,0c?9
| 6,1C8 I 0".û029
| 6u.1ÛB I 0'f056
| 6"108 { 0,0103
| 2"3{) I f;'S1-?."
I 3,54 i C..û012
! 6d 108 I 0, f0s3
1 6u1f8 I 0"CI050
I 6"1C8 I û"ü162

ol 6"108 | 0"0{i3r¿

U"1u15
rì Á.?c<
L, O (,j ., _,. ..

t,c435
t" *6f,5
D 

^ 
t]237

4- Á?ûE
0, c435
ô 

^rr^,4',t ù t: é ,r I

0, *665
ñ n?trTt- 6 '- -'- /

a"*161
c"123?
f"01û9
û"f'164
A A F'-

n ntrn'l
.. â _ Ð.-, i

*, C,3¿t?
4, c1 61
0" 0143
f " 0109
ûu 0,1 64
0, ccBtl.
n n,1 ?q¡-o -. l

^ ^¡oo'ÈiÐ\-\f.,J

û. (l09 ''T

0,ciB3
s" c 08lr
0" Ðî88
r nnô1to ' ) t

û. c1c?
0" t 10?

1"36 I

l"?'7 |

1C,62,u* |
4 "81 ì

EJ o 92tl:*>!t I

n ,' ^ I
1.',Ð * 

ì

4 a4 r
'a/-.t I

9 " 22*eí |

? ^ 
:ì< I

1"21 I

5" 5C** |
1 t{ntr I
-,â* i

{'u"l'l*>þtt !

1,tr7 |
1.o5i 

I

l:"98 I

a'16 !

t,6û I

a -7tr r

nq?lo ... I

I {."1 ¡\-t1 ¡ I

t" 94 I

f ,3g I

f,âu I

-1 " 
''l l-l i

*,'7 j I
e,1U I

1,?'7 I

n^ 5E I

1"51 |

o-i) I

-----À---------¡-----------i
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TABlF 38

COI,!BTNEÐ ËTO !EEÐ8.åCK åNAT,YSTS: PUPTI VqPTåBî I].FY

g.--_-----------r_-T__-__-æ*-T----*__?
So urc Ê df i"ls I Fr:::r I l' I

I orñer {o}
T ,*{ode {¡i!}
I Sæssì cn {S}
I Trial- {T}
? Epoch {E}

t{xO
SXD
HXS
TxO
f'1xT
Sx?
FxO
llxE
SxT
TxE
mxS
SxT
SxT
HxS
l-4xl
SxF
¡{xS
TxE
1'1 xT
SxT
Mx-q
l{xS
Þ1 xT
SxT
l{xS

MXSx

XO
xC
xC
vO
xf
fxû

x,tB 1

1e1B 1'1r18 I

2ei6 I

3,54 I

1u1B t

1ø18 I
1"'lB I
2n36 I

2,36 I

2"36 I
3u 54 !

3 ,5{+ I

3"54 I
6"108 |
'1 u1B I
2u36 I

2. "36, I
2u36 

N

3"54 I
3,5t4 I
3r54 I
6,108 |
6eit8 I
6"1çB I

2u36 !

3a51{ I

6 
" 
108 ì

5"1ûB I
6,108 I
6,108 I

,0{__ì33 | ,f:192 | l:,11 |

"ßC6? I "{\t.69 I 1,97 !

.0CÛ3 1 ,0019 1 '-"16' I

,001_1 I ,0n13 | f;"81 I

"4QCB | "nC1? I C,¿!5 I

,0071 I "(:û69 I -1,f? I

,0013 | ,4¡1q I l"6q I

"00c1 | "1N14 I f"1r I

'CI1-1c5 | "C0.3 | f',35 I

,0009 | "ûc21 | .'"4-r 
I

, 0013 I " î1 17 | l:,18 !

"00Ct2 1 ,l:{-i11 1 î"i'1 !

"1f3n | "tî12 | 2,6\ I

"s002 1 "fc1tt ! r"'?6 
I

,at1-7 I ,0û13 | 1"28 I

" 0t09 ¡ . +,:14 | l,^ 62 |

.û0-11 I "çt21 I ie5¿t I

,0tC5 I "în16 I t".1 
I

,tcn6 I "¡cla I 4,.?o I

"CCI16 I "t':012 1 1,16 I

^0nn6 ¡ ^lñ_rll I ¡^4.1 I

"0'lc2 | "os12 | f,. 1Lt I

"0cs5 ì "ll]13 N i"35 I

" fl{:'09 I .00'!4 7 a "66 I

"13C11 1 "f'n14 I rnlJ 
I

,0û14 T "ñtltl 1 f,gg I

.cc11 I "fl412 I ô"9s I

,0C1rr I "lDX4 | 1"|2 I

"1,ì0C,8 | ,ft14 I e,59 I

,0006 I ,ntx4 I i"it4 I

"C*CB | "Cn1¿r | ^,58 I

I
I
{

I
I
I
I

I

I
I
t
I

¡l

1

1

I
I
I
{

x-Ð
vñ

xû
xT
xC
xn
xE
xO
XE
r.E
x.T
xE
rl. ll
XF
xT
TX



ËosÊ€ spegå eC nÊA3__Oge ståon na årgz

1'72

ohc ÐCÊrt- vn.fl,'t-*:¡_-.

qu+sticnnaårç da-È-a from both the al-pha a:d prrpi.l h:,ef*ci-ìhack

âxperimeæts wer€- ccmparêr1 in o:r1er tc investioa'?-c Cjrf:;r*rc*

es beÈrøecn tbe tuo hicf eedback ccndi+..:"cns {Tab-!s J 9ì . Onl v

èhe pleasantness a-nd anxìety scal-es r,ls,rF; ra.tsd îs sic''riij--

cantl-v rì j-ffereet f cr alpha vÐrsus pupil bj-ofeeð back nî4rso

f he sub ject,s ratsd tbe al-r:ha bíof.æeð"back nodç- Ê s ïr,l:î,

unpl€asÐ"t and a rnorÊ anxious"
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?ÐSTEYPEFÏ HENTAl

TABT,E 39

0IIF5't'TCITNAïRF: 3:I-PHÄ VFIFSIIS !'llp:l
BÏO T FEÐBA3 K

? I Al_pha I prpil ! I

tr Seale{1*6} I tsicfÊÐdbacklBiofeedt'ackl t119) iF------- +------------+-- *+---------{
lAlert ÐroÞrsy
lBnpleasent Pleaeent
NEÊLaxed - Unrelaxcd
Actj-veLy Thånkinq-

$Jc¿" Thånki nq
ånxi,ou*c - ¡fot ,ånNious

lNot Frustrated-
Fsust rated

{lnmotivated - Hctivated
Att-cntive fnat-tentive
Effortfu'l * Effcrtless
Ðiffi-cu].t Sasv

I Acfi ve1y cone'*nt-ratinq*
T Not Concentratinq
I Cl ear v j-s ion-
I Bl-arrerl Visi on

t {a
2" 53
?,).l

2n C_3

? tÌn

3" ?3
4" 95
J.glJ

1 '>1.
.! aÊLø ¿,)

2"03

10n

2"25 | f,"1/1 I

3,35 I 2^21". !

3"49 I C.Jrq !

tl
2"?5 | i"f5 I

2"91 | 3,f1*:<¡
îT

? ofi
4, B5
2, 1"
x, g3
¿r l .

4 12:t / J j¡ 1,

r n ?o r'| at; I

| ?.?2 I

| Ð,?7 I

I 1.35 !

I ["4? I

l!4"08 I C,33 !

-å--_---_-J

llot e : verv
m.crìeratel y
sLiqht1y
s1iqht ly
moderat+1y
v€l:y

t-

/,-

I{=
5=
$=

NÐt.ç:

Noi-e3

Combined Increase

"rwo - tailed t*st

and Ð*crçasâ Ses.sions"

tfp
**p



Thê Írost*expâråmeata'1 guestionnairç.

1'7 u

4¿ta Ì,res ll-=c

analysed ín ar! att*npt to compaïB +-hr al,pha- bicr+¡d!:ack

group which recei ved al-pha hicf e*dback f irst '-c r--lr, n,lp- l

biof*edback qroup ç¡hc receivcd alnha bicfçedba.ck €ìr,s' ^td
to *-he pupil and al-pha bicfeedback grôuÐ-e vhc iecç. j-r.¡c ð a.i pi:¡

broteedback seecnd {Taille 4û}" Analysis of thç postr,xn*:j-

mental îluestionnaire i-n,trieated Èhat thc, a.1 pha hicf+tChack

group l"¡ho rcceived alpha biof eerlbacl< f irst- an d '¡h.o !,2ð-

siqni,fi.cantl-y lcwer al-pha production scorls r:at+d lh.: modr

as nore frustratingu more üfinJs¿sp¡+o !nor:Ê çffo::+-iu1 anC as

'i-nvolvånq 3-çss concçnt-ration,



TABI,E II,]

POSTEXP NF TSE}TT3. 1 OI]ESÎTON}lATPE Ai.PH3.
liE},STJS tqST

tr Scale { 1-6}

Alert- Ðror¿ sy

flnpLeasent - Pl€asent

Belaxed - Unrelaxerl

Act ivelv Tliinkínq-
Not Thinki¡q

S.nxious - ¡Iot Anxicus

Ir,rot Fr rstrated-
Fr ustrateð

ûnmotivated Ï'lo*'ivated

At.tentive - Inatt€ntiv*

EffortfrL Effortless

Difforent - Easv

Âc?- ivel-y Co¡ecntrat inq-
Not Concent-ratiag

C l-eai Vi síon-
Blurred Vì sicn

I = vêrv
2 = mçdetat.*l-v

Not- æ :

I Comparisen

B

Ð

-B

-B
c-n

-B

Ð

-B
C

B

-D
B

-c
-Ð
-B

-B
.;
-B
-C

Ð

.B
C

-Ð

B

-c
-Ð

A
a

;
A
â

nÁ

A.

A

Ji

A.

3.

A

A

A
Bl1

tl

A

A

A

A

å
Ã.

å
Â
I
.tt

A

Ä
ni1

A

A

qð
å
n
l{

ê

ft

17 r,

3ïOF:iD3¡ C7 FîÐSf

T----------l

l df I

18 | ',tr*76
Q I I 1q'-' | õ

1a, t r-)u
18 I t"1d

11 I io.li
18 I ?,86r<* I

'18 | t,73
I | î,,tf

18 I f." g',!

1B
B

1A
,o

B

XB

I

| 1'2u
I o^.1
I f ,.1 ."?

I ,1,5u
I i,68
| f;,57
I

1g | 2,f)tr*É)í
Ê | 2"29

1g I 2"\2¿,
18 I C,29
e | ^of'l

18 I t.'18
'lB 1 1"7!Ì
B I n,'Bg

18 | nott"
'18 | 1,2P,
B I 2ult3t'

18 | û"75,!B I l:,41:
8 | 1,28

18 I 0"43
I

| ?u 5',1 *
t a ltôi{
I ¿o*

1 2" 41*
I

18 | 1.20
8 I r:,61:;

19 ì 1"511

.1 B

I
40



t t6

3 * s1íqh*l-v
Q = sl_ iqh+-l_y
5 = Ecderately
fi = vary

Note: Â = a.l-pha biof,eedback - a1rrh.e. b!af-eø,dt'a.ck fj is:
B = al-pha bi-cfeedback - alpha hicfc"+dback srconð
C = nupil biof eedback - a1.pi:a blcf*e4bac k f i-::st
o = pupil biofc,edbeck - a1 pha bicfçeclback =¡.cçtð.

4p
*4 P < ,4?



171

modæ ccr0pa:i sons râvealed that +-he m{i}en a1_pha Ì:ici r.:c.1cn î.a:

t.he alpha biofecdback mcda !ra.s si gn j-f j cantly l-ass ',!.ar fai

the pupil bíofeedback rnodæ, If- is interes+-1nq 4a rcfî, +\ar

the sub iacts rat-erl thç al pl:a bic f eed back noðe ? s Íìf,r+

unpleasent and as mora anxicus 'than the pìf pi1 L j..c f crrrlback

nçd.eu

The mode ef lect, hoveveru Esas qualif 1ed bv a si grif ica-n+

mode by orde¡ j.nteracticn suqgestinq that r-hn 1e'¡ç¡ ¿l pha

,densitV was asssociated r¿ith the a1ph,a biofeEldhack srcdç

{data) and f-}¡ose subìects vho rece.'ir/Êd al-pha hicfc.,r,dhrack

firs*-" The subjcctive rati-nqs indi-cated thai +,-hi.s ccrdi-ii,cr

was seen as mor€ f rustrating u unpl-easãn+,, ef f o¡'r: f u1 anð e s

requiring Less concçntration than o+,her conCi'Ì--j.cnsu rhc

mode eff ect or ncde h¡y order interae+-i cn l.las not. rar¡11a1i d

ån t.ha pupil si,ze cr pupil- variabil-i9y C ata"

The session ef fect for a I rha densi"-v cnly aDfi:.ech.:i à.

Level cf siqnificance and oely suggested a sl-iqht t=çnrl inr
J-ower al-pba productíon fcr Èhe increa,-se sassicns vÊïscs '-h¡.:

deeease sessions l'T {1" 1B) = 4,25 p = ,l]54 l" Pup-:1 Ì'.zoo

hcidever, rdas f cund to be siqnif icati-ly large¡ f cr ihr

Lncreas€ sesst-cns {especia.lly f or tria l-s 1 r¡Ä ?\:..r I I t

Consistent +¡ith th* inrlividual analvsis" howÊv*ro lhe.;ffi¡c+

i{as acccunt*d for by the siqnif,ican+-ly snalle¡ pupi L si zz in

the alpha bíof eç<1back decrease session " Th j s s;ssi cr Þras

rated by the suhiects as significant-ly mÕîâ anxicus ai,d $ol:Ê,

difficul-t àhan tbe åncreasç alpha s*ssic'n {p



Althcuqh thene ?{as nc epech effact fcr ih*
deLa, tbcre was a sígnificant ðe:rêasg in pup,i

+pochs especially for the alpha bícfæe'dl¡ack mcd

no dif ference in pupi-l variabil_ity bc..t.sçec th.e

back modesu

Tn sunmary then, conFarinq tha alpha b:of+edback

experim€nt to the pilpi1 biofeedback exp*t-ì.mant :e¡¡r,al ld Ìha.+

*.he alpha biofeedhack rnorde was characterizeð hv a l_orr,=jr:

alpha densítv; liras rated as üore ¡tnpl€aseni. and arxicusi bad

lower al-pha- density for tha"t qroup vho recaived al uha

biofeedback first; Þras rated by thìs qroup as mor6i fnustrat*
ing' unpleasenÈ- u &ffcrtf ul- and requirinq less cc¡.cçnt:a'i ic:r;
had a mÐte såqnif icant decrca,se, j.n pup:'_l_ sj.z,e acrcss Ë.:p¡çþ¡;;

siqnifåcant.1y small-cr pupíl- sízes in the d'ecz'r¡êsr; alpLa

session; Þras rated in thi-s session as mcra an¡rj-crs and mrj:.ì

dif f;icult; anti exhi bit*d a slj.¡1ht trend foi l.cçei al-nha

prorluctìon j-n thc increase a,lpha versLìs d.,*eræase, al-nha

session, Therc vlÐre nÕ siqnifieanf, dj-ff¡l:*rctrs :r pupil-

va.ríab11íty betveen ineraase or dÊcrâas€ ses*ci oÐs ef a1i:ha

or pupil- tríofeeclbacko

I* conclusi.cn u t.he hypothes! s {itypoth e s.: s

siqnificant difference in alpha actj.vitv b.,a.-rre1n

and decreasa s+ssicns or the hypor-hesis lHvpcr-he**1

signi f j,cart dif,f ercnce in pnpj_l_ si zâ betçreen irr

decrease sessi cns ø rdas no+* suppocted hv +h+ d

adrlì *-icn u the *xpectation {!typothe-qis -?} +h a+

øoultl be lass variable unde¡ alpha çnhatc*ânìîlìt

n'1 Õ

aì nl^a ä:nci-¡¡

1 É.: -^L :-.-: L: a ¡. : ::

-:a i:-"-: | '111:-

tsc þicfqs.d*

3) rf e

i ne¡*?s'.

c ?ì af ã\' l

C:*e Sri: al ð

ç a,ê : .i

tl.t ¡upi-r

ccrð-i tic¡s
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'!ãas :1at supported, Fathar f c:: th+ al- n!:a

experimen*- ther+ was a siqnlficant d'i ffErenci:,

r¡ít.'l'¡ the snal-'? ç¡ pupi-l- size cccuring i n +,-he d

sessåon" on th* other hando fol Lhe pupi.l

exÞærim+ntu a hiqh*î alpha de,nsit-y ues assocj.a

pupål declease sassicn,

The ccrrelati.cnal- data did n"ot clcarl-v slrnpo:+ +h"'

expectation that the amcun*- of alpha acti '¡:ty rrrcul d b r a

functì on oî. puf ill-ary act:..vity" Sone support ccnr r::lnr

consi-stentl-y qreater t.han chance avarage c err'ì,1a t:. :r s

bet¡øeen al-pha den*city a:ld pupil ¡¡ariabilityn all alnha

densi-ty and. pupil s-iz*u



CþaËtçq_åg

Dl SCÜSSTO\1

It I{es the pürpÐse of the present s+-udy åir _i_nvE:s? i q¿n-¡

thæ pcssåble rela-tiorship h*tw*en a,l.pha p¡cduc+ìçrr- anl

Þupì l1ary acf-ívit'¡ across a varie ty cf situati ens aid th,r

sugges+,ion tha.t ccu]-cmaåor act-ivat,i cn u â s :6 f :L€crçd hv

Pt¡pì l1acy actívityu would block or attenuai* occi pi.ral ar rrha

production in a manner consistent r¿ith th+ ccul cneÌor

theorï" Although +l-ìe resul¿,-s or¡era11 do nÕt concl rr-"j '¡ç1y DT

consåstenÈl-Y suppÐrt the ocul-omotor activa.tion +-heor1'en,r. a

close relatj-onship betueen alpha and prrnillarv ac-,,ir,,j-tr¡ u

there is some evidcnce tc srqgest tliat +-he +"!ro vari ab-l r.'" aa.v

he r+latedu Tbe present qoal- is *,o examinE such 'cj)vt.C,l.'i,ci1

sithin the context of each experiment an'l lhen :_n tr:rns 3r

*-he overall results cf the st,uðy"

Ba s e l-åse- e osêå tå-a¡s

Consi stent with the hypcthesi.s and. t,he 1¡e11, dccun,*iti,ç:d

findÍ-nq in the 1ìterature {e,q" BÊtq*ru 193f ; Gal î, Sot?+: o

Chapnan f, Smal-lbcne " 1975; KaÍìì ya, 1963; Li.lCsl e y " 1qr"î\ î

alpha product ítn was greatest. when the sub jects t €Ì/€,s 1,7êrü

cl-osed and attent.uated shen the -<ubjactsã evq,s lrr;ìrÊ c,c)tr'1:\.:,n

a dím1y ì l-1umånatad. environment, trh j-s ì,ras f nur Ã Fc:

baseLinçs at the bçqinnínq of hotli sessicns" Thq-*ç', f:ndlr:ss
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arÐ consistent uith f"he ocul-omr:tc:r act'i vai-:_ot lhecrv

suggests tha+- alpha activitv o,¡culd ]re prcmì nrr: :r
at¡sencç of oculcmctar activitv" f n v:-e r,l c f '-J. = -e, c*-

most cther f crm-q cf ccr:l-omotor acti vi tv r¡rçre rcsz:::-ct

the prasen+* experirientu the di fferænee -hetr¡*+lì âyÊs*DÞc,

eyes-cSosed cond.i ti ons may be a funct- ion of çuni

act.ivity" Lorçenstein and T.cewenf *1rl t1962j h.a ve f cur,d

the pupil tend s to becornæ smal-ler an C mcrc .^c+,-i yr.,

increasi"r¡q Liqht-,

Tt ças also found¿ âs expected, that a.!.pha C+.nsi+-y 4.1:

both the eye eonditions was orçater i n Sess"i cl II 'har ir

Sessj-o¡ J" Tt had been hypothesized. that thrs r¿cr:'1..-r ocrur

becaus* ttre i-nitial apF:reh.ensj-ons abcut the erÐä.::imq'r.t ald.

tha novel-ty of the experi.mental- situation Î¡oul_d b,avq: la.l a

suppressant effect cn al-pha aetLvity durinq the j.r,::1al

basclj"ne measur€;e Asain ihe di f f erences bçt vec:¡ Sessi rr !
onrl Session TT sculd be censist*nt ¡¡ith the ccuionntci

t.heory which suqqests that mosr forms of tìovrâ1 stjmu?ip

before habit.uaÈion has r:ccured, 'øì 11. causÊ ar c:iän," j lc
resrronse shích includes desynchroni zation of alpha act:--riiy,
In the present expetåment-u Sessi on 1 v¡eu1tl be t-hr, rrcs: ncvrl-

situation and .+he one in ¡*hich cnÊ voul d exn+rct a crea+,-ti:T

attenuaticn ef f €c*ç ta occlrrø f t i-s also il=,+:¡sti rg Lc rn::a

Èhat when ecnpa¡i.nq the differEnces hetween S,"ssier ? ani

ïa'Session Tf eyas-clcsed basel-åne across triar's lTahl *

hy Trial 4 È- hc dif,f erences betveen the +:$tt) 1T

lBt

r.r h rc l:

t f..¡l

&'-- å
'.. rìl :

-. ::

:_ 4.\-'

'l 1a*v

'u¡ i+ h

c

I

?\+

sr: ssi.

*.: :,flal-thouqh stj-l-l si.qni fì cantS had dçcraas,*d" Tn r¡i €r



å ncr*asç in Sesçío¡ I Êy*s*cl csed bass,3 i:r* aeiûss T¡!
f68f , '78Y,u "7DYou 74q,\ èhe results ccul d <uqcast .i.ha.t e

partí41 habåtr:atícn to thç novp,l_ si.tua..i.ôn cci:rred a.

1a>

* 'l¡

e aâ

'1 çl')

â^;a.-

rLv

as Trial 4. Tb,is ç'ffect across tiial-s 1-4 dif, not ccc'r'.¡ ÇcT

Sessiclt TT 184%" 857,u 85V.s 83%) suqg*str nrr pclheFs :ha+ +h":

alpha r€coverV effcct rdas comp-l-ÊtÊ" mb.e avj.d?ncÐ fol Ì1...,

Ðyas-opÊ11 group, hcuçr vp-l: suggest that alrrha r4cÐvãry ccr:rr¿ld

much more quickfy i.n Sessicn TI {-'13y,, "V5y"u 14%, -lgy,\ +lia:: i-t:

Session I {64Y", 64Y', 65Y*o 6C%} " By T:: j al- 4 of S¿s.s,ì ct iï
the dif ference hetween eves-closerå ard ?yÊs- c p+r a1 oha

production was not si.qnifå.cant sr:gqfist.inq that al_nla had

a1 so recoverêd in the Êyes-cpç'n cenditi cn,

Althouctr pupil, -=íze dì d not diff e¡c;nt'r" ate betu'oar Sçss i *r
I and Session TT haselines, it is ini,eresti nq +-a no+r, r.he'

th*re v¡as a sì qnif åcant raducti on in pupi -1- sizr ?c:îss
trial-s within each baselì ne" Jani sse {1917) ha s ,r.;,seri b*,d

t,hj-s effect as an arousal- decrenenL anå ada_nta*_i.cn çhenln*

enon that can cccur ovêr a larqe number of trrjels as r,rtl_l es

within Lenqtìiy tråa] s { 10û secoirds) " I n thc Frîsiir+
expçrirnent ít is int-eresting to nct-e that hoth al pha ãqns i: r'

and pupi.l size tenderl t-o recovÊr from th+ initial qff.çc'=: c.
nove1ty. ihe ef fect f ot alpha densit y data across -,rj al-s

howÐver ,l*as nôt si-qnif åcant, since f-here 1{,ûie n o siqrif i_-

cant dif ferences in p.upil variabil-ity across t::ì als, t-h:

oculomotor hypcthesis wculd not sugcl+st an y di'f ::Êrc{::. j-::

alpha activítv" 9h*re uas, ho'urevpry a signj"f icant, d j ff l;:*
encê ín al-pha activity b*tp¡een sessicns which ca¡.rct br,



account€ d f.ar by d i f f erenc+s in pu pi I r¡a

best be eccoun*-ed f or by habjtuaticr t c

and thus occur throush, mechanisms oî

¡¡ar ist- y,

E å 1¡¡ gå ne! å on - 
g sp€s_å eeæ t

ås r,tas expectæd larger pupi I sizes wêr::c f rur d fer t hr

lower i1l.r¡minaticn 1çve1-s {ll-dark} a¡.d sma11+: nrrnil .si z:-r

s*rÈ found for the håqher il-1umínat-."cn 1çve1s (+7u +'! 5)"

This i.s con sistç nt sith the un j ver-.al f in d in q .: La --- a r,

increase in il-1umi-na.tion level r¿i11 rrsrrlt :'. n corst:-: c-i¡n

'¿hilc a deer+a.s* in i11umånaticn level {ir thjs cas"ì,

darkness) wil-l- caus€ dil-atícn lJanisseu ',l977) 
"

A.c ra\' }.,,:

s€en frcm Fígurc 1e however, tb.* sha pe of thg cÕr si:ri cf j-c¡

respons€ d iff ered f rom that- ef the dilat. ion !.åsrrcns<.Ð lrci

*xanple, there åías a sigllfi-can+- inclqasâ i_n puril s¿,zr

ecross epoehs fcr the rlii-atj-cn re-qpcnsç, hnt r,ct fcr t}:¡,

cOnstrict"ion xÊspcns€" T!:e r*sul ts arÊ eonsi-qte¡.+ ni."l
those of Hansnanne Semnol-cr¡ anrl S*a,rk {19?q) r,¡hc har¡f,

reported. that -+-he 1j-qhÈ-ref lex shovs a rap!.d overshc,e*:.¡a

constriction r€sponsê to thc onset of l-iqlìt f ol-1or*re d hv e

redilation rÊspcnsÐu vrhile the dilation r€sÐcn sq +1 +?:e

of f set cf 1-íqht is much s1oç¡er, r¡¡ addi*-i c,nu .tì:ev Ì:eFÕr:e ð

that the overshoc+ ef fect is only cha::ac',-e¡.i st,ic cf +h^

eonstriction rçsFonsÊo Âs a re-cr:l-l sf ",he scc:ino p:ccçrlu::c

ut.i'lízcri i-n the present studyu it '¡oul d appÊar tF,a i .h.

18?

riabi-1 ity. fÈ, mey

z. r. 1vôl s:-'la-ir:

a ncl*ccltlrpr: -ai

lEiovershoot constricti.on effect occured bçfcr* tbt, fi



m*asurâmer:.t Ìras åakan et +,'hp 2-second pci

presented in Fì qurc 1 thÊn is th* red j.l-at-ion

dj-la*-ien r*spons* +ô t e <-:nset cf darkne.ss,

much sl.ovrer r€sFcnse anrl probabl-y uouJ.d-

aecuratel-y 1n Fåqure 1.

hf !.1+.j: i- 4 r,:.

1^¡<F,^rÊ1,_.È..1/u¡ _

ì" 41r .:- 1¡ ç ¡

hc ni

lQt!

:- LÌ]

:î ¿.

^¿ rr-;r jl

uergi=i" r,

n uni-i Ê àrç.

a¡ d brcÐmrl

: t ha cl h**i

hp cl+.a''i: ¡s+,

On the basis cf cthrr literat.urc {e" gu Lû

l,oeÞtÊe.fe1d, 1962\ " which surTgested that- 'Lbe

usual-1y ]-arqe and quåe+- in compl-ete, ñarkness

small-er an d norâ activ€ i,ri:_th 'i nciea sinq liqh t o

assunerl for the basis of b vpothesís 1, t.hat t
pupi-l-1ary constrict-ion a.nd puoil varia-bi-1i:y r,;c'.i1. cl bc

associ ated with the hiqhest 1evels of lrrnil-anc+n '¡thj-l* +!is

ef feet !loul-d lle accurate if È-he -.ubjects had hean expcs¡l.ñ +¡

f he saae illum:inatian levels ovÐl: considerahly l_ors,r-:

perj-ods cf time" cB th* basj-s of the llans¡nan¡ ,rt el,u s+-rirl¡.¡

and th€ ÞrÇsent data" it may not he applicabl_,t tc i-nm.,.'ði air,

pupillary r€acti c¡s to the c¡set anð af f sçt ef liohi" *hç

t.ria1 lenq+-h in the present strrdy v¡as cnl-y -?f sç'ccnCso

depicted by Fiqure -1 {wheræ each epoch = 2 seccrds} iì
appear€d t.a takc mcre than 20 seconds for the prrril i¡ ¡r.qil
+,-¿ stabilizç **9 the Õrstr;t ef darkn*ssu

In vi-ec{ of thi.s tf i ffer,entìa1 responss +.hen o ,h€ s¡raÁ-:ls-

pupil changes in t.he present si.udv occuled r¡j +i: r h î
Èransit.ions to dark¡ress {di'!.atê conrìit.icns} " it. is
i-nterestíno to note tha.t. the l-east a.moun+- cf a_'l pf a al_,sc

occuræd under t-hese ccnditj-onsu trhis r,rcllld hs; ccrsj-s-:li
si#-h thc hypo-+-hcsi-< tha.t l-oløer elpha. d*nsitias vnul_d ocûr._l-1^

11- 5
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Consequentlv t-he evidence is in suppcrt al i.h-r ccrrllmcto:

theory r¿ïrich wcul.d predict that ocr:lcmetcr are*:_vj.-,.v cf âay

sort wculd tend to bl-ock alpha actì vi.Ly" in +.hc pr.-rs*rìr

centext the oeul-cmotor activity accountj.nq for ._hç d,:-ff-r*-

enee ån the dil-ate varsus constri.ci con,ìl+-i.^lsu 1ir4=

PuPil-larY actì vitv" Indeeñ it mey b* sueh T:r_rpl11a.:.¡

activity that lilay account fcr the supprâssant q:ff*:c* c!

liqht. an alpha d*nsit.y that has been repo¡tEd l:v oj:hri

investigators {@, e. Bri dqewater, Sherry f, }la rczrski, i g"5;

Cramu Kohlenberq 6 Sinqer, 1977; ûrensieÍr I ÌltcIdjl'1 :.a'n.:,

1976) " Âs reported earlieru trcçrer¡ar u |-b-e clr¡f cundlna cf

nany oculomotor variablcs {e" g* fixaticn, ccnv€,te€rìcÆ) na. kr,s

åt ðif f icuLt tÐ seperat+ ou'+- the effect-s of i-1-1,-r-rmi¡al j cr

{and. pupj-l1ary changes) cn al.pha produef-ion .j.l sucl sf ud.j_",s"

The possihj-lity rernaj-ns that in such stuðies the puo._..1.1a::v

actåviÈv associ ated r¿ith briqht 1iq'ht would Lar¡* ê ¿qr.tppr as-

sant efrect on aLpha produc*ion, å.s the pupilla::y a.ctiviry
stabal ì zes over ti me r Ðnê rsoulå expect sornfl ¡Êccv+ry i n

al-pha densìty"

The import.an t rlif f erÊnc€ in the present s+,_u d y i-s i har

alpha rras reduced d'rring dankness, Simil_a::j y Àlaniha¡ and

Pf urf-schc11er s 1197''t\ have rçport.eå consist-ent decrse.s+_ç in
al-pha uith photi-c stimulatien to hoth ,1iqht-on and riqht-cf f
trj"a1s" ConsequÐîtl-y jt ?¡auld be difficuli +-o êxi:la-j-r:bç
phencmçnc]ì on the basì s of vi sual atf,a¡t i nn - f j ¡¡¡- ì nn -



vj-sual- scanning, €tc" Father pupr'i 11ary activltV ç;c'¡-ld s?.¡ì
e,-o acceunt fcr Èhe prâs€nt rasul_ts" rLF F5^i,¡ ¿^ 

^¡ 
;L^. t-r __::u_ '- -- ),. :1

st-udy hy Lehton*r and l-ehtinÊn tj972) wcrrld sur:poi: rhis

suqgestion. -ås aay be reea-1led" they ef frcti-ve l. y l -r oekeÃ

alpha acti vit y h y the introdr:ction af mydri ar--i c d::cps al t

found thet photåc stimulaf-icn had, îc !:l.ockinq çff,-c* r:r,

ccci píta1 alpha even s¡hen the suh jects at-t-enderl to (ccun!ed )

t-he flashçsn fncl+ed" theories of visr:a1 attr,n.{:ic:r ç¡ortl.d

hypoth*size alpþa hlockinq evÊn under these cordit-ìcrs. -hË

oeulonotor aeti-va.tion t heory" hovâver, uou] C Py d: li 'ha*
oculomotor actåvi ty {in th i s casË rsf 1ec..qd bv nupi-1 l-ary

activity'! wcul.d sçrve to attenuatÊ oeci.Ði*,al- aI-pha, tr +h¡'

other hando al"pha- wculd be expecteå tn be promir ent in +-hp

absencÊ of such actj.vity" CÐnsesu*nt'1y it r,¡ould br.:

expecte,i" that a.s the di l_ation rÊsponse sl.aha.l_izcs ¡_n¡j

pupillary acti.vity j-s reduced" aipha wculd râcov,*:ro Th,¡,r:;

is sÐn€ suggesticn cf that eceurinq:'"n the Þresi:,n+ srrlfr¡

aLt hough the ef fect l{as not yât siqníf icant (Fi qule 1\ 
"

Âs was noted." t"he tenñency for a3_pha dÊns.:t-v a.rcl

size to vary tcqether fi"eu correlatelo althouqh. fc
most part greatç:: than wcul d be expcctpd ir y cha nc,l a

t¡as minimal and ånsignificant, The præåoninance cf Ðîs

correl-ations for the constrict condítì cnsr rTìây re f1+c

tendency {aXt.houqh in"siqnif icant) fcr hroth pup.i _1 sj z

alpha ðensåty tc inc¡ease cve! epochs" On thr ct,hr,r:

the predcminance of nec¡ative correlatícns fcr + he d

conð{t j-ens may ¡efleci- a tendency for itclae se,,s j:t

pupi 1

r ihÇ

'ì n¡ l

+ i i'Lt

l'ar d

nupi J.
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Cisízæ tc be asscciaterl 'sith d€crea*qes i_n alphe a,c1- iv_.¡,+v"

course u flô causal- argu¡nç,::.t, or aven en e_irJuin'-ìî* c

relaticnship can ?:ç. made on tle L,a s j.s of such ccri"lat j_

Tn fact- i-t was not hypothesízed t.hat pupil si-zp arê a

density would be correlat*d buf- ¡aÈ-her tha+- rrrpil
changes v¡ou1d be re lated to dçcreases in alpha dq:n.çi ly,
present anal-ysis compâ.r€?d. nÊan al-pha dansjt-v mËasu:r,s

Z-second sampS-es re on@ measu¡e of pupil s-:,-2.ç-¡ i-n th:r

sanple* Perhaps ccmpa¡ison-c hetlieen a l-pha prcd'¡ciior

ÞupilLary changçs aay neçd to be made oll e nÐre no_ì-a:: I.:,ve

in t¡iew of the sJ.c1üer responsi.venass and pn-ssiLr-1 ll rtrlucå,,

sensítivity cf the EPG m€asnrq {Bealty, 19?7b),

The result-s cf, *,hâ il-l-uminatisn eyparimÊnt, takarr as ?.

whole, tend to support. tha contention t-hat. ccul_omc'i-ci:

activi-ty servÊs tcr atten¡rat-ç, alpha productien. S j rce ..hÊ

ef-fec.t of other cculometor varìabl-eo. Brstr€ minimizeð, j+

would appear that pupil"lary activity i:1ock,¡rl cccipital

alpha, Â*q futher support of this suqges+-ed rcla+-io¡.s1--p, :+

would be benEficial to repeat thi+ p:=ssn+ sti:Cy whil-r

imn¡ohj-l-iz-ing the pupil- r,¡ith a mydiiatic sel-r:ijcru îf.u

índecd, al-pha was not blocked unda¡ such conCif ier so ,Lr.,

results woulrl y€i1d f uther suppo¡t +,c a. causel r+ 1a t".i_¡1s¡i o

T¡*tveçn pupil'lasv acti-rJity and alpha b.L,nckinq"

c
L

1nb

o v.:.

san

al
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Ç9sså&j v e_ gxp erå-Bq.Ð +.-

Csnsi.sten*- Hi"th .*xpectetionsu lhÊ coqTìj.f iv; ÊxÌri.,::-i ilì--,1î'

clearly demon strate d t?:at pupj"J, sj-ze incieas*d as a f rnc+:.cn

of task diff:".cuLf-y and mênå'-al- effort, lioreov,Fl, âs l,¡cr:1d i:¿r:

çxpected cn th+ basis of t,he nupillary 1it*¡atrr::e {r:uû. ä:.sî

å Pol-f-" 1964; Kahnsman t, B*atty, 1956.t punil sízç. jrclçâsî:d

durinq t he 1oaðinq phas€e reaeb*d i.ts maxi muno 111cr,=es?r.'

d.urinq the unl-cadång phasea ârrd returned ro i-ts lras,-1:ni:

1eve1n Although thís È,ren d was evidart- f or aLl- ].c;t¡c.l.s cf

di f ficulÈv it was cnlv signi ticant f o¡ 'i-he no:râ dif ri_crrl-t

rliqi+. eLransfÇrmation tasks, Thi-s would dernonstra+:'e tlat +h¡'-:

diqit span taslr {+C) was nr:ch *asier than th¡ ,1is:l *-

transformation tasks {+1} and +-3}, in fact the s:zE cf r.hc

pupì 1 c1çar"!.v dif f ererrtiat.ed bet!,re€n thc-, Ciqla -cÐar ar d

di-qå+- transfcrnatio¡ tasks a s has beçt f ound b"¡ oth,irs {1o ûo

Kahneman, Peavl-er E Onuskan '1968; Kâhneman, Tur-skvu Shapiic

Ê Crider, 1969Ì ' 11-t-houqh it ¡+as in thc pr:td: ctrd ei:,;c-

t'! on, ÞuÞi1 size did nct cl-ear1y di ffa:entiat* hr:t wa+n thr

two diqåt tra nsf ornaf,j-on ta-qks" Giv*n lha cers,i.s-- -::t

râ"1-aÈicnship whj-ch ha.s been foued bet.wa+n pr:ni1 siz..:, a-i-d

+.ask dif fi-c¡rl-ty it- wculd appear as ttcuqh +,.L8 -.a sk s ÞlF l:,î of

a1¡tost esual- difficul-ty. Tn âny casç the mosi. ð"!ff:cu1l anrl

effort ful task (n dd 3ï accordi nq to subiectiv+ roÐôr+s !Ia.s

associated '*j tb È-he lalqest pupi'! rÐspcnse l14 = 4, 354) u anñ

thæ l-east difficulo. task {Add 0) ryith the sma.l-1-est pr:ni1

Iespons€ {H = 4" 25 6} " The prðs*ni- s+-ud y s*rrrÊd + c ¡a rr1 :.czrt'



the results of a studV by Kahnmalu Tursk'r', Slanilo

C:idp;r {19691 r.rhich ussd tha samâ 'l rve] s of lask rjif f :cul
As nay ire recallcd pupj-1. sj_z,a te,nd*d tc ãîcr+,e.s*, rl

rBpeateð presenta ti-ons of the tasks ; an ef f eet t i:ar_ ïres n

ñramatic betr,¡een the secon'd and thi-rd tria'ts. Ãaa:n +

has been found, bV o¿"hers {e"9, DuPant u 191 1", ¡'i'anci

fell-y" 1969; Lehr I Berquu, 1966\ and is frrrth+: surpel:
t.he tendency of the pupillary r"spousl to habituat,: .
ti ne and reoeated expossre t-o simj-1ar srimuJ-j," As ,.ri.1l

reca'!l ed a si-mila¡ effect occured duri,nq +,h* pupil hassL

con dit,ion"

Pupil- variability, howeveru did no+ cl ea¡1v di f f el*n:.i e:,¡

level of diff j-cultv cr trial s acrôss all ana't ysi s" lr f act

the eff,ect- for l-evel of difficul-ty onl-y approechç:d siqn:.€"{-*

cenceu CÐnseqüently pupi-1 variabil-if-y nay ::o&- l_€ tl,e 1..:st

measurê of task di-f fier¡l.ty, Janissa t1g-171 ha s sufl.crlsi+t

sçv*ral indi ces cf pupil'! ary activir.y (e 
" 
g, 1e-tr,ncy o =i.z.?: o

variability] i-he utí1i ty cf ¡¿hich hç sugoe^s+-s j s cpsr +c

f urth*r research" The pre-eent- s-.ud./ ç¡oul d sDDpcr+- ohl

usefulness of pupí1 si-ze versus pupil- var:_ah_i litv ô.s e.

nÊasur€ of task diffj-cul-ty,

A l-thouqh i t sas hypothes ízad t.hat al-pha act-ivitv i{nÌl1C

d*cseasç as a functicn of task difficut tyu the alnha

rneasuremenà di"d not serve to di-ffg,rantiate Ìrçt',uec'r lcvels c*
rlif f iculty, lln f act tþe mean a]-pha prcd rrc t j-on acrcsE al I

lsvel s cf dif f icultv ses rÐry simi.laru r',* is int.¡rssî.rnq îc'
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note t hat t h* avEra ge al pba produetion f cr al-1 tf,a ccon i t :vr

tasks Has signif icant-l-y 'J ouser the-n Êv"s-cpÊ¡ þes*1llt

levels" In vå*i¿ of ttri-s on& miqht susq+st {as d i 
^ 

Eu:r.l1 ,

-3 980) È"hat alpha density Þras equallv block+ì by aii t L'c

cognitive tasks, Th* result,s erË in slropcli:

studi-es ç¡hich have demon strated siqnif icant 1.¡ I e.

cf

5\

c + l-..n:

a.1ph a

.íuring ÞroÏ¡l-em sol vinq versLrs base'1 i-ne periods {r.u rf , BAu.:,

1976; Grabowu Aronscn, Grqene F, Of ford , 1979; äÊ'/xT o 1977\ ,

Ilnlike many o+,h€,r studi es {e" e. Baker E Franksnu 1961', Ilunas

?' Ivlorgan" '1975; I{cAdam, 1973J e hcwÊveru i:ho a,r-nha Cii¡.qirtv

neas!rr,Ð dirl not differentiate be+-ween l.*vel-s of r1ì f fjcr¡llv"

ålthcuqh n+ stutìj.es coul-d be found i¿hich use,l a dicri+-+:er:s-

formatåcn Èask and assessed. its effect on al-nha ec+- rti.*y 
u

Bauer 419761 u*qed a diqi-t-span task anrl found si qr,ti.^"+1rr

l-ess alpha i-n the EEc than during baselin'-+ c':ndj-ticrs, I+

is also ínterestinq to note that noyleu Ornstrj.r and Gal1r

{19?4} and Geqins " Zei-ì:1i n, Yj-nql.ingu Ðcyleo Ð.-.,r.dor:, S}e'f ::o

aumasset and Yeag€r {19"9) have surrgajstçd +hal .a-:sks

reguirinq notor outpu+.- {e, g' 1i mb mcvements) ::çsu1t 1n

suppression of a-lpha activityu Tn vå*v of tl:t lact tï:a"t thç

aL1 the tasks in the present sturly r*c{rri red a. nc+cr cutnr;Ì: u

{i, e, verbal r€pÊti tion) thêy may have equal-Ly supn¡ass+d

alpha acàivit v" It is ai-sc relevan-l that ncf-or r.çsÐûis*F

have hecn faund tc auqmênt ptrpi 11a.ry r?spons,?s {Ka.}1",ûnatl:

Peavliar t Ðnuska , 19682 Simpsonu 1969).

another paral-l-çl- betseen the tuo systems,

î

':'¡ts .irlcã-11
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Tt 1s also iæporiatt +.-ç pci_nt out. oth*l naioi ð|iç:,ri:î.Ìs

in the present study and son+ of i-h* ether siudi,es il e+ ha vc

claimed that axpha decreases cvar 1+vel-s of diff-i.cu1r./" L

grÊa+- n.umbçr of t.he morç rêcent sLudies f,..oqu G:v:.nso

Z+ít1inu Daylen Schaff*r Ê Gal'!avayu 1979; Gordmat, B+a+¡:y

an d 14u1ho13-andu -198c; Grabora, Aronson, Gr,eÐnç: Ê cf f l:i o

197 9\ lzave used e qreater num ber o f eL-oct reda pl acc m*r1-'s

{i"e"o eccipital, parietal" centralu frontal , L:Ç¡.rc¡al) Ìl
an attenpt t-o st.udy alpha hemísphpri c ô- sly'lrm¿.;r:::cs ir

râsponse to a variet-y of vcrbal-anal_yt 1c and spa+.: a1

processing tasks, Tn vier+ cf the nunh+t a n,1 jrl a cç:,n{r+-s ef

electrodes it scul {ã 3re expect*ð- ï-hat, such meesuremçr'ls '¡cul-rl

be nìor€ sensitive tc change. in task diff:lcrrl_ty +fan thr,

occirråta1 placement used in the ÞrÐsen', strlf,yo Glahcr,; c.tl

a1n 41979'| have provì.deð evidene* tc sugcres;+- +,þ¡¡+ at:erqa:

tion of alpha activit-y oceurs i-n the acti va. trd herl; snh+,rs

ånvo].ved ì n the tasku For examp'l ç" Èhey f ourd si qnif r ca¡t

differçnces in both pari€',-al- and oecipital areas fc: a +,ask

i ¡ wh,¡ç¡ thc subjects ideîÊ reguire.d tc sey words r-qqi rr:i nç

vith rrs$ al-oud while t.hey fcund sig¡:if icant di ffç rencp-e icr-

only thB parietal area for a task i.n l,¡hich a suÌ-.iac+- was

shorqn a pi cture and

to herse1f.

asked to make up ê str:rv atrl rf,p{:at it

!'urthermore and perhaps most relsvant tc thf. ÞitrS,i!r*:

study" manV of thæse studies ha'¡e used rlEG m+asr:tr:?s oth,.:::

thae pereent-tipe alpha. Gceðman u ( 19?B) f cr e ra m¡l ? h.:-s

used rEG alpha con+_ingent stj.mulatì on anrl dr,;ri.yed ai alpi:a
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cÐntrcl la+-io statistic {calcul-ated by 4'i yi.di-:r:{T niqa.L a lpha

bursts duraT.åons to visual- stinulaticn b',' t_hrc si:a-lial,l

rleviat j.on of thesç al-plia dr:rations) and l.a s f cund :hc,

nrasurÊ ta lse more sensit,ive than either pçrc+rt a.lpfa ci

evokç'd potential riiscriminatìon ì ndex to th+ deil,c::ion cf

differences in cortical activìf-y, simila¡ly Gocdmar rf z)-o

'{j9B0l }rave fou¡:d the ccntrcl- ratia to ?re a fl!cic sr,r-s:.tj-vr

fi?asur:€ dåu e" bettes discrimina+-or amonq va::i aL'l_:ì.ç) thar

either standa¡d dçvi a.tion cr m€an alpba du¡atier" ir isc

Shri chrnan and r¡åener {19?g} ha¡¡e reported the à ti:a pâ::ciìir-

tine neasure did nct differentiate sioniflean+- iask ¡:fftcis

f ac¡oss a variet y cf varbal and spaf-i-a-1. tasks) ar: C r,;e.s i rr=s

rel-iahi-e than an írtegrated ampl-j.tur1e nÐasüreà

Tndeedu j-:t the pr+sent studyu thf, al_nh,a r¡arjahi 7-::-ny

measur€ was much Bore sensi tive tD t.ack pe rfcrmaÌc{'o

Althûuqh thç ef f cct for diff ículty was not signif icer* n :-t

did anproaeh sionif ica.nce {p <" t6} an d was sugge.st i-¡¡* of e

t,rend f or alpha variabì l-ity to ì ncrea-qû es -=-ask d j.f flculzv
increased" Foreovçr it differentiat*rl loarl1nq ard ur1cadi.lq

phases at- i-ea st fer the trEo easier tasks {ndd f , Â,iC 1) 
"

ålpha &tas found to be norê va.riabl-e d ur j_rq rl_. * I-oe-dil q

vÐrsüs tha u nl-cadinq phase r'¡hich v¡ou1l sugqe st tha t- slm ir

lecovÐrv in al-pha was occuring, As ,liff icrrl-:v i ncr?,as+,i u

hÐr+Èvern the lcading e f f ect d+erea se d " 
j-n t u¡n suryqq.s* rln

Èhat fcr the $osår- daffi-cult t-ask al-pha ramainr.ð vari.ahls end

showed no signs cf :ecovel:y ðurino the unload.ieq phasç,
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in view of the sugqçstions maðe he re rega:4 j_nc¡ *:.lt a:t n!:a

blogkinq phÊnÐaelìcn, i', $cü1d have tr=+n : rirrts+i:to +,¡;

nonitor pnpil, actj-rrit-y and alpha act-ivitv hç:verd -þ+

coqnitive task and j,ntc art i¡+,er+ría1 1Ð¿r-Êrr¡al, ttr:fc::ir-

natsly t-he desiqn cf ihc present stud y d,i-d. r'ct i:i ccrprilt,i

an inter*"rial- ånf-erva'! " Cofls.eguÊntl y it is í mpossihr Ê. :c

assess alpha r€ccvery dutinq' this phase n Ce::t a:r1y thr:

oculot¡ot.or hypothesis v¿culd suggest that as pupil ac+iv:1*-v

sà abalizEd qu su alÏ.v by the end of t he loartring rrha s,:) u ¡ l_ nh a

activitY lroul 11 al-so recovc!ô

As noted earliero th.e correlational_ da+-a Cc net claerlv
suppÐrt the bVpethesi-s that ani¡ chanqç in nupj,L sizs v¡erlLê

result j-n a decrease ín al-pha produerion" A1-+,hcuoh nosf- cf

the correlations l+çr€ in th.p pred ictc,d rliræef-i.cr' , eriy = h,:

mêan corre'l ations bet+leen alpha an d puÐì 1 size {å ^d 
1

conðitionl and bat-øeen alpha var j"abilj.ty a nd punil- vari,_a hil -
ity fAdd 3 conðåtionl þrÐre siqnificant"ly grsei:'3r t ba n chanci

'êxpect anc j-çs" Possi-bly the failure, tc find^ siq:rirzceni

eorrÊl-ations bet-ween al-pha erd prrpil acti vi-

f unc'"ion of, the i ns*nsi¿i vj_ty of t-he percent

ty me.y br r.

al pha me'aÊure

*1"+ nÌ :; q,rr *tc rBf] ect minute changes in pnpil- size, f ti

experì nent- percent a1pha measurÊs were takan ov&: '1*s¿e,rnd

samp1es aed ccrrel-at,ed wíth one aeasur+ +f pupij sizc taknn

fron the corresponding sample, Pe rl:eps a maa sure lf ¡. ! oh n

amplitud¿: vould be mora sensitivc to such pupill a::v chançc:s

{Eh:lichman f, Irtiener" '9 q?q as it Ëct"l 1d ::efl-ect ¡c¿- nr,l v



shifts cut of the a'l pha fr+tluency rarqa

shi-ft,s ín acå-ir¡aticn" IJnfor+una"-al_y in

ins+-rumçnàatj-on li.niial-ions prÈclurled

m.ea surç menÈ,

but

Lh+

al

lct

alsr nc$îÌì-".:v

n.^:<ì:l'I =;rtÃl¡ !a

nha eir_li_r.ii."

ïn sumnery, t-he iesults çF, the ccqni a,-i-v* ?vÐE rj mani ric

not unequivocal-l-v suÞÞcrt- the oc-'llomct-cr acf-j r¡at-.j.cr: :l- :-r:y.

Ther* are hg*¡everr' scme suoc¡esticns Õf suppc:-+,0 Tl-, ç

cognåtive task,s tresu1t*d in chanqes in pupi j_1aly acti v:-t y as

qel-l- as d.esynehrcni-zation of al_pha actj_vjty" Ccnspcrr:,,r::11\¡o

the rçsu1+-s of this exp€Ëinen',- did not nro¡¡idr ct,:ral

di"sconf i-rmi nq evirJence of ths hypcthesized ic"lai j o::shin

bei-Heen pupillary nov+ments and alpha a"tts,¡:uaticnn TLl s i s
ÞArtj"cul-artry ånteresti-nq in. view cf tTre faet +-1"at :h?-T+ nc

clear explanaticn as to why alpha acèj.vity is hlcckçd !-,r,,

cognitive tasks" Alt-houqh many micfh*, arquÊ thaa: +-hr

relaticnshi-p is expLai-neC bv arousal_u t h* r,,ç l.a:ie¡:sh:. n

be!ryeen alpb"a anrl arôusal- and pupi-1 -.i zÐ and arousar js r.oî

a rnOnotonic cne€ As has Jre€,,n noterl aarl ir*r 'i-hç ïclai:cnshin
bet.ween aj-plra activity and other physiol-oqicel_ j r,dåcar+-s of
arou-qa1 has becn an inconsisåre::*, ofi.*n contradictc¡v jr:r,c

Tn add'ition" the ccntradìctcry ¡e l-ati o:rsbip for:ld h:...i,.r=?:

pupil- size and m€asur€s ef arousal o v¡ou'X,1 sugqcsi. +hr

relati cnship bet wec,n pupil såee an,J arcusat is nci ncnct¡n-

ic, The possihilit¡¡ then reme.ínso t-haÀ. rath+r thar a,r rrl";

and pupi-1 sizç bej-n.q related via beh.ar¡i oral eror,t saI" + fir l/

mav he related via ccul-omctcr areusal {a.cti._vit_v) , Th.,e is



pa rt-i c ul-arl- y f e asihle in vi.*¡r

t¡lockinq and. pupillary respon*<a

cÐqnítivç tas ks"

ef *ht côTì:-; si

tlhicl has b*":'ir

an*

f cr.rr: rl

1'95

alnha

fc¡

åI pbe_.Bå efeeË bec k_ Ex_eerå mepÈ

The rnost ohvicus canelusicn t-r bc ãial+n fro¡n t !:c a l_ nhe

biofeedback *xp€r j.ment i s tha+- there þras no sigi: !ì ea:¡+

eFfscts af trai,ning" In f actu alpha prorluct- -; on j r bcrh 'i:t r
i-ncrease and decrease sessiens !¡as vi::tua1l_y id'antica 1 {l-rol}:

64%) , I{oteov€r the near a3-pha product.i on f or hoth sç,ssil¡'r--

fel-1 short of boÈh €yes-Õpen {t{ = 57*} and. Êj y,Ês-cl.osç,ð {i¿ =

7$yr\ baseline m€asx¡res, å.s uas nof-*d earlj-or tl:..,'¡?'!-:av,:

b+en an extensíve number of stndies t T:at havr, four,C i'.ha j:

alpha prcductåon coutr-d not be snhanced ovFr e vÊs-c1cs¡.¡

baselines, Tn fact P"ìotki¡i {"19?S) fcund ¡o studics i,'hr,::¡

al-pba producí i-cn *¿ith tra íning wa.s f or:nd to ir c¡ca sr, Õ \rr;::

opti-mal- eyes-cl-osed hasel'! ne, In tl"e pi*se nt stnd ¡/,

however, the subjects as a whol-e did not dj-ffer frcn *-b¡rir

ey4s-open baseline. There may be s*vera1 possi-blc-: tlç'creti -
cal- and methodoloqical reasons for t.he fail-ure cf Ì-h,:r

prÐSÊnt study tc dcmonstrate an alpha biofe.rdbeck trai r.! na

ef.f.aet"

The resuJ-ts of the pre sent s{ud y a r€ pe rtì cu 1ar_r- ¡¡

j-nteresti-nq from a theoretj-cal- standpoia+" i:t vierø cf th¡'

sutrstanÈ-íve suFpnrt for the hypoi,h ssi s tba r- sirccÊssful,

contrcl- of al-oha prodrrcti on j.s accampl-íshed hv rçdu.c,''1ns ol
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i.nc::easing visual- systÈm activity {e"g, Chisho_r.no !_iansu

11411Ê 8 Ðecocd" 1973; Ki.ng, 1977; pl.ûtkinu a9'76? a 1a7p.,\ .

P1ôtkin 41 976a) an d others {Ê, g, pÐÞÊr E 1g7i ) ha v+; s1l{rf r:g+-¡f

thaf- enhancenent and suppressåon of oeci¡:1ta1 a 1nF.a :,s

aløays msdiated hy the ccntrel of ocu"lonotor procËssâse Th¡-

present st.udy n however, soright To m.ì nímize *,hc sul:iae*.s

util-ízation of oeul"omotor responsçs by i nstrr,re'-j cns ancl 'nv

providing a minimally stimulai-inq and unif o::m iri sua,ì

envÍronment, The subject.s l¡ere instruct.ed ¡at +-4; oÐ,Î:r ct:

close their ÊyÊs" they çrÊre askerl to rsfrair, frcn l.,aày

novements and eye movements, tlrey Þrere provj ded ¡¿:th a

uni f orm vi-sual.. f j,el-å u and thc'y t4rçre presentÊ-rd r*it h a "r-a:qr,t.

tha-t 'was sliq'htl-y cut of focus {r,;rh j,ch ç¡orrl d- na kp h1u¡::.i I a

afid focusinq strateqíes dìf f ieulf.) " În vie,n¡ of â-. l- th¡sc,

rest¡icÈions" the trai-ninq ses-sio.'z r¿cu1d Lí++la-t l-v b+ Ecîç

sì mila¡ to those studies shíclz have a.tt,*mpted îo tr¡ir
subieets in darkness, As has been rÊpôrted earlier, narv

research'ers havc ncted that al-pha ecntrcl i.s ccn.sid+r:abl-v

easì er w j-tb È-he eye*q open {e, Ç, }tcal- j_s t, Kami, ya. o 1g'|l i

Pepêr, 19?0; Travi su Koado E Knctt " 
'1974b) " fn f ec+ u scinq

have cl-aimed that traininq is not possibl.'c in +-oial ila;kï:îss

{Ð, e" Pask-ewítz t ûrnÊ, 1973; Pl-otkinu 1g?6ai " Tn vj *u cf
the sett j-nq in +he preser+- study then" .Lhe sr:b jeet_s $ey ncr

have heen abl-e te effectivelv use ocul.onetor s+re,:roiris *-r-:

control alpha d.ensj-tvu În spåte rf i-he f act tha$" dacrryasj-rq

alplra has heer rencrted tc be mnch easj_e: {paskt,i!:-?zt

LVnch, Orne Ð Ccst+l-J-au 19"1t'; Pask *wítz å Ornr.'" ,a 9?3 " pr:ccrr



S t{u"1hcl-1ande 19?0ì than inc::easíng
¡{¡ on-1c<. ktt strat.eqies lrâre rea rli 1v

su biects 
"

1q1

¿lphaa rôl:€ rf :hr,:

a¡¡ailablo -:r :ha

A3-e,hcugh mariy stuCi-ç,s in ihe l-i i'-çralu¡e rlsi nq ccnpa_::a.b_r-t

d'Esiqns hav* re pcr*'.ed siqnif icant ilai.n j-nq ?ç.f.f,c+s {, uq 
"

Beattv E Ko¡nfiçld, 1972; cramu Kchl-enberg Ê S;,n"g+ro 19-71i

Bord 6 Barber s 19712 i{ar+-indale r, ArmstroûÇs 1q?4i Þ1arii_:t-

dale Ð tlines" 1975; tlorsiis 8 I(amiya, lgiC; prpcr F rrtt hc1.-

land" 1g?Cl; P1etkin E Cohen e 1976; Sutere 1q7g) o +h{,rr al:â

possible, mct hodcLoqícal reesons lform alõ le¡ ql h of

trai*ing) fcr * he præsent rasul_ts. In e rÊcç¡r i ¡l:.s¡,i':'ri ç€

nethodcl-ogical- í,ssr:es" Ancoli and Kamiye (1978) su{ìq*:s¡ *,hê-+.

al-thoüqh t-ríal- l"engths in ¿'! pha iriof cEdback st r:r.li.,es

t,ypically vary frcnr 2-10 ninutesu trial l-enqths ef

1A-2 0 ni¡utê *q ma y tre too shcrt f or ef f ect i_v,r

{æspeciallv for alpha enhancçmentJ, A rçvíeu of

bio faeðbac k studies aLso ì ndicat es that sûÍnei

sesslons as lonq as 29 hor:rs (Faqesteinu Pç)gìte m u Cc+k F.

Eradley, 1913ì rshiLe scmÐ ha.ve been as shor*, as 1f^ninut*s

{l{artindaLe t AEmstrcng, 197t+) " Tvpical1.¡ a sir¡ q1a .session

is al-l- that is givenn althongh some s'uudj_e-s havç¡ ns*d six,T
more {€" g" ArrcoJi" F" GrÊê3rr 1977 i Cranste i r r-, ¡4cliii1.i-a rns o

1976; Paskevitu E Or¡.c " -1973) , Ancoli anC. Kamiv a {19"781

suggest tlat thc chanees of ef fectìvc train.ì rq arâ o:ç:arl_r¡

increased if at Least fcur trainj nq sessj,+ns a râ r..1..'=i;rd ¡

norêcvçr they sugqest that rapi d altarat inns cf sr:pnl:ss j_cl

lq ss Ì:ha¡

:-,raini ns

thç,: al p!: a

have hað



and ânhancen*Ilt

vi-eç ef suc h

m+ÈheC c lcqica 1

presÊn+ resulis,

tcials may al-so mak-e

sürlg€se-icns, then,

parane:srs may have

lea rn:rnq r1 if f ic rr-r-+

_i + ; c n^ecj l.J -

COn ''?: I' . btr+- c, ð L,-a

1?P

n . i,1

s t-tci

i-. l::1

A1sc, àn vì es of these suggesti ons ie, is i ntç,.rr'a.s*-il:q, +,c'

qote ÈÏat Sut+r {1979) in an al pha bicf o¿adback str:d-¡ u-=:.d, -ê

simi-l-ar dçsi-qn and idçntìcal trainånq ti-me as thr Trr,::.s-ir.:-

sLudy, Tn spite cf thís hE found si-qn:fican., d.{ ftrrrl:.cas

bet,wæe¡ increasç and d*crease sÊssì onsy a'* ''l ea.--i. l,¡h+i: þc,

used aE amplåtude measure of aLpha st¡enqtb" The pû:cent

alpha nçasura nsed in th+ present studvy âs ncf:,4 :arli,tr¡
woul-d be insçnsitive t-o shif ts j.n ampl j tud.e stianqt h ar,J $ay

ue11 have contributerl t-o the insiqnifican.-" training sff.c+,
ln .spite of the f ailure to 4Emenstratç di f f ç::.r::r i-a"r-

contrcl of al-pha productì on u there ç?ræ .=Ðne j nt a::tsi ino

f esults" An UneXpeCte,d re-sult ín thO pfe se¡ + si rtd y ¡HÊ¿s th r:

dif ferencc in F,uFil si-ze hetr,¡ecn suppress a n d ,'l ha,¡cð

con dí*.ions of a1-pha bi-ofe'edback" çh; laf g¡ -c: prrp-i ¡ 
=: 7..

Ðccutred tlnrj-ng the enþaneem.ent {increas+) sessions ir spit:
of the fact that the sub ject,s ratcd o,he suÐ.rr:îssi cr

{rlecrcase} eondi ticn

frustratìng {Tabl-e 293 
"

as mor€ diffi-cuJ-tu anxi.errs, and.

This r¡artieul arl!-y sçems cf;¡ *la dlc-

tcry in vie1f, of the suqqeståcn tha+- a.nxi,a+-y and aiffÌcu1i:y

are ccnsisÈent r,¡-i-+-h pupil si ze increases n ?7t"hcuoh 1t

cannct be aseerÈai-¡.ed cr. the basis of th+ nes-t-*,xpa::ìmlr:a.-,.

guesticnnaire" perhao-s åt is fiossibl.e that tþe Êuhj1:çi_5

found aJ.pha suppr€ssi-cn so difficrrl-t that t_h+¡¡ lcnd.ì å,c
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qive up quick'iyu uh!'-T.e in the enhancen:an+ canli:--i ln ):T:ç:y p.er,I

hane ccnti nued +heír æf f ort" Perhaps this is ,,!nr,,l f þ,r..aq fi.rÊ-f

a tendencv tc ra**e t-he i.ncrease ccndition a.s iâqtli:i"rcr norr

Ðf f orf-s mÐrÊ active thi¡:rk j-nq, end a-s bEirrq 'l_e .ss r,¡-r a xi,ra

althouqh tbese effects w€rÊ not siqni"ficant), It:a-rq d"-a

occuru there miqht be a tendency f or sl.íqht1v _r eTga.T pr:p:_,I

si zes j-n the enhancençnt cond j-tion, I t t¡a s a1 so f cr:n å t.'na1:.

the sub'iects rated the enhancemeni-- ccndit.i cn e-s si.qlif j-cani,-

3y more unpleasçntu p€rhaps this â'l -cc nay bavr ccr?rihrtrd
t.o l-a-rger oupil ,sj.ze ì¡ the increase condi,"ion althcuob i+

is unelçar hov Fleasentnçss of a task r¿oul'J rel^at+ +ç purri.".1

síze" There is somÊ eviðence" liotaÊveru tc suqoest rhai

unpl-€as€nt ståmul"i a.re associated wìth larqc'i' F,uc:.1 .s:.e,r=

Èb^an p1êasent stimuli (e" g, Libby, Lacy t La.cy, 1q73) 
"

ft is also ncterqo¡thï thaL th+ subìecis in -,h::::

subiçctive report-s rated the supprpssj.on eonditicr: as mrr?

dif f icult than ænhancenent when other invçs+.'! qatcrs hav.

susq€st€d t-hat alpha enhancçmrant j s mueh mo.È dlff i ç11r'1 +

{*,9, Anco3-i E KamiVa" 1978; Kamiva" 1968; lîc',.¡l-is E I{emivn,

19?t; Pêper E tiuLholl-and, 1g?CI) 
"

the unavai l-ab,il,í+y of oculomotor stratçgj_es"

The results â..: so i ndicated that. tLe Êxpectai.i an tlai, : L:r

pupil would be less variable u¡der a1pha enha-nc*n+nt \rptsus

alpha supprêssj-cno i'ras not borna cut, Tt çras €xpeclcd t.ha,t

qneater pupiL va¡iabilitv *rcul.d be assocj-ai:e,l ui+,h 1oï,ql

alpha prÐductio¡" Ehçre war+, þ,çt+revÊro rû dif fr:T..tc;s ii



al-pha d.çnsity sc the fa.c+- that f-herÊ lTarç nc ,lil
pupå1 varj-abil-itv r,¡culd tend to suppcrt t.he

hypothesí"s at l*as+- tc the ext*nÈ Èh,.at i+.- did

eLear disconfirmir,g ev-ìdenc+ of ',-he hypothr:siz,c,ð T,:

ship" llard there be,sn di f ferçnees in punì l: vâr_i â

hçt¡¿een trial-s er enoehsu the oculomotcr h-/pcr1,çsis

a1 so þrêdict d.-ifferences ín alpha âctivìir¡n
The correlatíonal anal-ysjs agai n did not cl.tar'rv sr:octr¡.=i:

a relatåonshi p batç¡een alpha d+nsítv and pupilLary ac+j-r¡i,j:v"

rt should be nete du hovçveru that 25 pç:rcçr I ci :1"*

eorrel-aÈiors between al pha density and pupil variabil i:,¡
wer'â siqnif i-cant and ån the prediciçci {neqai i,ve) d i::s,ct icn
l¡hil-a another 1c percent approached siqni-f i-ca nc*,, t--+,, i r,;

al-<o note øorth y that thc correlat,ion s l-.et ween ihE sr ',',rÕ

variables w€rç dramatically nore 5ì gnif ì cant riral ç¡oul-rl. l¡r:

expect-cd by c}'ranca alnne in Ï:ct.h the enhanc* lp ( " f f f i) and

suppress condi-ticns {p < ,t0l}6} 
"

rn sumnary tbe results of the alp3:a hiof ea,4ba ck r:¡pçr-ì -

ment al-so do not cleally supoolt- tha ocu'r emntor È,hsclv"

fndirect evidencâ eones frcm the fact t.here r,,'âs nÕ dif f.r-
ence Ín pupÌ llary ectivit-r¡ ov€rtr trial.s Õr s*ssi en.ç a.nrl e=

woul'1 be predícted {on the basis of the oeu'r cmoter thr*,ory) u

there $rere nc differences i¡l al.pb.a dsnsiTv, r¡ a4ci_i_:rr it
was suqgested that al-pha contlol may b+ pa::oic',r3_a¡1,r1

rlifficul-t i-n those situations ç¡hÊre ocul_omô+-cr s::at,:qios
are not avail-abl-e *'c the sub jectsu Thr, only c+hp ¡ sourct cF

dircct suppo¡t in t-hc presect çspç¡ì q¡n¡i cornË-'s f ::rm rb,+

1n¡1,,, '.,
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correlatåcns bet v¡een a3- pha rlensåt" y a

qhieh tend et h'c $orç sr:qgest j. ve cf a

e,hÊ ti'ic vari ahl-es than ha s besn tþ,c

ax perånents.

Ècat.e on qeÈtinq ?.s nanv rrgçodsrr as pc-"rsib1

Berry *.hÊn verball.y reinferced {i,Bn savin

nd punil va

îe--r a ticnsl 'i

cãsÊ; 'i!l r

.)i {

r.-rtr I v

Ð h,..'+. !l1q' I

L- 
^¿1.-F

P $ eåå- E-ås €eeÈba.c-&_ Espeså peså

The pupil bi-cfeedl'aek expariment al-so jnåicat,:r= 1Y,a-

there v€re nc siqnificanå- effects f cr traini nq, 'rhc:,rç riã-q

no diff,prence in pupil size for the j-ncrÊase l:{ = ¿r" 19}

uersu.s ðecraase im = 4,0?) sessi ons of pupj,1 bj cf øe dback"

Thære t+as, ho:qevÐr, a si-gnificant d*erease in pr:nilì_ sj*z.:

acloss epochsu The +f fçç¿ in i:h is an d oth,rr ë,xrjrÌrim an: g

{i'ê" base?i¡ss" cognj-tive, al-pha irj cfae'iT-''ack) ¿'l a'¿¡l,r¿

d.emonstrates the tecd,ency of the pupil t-o habitr,la¿,È ct"rç-:T

ti-me"

Tn vieu of the failu¡e to denonstratç centlcl 1r r:h'.

present Ðxp€rinent, and. t-he succÊSs cl- aimaC h.I P i:aihar ai: cl,

Berry {1 9737 in the caly cthe¡ publishe'C st-urjv v¡hicþ

attempted tc ccrd i.tÍon pupil- siza , lt ì 5 ì m nciå:a.r: i:o
examine the dif,ferenees in the t¡Ec studi-ç,s, nlh,e subiccl:s i-r

t-he Prather anC Bêrrv stud y w+rÊ nc+ : nf lrm¡d ahcli+ +h.

nature of the study but werÊ inf crmed t hey shor: l-C crncâ:n-

subjeet to dil-at+ and contract pupi

served as rãi.scriminati"vÊ stimuli,

ô,.,¡ 9

q

to

i*c

l_

The

s:-ze

sub

F IA':Ì, 1I a, n r,l

ttg-OÄ rr) eaCl:

t lnes '¡h i, clr

L- ;L --*
-¡ t:t'' _ -'l
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gi-ven a 17.5 minute taped sçquçnee consist j-nq of r+ r:tit i cns

af. ten 25-seeond toi:e periorls ¡l¡ith 5*second Þã-usrs 1ç:!t¡z:,,y,

each tcn. aqd a i*månute re.s-j'. narj-od aff.er u-hç, Þrrsqrlai--,cr

of ten tones. Thre+ +"cnes çer* pr*s*r ted. in randam '¡ j th ',1ìir

l-imitati on tl:.at al-l- tcn*s oceur*rJ ten ti n+s e rd nc icnc

oceured ín consêcrrti ve ord.€ro Thã tones !tçrTf ccuil1,,?l:ba-

3-anced across grcups and served as disc¡ini.nati vn st:nuli
f or dì f f erential- reinf crcement of. di-1at- ion " contrace i c¡ oî

non-reìnforcement such that drrrìnq dil-at.ion anð ee::i,::a.c+-inr

periods the expcrÍmenter shaped. ì ncraasçs ard ð_çc¡e a.s,.:,s cf
pupil size by usinq raq66drr as verbal rejnfnrcpmEnl. l'la

reinforcement Has qaven durínq th+ n c ¡ -rei n f crc ;å rì,1 l+,

Ðeriods, Prather and Bærry f ound i:hat in spitc. cf u'ï:-i ch

tones li€rç usedu rnean pupil d.-laneter was largEst rihEn s!,aped

to dilateu sma11est. ¡sh+n sha.ped to contract and i-n hri r,r:,¡r

fof the non-reirforced ccndi.tion. The, meal Þ,ll:i! siz',t Hag

calcuj-atcd. bv conibininq +-he 3-argest and srrra1l+st.pupj-1, *izr
for each 5-saccnd period" They did nct comparÈ +-hî,

eonditìons to a hasel-ïne,

tnê of the na¡cr rlif ferences bet'¡sen the prÊ:'sçni siud y

and Prathêr E Ber.ry?s s'Ludy is i:he Lenqt'h cf tl"r t¡a.i_ninc

sess j-onsu A,ç not.erl Prat hcr an,â Serry useð, 25-s¡'ccnd

Èraåninq tria3-s whil-e the present study r_rs€C a.-mj.nrrtl

trj-al-s" ConseÇuen:l-y it may havn beç¡: Ciffieul"t fcr t!:a

subiects la mainÈai.n a. r'eÈcpcnse {or strateqy) cv,lr +k.e.+

lenqth crf tj-me espeei-a1-1-V in vj.ç'o' of Èhe fact ilaÌ nunil

size was decreasinq Ðver tria-ls prohably ín spi-Ë cf ç¡Ì:a*_
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t,bey wÈte doj-n<r" Prather and Bíìrcy" Ci.i rcj: rîno:i, lty
t,endencv for nupil size to dçcrease ovÊr lå.r¡,t alt hcr:qh *,h'îy

did report it r¡res diffj-cu1t- for thei:: sub j:cïs *¡ rne:'r*a:_:r

dil-atícnn OII the þ¿-si s of avai-1able ì nforma: j.cr (t'cc,rmÂn-.

sç*p 1966) hct¿evÊre one rpoul-d not çxpect eupil str.+ ir:
decr€as€ i n a 2î-seccnd period ¡as in lhe ì l _!.i:rni-¡ai:nr

experíment) hut môre likely after about 1Ê0-sçcon,is. .r"h:la,

tflà,f , howevar u have been some rjccrease Õv€.r uÇ:Þêâs.t d

presentations al.thcugh oïlÐ r+oul-d nct Êxp€ct +haf the ?f ç,:c,

ûa t.he subjc,;cts wcr-rl-d Xre as dramatico ês l_ittl-+: .ðrc;r_,as,;.

would. occutr ån thc 25*s*¡cond tria l_, $ s a r*su1 t of this
trial- lenqf-h di-ffelÊncç''he prcsent studv rnay have, Dla.=.¡:+Êd

t"h* subiect.s ¡+j-th a very di-ff icult task_. Th.r sr,'hi+.c+_iv.,t

reports {labl e 35} vould intli-cate i.hat e,he pupi.1 þiofr,:,ìb¡_ck

task sas sêen as quite diffieult-" +ffortful anc s.$?l¡har:

un pleasent 
"

&l-thouqh ihere ar* other possj"hle diffçreBces i.n +-ïiç lr,¡c

exp€riments {e" Çu ,1.if ferent tçì nf orcârs, suhìpc+ s s 1t:,ví::l_ of

¡rotivatíonn etc"? probabLy the trial 1*nqth is +h.: ncsi

outstandinq, The habitrratj-cn c:ffecr {decreas+: ir: cuc-;-r -=i.zr,

across enochs¡ fcunid in f-he presen+- exnÊri met+ wcul.C nak â :.
vêry dåfficul-t fcr sutrjects t"o accürat,ely usË, +-'!-.* fE,ç,4hack

in an atiempt tc ccntroJ- the.ir cwn pupi-l- sì z?,

Perhaps the mos+. interestì,na'findinq irom thÊ, oupi,1

biofeedback expe riment was that" i,n spit* cf ihe f ac+ + h.aî

thare vas no dif f,erence in pupi-1 '¡ariahi litv ecrcg,.: u'.,.

increase or decræase conditåonsn t-hÊre {,}es a si qnif j-cant
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di- f f erencç ån alpha i:roductic,n. The aean a I .pha_ nrcituc+:-on

sas qrâatâr drrring ?h€ decreasç sessi on I ¡'! = - I ?) ¿,ha!t

d.uring ''-h+ incrqase session {Y, = 6C%1 " Tr 's,as }vrct}r,=:zqf

that +*he amount- cf al-pha actj-vit-y 'scr:ld he a f n:lct: ol c)F, :h*

amount ef. pnpil-larv activiày" Conssauønt1y the diffcrrrt-i_a1

amount of alpha in the absence of a.ny signj"f ¿.ee.y,..*, diffarÊtcË

in pupíl acÈí vity i¡eul-d seÊm to arguç, agai-nst tþ,e ccul ornotci

t.he*rv, alt.houclh vÊn if +-her* &rËtn a rala+icnsþ: p a

si-qn j"f icanf- changs in pupil- si ze wculd not- r-êcêFsa.r:-!-v

cesul-t in a- signif icant chanqe in a'l pb.a densi t-y"

There may be, hcHÊv3ru othçr ¡âascns that alpla ac:i_r-rifr¡

miqht change in the absencç cf pupi,l l-ary chanÇÊs o Tt lìra.s

nßt arqu€.d that t.he two sysfems r+ouJd he ccnnlE"'i¡lv

interd*pendent" fln the ccntlary, chargçs in a1p}:a acti vj-zv

{or for that matter pupil sizel may br: eff*ctc:d tÌr:crrgh a

wide rengâ çf cculomotcr, behaviola.3 " arousa.l anCloi

ærnotional factcrs" ts 1,as discuss*d earli+r nany invtsi"j-qa-

tors have sugested a relationsh j-p bet ç¡een hç jaht+:nr:¡

b+havioral arousa-1 and elpha desynchronizatjcn i=" q"

Fontaine, 1978; Krcit-man and Sbawu 1975; I{a1mc" 19îC), !his
is particul-arly notÊIdorth i.n view of tb.e fact +hr: suh't',reti-r¡¡=r

ratinqs indj-eatetl tha+- +,he subiects derê si-gnifj-can+-lv norÊ

arousçd ial-ert ver"sus rtrroøsyì in tbe, increase pup:.i s:2"

sÐssåon, Tn Ëact f-hc cr¡erall- nean rati"nq f+11 i lt ¡ +bn vËry

al-ert category, Thi s a'cuid suggesl a possj-ilL s 4i f f çr:e nc¿ :-r

behavioraL a:rousal" å.s a:'esult it woulð aÞpëer as lhcrrsl:

Èhe sub iects r.rve,ra 11 Hsr* m uch aor.F rÊ1axÐd å n + h,z dçcrça_sr
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sessìoÍ1 , ?hisu it ås suqqÊsZ€d r,¡oul-d con¿.ii_T.u+* lo +.b,:

siqnåf icanil-y þiqÈsr alnha d+nsi ty i ¡ t.h,Ð decr:la si: oup-i-l

såze sessi.on {p = ,049),

The corre'latioral- da+.a aqain did

Ðxpectation th.at any chanqe in pupil

decreasê in,.alpha, FEoductåen*,,, ' ,oncê

the corr€1at"ions bctveen alpha densi

ïrere j-n the predi-c-+.er1 directi_ono

signifi can+Ly g¡eater than chance

ðecrease eonditi.on,

nol clo¿ç1 y sr:pnc,r'*i-'.

si za r+o uiå T. srll - : r =

a qa i-,n, hc wÐ\rç; r.o nìc 3+- cf
+-y a nC puniì. va ri abilit v

aI-though i,hay w{:iç onl-¡¡

expectaticns in ':.\F!

In sunnary thc pupì t hiofeed.back experj.n,¡nt n::cr¡i dr,¡-J

lito.-1e evidenee to support the oculomotor hypothçs j,-q, Si ncr

there ?rei€ no dj-f ference ån pupil s'i ze cr pupil ¡¡ari a.Ì-'_rl i*-\'

across sessions or t¡ia1-q it Has not possíhle tc asÊr,ss th,ï

effect that diffærent. J-evel-s of pupil activity m.i ghf l"â'/¡-: or

al-pha activity c:: to assess the viabjf.ity of char,qi: ln
pupill-ary aeti vi.'.y as an ceulomctcr nediat ì eral StraÈ-aqr¡o

There çtas, hovevËru a ôíf ferenc* in al-pha acti_v|',_y 1,.e.1-r¡.t+r

sessions, buf- ån view of th+ faet it. was nct sr:crqes*.€c. ibr'
pupi l- and alpi:a activi-tv lqonl-d be compl*te1y i nt.cidepsrd:rr 

"

th* ef fect nay be the result of other ilçhavioral r â,lrcüsn-t_ p

and,/or enotional- factors. forleed the suhiect:-vq rã:no:-is

suqqested that +*his was the ce-q*Ð
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The compari scn cf al-pha vërsus pupil- hiof *edha ck d:-,3

p¡:ovi-de any additicnaL test ef the ccul-cnotor thr,cr.¡,

díd u hewevÊr, ooi nt out '"h+ i nport-ant rel-e that sr:hiacr

f actors may play in physíol-oq lca I res*a_rcÌi,

It is an i nterestinq f indinq r"¡hen compa:ino *h* al pl: a

biofeedback to the pupil- b:ofegdback expcrinartu 'hat :hr

aLpba biofeedhack ncd,e, ha¡d al'! av*rall- l"o¡+er lev*1 cf a'lpha

proiluction j-n spite of the fact there was iìô ,1_ì f f îT€.rtcç:. ii

pupil varì abiS-ity" As qlas gôt¡,d, ho¡.dev'----rr u t\,c. r,,f f ac:

betwsen th.e tvro experima¡t-s wa.s Rrimarily a.cccuri- ld f ol hv

t.hose subjects in th* alpha biofetðback *xpF,rim'.F+- 'o¡hc

recæåve 11 alptra, biofe*dhack first {i"p.n Sæssi.on T) " çhis

pa rticular eondi-tion ves rated as mor€ f rus*::ai i ng 
"

unplcasent and ef liertful, Such factors mav r+ell- ba vl harl ar

ef;fect on thç cverall- Level of arousal and anxlç.tvo *h:

subiects may have found thj.s condj.tion v€ry s*rçssfr.r1"

consequent1y, ån vieç of e number of- st-udics '¿hicþ have

suggested that alpha and anxiety are inversely rel,aicÃ. {F,o eo

Ehri-snanu -1973; Levi " 19'16; T,a11V, 1976ì TÊre1ak u 197t-L) "

Èhis may account f cr the reduct ian in alpha aci: r¡it'io

Horeover, the fact that f,h+y rF:eeiv?d al ph.a l-.i cfqadhack

firsf" may indicate that some cf *.he initie.l apnr*h¡rsicps

and novelties af th4 experì mental" sítuaiian sçrved tc 1-,1cek

al-pha, O f coursE this r¿ouldnr t, *xpl-ai n wh.y lh.-. nos+qxnpi:*

rc:

T+

ivr

mental rali ngs in the grÐÐp that recçíyelì pllD11 ¡i6¡r.,+d hack
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first wÊre not si m'i 1arly af fected" Thârê i s a po ssj b: li,r yu

lrowever that the sub jects had mor€ Ð xÐêc.i:a--i- cr.e anð /ryr

apprehensions {anrÌ w€rê m.oïç- knowleCqea.bl.,") af tti-ra: r-t¡âvc'îe

biofeedback than ccn+-rcl of nupi-1 si-zç." It h¡s br*r

consistentLy dencnstratçd that subjecfs Êxpectatj crs ¡F

alpha bicfecdback can af f ect. t heir p.arfcrna r:ce l:,o go

Elquin-Body 1.q77l' Knox " 
j9-'18; plotki¡o 19'76as 197i î ,q"9r

1980ì. In the present experiment their exp{}ct.aticrs c:

apprÊhensåons may have s*::vcd to attentuate alpha actlvj-tvo

å comparì son of the tvo híofe+rlhe_ck expar^in+nts itsj:.1g

pupil size as t be depend.ert varåabl_e vie 1d c,d a n czhr::

intereqtinq result, the dçcreas* sessi on of al-nha bicf¿-.:?d-

back hað th+ smallest mÐan prrpil- size of a1l- conditi.cns o yFl

it was rated by tha suhjects as morâ anxior_ts a¡ri difficuit
than al-pha incrçase {p <" C5) and. as sone'o¡hat morÊ ðj.f f icult
'l:han increase or dçcrease pupil cize ip <" 1C) " Thç,r,: ,/,-:ìi:*

no other dif,ferences betse€n this partieula: cendjt:,cn a:d

the others in terms of pupil- variabiLit-y or alpha pioduc-

tion n Possåb ly t-"he sub jects f ound t_his con C j t.ì cn sî

dåfficult they had a tændency to qi-vçlrp" con-sÊ{TuÊnnl-y t-irc_ri

ral-axed and in conpariscn to other sîssi-on s i-i he-ce¡r¡..

ÐaSier, fn this case on€ weul'1 expÊct small,sr ov+'rall- pur.l. l_

size. Tn spi^te cf thç fact that rlecreasinq alpha is rrsuai,iy

seen as much easj.*r by most snbieci-s {F. gn paske wj_tz r, aT!:. ,

1973; Peper E !{u1l"rotr-1anr3u 197ûl " tìie subj.ects in the Ðr,:,s¡r_*;

study may hav* f cund t-his task extrçme], y diff icr-:1.+ in vi 2\t
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o f Èhe fact that f-Tre t ypica 1 ocu l_r:mo*_*:r Ê iìpËi?, F,=4;.,

strateg'i es ø€rÐ not readil-y availabl-* to than,
Tn part, this $ay also b* t-he îâasÐn v¡hy thçtc ï;e:-: e

qrçate¡ deerease ån püpil size Õver çnochs (epccb +.f,f_?,:r\

for th€ al-pha 1¡iofeedback sx¡er{ nent, }1t-her:ql: th:,. rnrcir

ef.f ee+- was siqnif icant f or bcth bi.of eerlback *xnrri men+s " i+

sas greaLçr f or al-pha biofeedback" It se s ¡.ot o !te!r{: v::: p

siqnif icant.l y qrea+-er f or thç al-pha biofe,*d¡ack ðç:c:e asr,

con'lition" Thiso in ítse1f " is irt+resti-lq as ÐtÊ, r,rorj.'d

expect the daere,asÇ i-n pupil size tc be qr*ata:: i.r ihosr,

cond.j-ticns where pupil- size r'¡as larger {1a'n¡ of ieiijal
val-ues¡ ,Tan5-ss6u 19'171" -Tn vìeu of tbj-s then thj-s orcup lTì3_y

have actual-l-V habituated t6 a r¡rea'i-er extrn+ È han ont¡ of
the other grcüpso Such an *f fect. r"iorrl-d be consist anr 

',.¡ 
j-th a

tendencv tc qive up on â. tasku Moreoveru alpha hicfea.dha-ck

was raterl as more unplea"sent and anxi_cus tlar pupj.l

bj.o f æedbac k" Tn vì ew of the.: åif f c.r*ntia1 epech ,aTf t::.,

there is a suggestion t.hat f-he sub'iects ÐvÐra11 f cund al p}:a

biof,eedback as aorÐ dif f ícu1t {had 1cr,¡rr a.ipha dcn:--, +i ¡st

anrl t,ended tc gíve up in both the sr:hancemsnå,_ âtd srft)Ð:.r*S-:*

s'i on ccndi tånns resul-tinÇ in a qreat-er decrea,sc, il nrlnl 1

size an.d a more rapj-d habi-tuation effec+,o Iqeirr lfis äìev

relate to tiie relative unaveil-airij-itv of ìrot+nt-j a l. ccur cno-

tor strategies, The fact thaf- al-pha ð*nsity d,iã nct r,:ccr.¡.:rl

i-n a naral-l,el- f ash j.cn may rcpres*nt- ',htr need f cr a l onoç,:

habituat.icn time arrd,/or th* insensitivi*-y cf t-þ.q ¡r-.¡ç,:;:tii

alpha Ð€asure in r*fl-çctieq ncnçntary changesa
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Tn conclusion u thçn, the compari-scn of hi cç..zt,d back Brir,r,î

provi ded 1it tle d ata that l+ould suppcltt ',-h? .c,,t1.cirte+-Dr

activation hypothesis. Tt is in+,erestinq 'r.Ya.? *h{, grf . +_,r:

epoch etf.e.et #a s associated røith the l-or,rest a.1nha a¡cðrrc-.

tíonu This ef fect, howev€rp 9,as alsc ccmp]i ca teð hy ar

order effect. Cvcrall. i*. must b+ conclud erl that *.þ+

conparíscn of bicfeedback êxp*ri-ments dcrnor:*er,ra*r r.h,':

impcrtant roJ.e that suh jectiç¿e factors maV pl-av _i r h)oF_+*,d*

back experj-nen**s, Tn th€ pcesenT expprimento it }:as hlni:

suqg6stsd è'hat such factors have cont::ibut.çd r-a charrqes in
both al-pha productien and pu pål sizen

CArÀc¿*ra"Ê¿oÐç

On the basis cf the presænt €ïperiments it mus: hr

concluded that the r*sult-s dc not eonclusi.ve-'!,y sucpc::+. rhr

oenlomotor activaticn theory and the predic+-ed. :æ1at-jonshin

bet.!teen pupillany a.ctivit-y and 3EG alpba productj.ol" f+'ra,l

been hypothesized that alpha wouLd h€ promine,rt ir *_hr,

abs*nce cf pupil-1ary actívíty and nou]d he attÊnrje.+r:ð j:r i-+,s

presence" There tdçre fe*r clear indicat'! c¡s that :h:_s

oecu¡ed in the pr€sÊnt. experimentu on lhe r:t her h andu : hr,-,:l

war€ several i-ndirect indíeations +,ha"t puoil larv activ:.!y

and occipital alpha product.i on ¡p í ght be r*1ate,j, Th:,

¡95¡1ts of -the p¡esent experimçnts sugqÐst thç f c.ll -l ch'1na:

'1' consíså.ent- ç¡ith the ocuLo!TìaÈor t-heory, ,* yes*c'r cs,r-.i

alpha prcd ucti on lJas alvays gr*ater + hat +l¡çs- rr,t:r,.
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alpha prorlucticn" Ccnsequsn¿1V

21"

a lnha -nic,f, uc +i-cl -'ia,:

pscmi nçlt unCer condi.t-,€ ons of rrrdncEd ccr:-lor.olll
processing lÐ" Çn red uced punil l a: y acf i'¡i t y ) "

The greâtest pupå'f larv chang*s i'epccli c'f f-*e,\ alâ

thc lcr'¡est alpha production cceulrcd '¡;iib *Ï¡r

dål-ation rÊspons€ to chanqes from hiqh tc l-cl¡ I ç,,¡r;.i -r

of ill-unination. florÐover, in t hr. i't Lgn: na.Ì-- j-¡.

experinent" qreate:: alpha attr:ntrration occur*d. âuri-ncr

the dark versus l-iqht cond.iLicnsu in contrast r,c lh.

almost universal fitdinq that alpha prcduction is
qEêater duii-ng dark irârsus ligL'. condi+-i ons. It rhr

ilLuminaticn condi_t,i cn the grûa-.-=.s+. pu;rj_1_1ai.V

activit'/ {change in pup.:1 siz* across çÐcchs) $e.s

al-so f ou¡:d und*r the da¡k cond.ition, Ccnsçgilc,ntl y

th* results ef this co¡.dition pr,lvi de +he nest dir,.',c"

support for thc suqgÊstion t-Ìrat oculcrnclor e.+ir¡i_+v,

as refl-ected by pupil larV changçs u s'ervê t.o ai:te¡ uair,

occåpita1 a1pha"

p,Ll- +-he ccgnitive tasks rcsul,t*d in i-n cr*asrs ir
pupillary actívity as r¡ç11 as e t.t-enua.i: j-cr cf al-pha

aci.ivj-f-y {as ccnpa¡erC {:o basel i.nes) " Ccn-qçc'u+.,rt1v u

the cognit!.ve conrlj"t-ícn díd nct provjðe aav C:r:'îc:

dìsconf irnirq evi dcnce of thÊ hypothe =ízc.d rçiali or-

shi po

There r.{er€ Bc differences in a1-pha ¡r::oduce_iol t:
pupil va-riability in increase cr dçcrcase-, srss:icls of

a.Jo

4u
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alpha hief ee dback and again nc cl-+a.r C:'scen€iim: icr

a rr-i ,l âñ¿À{: -

There w,*rê no dif f erencas in a I pba Þicd uc l-.! or: i,n 1l r:

çnha nce cr suppi€ss ccnditions of a-1,ph a h: c f r.',?d,hee\r.

',{hÊn the availabili+-y of ocul_emetc:r stre-.cl-igs r¡a.s

liuri-ted,

The 'l owest mâan aLpha prod ucti o:i anC ..hç or{.e::s*

decrea s+ 1n p:lpil- síza across *-r ials r.rÊrr f oun C ço:

the alpha hiofeedback vÊrsus the pupil- h,iof e.:,d !>d.c:,<

experj me nt,

6"

Bo+-ì? alnha p:ÕCuction and nupiLl.ary TrË,sÐcnses aDÐr.râ!

o"o have heen inf l-uenced by sub-iect ívç sta+-çs i.n bctl
bi-o fec dback ÊR periment s.

8" The corrêlations bet'¡een a1-pha density and puni-l

var j-ability {ccqnitive, al-rrha * nri pupi _l- bi cf r-..-:dl¡aclr

cxperÍnents) " and alpha d+nsit y and pupiJ, si z*r

{il1u¡ni.nati cn, cogr.i-ti-ve and pupil b: cfc¿,i ba.ck

experS.rnentsl wÊr€ consist.e ntl y f cund tÕ bq or.-,air,r

than wculd be aceouni.eð for by ehance çxÞrictanci es,

?o be sur€u rt th* basi-. ef such resul+su î? ea.usal

argunent can be nade rel_atínq thê effects ,:f pun:'t l-aiv

acÈ-ivity to occinitaL al-pha production, fn +_hê r+vj.Er:

presentçd earlier i-t was suqgested that- ther* i s ÌnciÊ thar

ampLç i.ndirect evid'*ÊrìcÊ tc suqqost thai, the i-r,,¡c r¡a_ii ah1..-.,s

may be rÊLat€d" The resul+. sf *"h* ÞT*sr=qt exçe:i ne.r.i:s

provåd^æ scme dlrect {in e, illuminaT,ì or condii:i oir ) , hui fc:

?*
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t-h* most parf- adrliti-cnal- indirçet evi dì?nco az:c stiFpcri, ç-cr

àïris possì bl-i1ì ty" Certai n1y the nost damaqiro r::¡i4?T:ci: -,c

this suggêstioe ccm€s fre,n t-he f aílrlr* of- r"v j. d:rc.. + c

support iÈ {Ð. eu correlaticnal, data ) , On -,h+ c+ìr,z:: !.:zr.c1, ,

therç wêr8 Ðo sågnj"ficant diffçiencçs in pupj-1 ¡,'ariabj liiv
in the vari ous coedi tions of the clrperi-m*nts uhich ccu'1 C, t c,

util-ize d to directly assess the ef f ect of rj j- f f.¡r*li,j-a l-

3-eve1s ef pupillasy aeti vit y on al pha produc+-ion, cctsåj*

quen+-ly there was nc eviCence to c3,earLy con+rad:ct cr
support the cculcmcter acti-vation hvpothes-i s cn thq l:a=i,ç of
dj.ffçrent level-s of pupil variahílity, Ãs a resu]t j-, nusÌ

be con cluderL tleat t he ocuL.omctor acti va tion +,ha cr v irr¡a: L s a

viabla one and ma y wel-l provide a cìscha_ni sr¡ by qrb l ch ihe .-1,rc

varíab1es are rç3-ated.

It al-so has t-o be eoncluded that in nanv rç.*cr-.pc+,s ib¡:

ptes€nt ,gxperim€.nts vÈr# not. able tc provì riil a n a,i;qne+Ê.,

assessmçnt af tha cculemotor theory, Thc p:es{t. 
=:-uCv

suqgests sÐm€ mêthodol-cqical issues shi ch provi de cl-:rect

consåderati ons ,f cr frtur* resÇarch,

me& bods .og i-c a_3=* Egsue E* ag d_cg g E¿ ê e getå e e g*€ or_ES rgre
BgçeagE-b, alrrha mçasurement technigue , whieh j-n t hå FrÊ,snr.i:

stndy rdas precl-utled by eguipnent l-imítaÈions, Â j ihnuqh i+

did r€f Lac*' attentuation cf a'! pha activit-y du:ino e

cognitive task, it lras not- sensi ti ve. ¿"{) 
'/a rvì r,c lq¡¡*t s cr

task difficul+-y"

sensitive to +-ask

I{ianer {19'19', have

p1i-tude nêasrlrÐ eras

ån alph a vari-abilitv Ðê?.surtr, ldes no jr¡i

difficulty, ¡{orÊcvâ,:î, Ehrl"lc}nan and

recently r*pcrted that an intaqrat:rê-am*

much ilÐrg sensitiv* to gask eff;c+s '-Leri



the perccnt*a.1pha iìâasurss rnd.te,idu this :rlav r,¡ll1 ht,

rea Son qhy tha correlatio:'t data in t hs plese¡t s+,ud v d j-Á

refl-ect the e,xp€c+,*d rel-atì onship, Tt- l+culd apoea¡ rlat

suggestion that tha pnpil is mr:cb morr, s¡¡ 5;j +ì r¡s

nou¡entarv shifts in activati cn t-han FEG mÊasu:râs fp;al

J977bï naY b* partj-cuLarl-y re'!evan-+- whan eonsiderjrs

ner cent- time mçasure@ Tbe resul-ts af- +þ: n:ts¡-'n!

Ðxperiments {especial'l y ''hÊ cognitive experine,nt} wou-r C

reinforce thìs suqqesti-on, On the other hands âu in+-rq:ai.'iC

amplitude m*asure nay hava r,ef1çc*ed mon+nta:y shi f is j n

acti vaticn via ampl-j"tude charges within +-h,+ a1r:ha €i{torency

renges Th+: percçrrt-a1nha neasure ¡¡ou1d onlV refl-ect cha¡..f:?s

ì n dominant EEC patterns and shifts out of the f rcgu€,ïrcy

rang€; thus by its naturê b€.ing a nucit more srcss aÊje.su:Êì*

ment tectrn.iquo" Tn the present exparinents :+ \,Ieî -,\;,:..

cÐmparåsons Õn the mclar l-eve1 *¡hì ch were most surlg¡¡stivc of
a r€'l ¿f is¡ship b*tsreen alpha anrd pup1llary act j r¡i t../ {? "g,
i11unínation cxperíment). T&.* perceet alpha mresur+m-î*

seeme,l quite insensi-tive *,*o rnore nrinutç ehang*s íi: crlpl;'1 ]3-¡r¡

activity {í"e' correlational anal-y5ì 91 " Corsl,{-TuÊn+1r¡ rLâ

rçsults may haver bean mnch more suqgestir¡r cf a r*1arjo¡shi p

had a mor€ s"nsitive measure been u.sçd, f n v7€r'¡ cF '.h:.s u

aiÀy future research addnessing itsei_f +-c ar y o! --lL::

quêsticns presented hereu wcul-d h* advised to u.tiljz+: a ino:rl

sensit ive neasur ef alpha acti'¡íty,

21?

lh ¡..

::o*

Ll^--!t -

la
.¡- --

+r!'



Tn viel¡ of the sensitivåty issueu

21 ls

l as a-1sc h.;.ìt

suggested. tha+. usínq a. grea.ter numher ef E:1a.¿1:. c,Jt a1.ac,:*

mênts {nêcêssi tatinq mor* sophisti cd-r.eð Enc anÞarai:u:} n 1q}*

a1so providê a more sensìti.ve mÊasure of charqes i.n cÕi1ic¡.1.

activitv, althcuqh for ocul-cmotor coTrcêrns j,+- '¡c':1d s,:e,r,n

that thc occipit-41 pl acem€nf, wou1,4 i¡ç most a pprcpr' a--,: o

g1f-houqh alpha a-ctivj-ty is prominent occi.pit a1j y , j_-, :-s

prêsent in other l-ocaticns anð may ¡,retl- be Effectc'c\ hv',hî
kinds of t.ests provided i.n th+ pres,en+- experi:-m?nr--,

consesuelltly it is -<uggested that tha usÊ of additic;:a'ì

el-ectrode såtes may serve Èe incrçase the sâns-. t:-vl-v Df r-h*

measuremeni- +-echni{¡ue and nrovi-de a mo!:e accu¡at-Ê assrssn"}r1

of the effect of a v¡ide array of factcrs on a_'1 pha ac:i1rì +u"

TÍ vi-c;v¡ cf the subst.anti-al arnount cf Ê:¡¡i-d s:,?_cF l¡hi ch

suggests a possi-b1e relatic,nshíp betr,¡ç.en Itrc a1 c!-ia ai d

pupí1lary aetivity" it i-s sugqested that further i rvr,,sti_<ra-

ti on is 'Ha::ranted" Ànr/ r€rplicat-ion cl *xtensi cn nf ihr..,

Ðres€nt stndyu howeveru could na ke use cf a mcrÐ =r.=1+:i rra

measur€ of EFG al-ptrra and possi-Irl-y rnutti.ple c., nc{::i:Õilr,

ptracements" Hcreoveto ther* are Several ath,çr ccns:4era-

tì oi:s çhich rnay prcvíd+ a mcse adequte t-est cf t he ccul-om.o-

to¡ hypr:thesis, Fcr exanpl-e it would b* hel-pf ul- tc ,ì ncr:;:as.i

the 1e¡qth of tle ba seline pâriods to mor€ accura+.:1y ass:_is=

the chanqçs in }:ath alpha and pupillary ac+-iviÈ-y cvrr ài,n. 
"

.41-so the addj-Èicn of a.n ÊvÊs-open tlark h¡a-ca.l j-l+ c¡r,.1j-+:ic::

miqht serve a*q a more appropriai* compalisor fc¡ :h,r

il"lu¡rínaticn çJ(peri.mçntu Furthernor*, vhsn e-qsi:..si-no tl:..

f-:



æf,fcets of 'r¡aråcus l irninencç 1eve1s ou al oha en4

rçspcnse systems, it aaY be f¡ui+f u1 -,-c êx+end thr, l¡le
tire tråal- sc as tc ccmpar€ th* sffect cf +-h¿ chanq,:

{immediat-e raactions ta cbangas in l-irrnini?nce 1:,r¡r. s) !.

+h

ot. i_

¡€

^¿ -.

.,Y,r

effect of tli* mcrÇ, stable state a.fter t:ahj-lua+j.ci: hasr

Ðccureds Tn the cegnì tive experiment" i-t uc:;1d l:ç l:e1p{¿¡

to make usÊ Õf aul-tåpI-e and r¡aried tasks, a¡,d Fhas¿.*'i ock*,ð

presentations uith a much lenge¡ int,Ertrial i ¡t+ir¡a1
pcovide a motâ accurate nêasurçmeni_ of râccvery fcr
alpha and pÐpí1 t€:spÐrlsre nha nroqrnt <êrrÁrr ç'nrr'lr{

suqqest th+ use of a lcnger trai ning +_ j-me ø e qr,:a f :.:

of traininq sessicns u TongÊr trainíng trial-so ald

transitions frcm enha.ncemelt tc srJpprçssicn i n crd

essÊss the possibiLíty of contrallincJ alpha activii
oerrlomotor stratæqi_es ãr€: restr j_ctei. ¡'i ¡a'l I v

repli,cation of. pupil hiofeed back iøou1d necessit,a t + +

for shûr'bçr t.raini-nq tri-als te reducâ the effcci
habi +-u at i-cn resprn se ø

e o n€_l _=uÉ å Þ E _* B ê q aI-& F * relat j-on sh j"p bet- va,en prr Di l l a::y

activity and alpha prcducticn l-arq*1y es a leslrlt c,f th'¡

ånsensì tiviàv of f-Ì:e ÞËrcênt-aLpha neasurÊment " Cctsçqu+: +,-

1y it must be conc'ì uderl t!.at the resrrl-ts r:f ths p:e=,-,nt

experimÊnts d.o not concl-usively support the ccr:J-csrc'iel

activaii,on Èhecry and the p¡edíctærl ralatienshi p b+tlrìe!-

pupj.l l-ary activåtV and gEG cccipital a3_plza pro,luc+icl:., i.r.

in vierE of the anple emcunt of j-ndì rnct *vidÐnc€ , {),.1 :h',

1tl

V

!-,4

l'-L

-_ô

h o+,l

a.isc

n: l-. ¿:,:'

O r¡I*I

lc

tr¡ h¡¡ ¡t

â.n v

n,a¡ i

thr'
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lii-çratu:e anrl the t::resent" study) uhich süÇetrs+. +b.a+. ?i.:: r-utc

vari-ables mav bp, rela+-eð and. vler,¡ af- +-h* Lack cf ¡r'¡ið t-'îc€

l"¡!ri ch. dire ctly con*radicts the ocul-onctclLi1Êcrv, j + sìay I'tr,

sugqested tha t the theory may rarr.a'i n I vi aþl * or{ì anrl na y

provi åe a mechanisrn hy s{hich tho t rEo vari¿l:1*s a:Ëi ir.,' e:-,'i o

Giv*n tha abundance of inrlj-rect evirJence a ncl tha ocssi ir_'t_;-

ramif ications cf a causal- rel-ationship het r¿e,=n pun!1l.alv

acti vity land cther eculonotcr beha viorJ and EEG a1.nb,a {?" s

theoretical" electroencephal-oqraphye task pÊ:fcim4.T-:,:,

autonomåc conditicninq " utíl.i.ty of al-oha b j.cf eç,{ì hack)

further inryest, j.qaticn cf the rc'tati onshi p '*¡ith e aÐrp

sansitive alpha rneasurement techniqu* *q**ms ua.::ra!:"+id"
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1F'6,

Sulriect Instrrrclicns

As ycu are aådarÊ ycu are partici"patir,q in a str,idv cç

brain wave actir/i'.y. tl'hil-c you tLêvÐ b+en sit&,j T:Ç 'r,..T:: u v

nÊa sur*ment of vour brain i,rav€r ac+*i vi+_y ha_. ire,rl &_a k.. r, rtri,í

r vould 1åke t-ç seê hcr,¡ dì f ferant 1*v* ls of 11qh" u ¡¡rc,
brain {,,4vâ actåvitV, Ccns€Çuûntl yu t.he ler¡.:1 cf L.r:.ohårtqss:

ín the room wil-l- varyÐ Rs befcr,*y yorl a"rç r?qu{siaí t,ç

posit-icn yourself appropri-atel1r, +.s ke.,Ên rrur ofÊ,-c cpr,n, +¡

look in the direction of- the target and t-o rafr:ai_n fren
exe,essi"ve Êye acv€,mentu eye bl-iaksy or hodi_1.¡ mcvc.nanl.so

I'Ihen the liqhts are eutu yaü are ïf a.uested *-¡ f t1lc.ø +-Ì-: ¡
above i¡structicns kaeping yollr ey+s open an d. lock :i-nq : n ¡1,.,

same direciion"
henìnVçY ¿¡¡O

f wilL inform you vhen uq; a.Tç.i re,aãv tn
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Çrrhie¡-* lnqÈrrr¡* j nnc

As yau ar€ avlar€ yotl are Þarticipaiing il a s+uCv t!

brain sase activily" l{ì:il-e yo{r have b*en si,tj:inq bai., e

meaurçment of ycur brain save activit-y has bp,¿n ta.ks.:nu l.lo:,,r

T am in+,erssf-*ð in *studying the *ffect cf nai+-a1 effo:j- c'u

vour brain wa ye act-i-vì t-y* In order to dc sc vcu t:i.!1, hc

presented uith a seriæ-s cf four nunbar:su ì-,h*r: asked tc að^ e

nunber to each ðiqit and t.hen askerl to repeai * hË sq,l j rs,

For exampl-e if f T:resente d thc seri,es 4123 th.+n ask+ð r/ou ..-ô

add r?1rt to each diqåto the corleci: r€isDonsq l¡oul d, he 5134"

Âs before, the liqht.s r+il-l be on and vou air r'eqtrrsr.rd L,c

oos iti-or yourself appropriatelyu to k** p ycur .¡ vçs oFåirì e

rêfrain fron excessive mor¡€,mçnts" êyâ mcv mçnt-cu a.nd ?!,1-,

blínk-ìnq and t-o lock j.n th* directj.cn cf th* iarcret"
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CCG¡l ITÏV']I EXPEP : I'18 ïIT

Ðiõit *segu€nee Prasentçå È,o Facþ Suhjec+

ta\ Add ¡'t'r? to çach of thç folioçj-nq Ciqits

3B'a2 t?F*p€atrr

{b) Add rr? rt to each of the f o1l"ctlì nrT diqi-t.ç

14152 trpËpeatro

{el Â11d trlti to each of the follc+¡incr dj-q'i."-s

?138 |tRÇÐÐatrt

{,1) ådd rllrrt to eac}r of tho follcwinq djqi-rs

49 67 ru R epÊa tt¡

{e} Add trï¡e to each cf the fcllcwinq C.iqi:s

2913 rç apE¿fr,

{f} ådd r¡3,? to each of 'lhÊ fcll-or+inq.d"iqits

6145 "Eep€¿¿tt

fq) Add 11121 to ea.ch of the f ollcwing diqiis

385? r{Eepeet,f

{h} Add r'3,? to eael¿ of tire f cl1oa'ir q diqits

532t1 ItE €peat-rl

{i) Âdd ,1r1r, tc each of the f oll-cwinq d j.nil-*

2981 '{R çpeatr¡
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Subject Tnstructånns

On thís task r/cu har.re tha cppor{:rr njtv io !¡a:n .+:e coli.lcl

Yoll i Ð'¿¡I¿ hrain *;a vÊso Ãi-though r-hcr+ ar," nâny pe+tr:i--s rf

braln vavç ac+.iviå-Va cnl-y enÊ has b*en seleeiç.,1 €cr +e,da vss

st ud y" The tone *,.hat ycu hear i-n t he backûiGrlr d is t,rlrrrl,J

on bv i-hat trraìnwaven Therefore wh.en vou hea¡ *ïa+_ Ë.n¡ it

nça:ìs that that particular brainvav* i s nres*ni:n l -t sc at

inclease ì n t he volume af that tone çi1.1 be indis¿iì r.rç cf atì

i-ncrease in i-he strenqth cf ihaf- brain !;ev? t-.a+rrrn.o

Conversely a decreasæ in *-he r¡clume u'i1-1 be indica:.ir,'r ¡€ ?

dscreas* i¡ the st.rænqth of tþ.at. brai n rEavç pa.rtÊln. ycu:

job Ís *,o l-earn to turn thar brainTdave patr,er:r 1r¡¡ r1 a.rri

ra¡fftt OVef thp na.xt six 4*ninut.e trìal.so Duljnq t!_.,¡ t!-1 ¡ri

periods you are reguest€d tc i.ncrease ther amouni cf t_i:lrì.i i:h*

tone is prese nÈ" During th,p rrçff rr per j.ods ycu a:t. :,nou+s:ç,.â

fc decneas+ t.he arount of time th+ tcne is pl€selru ohl

nature ef each trial will- be announced te yûìl i n â,ivarcf,n

The parÈicular stra+-egy yorf choose j-s up tc {ouo Ccntll_: ef

hraint¿ave activ ity is ¡ct easv but it iq pcssì h'1.= tf vor;.

keep trvinq' and searching for the srnst affçcti.vc cen:ro''l

stra+,-eqy for y<iu" Ðurirrq this task thÊ, liqh+s u¡i1l h*,. ,,ll o

As bef Ore You e re requestçd tc posi¿"iÕ¡. Voursel f ap¡rcprj *

atelvs tc keep your eyes cpeno lo refrain frerr exc¿l.ss:.r.¡r

novements" Ðye nÐv€mçnts and. *ye blinks, and ta J.ock -=i_n rh.
dir*cticn of the target"
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Subject rns+,-rueticrs

On this task you have the Ðpportrrnjtv tc 1,qa:-r +-ô c¡:::rcl
the síze cf yoÐr crdî pupils" I arn in*_crpsl*1 jl siu4vlro
the ef fect of such control Ðn yÕnr brainl{avË ac+'i vi-1.1o ¡

torra 1j-ke the cne you hear ín the backgrcunc p¡j Ll. r rf'l .c:

chanqes in th€ såze of ycur pupil-s" A hiohrr: tcL; ,¡ill
reflect an íncrease in the sizre of ycui pun.i i. Conr¡arsir v a

lower tone will i ndicate a decrea se in the s: z+ af vir,r:l

püpj-l-, Your task is to lear:r tc incr+a.se and dpclças+ fh:.

size of vour Fupi.ls cver tÌ:e next six 4-rninuJ:*. t:la'l s"

Ðurínq the tfincreasÊ¡t perio,Cs you arÊ regnasteC tc t:rv ¿,c

na-k* the tonç Ïigher" Ðurinrf the r! frgçr¡¿-qqtrf p*iier1 s vc¡ àxr:

requested to try tc inake thç t-one lolrysr. Th,g ra4:ule cf ç:acL

triaL r,ríl.l- be anncuncad to you in ad vanciÐ, Th* pa:i' cr:l ai:

strateqy vou use is up tc !o1ìo As ba:fore ycu e:{ rlcrrrÊ;,sir.îd

t.o positicn Vourself appropriatelyo tc keep yeur r:r/¡?,s cp,ìn,

to refrai-n from æxcæssìve frìôvemenf-s" *yÊ nov,çm*nrsu ard lv.
bl-ín}<s, and to look in the då¡cciion cf th: rerrl"**_o
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1t6 1)hat- díd

a bc.ut ?

P" E" Qr

ycu

Flea se

- Varvi na

thinì< this

exnlai n"

i, l_G11 t Iëvê is

par-', cf thç

.g 5

",,aø Pleas* rai+ Voìlr feel jnqs dur!-nq +hi-s pla se cf +h.',:

€xperimeÐt on the fol1or*i-ng rati¿g seal-ç,s dur:¡q :tf:
paãt gf_t!.q--experi-ment" lamenbçr th,rre a_rÊ nc ri'JÌrt

o.r srÕnq âÐ-qwÐrss no nct spÊnd toc much .'. 1n* e:. any

on'-Ê, st ate ment- but pl-ace an ,3 xr! a.t tha_+- on';: nasi +-inn

on the ra+-ånq scals {,1 u 2n -?, 4,

descríb e-s your f eel- i nqs d urinrr

*xperi-rReît,

5

.r-h i.

F' 6) '¡hich hlsi

S na,rå rf Ìh,'



,.:- a 1

î----r----'t
11* 124 l3* l4* l5* 16* I

Ê-- --+-*--+----+----+ ----+---* -r

A1ert I I 1 I I I ill:cçsv
F---- +----+---*+----+ ----+ - ----rünpleasant I I 1 I I I lP] eas?"Tl.-
ç----+----+----+----+----+----+

?alaxed I I I I I I ltTnrr:1ex,:d
þ---- +---- +--*- +----+ ----+-----qActively I I I I I I luot

Thinkinq I I I I I I fTb.irkjno
F----+----+----+----+ ----+-----tÅnxi-ous r { I I 1 I lTTot Â':-rxreus

1üot
Ê-- --+----+----+----+----+-*--{
lrltttt

Srusf-rated I I I I | | IFrr:sira+.-.i
þ-- --+----+----+----+----+---- {l.lnmotivated. I I ¡ I I X lsoti-r¡a.ta,c"l
F-- -- +----+----+----+ ----+ -----{Atf.entive I I I I I I llnaltcnij¡r,+
+- - - -+----+----+----+----{.---- -f

Effortfui. I I I I I I fEffcrtl..ss
F---- +---+--- -+----+ ---:+ - ---{Di-fficult I I I I I I lllasy
l- - - -+----+----+---+----+----"f

Actively N f I I I I ll\lôt
Concentratlng I I I I I I lCo::c,¿.lt::at:-rq

ç-- --+----+----+----+ ----+----+
Clear Vision I I ! î I I lSlur:i:,1 r¡-'is:ç:

L----A--

*1 Very
*2 ltcderately
*3 Sliqhtly
*L{ 51iqht ly
*5 fiodêratel v
46 Vqry

-- -.å- -- - --.t
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11E T4hat d1,l

a bo u*r-?

P n E, 0. D j.qi-t

ycu t-hi n]< thi s

Pl-ease explai- n.

Feca 1,1.

ne rt cf +hæ

29e

1.LT).. rr fñ. ñ q la,â t

2" Please rate vour feelings duri nq thi e pÌ:a se, c:c.

æxperiment cn the foll-o+rinq ratinq sea.'!*s r-lurirs i
pegå_q, f_3 he*eX qe qi qe nt, Femçmber theie ar€ rô r:j

cE t+rong anssrerso Dc not spend taa nuch ti-m,. on

one statement but ptr-ace an $Xrt a1 tha.t crfj pcs'ì t:

cn the rati-nq scale {1 ,213 ot+u5 t 6) c¡htch h

,Sescribes vcuE f eel-inqs d uri nq +-hi s Ðar+ ef

e xparåm*nt "

':i¡

l,:i¡

rJh t

an 1;/

-i.:r

^-+:: ) :

I hi,



?9 {\.

AÐÐ re0r¡ co¡rÐrTTû11

r----?----3'--*-.T -.1------I
I 1* 12* I 3* 14* I 5'u 16lx I

þ----+- ---+----+----+----+---- {
ål-ert I I I I I I llrr¡çsy

F---- +----+--- -+---+ ----+-----qUnp1easant I I I I f I lPleaser+
T - - - -+- ---+----+----+----+----j

Rclaxed I f I I I I f tlnrn.l axrd
F---- +---- +--- - +----+ ----+----{ActivelyIIIIl Not

Ttrinki¡q I I I I I I !*hinki"na
p--- - +----+----+----+ ----+ -----qånxious I I I I I I lNoî Arxicr,rs

1{ot
þ -- -+----+----+----+----+---- -f

{lli?tr
Früsr-ra+-.cd I I I t I I JFrrrs+-ratç,1

F- - --+----+----+----+----+---- f
Ilnmotivated I I I I I I f l{of,:va+,ed

Ê---- +----+----+----+ ----+ -----{ÂÈ,tentive N I I I I I lfnarirarilr-g
t----+----+----+---+----+-----f

Effortful I I I I I I !Effo:r.l"e,ss
F----+----+----+----+ ----+ ----{Ðifficult I I I I I I llasy
r-- - -+----+*---+----+ ----e---- I.âctiveLy I I I f I I lNo*,

Concêntratj"nq I I I I ,l I lConcpnrlalinq
þ-- - -+----+----+----+----+---- f

clÊar vision T { I I I I l*li:rrild :':sitr

*'T llery
*2 - ltederatelv
4 3 Sliqht.1y
*4 SLiqhtl_v
*5 aaderat-ç 1y
e6 V€ry

-å---,!-----i----_r
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Í"rustcated I I 1 I I ! lF:usÈra+r:.i
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s-- --+----+----+----+----{----- -?

Attenf-j"ve 1 I T I I i ¡J-natf-ç¡+ivn
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'¡_----å-----3 .-__-

* 1 Very
42 ncderateLv
*3 S1iqht.ly
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Thinkino I ! M I lrhi.:kinq
l--- -+-- --+----+----+----.r----- +
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F--- +----+----+----+ ----+ -----ENotllllll!

frustra"u€d I I I T T I !F:lrrs+:ar:r,d
f----- +----+----+----+ ---+ -----{Unmotj-vated I M I I ll{cl-j.vat¡-,,r1
ç----+----+----+----+----+---- 4

åttentive I I { f I I lrnai--}_+ntivr
F---- +---- +--- -+----+ ----+ -----qIlffortfu1 I I I I I I lFffcr+1'r.ss
s-- - -+"---+----+---+----+---- -f

Ðåfficult I I t I I I leasv
F----+----+----+----+ ---+ ----{ActåvelyIIfIMìt,'ot
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*3 S1iqhtl-v
s4 Sliqhtl-y
*5 * l,lof,erat.ely
*6 VâTy
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F"E,0" * Brai.nvta\re tcntral
1¡Jhat di'1 ycu think th is Ðert cf t he

about? P1€esÐ exÞlaì t"

fl?

nxÐt ri:flÌf l+ "rres

2" Please rate your feelinqs d':ring i:hi-< nhe_sq of :h:
experj.ment cr the foll-c'*ing raJ:i ng *eca1,-?s d uri.rq rh-..1g

Ðerf,*pË _tlie*.expä!imen+_" Fenembçr th*::e a:n nÕ :: j qh -

cI çrong anslJers. Do not sçierd tco much timo c¡ anv

one st-atame¡t but pl ace an ,rXrr at t.ìr¡t onr,pc:; i.,i,er
on tÏre ratinq scale {1 ,2,3etro5 g 6) rrh:-cl 'n.s*

rleseribes your feelinqs dllrinq this Þarè- cf il:r
*xPç ¡: ¡¡a ¡ 1"

3, Ðid Vou fc.çL you had any j-nf l-uence over thl. !çi..,,?

laì YFS

ycu cculd

fb) No

influence åt?

If sa, heu Ci C vcL:r fç,,:-'i

{a}

{b)

lcl



a f: tt

Ã, l-e rt
Unpl,çasant

BÐ l-a x€ d

Aet í¡¡e1y
Thì nkinq

Ân xious

trot
Frustr at ed

IIn moti- va ted

Att ent íve

Effortful
Ðif f i- cult

Act iv.e 1y
ConcÊntratinq

C.l-ear Vision

lne rea sinq* BF ej.n lragÊ*A c+. iy:!.y

l--- - -? - ---T----T* ---T----r-----111* 12* g3yr 14ÉÉ l5ss l6* I

þ-- --+----+--- -+----+----s--__ +I I i I 1 1 lDlo'ssv
F---- +----+----+----+ ----+ -----q1 I I ! I I lPlaasani
ç-- --+----+----+----+----+,-----9
1 | I I I I lllnrËlax¿f.
F---- +----+----+---+ .---+ ---*-{T I t I I I fuotI I N f T I lrhinkino
&--- - +----+----+----+ ----+ -----qI I I I I I lNct l,rxjcus
F-- - -+----+----4----+---*+-----frNttttt
I I I I I I tl:u*qtla*-rC
F-- - - --*----+----+----+---- +_ _-- 4
I I I I I | lllotir¡al¿¡rr
F---- +----+----+----+ ----+ -_--_q1 I I I I tr lTnatt.r-n+j'¡ç+----+---+----+----+----+-_-_-f
I I I I | ! fyffortkss
F-- --+----+----+----+ ----+ ----4I I I I I I trasy
t-- - - +----+----+----+----+---- {i I I I I I t¡rot.I I | | I 1 lConcenira*i-r:q
ï- - --+----+----+----+----+-___-r
I I I I I I f Blu::red v:.sj.nn
L----¿-___i-____¿____L_*__L____J

*1
*2
*-?
*4
*5
4O

V€ry
H od crately
Sliqh tly
S Liqht lv
H odera Ie 1 y

- 1/€ry



A1e¡t

f-, n plea sa lt

Fel- ax e d

Âc¿' ivç ly
Thin ki:rq

Anxious

Not
I'r ustrated

Un mot i vateri

8 f ll:n*i rra

Effort fuL

Dífficul t
ået ívely
Concçntrating

Clear Tisi-on

*2
*3
*4
e5
46

Decreasång tsrai ¡Ìirarr? Activit y

tr--- -T- ---T-----r----T----T-----r
1 14 l2* l 3* lr¿* l 5+ l6* |

f----- +-:--+----+----+--- -+ _ -__4I I i I I I flllrô\,rsy
r-- - -+- ---+----+----+----+---_.f
I 

' 
I I I I lplêesa:r+F---- +----+--- -+----+ --__+ ____-{

I I I I t t liJrr{..l nx,:d
+ --- -+----+----+---+----+--_- sI I T I t I t¡:ôtI I I I I I f-link_i:qr--- -+----+----+----+---_+_*-_ f{ I I I I I lNc+ Ânxi-cus
r----- +*--+----+----+ --__+ ____-t
ltlltlt
I I I I I I lFrustra++:e{-----+----*----4----+ ----+ -----qI I I I I I lnctivat,iCr-- - -+----+----+----+ ----.f--- __.r
I I I T I I lïna.+".t+n+ìve
F---- +----+----+---+ ---+ --___qI I I ! I I fEffc¡È,l_Êss
þ- -- :+----+----+----+ ----+---- fI I I I I I fra-sy
?----- +----+----+----+ ----+ --__-4i I I I I I fNûtI I T I I I lconcenrla+inq
$----- +----+----+----+ ---+ ---_{| 1 I T I I lBtu::*d ¡/i-si¡¡
t-_ _ _ _ å____.¿.____.c.____.g-_*__å_ 

- _ -l

Very
Hoderately
Sliqht ly
S l,ícrh tl,y
¡{o d Êr ately
Very
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P"EuÇ. PüPi1 Size Con.+-rol-

1, '*lhat, di.4 ycU think this part tf. ihr. î'lFâ.: j-Ìir.l.*- lra.s

âbou+-? P1€as€ *xp1ein"

2, Flease ratä yôur feel-inqs durjr.r¡ t-hi-s ohase cf *-h¡

experiment cn the follcvinq ra+-ing scales d ul.inq :.Lils

pe5t-gf-Ê3e-C¡pqrlqCnt" Bemember +-he¡e er+ lo r: qh+

çî wrong ans¡{ers" Ðo not sperd toe ¡ruch li.m+ er 1ny

one state.ment but place aß !0Xrr at '-har ctìê nc.sjtior

cn the rat inq scale {1 u2 ui otl o5 f' 6} r¿hich b*si

t1çscr-tbe-s ycur feelings duri nq thi.s part of :h¡

experim.æït,

3o Ðid yau feel you hað any infl-rlçnc€ cve¡ tbl' +cn*?

{a) Ygs

{b} No

1f so, horu¡ rl.íd. r¡crr f,çe1 yoit corrld inf 1 uenc¡¡ ir ?

{a}

{b}

{c}
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F-- -- +----+--- -+----+ ----+ ---*-{ålettII iIlÐ::oÞ¡sv
ç -- - -+----+----+---+----+-----fl

ünpl-casa.nt I I I ! I I lPl+asarÌ
F---- +----+--- -+---+ ----+ -----q

Rê1 ax€d ì I I I I I llrr-:rlax:d
fr -- - -+----+----+----+----+---- f

Àcti-vel-y å f I I I I lrtot
Thi-nkinq { I I I I I lThinki¡q

*----+- ---+----+----+----+---- {
Änxíous I I I I I I l¡lcå'. Ai:x:crls

p----+----+--- -+---+----+ ----4llottttltlt
F'rustratçd I I 1 I ! ! fFlr*-trato'd

F----+---- +--- -+----+ ----+ -----qUnuotivat-e¿1 I I I f 1 I li{cf.j.rratE:d
r- ---+-*--+----+----+----+-- -- "r

Attentive I f f I I I lfnatr,'r,niìYt
p---- +----+----+--"-+ ----+ ----{Effortful I I I I I I lËffcr"l.:ss
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Ðifficult I T I t I I lliasy
4----- +----+---+--*-+ ----+ -----q

Actíve3.y ? | I I I I ll]ot
Concêntratincl I I I I I ! lccnctnå.îa+inrÌ

r-----+----+----+----+ ----+ - ---{Clear V:'.sion I I I I I I lBlu:-r:c Visirr
f--- -- À----.9---- -¿---- J--- -Å-- --J

*1 Very
*2 llo dera te l- v
{<3 Sli.qht 1y
*r¿ Sliq'l:tl-y
*5 11odêrate1y
*6 Very
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r __ " _ î__ __.r:___T____r____T____-3
11i- 12* 13* 144. i5+ l6*. I
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Alert { I I I I I llîorrst/

F---- +---- +----+----+ ----+ - ---{TjnPlaasant I I T 1 T-P-'ìeasen*
+-- - -+- ---+----+----+----+-----f

lælaxed I I I I I I |Il:lrî1ax':,i
F--- - å-:--+----+- - -- + --- -+ ----{Actively tr I I I I I ltirct

Thi.nl<inq I T I I I I lThinkinq
F----+----+----+---+ ----+ -----{Anxious 1 I I I I t lllct l.rgi¡11s
r- ---+---+----+----+----+---- +

Notqllllll
Frustrated ! I f I I I lF:us+ra*ed

!--- --+----+--- -+----+ ---- +---- +
llnmotivateC I I I f I I ll'ic*-ìrrnta:d

r----- +---- +--- -+---+ ----+ ----{fl.t?*ntiv,e I I I I I I fTnat*.ntj-v*
t-- - -+----+----+----+----+---- f

EffortfuL l I I I I I lqffortl€,ss
þ---- + ----+----+----+ ----+ - ---,EÐifficult I I I I I I fEasy
* - -- -+ - *--+--- -+----+ ----+-----îAct.ivelv I i I I I I ltot

Conceût-ratinq I I I I I I f Cônc:n+:a.linct
r-"--+----+-.--+----+----+---- +

Cl-ear Vision I I I I I I lR]urrr:ð lris:-r.
L----iL.----¿--*-&--*-l-----L---,1

+1 V€ry
*2 - l{cderatelv
*? ("'l i nh t'? rr
*4 S l- í qht l-y
*5 tTod Êra te l. y
46 v€rv
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