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Abstract

The purpose ©f the present reszarch was to invesiigate an

oculometor hypothsassis that cculomotor activity, as reflected
by thke vpupillary responss, would serve +to artenuats TG
ocecipital alvha vproducticon, Tha proposed relationship
between the occipital alovha rhythe and +the opupillarv

’Zh

rasponse was investigat under four conditions , Tha study
was a completely within-subjects design in which sach of +he

20 femals subdects attended *wo experimental ssesicns and

sarved in =achk of +*he four conditions 3 illumira+tion,
cognitive task, alpha hiofesdback, and pupil biofezdback.

The illumination cconditicn corsistzd of a2 8x23x10 withinezub-

f=15, 15=0, and 0=-7 millilambertsy, thres trials at each
lavel, and 110 ssquential measures of each dapendent

variable, The cognitive condition consisted of #+hres lavals
of difficulty or a digit transformation task (244 ¢, 2443 1,
and 244 3y, thr&é_trials at each lesvel, and six maasurss of
loading-unloading within each trial, Both +he alpha and

pupil biofesdback conditions were 2x3x#4 designs with fwo

training sessions {increase and decrease), +thres +rials

within gach session, and four sescouantial measures of sach
dependent variable within each trial, In
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lavel of alpha activity {percent =alpka) and pupil activity
{pupil size and variabili+vy sarved as *the depsndent
variables., On the hasis of the cculomcior activation fthenry
it was suggested that vpupillary activity of any sor*
{constriction or dilation) would attenunata alpha activity
such +hat alpha would be prominsnt in +he absence of

vity and attenpuated in it+s presence,
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On the basis of the pressnt ex¥periments i* was concluded

»

that the results d4id not conclusively support +he ocnulcomotor

g.l-

theory and the predicted relationshins betwean alpka and

pupilliary activitvy, Product-moment correlatiorns hetuyasn

"

alpha production and pupil variabilitv wers, for +*hs most
nd

part, insignificant, O©On the cther ha therse wars Some mors

indirect indicaticns of suppert for a possible rela+ionshin
batween alpha and pupil activitye Ta Raselins ANOVA'g

revealed that eves-closad alvha producticn was alwavs

qreater than eves-opsn production, Conseguentlv alphz
production was rreminent under conditions of raducesd
oculeomotor processing {e.g. reduced pupillary activity), 2.

In +he illumination conditicn greater alpha att=znuation
occured during the dark versus light conditions in contrast
t0o the alwmost universal finding that alpha producticn is
greater during dark than 1light conditions, Tha arzatast

pupiliarv activityv {change in pupil sizes across epochs) algo

nccured under +the dark condition, 3. Inr *the cognitive
axperiment, all of the digit fransformation tasks rtesulied



in increases in pupillary activity and a%*%tenuation of alpha

activity { compared %o baselines)., u, There wers no
differsnces in pupil variability or alpha production in

Ao

increase versus decrease sessions  of alpha biofesedback when

t

the availability of oculomoter strategies was limitzd, 5
The correlations betwean alpha density and pupil variability

{cognitive, alpha and pupil bicfesdback conditiens), and
between alpha density and pupil size {illumina+ion,
cognitive and pupil bicfeedback conditions) were consistont-

1v found *o be greater than wonld bs account=d for by chance

axpectancies, ITn view of such indirsct esvidence {in +he
literature and pressnt study) it was suggssted that  +he
oculomctor theory of alrha=pupillarvy relations may renain

viable particularly when considering the insensitivity of

the percent-alpha measursment, Largely as a resul+ of +he
insensitivity and failure of this measure %o reflact

momentary shifts in activation by wayv of anmplitudas changes
{in addition to shif+s out of the alpha frequencv rance), i+
was concluded +tha* the pupil was more sensitive +o minute
changes in activaticn than the vpercent- tim2 alpha measurs,.
Conseqguently, it was suggested that the pressent sgstudy was
not able to provids an adsguate asssssmant of the oculonmctor
theory o©f alpha=-pupillary relations, ITnplications and

suggestions for future resesarch ware Aiscussed,
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INTRECDUCTION

Blectroencephalography - {EEG) and Pupilliomeiry

One of the most obviocus conclusions that can  be drawn
from a review ¢of the EEG ard puvrillomeitric literature is
that reseach relating the two areas has bgen minimal, This
is especially surprising in view of *the fact +that beth +the
FEG and pupillary respcnse hava been used as vhvsiolegical
indicants of arousal, excitation, and activa+ticn, T+
becones aven more curicus when one considers that both +the

FEG alpha rhythm 2and the pupillary respcnss are intimately

ralated to the visual svystem. As Janisse {1977} has statsd,

0 other physiclogical measures mav be 2 funciticn of +he
relatively recent interest in pupillomstrv, Similarly for
the ¥EG, despite the fact that it was firs* discoversd by

Caton in 1875 {shagass, 1872 and distinguishe=d in man in

1929 by Hans Berasr, there hasg bzen relarively 1it:ls
regsearch o¢n normal EEG functioning, L recent surge of

interest and ressarch on EEGS m=asures in  normal subbectse

bagan in the 19£0's and has been primarily fecussd uvon EEG




It iz the purposse o©of the pressnt papar o syaninse *he

ks

possible relationships betwesen the EBEG alpha rvhv*hm and *he
pupillary rasponse, Before addressing such relaticnshins

directlvy, it isg first necessary %o exanine +t+he TFTG alnhsz

rhvthm and alpha bhicfeedback, and then =agtabliszhk  the
connactions betwesn alpha and the visnal systan, Such =an
axtansive review iz necessitated by thz fact *that *thas link

between the alpha thythm and visual preocesses is net as woll
undars*teood as the link between the pupillary resporse and
visual precesses, Cnce such a connection is agtabliched i+
bacones feasible +0 explere the possible relsaticnshins

hatween the alpha Thythm and +he puprillary response,

The EEG_Alvpha Rhviknm

Lde

Tka EEG

g

n

imply a racord of the elesctrical activiiv of

n i+s +vrical form for medical purpcesss i+

}q

the brain,
censists of a recording from eig
el@ctrode pairs attached +o the scalp according +o 2
stardardized configuration known as the 1I0=20 gsvastan
{Jasper, 1958)., Fcr most EEG biofeasdback resssarch  thowsvsr,
it has been more common to use one or two elscireds vairs,
Research 3into the dintrinsic rhythms of +hse human brain
{8, 9., d21%ta, *theta, alpha, beta, 40 Hz, 2and sensorimoor

thythms) has meost particularliy focused on the ipvestigation

)

Terninclo-

ey

of alpha activity, Alpha heas been dsfined by +h

H

or Tleoctroan=

gy Committee of the International Fedsration

cephalography and Clinical 9Neurophysiology as a  'rhyvtihn,



usually with a freguency of 8-=13 c/sec. in adul+e, nmost
prominent in *he pestericr areas, present most markedly when
2ves are closed and attenuated during attention, =apacially
visual?” {van Leevwsn, Bickford, Brazier, Cobb, Deondav,
Gastaut, Bloor, Hanry, Hess, Knott, Kugler, lairy, Losh,

Magnus, Daurelly, Patsche, Schwab, ¥Waltsr & Widan, 1966, 10,

3061s  One of +he most characteristic faaturses of ths TFE is
that it= vpattern is not constant, but rathar al*ernating

between alpha ard little or no alpha {(Cobb, 19623: Davis &
Davis, 1939: Hawkes § Prescott, 19733 1Lynch & Paskowitz,
1971: Mulholland, 1971, 1972: Peper, 1973, 1974), Ir gpits
of +his fact, the alpha activity for any aiven in
remains relatively stable over successive measurss +taken
undar uniform conditions {Amecchasv & Salamy, 1979: Cobb,
1963: Cresutzfeldt, Arnold, Becker, Langenstein, Tirsch,
Whilhelm & #Wuttke, 1976; Davis § Davis, 1939: TFnasl, Romanos
§ Farris, 1947: Grosvaeld, DeRidke & Visser, 1975%:; Hawkes £
Pregcott, 1973:; I+il, Marasa, aletu, Davis & ¥ucciardi,
19752 Johnson % Ulett, 1959: Lynch, Paskewitz & Orne, 1974:
Matousek & Peterson, 1973: w¥ulholland, 1977; Paskeyitz &
Ornz, 1978: Rubin, 1938: Van Dis, Corner, Dapper, Harswald 5
Kok, 1979: Vogel, 1870y,

According to one of the most generally accepted thrseriss
of +he physiocleogical generation of the alvrha <thyvthm,
Anderscn and Anderscn {19683 suggzst that alphzs represants

repatitive synchronous polarization and dspclarization of



1
groups of +thalamic neurons known as pacsmakeTs, The
repetitive pattern is thought +to bs canszad by the infernsu~

ron which vpeolarizes the group of nesurons i+ connache,

depolarizing itself and reverses the procssSs, and sc  orn
{Werthein, 11978), The theorvy suggests that alpha activity

is continuous unless there 3is a disturbance within  thz

*halamic neurons {pacemakers), or the synchreoenv beifwaan

thenm, There 1is, howesver, some digagresment as fo  the
biocking of the alpha rhyvthm. Accerding *to ons  thsory
{2:9., 2drian £ Mathews, 98342 Aranibar & Pfurtscheller,

19772 Berger, 1929) alpha blocking is caused by a distur-
bance at the level of +he alpha generators, Herthsim
{1974y, however, sugaests that there ig evidence *¢ imply
& 7rasult of an dincreass in

that alpka Dblocking is %

e2lectrical activity within %

rhyvythm, suck that alpha activity is no lonager capabls of
being detectsd at the scalp,. tccording o this +thscory,
alpha activity would be ongoing even during pericds of
blocking, Wertheim notes that support for this thsory conss
from the work of Gecldstein {1970) whe found phasse cohsrancs
of +the alpha rhythm before and after bleocking, and +that of
Maynard {1972) who found ongoing activity rasembling alpha
freguencies within fourier analvyzed +tracings of alphsa

blocking periocds,
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and interest in the EEG is to be found in the studics of RECG
biofesedback, Evidence has bheen accumulating

to suagest that human subjects can alter their FEG activity
whan +thavy are aqiven fszedback iIndicating *hs ancunt of

activity in the freguency band {e,q.,, theta, del+z, alpha,
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beta) which is tc be enhanced or ¢

1971, 19723 Green, Green & VWalters, 1969, 11970: ©Pzper &

Mulholland, 1970)., In the case of alprha, the suhdects ars
most cften vprasented with auvditory (8.9., Ramiva, 1988,

1969} or visual cues {2.0., Brown, 1970, 1971y which ars
indicative of the presence of alpha wave achtivity in their
EEG, Succassfnl alpha control has reporisdly occurrsd in
spite of the fact that visual stimpli, associatsd witdh
visual feedback, has an initial suppresssive 2ffect on +he
prassnce of alvha {Kamiva, 1968: Shert, 1953 Short+ &
Walter, 1954; Slatter, 1960: Walter £ Yasger, 19558),

Alsc rTecently there has been substantial suppert %o
sugagest tha%t asymmetrical contreol can bs achisved with *he
alpha rhythm by differential fesdback +o homologcus scalp
argas of the twe hemispheres {Cunninagham, 1978: ?bérlin 5

ulholland, 19763 Fehnpi, 1971y Fox, 19793 Hord, Tracv &

=

Rait+toch, 1978: ¥ave, Targ & Hurt 1975 Mikuriva, 1979:
Nowlis & Wortz, 1973, Patterson, 1977; Pep=sr, 19771, 1972:

Ray, Frediana & Harman, 1977: Suter, Xrone & Ma*thews,



1878y, Such studies are sugaestive of =zven nore refinad

Byar gince the introduction of the possibility +tha+
subjects could Jearn *o enhance and/cr suppress  the amount
of their alpnha activity vwhen receiving continucus feedhzcok,

there has Dbheen considerable controversy ag to what strat-

egisas are used by trainees to achieve sSuchk contrel, Vher
viewed from an cpsrant conditioring operspective, he

(]

}Jo
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feedbrack is considersd +o operate as a2 reinfercsr on a2

A

Co+t & Pavlioski, 1977: Hord & Barber, 1971: Kamiva, 1974,

Henrich & Letendre, 1975}, Many authors (Beatty, 1961:

=

Brolund & Schallow, 1976: Epstein & Blanchard, 1277: Fahni,
19733 Gaardiner, 1971: Shapiroc & Schwartz, 1972: Shear,
1975y, however, have noted +*that +this assumpticn about

feedback being reinforcing is perhaps only applicabls whern

subiects are motivated to control their BFEG patterns, S+i11

]

other investigaters have suggestzsd mediational alterrnztivas
to a more dirsct orperant formulation of alpha self=contrel,

Accordingly i+ has Dbeen snuagested that occipital alpha

activity is nmediated by a wida range of factoers suck as
attention (e, q, Grauke, 1978#:; Lynck & Paskewitz, 1871
Sadler & TFason, 1877}, ceognitions (2.0, lazarus, 1976:

Meichanbolm, 1978), =smotions (8. q, Rrown 1872, 1971; ¥Nowlisg

fe})

% Wenager, 1959; ¥Wallace & Benson, 1972: ¥Watanabe, ZShaviro &
Schwartz, 1972y, arousal {&.9., Hard:, 1975: Hard:t § ¥itmar,

19772 Lindsley, 1958), ¢r oculonetor processas {8, d.,



-

Mulhelland & Evans, 19663 Orne & Wilson, 1977, Plcotkin,
1976, 1878, In 2 racent review of *this arez, DPlo*kirn

{1976y <clearly enphasizes the closzs associatior which has

been consistently found betwsep alpha and visual control
systems,
Alpha and the Visual Systenm

The close association betwean vision and *he ccoipital

alpha rhythm has been known for guite some time (2,q,,
Adrian, 1943; Adrian & Matthews, 193#4: Berger, 193C: Durun §&
Faessard, 11935}, In almost 2ll persens it  has been found
that alpha is <eignificantly more prominent when +their =avas
are clesed rather than open, and %tends %o block, desvynchro=-
nate or attenuate upon opening of the evyaes {#.,0., PRerger,
193023 Gale, Spratt, Chapman & Smallbere, 19753 Kamiva, 1%63:
Lindsley, 1960). In fact, &s Devan (1967} has peinted out

in a2 review of the literature, many cornditicons such as ays

and the absence of ocular fixation favor +he appsarancse of
t+he alrha rhythnm, Oon the other hand, he notesz *hat =zuchk
+hings as ocular fixaticn , pattern vigion, conceniration on
mental tasks or on non-visual stimuli, or the vercepticn of

ing or =motiocnal stimuli favor +the

!J.

surprising, alter

Aisappearance of aloha, Alt+thcugh such facts have tesn known

since at least the 192075 {Adrian & Matthews, 1934) ard hravs
bean investigated extansivelv, the




ttention, Rerger?s {1929) original hvypothesis o
account for +thesz data wag that alphka activitv crigina<sd

from the brain and was bleocked or attenuated hy Yatsentiont,

v

drian and Matthews {1934Y), howsver, concludad +that alpha
activity was generated 3in the occipi*al cortex rather than
from the entire Dbrain, and *that it was blocked most
effectively by vieual rather +than non-visual stimunlation,
2lthough thev agresd that non-visual atftenuation deoss occur,

+hey felt that it could be best explained by dasvyrchrenizing

activity sprzading from other areas of +the breir fo +the
cccipital lohe, Therefore, Adrian and Matthewis view of

alpha a%*tenuaticn restricted the Wattention® hypcthegis +o
that of visual attention and spread of seffect from other
arsas of the brain, As will be notsd, many investigators
have 2laborat=sd on 2drian and Matthaw’'s *®visual attention®

hypothesis,

Muscle Tremor., Jaspsr and Andrews (1938) and Lippcold and

Novotny (1970} have noted the cleose similarityv betwesn alpha
rhythm and c¢cular muscle tremor, Although Jasper and
Andrews originally hvypothesizad that the alpha rhviknm was

the rasult of +he genseration of muscle +tremor, subssgusrnt
investigation cculd not establish a causal link  {Lippeld &
Novotny, 197C). Iippold (1970a, 1978k, 1973}, Lipprold and

Novotny {1970) and Ennaver, Lippecld and NWovotny {18771y,

1)

howaver, have further speculated and hypothesized +hat alphz
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is net generated in the occipital corie

bt




functicn of the tremor of the sxtraocular amusclss moduolating

%hé corneo-ratinal potential via some kind of cenductance
chanaz, The literaturs, they feslt, supported +their
contantion o +he exitsnt that alpha rhvihm and +tremeor have
the same frequency and wave form 1In individuals 2and thevy
tend +o occur tcasther, Furthermore, with increasing ags
both tremor <freguency and alpha freguency incrsass, Thay
concluded that extraocular muscles {rathar +han othsr
muiscles)y, because o0f the intimate asscciation bstwesn alpha

rhythm and visual input, wonld be +the most favorably placsd

ent size to generate large potential ghiffe,

t«ln
ga.

and of suff
3s further support +they found that by varving +he level of
illumination of +the =2vye, one can vary +he cornsc-ratinal
potential and hence the alpha rhythm amplituds, Turthar-
more, since a localized aeffect can be accomplished on ors
side of the head independent of the other, +hev argued that

paeripheral rather +than central narvous mechanisms are

Dther investigators, however, have seriously qguestionzd
Lippold and Noveotnvis theorv. ¥or sxampls Shaw, TFolsy and

Blowers {1970) have presented an FEG receord of ar irdividual

who has kad bhoth eves remcved, The record sheows 2lpha
activity and a clear ra2duction with attention, ILippeld and

Shaw {1971), however, have pointed out +that +ths =ntirs
contants of the orkit had not heen renmcvaed and therefore +hs

affect of extraccular movement could not bs ruled oni,



Nevertheless, Abbott and Dymond ({1970) and Chapman, Cavonins

'l

tigity dir

9]

and Ernest {71971 have recordsd normal alrha =

subiects who had the entire orhital contsents rTeEnovad,

of the cornec-retiral potential, In addition Cavenius andg
Estevez=Usonga {1974) Wars abls to demonstrats hiaghly

cn of alpha activitvy by stimulating =2

e

localized suppress

Ipha activity

@

restrictad part of the visual field, lLess

was found over +ths hamigphere that was contralatasral o +he

j1}

visual field in which they vprasanted a patrternsd stimnli,

They reasoned +that Lippold?s hypothesis could not account

-2
o
4

for their raesults as both sves received the same stimnlati
and would have engaged in the sane eve novements, conge -

te of +he fact that the anmount ¢of alpha

{2

guently, 4in sp

e

b

artivity is often reduced in +he blind {Birbhaumer, 1971
Koci & Sharbrough, 19663 Yeebels, Foth & Kopell, 1978;:
Novikova, 1973y, such evidencs suvports the view +hat zlpha
activity is '"not directly dep2pdent on  the corneo=retinal

potential of the e2vyeball, tremer of *he zxtraccular nmusclss,

3))

ay2 position, accemmodation, or =2v21id flutier" {Chapman e+

ale, 19717, p. 116N,

Eve__Position, Extreme eve pesitiocn has =2lsc hean
examined as a means of enhancin alpha activity {Dewan,
1967: Fenwick, 19€66:; Fenwick & ¥alker, 1¢489: Kris, 19f8;

Mulholland, 1968, 1969, 1956%h, 197%; Malhollend & Tvans,



1965, 11%6&6: Mulhclland & Peper, 1971y, This unsxpsctad
artifact concerning  +*he orientation of +he 2yss  ywas firs+t
not=2d by Mulhollarnd and Evansg (1986%) in +the form of an

increase in alpha when the evyes wers placed in 2n zxtrens

oy
a1}

teral or most notably upward positiorn, Thig increagse was
guantitatively similar +fo that typically obtained +4hrougt
aye closure and has since heen replicatsed by Fenwick and

Halker (1989), Kris {1968y, and Mulkclland {1969z 186080y,

-

Malhelland and TEvans {1965} suggested tha+ the =ffect of

orientation of +the &ves was powerful snough o al¥ar +hs

probability of alpha occurasncs, In fact they demcnstrated
it %0 be sufficiently powerful +to override such affscts as

pattern vision which would normally inhibit alpha activity,

3

Furthermore, they sucagssted *hat +the incresase in alpha
production undar zves closed conditions night bhe relzts’d +o

+he accompanving upward nmovement cf the =ayss {Bellis

phenomanon} rather than mersly *he reduction in visual
stimulation,

Given that Mnlhclland and Evans (1965, 1968y only found
the effect of eve orientation {thz Mulholland affec®) in 507%

0f the subijects tested, and given that thev found it +o he

concluded that algha was not significantly correlatsed with
2ye pesitions. He admitted, however, +that a few subiescts

did show the effect,  Kamiva ({1968) also irnvagtigated +hz




possibility that syes position might be related +o alpka

activity, In spite of the fact +that a burst of alcha

able t0 learn +t0 control alpha with their aves in sithsr ar
up or dcwn pesition, Chapman, Shelburne, and Bragden (7109072)
in an extensive attempt to replicate tha bhasic sxperiments
of Mulholland@ and Evans, again feound that vertical =zlsvation
0f the #ves had nc direct influence on EEG alpha activiiy,

Rather, +they fcund that the increase in alpha activity was

B

contreolled mainly by reducing visual input 2ithser hyv closing

the eyves or turning out the lights,

o))

lar findings [

=

On the basis of such =vid=nce an sinm

2.0., BRrown, 1970; Budzynski, 1971; ©Devan, 1967 3 , Nowlis
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and Kamiva {197£) conclnded tha%t, althoug
affect was neot ruled out for all subdects, it do=s no*t =a=p

+*o bhe widespread or characteristi of 21l suhiects,

9]

Mulholland (196%a) =zdmits %f¢ this later statement and more
recently {1972) has sxplainad this phenomeneon asgs a loss of
stabili*y of visual control precesses {2.9.,, accommodation,
fixaticn, pursuit +*tracking) which cccurs at eoxtrems ave
positicns,

Oculometor Processes, Similarly, Dewan {1967) fourd +hat
when he served as a subiect, mare zlevation of *he sves 414
not vresult ir an increase of alpha activity 1if he alsc
focused and converaed his eayes while in  tha+t posi+ion,

Subseguently, he thyvpothesized that the increasse in alphsa

nroducﬁicn may be caussd by a tendency of +the zcyss to




defocus and rTelax convergence vwhen ir  +he axtreme upward
positicn, Therafors, he suggested that accowrnodation,
fixa+*ion and ceonvergence hrad *o bz avoided in order to

praevenrt the blecking responss, Such a hypothesis, hs rots=d,
was supported by earlisr obsservations that ths opresence of
alpha is accompanied by the absence of acconmedatiocn {2.a.,
Adrian, 1943: Adrian & HMatthews, 1934z Oswald, 1959},

Dther investigators have alse peinted out  +he clog
relaticnship between accomnmeodation and alpha activiiv,
Plotkin {19763y, for example, 3in reference fo goms unpubhe-
lished research by Pollen {7970) emphasizes +the impeoriance

ctivating ths
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of this zrole, Reportedly, Polle
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accommodationr system with a drug and sst+ing np an ariifi-

cial lens system, found that his sub-qdect was able *c vroduce

alpha whils reading text, Normally such an activity wenld
block alpha, The subdject did not have to acconcdats asg *he
imags was alwavys in focus,. Dewan {1967y hovwvever, reported

that when he used cyclomydril (a drug causing pupil dilation
and preventing accemmodaticn}y +there was no effect on the
ability of one of this subiscts +o control alpha, A oa
result, it would ssem that other factors may =21so he
involved in alpha blecking {Plotkin, 19762), Tn fact, +he
relaticnship batween oculomotor processing and +he produce
tion of alpha has besn the focus ¢f many research raports,
Mulholland {19&8) hypothesized that at 1leasgt thras
pculomotor processes ware inveolved in alipha blocking: lens

accomrmodation, CCNVEerdence, and pursuit +tracking, He




suggested that when any cone or moras of these procssses wars
active, alvha suppression wenld occnr, ¥ith +his ir mind he
designad a2 study in which his subdecits wsarse sxposad  to
e#ither a statiorarv or moving target and were instrucied *to

2ither +track the target with focused accommcidation, or 4rack

<

the target with relaxed accommodatien {blur <+rackina}, or
not te track the target undar conditions of relaxed
accommodation {blur neo-tracking), The results of his study
indicated +that the greatest production of alpha occurred
under blur no=-tracking conditions, and fthe greatest bhlecking

occurred nnder focused tracking conditions,

Similarly, +he tTesults of a series
{1970y revealed that vwhenever his

tracking (involving accommodation, cenvergence, and vursuit
tracking their occipital alpha dasynchronized, He

concluded +that the attenticon hypotrthesis suggssting =alpha

blocking is due to artention teo stimuli, is iradsquate,
Rather, ke suoggzsted +that the electrical activitv which
blocks alpha is +he nenural sfferent activiiy invelwed in
oculeomctor activation, As Wertheim {1974y vpoints out,

support for this suggestion comes from reporis of regative
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correlations between alpha activit
{EMGY activity {€.,9., Kreitman Shkaw, 19653 Marshall &
Bentler, 1975), o¢n reports +hat alpha is blocked hy motor
efferents (2.9., Chatrian, Magnus, Peitsrsen § lazarite, 1950:

Jasper £ Penfield, 1989}, and on a repnrt of alpha hlocking




during attempts t0 move amputated lipbs (Glass & Backford,
1957,
In a more recent study desigqned to datermine  vwhether

alpha supprassicn is best accounted for by afferent visual
input or efferent oculomotor influences, Goodman {1976} had

his subdects orient +o an auditory stimulus in +he dark by

changing their eve pesitions, Az visual input was renoved
by darknsss, kis results indicated tha*t alpha surpraession

occurred as a re2sult cf oculomctor activity alons,
Following Goodman {1976}, Bunnell and Monuk (1978} dasignea
a study %o examine the effects of deliberate eve movemsnt
and suppression of 2y2 movement on alpha activity, They
hypothesized that alpha supvression would occur under bho*bh

conditions since both eve movement and suppressicon of =zvse

movemnant  would be achisved +hrough active cculeomotor
DLOCESSes, They concluded on the bhasis of *+heir data +hat

oculomeoter activity 3im  the absence of visual input is

ciant to effect alpha suppressiorn. Alpha hlocking was

fude

suff
found wunder both instructed ays nmovement and eve movenasnt
Suppression,

In another series of experiments raported bv Dowan and
Mulhelland {1969), Mulhelland (1969c¢), and Mubkolland and
Pegper {1971y, EEG alpha recordings wers again +aksn whils

tha sutiects performed varicus fixation, accommodation and

fode

onary and moving targats,

L]

tracking maneuvers with both stat

Again it was found %that alphka wasg clearly ralat2d tc chanoss

P

n +he wvisual control svsten, with pursui+ <tracking,

=



convergence, and lens accommodation raliably blccking +he
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alpha rhythme, Thev alsc notzd that
EEG and visuel control processes are necessarily garpsral and
not specific because of the gross paturs of both FRG and
visual system recordings, Furthermore, Fulholland ard Pever
{1971y concluded +that the <closs relationship bstwzsn 4hs
alpha rhythm and visual control systenms

e o o 18 hardly a surprise, sinces these
are occurring in +the same regiongs of cortex frem
which the occipital or paristaleoccipi®al FFEG is
derived, The changes 3in the FEG opreviously
attributed to "visual attention® can bz oxplained
in terms of changes occurring in cortical rszaiors
that are impcrtant for visual control processss,
The reported decreases of alphe attribhutable <o
“"yisual 3imagery” and *he blocking of alpha in
response tc auditory stimulation can be intes &
2d in terms of the visual orienting processes +that
ars associated with imagaryv and auditicn
{Mulholland, 11968, 1969, Zickmund (19569}
shown +ha*t an auditory stimulus pressnted in
darkness is followed by a seriss of eye movemants,
{vp B56%=57(Y

precagseses

Muilhelland £1972) and Mulholland and Pepser {1971
emphasize that the cculomotor system has extensive reprasane
tation in brain regions 17, 18 and 19, which include +the
parietal and occipital cortex {Robinson, 1968)frem which +the

ha wave is wmost often recorded, Therse ig ©ven sons
evidence %o suggest +hat those oculomotor procssses  no¥

aye movemsnths)

¢
foT)
fod
9]

involving areas 17, 18 and 19 (2.49., Ssacc
do not have an obssrvable effect on occipital ERG (Robinson,
1968},

Similar %¢o Dewan (1967), Enulholland and Papar (1971} also

jode

&3

terpreted the facilitation of FEEG alpha rhythms by extrams

ocular deviatiors in *terms of their theoryv of oculomn*or



activitv, They fel+ +hat anv deviation greatsr +han 3I0-40

degrees resulted {at least in some subiscts) in a2 losz o
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that fixation and accommodation would s+ill be pos=siblse,

e

Therefore the facilitation of alpha need not occur,

o

According %o the cculomotor <theory, occipi+tal aloph
should appear ir the absence of oculcmoter activity (=,q,,

accomnmedation, convergance, pursuit tracking, eve movements)

aven in the presence of visual attention. During oculeomo*nr
activity on +the other hand, alpha should be hleckssd, i
study by Lehtonen and Lehtinen {1972) providses addi+icnal

support for this hyvpothesis, They further fesgtaed +hs

affects of ocular fixation and visual attenticon on =2lpha
production, Censistent with ths oculomotor +hecryv, “hey

found that wher *heir subjects vwersz given +ths opnortunity
for fixation, +he alpha rhythm was blockead, If, Thowsver,

their subiects did not fixate on the +targst, +the Thythm was

o

present, In addition they found that the prasentation of
uniform visual field befors opzn =2yes increased +the amcunt
of alpha activitv, #ith a uniform visual field, alpha was
abundant even when subiects counted 1light flaghes with their
Byes Oren, In fact, the amount ©of alpha prassnt in the TEG
in the uniform visual fisld condition approchad that found
in the eves-clesed condition, Lzhtonan and Ishtinen

suggested that the enhancing effact they and others {=2.q9,.,




Adrian & Ma*tthewse, 1934: Dewan, 1987: Rziman, Korth &

Kiedel, 19783y thad found for a diffuse visual fis2143 and ave

opportunity for fiwxation, 21+houagl the use nf a ganzfeld
ingtead of a uniform visual field {vhites paper 43id not
vield such consistent results in this and ancthsr shtudy
{Bunnell & Manuck, 1978}y, Herthezim (1971 sugagesgtaed *ha+s

the inconsistency could be explained as dus +o cculomon*or
activity related 4o an attempt +o0 prevent blacking oant of

on which is of+ten reported to occur in +the ganzfsld,

fte

vis

1Y

In summary then there is substantial evidence +o2 supnport

k

the +hesory that blocking of alpha occurs durinag oculomoior
activity, Purthermere, evidence presented by Mnlhkolland and
Pepar {1971} suggast that +he magnitude of *he Dblockirna
rasponse may be contingsnt on the amount of oculomotor
activityv, s will be noted, thers 4is a considarable amount

of =vidence *to surrort the contention that alvha activity

could be regulated bv brain mechanisme intrinsic o0 cor+ical
visual svystems {Beatty, 1977a), In fact, +his hvpothesis

-can sven explain scme of the non=visual data,

As Mulholland =zand Peper {1971 heve peinted out, +the
reported decreases of alpha attributable to visual imagery

{2s Joo Antrobus, Antrobus & Singer, 19643 Eliguin-Rody, 1977:
Furst, Gardiner & Kamiva, 19748: Xamiva, 19692 Shor+, 19052
Slatter, 19960} mav be interorsted by means of the visual
orienting process asscciated with imagerv,. Tha blercking of

alpha in response +o auditorv stinulation (£.9., 3drian §




Matthews, 19343 PRBridgewater, Sherrv & Marcagynski, 1975:

Fath, Wallace & ¥Yorsghanmn, 11967: Voronin & Sckolov, 1C&0Y pav
t4 v k4 }

also be 2xplained according to the oriznting raspongs, n
fact, Adrian and Matthews {1934y, Selzar and Fehmi (1975%

and others {e.g., Bernstein, 1979; Mal+tzman, 1979: 0O?Gornman,
1979 suggest that wmost forms of ancvel and/or significant
stimuli causs an orienting ragponse which includes

dasynchronization of alpha activity, par*icnlarly bheforse

habituaticn has occurred, C!Gorman and Llovd {1976y even
found that the omission of a regularly occurring =s+imulus
results in incresassd alpha blocking, The resnltsz, +havy

suagest support Sokeolovis (1960, 18963, 196é§ rodel of +he

orienting resporse in which an orienting responsa (ons of

the componzsnts of which is alpha blocking) iz 2lici+ted if &
d

dicted stimulus deoes not cccur, . In a

pr
occurs: If ap auditorv stimulus that =svokas alvrha dblockina
is presentad at vreqgular intervals, the Dbleckirg resnonse
diminishes {Fath, ¥allace & ¥Worshanm, 19763 Pellzan &
Trachtenbera, 1972b; Selzer £ Fehmi, 19753 Veldan, 1978y,
Similar habitnation of alpha blocking has  bhesn fcurnd for

n & Mulholland, 1976 lansing,

e

visual stimuli ({Fherl

Vel
Y

stein, 1974: Morre=1l, 1966

L4

Schwartz & Lindslevy, 1959: Mi
Mulhelland, 1977). In addition, cther authors (RBeoudrot,

Goodman & HMulhelland, 1878 Lewig & Mclaunghli, 19763

@48

Mclaughlin, Solcmon & Harrison, 19743 Ornes & ¥ilson, 1977:

Plotkin, 1976a, 1978) have noted the close asscciation of
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alpha blocking and the corienting response and suggsst +he

orisnting response has a streong visual component,

Other support for the oculomotor hvpocthesis s derived
from the well knewn desynchronization asscciated with mantal
affort {2.,9., Andreassi, 19733 Bauyer, 1976; Cokh, 1963
Dewan, 1967: HMilessvic, 1978: Mundy=Castle, 1957: Orns,

Evans, Wilson & Paskewitz, 1975; Pcller & Trach*ernberg,

1972b: Wertheim, 1974y, Many authonrs have found concurrent
oculomoteor activity {2.0., £Ve movemsnts) in ageociation

with such tasks reguiring mental =ffert ©.0s , Andreassi,
1973: Antrobus, Antrobus & Singer, 1964; Lorens, Chester &
Darrovw, 1962: Mever, 1977} while cthars have found alnhsz

blocking as a direct functicon of eye nmovemsnts {o,40,,

Bunnell & Manuck, 19783z Goodman, 19763 Hord, Yaitoh £
Johnson, 1972: Leisman, 1974: Putney & Butlar, 1977: Sslzsr,
1974y . There 1s even some evidence to suggsst  that nors

complax tasks regquiring greatzr nental affor+ {e.0.,
counting backwards by 7 and serial multiplication) ssrve *to

block alpha %o a nuch greater extent that does automatic

)

vity such as counting ({Gals, Chrig+ls

’.Ja

cognitive ct
P2nfold, 1971; Galin, Jchnson & Herron, 1978; Paskewi+tz §

Orne, 1971: Orne =% al, 1975: Pollen & Trachternbsrqg, 1972h) .,
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2 great deal cf the resszarch applicable 4o +he ccoulomo=

tor hvpothesis comes from the area of alpha binfeedback, and

jod
<3
A
i

particularly fron those studiss which address +themss
to the strategiss subdects utilize for snhancensr:t and
supprassion of alvha activityv, Many authors have no+ted +hat
l=2arnirg to control the alvha rhyvihm is considerablyv sasier
with the eyes cpen than with the eves clossd {2.9,, Nowlis £
Kamiva, 19703 Paskewitz & Orne, 1972; Peper, 1970, s
further support for this finding, Paskewitz ard Crne (157

found +hat when <their subijectis were zxpecsed +o an alphsz

training procedure under conditions of *o%*al Aarknesg, thars

e

was a nonsigrpificant dincrease in alpha production over =six

20=minute training +rials when compared to their syess=-clossd

basaline alpha level, Thay only recovarsd +the initial
deacrease in alpka caused by opening their eves irn +he dark,

These increases cceourred within 2 or 3 minutes without anv

voliticnal effort, They found howsver that when <*he sane
procedure was used, under conditions of low ambient

lighting, another group of subijects was capable of sigrnifi=

cantly increasing their level of alpha production, Thev
also found this sane effect for the subiscts .pr@viouslv
trained in the dark, when +heyv introduced low amhiaznt
lighting, They observed +that opening +he eves in an

illuminated environment resul+2d in 2 marked supprescion of
alpha activity, Even din the later +trials, +he =2lpha

activity never exceedsd the eyvss-closed bassalire rmeasurs,



Paskewitz and Orns concluded that low ambient lighting has
an overriding effect on alpha preocductiocn as i* allows the
subject to engage in visual scanning during baseline parinie
and consequently markedly reducs his alpha preducticon, This
is not possible in total darkress,  Conssquentlyv under snch
conditicns the subijects may learn +o5 enhance alpha by

ovarconing those factors which normally axart an inhibitory

[t

influence on alpha activity, In cther words, subiscts lsarn
0 "lock® to suppress alpha and "not look% to enhance i
{Peper, 1970 .

There is extensive support for £he hypothessis +hat

ful contrel of alpka preducticn is  accormplishsd hy

n
=]
Q
Q
O
n
in

rezducing {or increasing) viswal system activity {oculomctor
processes) {Chisholm, Adars, Valle & DeGood, 1975: Grauks,
19743 Grossberg, 1972: King, 1977: 1Leib, 1974: Lyrnch,
Paskewitz § Orne, 1974b: Lynch, Paskewitz, Orns £ Costalln,

1970: Orne & Paskewitz, 1978b: Orne & Wilson, 1977: Podlaenvy

& Raskin, 1974; Prewitt £ Adams, 11976: Pletkin, 1978:
Younaggrsn, 1974), Furthermore, many others have found +hat

alpha could not be significantly snhanced above =vas-clossd

Q.J-

baselines {Bridgewater, ©Sherry & HMarzynski, 1975: Brown,

]

[oT}

197C, 18713 Clesland, Beoker & Hesockawa, 1971: C(Crosscn,
Meinz, Lour, ¥®illiams & Andreychuk, 1977: Hodges, 1977
Hosford, 19773 Kamiva, 1968, 1949:; ILehkmarn, Tang, D=Rruvnsz,
19763; Leib, 1978; 1I=2ib, Tyron & Strosbel, 1976: Tlynchk,

Paskewitz & Orme, 1974b: Orenstein § FceWilliams, 19762 Orne

£ Paskswitz, 1974: Paskkewitz, Lynch, Orne & Costelloe, 1970:



Paskewitz & Orne, 11873: Peper & Munlhelland, 1970: Plntkin,

19762, 1877, 1978: Plotkin, Mazer & Lowry, 19762 pPodlasny §

RPaskin, 19743 Regestszin, Pegram, Cook & RBradlav, 1972: Valle
£ Levine, 1975: Walsh, 1974, Tn & reviaw of +the litera-

ture, Plotkin {1978} found nce published study whers alpha

oh
o
i
n
o
l wd
[
3
D

production increased above an optimal syes-closed
Those that have reported increases above bas=linz (2.9, ,

Kulman & Klieger, 1975: ©¥WNewlis & Xamiya, 1970:; Straver,

(o]

Scott & Bakan, 1973: Travis, Kondo Knott, 19743, 1974b,
197%y did not use adeguate eves-closed bhaseline measurss,
Still other ressarchers {e.q., Hard:t, 1974, 1975%; Eard: &
Kamiva, 1976a, 157612} feel howsver that enhancemsnt ahove
eves-closed baseline is possible if +4raining time isg longsr
{over *two hours) and 3if +the morse sensitive integratad
amplitude measure is used instead of the parcent-tims index
of alpha density, Plotkin (1978 4ir a study designed *o
test ou* these suggestions, again failsd *c find srhancemnsnt
above optimal eves-closed baselins, H& concluded +hat
increases in alpha production during training arse the resuls
of the gradual dissipation <¢f alpha-inhibitorv influsnces
{anv bshaviour or state accompanied by oculomocter activa=-
tionz 1looking, anxiety reactions, and ag=neral crisnting
TRSPONSE) .,

In summarizing these many studies, it would appsar fthat
the evidence still largely supports Mulholland =2nd Deparics

11971 cculomo%ter hypothesis, Az a further teszst of +hs

3

§

oculonotor strategyv, Pletkin {19762 designsd 2 study in

i




which he manipulated three levels of instruction (ccori+iva,

oculomotor, and none) ard *wo levels of lighting {nn 2nd
offy, The cognitive instructions ancouraged the =zubdect +o
relax, let go, *rvy tc feel pleasant and sarsns, and *to +hink
of pleasant parsonal experiences t¢ snhance alpha, T
suppress alpha they were instructed +*o concsntrats, try

hard, exert themselves mentally and *ry +to fesl anxious or
frustrated, The oculomotor dinstructieons sucggested +the
subjects blur their vision and not fecus +o anhance alonha,
and +c focus +to suppress alpha, On the basis of Lhis
results, Plotkin concluded that snhancesnsnt and surprassion

of occipital alpha 3is alwavs mediated by control of

)]

oculomnctor preocesses, whether or not the person i

this stratsgy, H2 noted that +this was Tes*ricted +o ths
light cendition, In the dark there wers no significant
increases in alpha or differences betwsen the grouns, Tha

occulomotor group, however, was much mors successfnl with +he
lights on, This finding is particularly gsneralizahbls 40
most alpha biofesdback studies whan one considers %ha* nost
studies 40 date use low levels of lighting and sves-open
conditions, The cculomotor hvypothesis would vredict that
there would be minimal enhancement over optimal eves~-clcsed
{lights off) baselines as alpha streng+th should alreadv hs
at maximum or near maximum levels. Consequently Yiock? and

"non=-lcok® strategies would have 1ittls effect in +he dark,



consistently found hetwsen alpha and visual corntrol
processes, it weould appear +that the oculeomo*or s*ratszgy is
the mnmost effective alpha control tfechrnigque idern+ifigd +o

data,

Extensions of the Cculomotor Hypothesis

tJb

A reviey of the literature reveals +that *+he +heorv nf

attenuation of alpha during cculomotor ac*ivi+y has nct
accepted uneguivocally, For example, Wertheim (1974)y thas
pointed out what he considers 40 bhe shortcominogs of +his

nple cculomotor hvpothesis, He

0
!

2htinen {1972y found only a slight r

-

of saccades during vision in 2

Gaarder, Koreske, and Kropfl (1948)

xation saccadas:

|-te

both alpha and £
1969c) reported alpha activity during continucus saccadic

ye movements, H2 poses further guesticons when he rafers +o

{

studiss by Pollen and Trachtenberqg (1970, 1972a, 1972h)
who have observed +the presence of alpha during reading of

sidetic imagery with eves cpen {although some blocking was

present) and along with saccadic eye mevements whan subiscts
plaved chess blindfoldsed, Hertheim also refersd +to a study

by Serafinides {1968}y who found alpha when subdscts wars

sual stimulatior

{-ds

xnts without v

=
o}
<3
[0}

m

0

asked tc¢ dinitiate eve

or mental imagery, and-a study by Lansirg, Schwartz, and




Lindsley {1959} who found tha+t atiempts to0 track or forus or
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a visual stimuli only disrupted alpha unt?i
habitual, He ccncludad that although alpha secms commhow
associated with +he activities of *he visual systenr, snct

obsarvations are inconsistent with the occulomector hypoithegis
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bacause eye novements of any %kin
oculomnotor efferents,

In view of such inconsistencies, Wertheim (1978) propcsss
an alternative hypothesis in which *+he eovyer cngoing
occipital alpha rvhythm is attenuated, desvynchreonizsd or

blockad due to contanmination of the EFG trace with slachtrie-

+y evokad during activation of +he nesural

jote

fote

cal activ
mechanism respconsible for attentive oculomotor tkzhavior,
while during intentive <cculomotor behavior +he occcipi+al
alpha +trace remairs undisturbzd" {(p. 249y, He definss
oculomotor behavior as attentive whenever senscry informa-
tion or +the expectancy of such information influsnces

oculomotor behavior, and as in*entive whenever the monitor-

ing of cculomoter activity is based on internal rararmstaers

=

irrespective of ccncurrant or anticipated sensorv informa=

tion, Therefers, attentive and dintentive activity g

discriminated sclelv on the basis of whether or not arv nuse

is mads o©of senscry information ir cculomo*or contral,

During intentive oculenotor behavior +thers 1s nc alvpha
disturbing electrical activity, On +he basiz cf this
hypothesis, Wertheim felt he could =sxplain both saccadic avye

a

mnovenents and habituation as intantive +to0 the extant that
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nota Mulheolland and Paperis (1971 suggestion that cculomo-
tor functions mot involving arsas 17, 18 or 19  would no+
neces=zarily have an observable effect on alphae activity,
Conseguently, saccadic mevenents (invelving oprimarily +he

frontal fieldsy {Bach=v=Rita, 19713 Hovyt & Frisson,

0]
~g
0}

1975: Tacono & Lykken, 187%) mav not be associated with

o]
9]

changes invelving occipital alpha {Mulholland, 19723
Malhelland & Peper, 19712 Robinson, 1968), which is most
often recerded from the peosterior scalp, Furthermore, this
criticisms for +he occuleomotor hypoihesis ars bassd on 3ata

from Pellen and Trachtenberg {19722, 1972h) and Larsing =%

al. {1959) which preovide evidence for alvpha aittesnuatien
cccurring until +he *task becomes habitusl, Rather +than

serving to redect the oculomotor hypothesis then, such Aata
are consistent with i+, The data providass evidance for
habituation which is again consistent with +the visual

2nting process,

e

or
In view of such evidence it would perhaps he nore
avppropriate to refer to the oculomoteor hypothesiszs zg  +he
cculomotor activation process, This s=ems particularly
applicable when one considers the relationshic bhatwasn
activation, arousal, attention and alpha activity,
Many regearchers have suggested that the gfrength of

occipvital alpha is a function of the lavel of arcuszal,
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Malmo {1959), for example, concluded that alpha scitivity is
related %o arcusal or activaktiorn level by an irnvarterd
U-shaped functicn, Geperally +than, <*hs lzvel of alvnha

drowsy or toc arousszd, On the other hand, at an Iinternesdie
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ate2 lavel of arcusal {a state of relaxsd wakefulnses

|-4s
Qu

t {Rar+oshuk, 1971: Hard+t & Kamiva,
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sa
1976a: Kamiva, 1968: Lindslev, 1952, 19562 VFalmoc 1959:
Sadler & Eason, 1977),

In a review of the arousal control strateqgv Plo+tkin
{1976a, 1976b) notes that when investigators assccia*e alpha
with "relaxed wakafulness” and beta with "hyperarouszl” +hav
tand to confeund bshavioral arousal and oculcmoter zrousal,

Bzhavioral arousal refers to the sleep-wakefulness ceorntinnunm

which 1is associated with changes 3in +hs Jdeminant @mRs
pattern, while <occulomotor arousal refers +o occulomotor

system activaticn, which ig associated with changss in
strength o©f +he alvha rhythnm. By combinirg resszarch
ralevant t¢ both *vpes of arcusal, Plotkin suggestz +hat
alpha will Dbe maximal when *+he subdect is awake ard whern
there is no oculonmotor processing, Fartharmeors, as
oculemotor arousal increases, alpha strength %ill Azcrsass,
Although he notes that manvy investigators have assccia

increases in behavioral arocusal with alpnka dssvrchroniza-
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there is anv change in behavieral arousal, dssvnchkroriza+ion
rempains closely associated with oculecmoter sctivation,
Therefore, wvhern cculomctor activaticr doss not accompany

hyperarousal, he suggests EFG attenustion deoes 1o+ occour,

Studiss by Orns and Paskewitz {1974y and Froe*, PBurish and
Holmes {1978 provide support for this hypothesig, They

found that although anticipaticn of an glec*ric sheck 414
not depress alpha, it was associated with reports of anxisty
and heightened arousal as indicated by ircreased hezrt rate
and skin cconductances responses, Similar support comes from

uter {1977,1979) and Suter, Franconi, Jehnson, and Smi*k

{1977y who found cecntrol of alpha 2nd skir condnuctance +c he

independent, from KXondas {1973y who found +hat+ =zlpha
suppression did no% significantly increass arousal, from
r2ports of indepsnrdent changes in alpha and THG (slactro-

myography) (DeGeed £ Chrisholm, 1977: Hard: & Kamiva, 1978:
Lehtonen & Lehtinern, 1972:; Marshall, 1975: ©Patmen & Murphy,
1978:; sadler, 1977; Suter, 1979, of independant changss ir
alvha and heart rate {Chisholm, D2Good & Hartz, 1977: DaGood
& Chishonlm, 1977; Sadler, 1977: Travis, Par*low, Bs=ar &
Kondo, 1980 and from norsignificant correlations hatweasn
alpha and anxiety {Dolecki, 1976: Frost, Rurishk £ Heolmas,
1978 Graunke, 11974; Hardt, 1974y, Such rernrts are
indicative of theichtened arcusal in +he prassnce of alonhz
activity, On the other hard, there ares several other
studies that thave reporited gsignifican® positive relz+isne

ships ©between alpha desynchronizatien and GSR  ({Fontains,




197463 Stennett, 1957}, ENG {Kreitman & Shaw, 19652 v¥arshall
& Bentler, 1974}, teart rate {Bean, Konde, Travis 8
Knott,1979; Occhigpginti, 1976}, and anxietv {amicunceci, 1974:
Benjamins, 1977: TFhrisman, 1973: 1ally, 19763 JIzhrasr,
Schoicket, Carrington & Woolfolk, 1980: Levi, 19763 Teralak,

19743 Utz, 19743, Suck repori suggest a peositive Telatin-

Plotkin (1976a, 1976b)}, Mulholland (1968, 1973), Rarnignus
and Reniqrnus (1977), and Orne & Wilsor (1977 suyggsset that
such alpha desynchronization +that was +thought to  he

associated with heightensd arcusal may in fact be a functior

of +the cortical oculomotor activity asscciated with
heightened arousal, On the othesr hand, hecoming drewsy,

which nesd npot necessarily be associated with charges ir

ocunlemotor procssses, may be an effesctive strateagy for

suppressing alpha ac*tivity ({Pepar & PMulholland, 1970
Plotkin, 1976a) anrd may reflect an active dinhihi+ieon ¢f

fdo

alpha by +the mechanisms asscciated with sleep raz*her +han

low l=2vels of arousal {Orne & Wilson, 19773, The uses of
this strategy thowever, seems to ke reducsd 4o those

situations in which 3%t is relatively easv *c becone slzapy
or drousy {=2.0., Subjects in a dark room wi*h <fheir aves
closed),

Althcugh the evidence is not conclusive, i+ would appear
that the oculomotor activation compcnent of +the arnuszal

theory may be the most potent factor associated wi+th changes

in alpha, Consequently those ressarchers {2.d., EGraunke,
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19743 Hardt, 19773 Hardt & Kamiva, 1976: Sadle:

19774 wko emphasize +he relationship batysern alpkas  and

arnusal wmay indeed be referring 4o oculomotor arousal, On @A

{
i

physiolegical level, Mulholland {(1S872) notes +ha*+t +he "zlpha
blocking respornse involves vprocesses in the reticnlar
substance of the brainstem +tegmentum” {p, 1793, Furthaor-

mor2, the oculomoter pathway is located in +he same arazs of
the brainstem +teqgmertum as the raticular ac*ivating systenm

and stimulation of the RAS that can canse cor+tical dszsvn=
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zatio can alss cause alterations i

'Ac

chroni

{Bender & Shanzer, 19643 Mulholland, 1972: Plotkin, 1974a:

Robinson, 1976). Similarly, oculeomoter activizyv is clossly
associated with atitenticnal rrocesses,. 3s has besn npoted

earlisr, it has oftern bsen hypothesized that +he amount of
alpha activity dis 3increased by dscreassed attenticn and
suppressed by increased attention {(2.4¢., Zdrian & Mattheus,
19343 Rerger, 1929:; Fuller, 1978: Jackson, 1977: Jonas &
Barnes, 1978: Lvyncht & Paskewitz, 1971, Thers ig, heowsver,
much evidence to suggest that alpha enhancemsn® can occur
while an individual maintains a consiant stats of a++entior

{Brown, 19703 Dawan, 19673 Mulhclland, 1968: PFulkolland &

Runnals, 1962: Forrell, 19663 Peper, 1970: Williams, 1980y,

$ede

formation, Plotkin (1976a) and QOrna &

{de

Cn *the basis of such

&
2

Wilson {1977) <concluds that +the dasvrnchroniza*icn cf alpha
activity +that acccmpanies the oriesnting response  {*ho
alterting to an exterpal stimuliy is 2 function ©f cculcmo-

tor activity {Mulhelland & Evans, 1966), Since nost forms



b*
o
et
3
0
[ip]
H
n
(o]
o]
i
%]
€]

of novel s*ipull cause an orisn

Matthews, 11934; Selzer & Fehmi, 1975}, alpha is blocksd when

B

an individwal crients *o any stirunlus pressnted 3in  anv
modality hscause oculcmotor activity 43s a gensral componsnt
of the orienting response {Zickmund, 19565), and hacause
oculonctor activity lszads to alpha blockirg., Tn a review of
+the literaturs, Mulholland and Evans {1966) could net find
any study in which cculcmotor activity has besn eliminatad
as a cause of the alpha desynchronization clainmed +o  he
associated with attention,

In conclusion thern, there is more +than ampls evidsncs +o
suqggest that the integrative and efferent procssses ralated
to moving and positioning +he =syes (involving fiwation,
accormmodation, pursuit trackinrg, eve movemsnts, otc.) are

related %o +the disturbance and recovery of +he aloha,

no=alpha cycle {Mulbelland, 1972y, Since there di= some
avidence to suggest that alpha atitenuation 3is +he Teeul: of

dditioral elctrical activity whick contaminates +he TEGQ

o})

signal record2d4 at the scalp or creates interference a2+ +he
level of alpha agenerators {Goldstein, 1970z Mayrard, 19723
Hertheim, 1874y, it would appear that occipital alvha is
attenuated due to electrical activitv zvoked via oculomotor
activation, Consistent with an orienting response, alphe
attenuation would be expected tc occur with mos+ form= of
novel stimuli and would be expected +to thabituate witlt

ropaated presentations {Peper £ Mulholland, 1975) .

Accordingly, alpha should be vprominent and no blockino




should appear in the abssnce cf oculemoter activity, 0On +he
other hand, *he nmagrnitude of +he blocking response shonuld he
contingent on the amcunt of oculomotor ac*ivitvy,

On the basis of the cculcmotor hypothesis +hen, alpha

activity would be blocked by any *vpes of cocnlemctor

processing suck as @&ve novenents, pursuit fracking,
fixaticn, accommodation, and convergsncs, Givern +hz wall

known relationship between the pupil =2nd acccwmmodatiorn,
converdencs, eye povemsnits and fixation, pupillary chanassg
might also be added to this 1list of oculomotor procsssas
which attentuate alpha activity,

As has besn noted in the present raview of +he litars-

ture, such parameters as sye mpovements, fixation reszponses,

accommodative Tespcnses and convergence responses have

actively exanined in relationship *to alpha activity,
Similarly such parameters havs also bheen examinad in
relaticnship to the pupillary responss. On *he other hand,

I have found nc¢ ressarch which has sexanined +he relation=
ship of vpupillary activity {movements) +to occipital aloha
desynchronizaticon, On the basis of *the oculomotor hypotha-

sis, on2 would predict that alvha would be attsnuated by

purillary movenents, Consequently, anv examinaticn of
pupillary activity and it?s relationship +o0 alvha vreductiern

would serve as a further +est of the oculomotor hveothaesis,

ted to +ths alvha

o

If indeed pupillary behavieor is rel

)]

through +the visual systaer, one wonld expect that 2 review of



Pupillary Respense

The pupilliary response (the motor activity of +he human
irisy prevides an increasingly useful source of Azta for
h research and clinical fields, I+ has bhean widely
used as a teol in studies and research concerning the
phyvsiology of +the pupillomotor system {Carter, 197¢:

Hansmann, Semnlcw & Stark, 1974; Hultbern, Mori & Tsukahara,

1978+ Lovenstein £ lLoewenfeld, 1959Y, in nsurclogical
diagnosis and research {Alexandra, Krastel & RPsuther, 1970:

Appen, 1979; Stanten & Stark, 196({: Stark & Corrswsast,

X

1958y, in pharmacology {Campbell, Handelzy & Mills, 19679
Carlescn, 11957: Cozan, Dundes, Buchanan & Archsr 1970:
Loewenfeld, 1963: Okando, Kass & Shirntemi, 1978: sganav &
Shick, 1978:; Tress & Elscbky, 1979) and psvchcleay (2,9, ,
Janisse, 1973, 1976, 1977 .

The irvis of the gve is a complex structurs conposad of
+9w0o orposing muscls groups, the sphincture and dilator
pupillae, The innervaticn of the dilstor muscls is from +he
sympathetic nervouns system {superinr svmpathatic ganaglion)
and is related to pupillary dilation, The dnrervaticn of
+he sphincture pupillaes is from the parasympathétic TETVYOUS
system (Ediger-¥estphal nucleus) ard is resnonsibls  fFor

pupillary constriction {for =a review, se2 Lowenstzin £




Loswsnfeld, 19623, RAcecerding *o Lowsnstein and
{1962y the pupil has three main functions: i+ controls the
amount of licht entering +he eve, it incrsases Jdepth of
focus by decreasing *he aperature, and it reducss aberra-
tions espscially in bright light,

Pupil diameter is variable and is determirsd by *he
momantary state of activaticn of the sphincture fparacvyp-
pathetic) and dilator {(sympathetic) muscle aroups (RBasat*y,
1977b, 1877c) . In man, the diameter of the puvil car ranags
from about 1,3 mm, to 10 mm, although the average punil
ranges from aboutr 2 mm, ir intense 1light o0 8 pm. in
complete darkness {Lowenstein £ Ioewenfeld, 1962),

The most universally accepted phenomsnon regarding +*he

pupil is its reaction to light ({light raflex), The pupil of
the eye constricts as the amcunt of light reachking +hs ave
increases, Similarly +the pupil dilates as the amcoun+ of
1ight re=aching the eve decreases, The pupil regqgulates the
ameount of light enering the eve, althongh, 1ike most

biclegical contrel systems, pupil size is not raletad *+o +the
l2vel of luminance in a clear linsar fashion {(Alpsrn, 1977y,
The2 puril contracts whether exposed +o a light flask or =z
dark flash {Clynes, 1962}, According *o Riggs {1971) acuity

s fairly 1linegarly rslated %0 pupil size a+ lszast ur +o 2

ube

diameter of 1 nm, Aithough scrmz improvemant occurs if ihe

(o7

pupil becomes larger, a high constant valus of acui+tyv holds

t.«\l.

wca the optics of

over 2,5 to S nmm, riggs suggasts that s
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Goldwater, 1972 Zuckerman, 19713 , anxisetv {8, d.,
Pinkelstein & Walker, 1976: Kuc, 1977: Janisse, 1878},

cognition and mental effort {£.9., Buckhol*, 1975: <x1iyx &

Krassa, 197%), abnormal bshavisr {8.d., Coul+=r, 1978
Tkushima £ Matsunaga, 11975: Patterscn, 1976; Venablas &
Patterson, 1978), attitudes {(€.9.., Collins, T®llswor+h 8§
Helmreich, 1967: Hess, 1965: Metalis, 1978y, &and ir+tslli-

gence {€.9., 2hern & Beatty, 1979: Crough, 1971; Pravlisr &

Nellis, 1976} .
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It is obvious %*hat the pupillary response is an intricate
part of the visnal systen, From my sarlier discussior i+
7

has also been suqggesied that alpha activiivy thas verv close

ties with the cculomotor systan, gven on a physisloagical
basis, In spite of *this, there are no studies +hat have

™

directly addressed themselves +to a study of +he rolatinn-

ship between alpha activity and +he pupillary responss,

Nevertheless, there are studiss that thave indirecily
implicatad a vrelationship betwasen +he two variablss, Tn

other cases, parallels can bhe drawn bstwesn tha a2lpha and
pupillometry literatures which may have implicaticns “or

their relationship,
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The HNear=Focus_Ressronse

iy B 22

- 0

In the sarlier discussicn of the near=focus resyponss, i+

has been noted tha*t the pupil contrac%ts with convarasnce of

the =2y2s5 and accoemmeodation of the 1l12ns zs +he gazs  is
shifted from a distant obhiect 40 a near Ons. Thars is alseo

the dagree of eve CONVErgencs, Basen and Sadlesr  (1977)
designed a study to investigate the effect of degres of =ye

convergence {and accompanying changses in accommcdationy on

alpha activity undar both eyes=closad and RYES=0DED
conditions, The rasults of their studv indicated that *+he

%]
ok
8]
ot
0]
ot}
+
@]
)_4
3

degree of eve convergsnce was inversely rela
activity with either eyes open or eves closed, TFurthermors,
they found that alpha activitvy and degree of &vya convergences

*

covarisd vwhen their subiscts attempted to  en

ances or

g
jaid

T

supprass their 1level of alvha activity 3in an evyes=closs

The rasults cf their study are in line with *the cculomo-
tor hypothesis as oculomotor activitvy was fourd +*¢  bhe
inverssly related to alpha activity, Furthermors, whan cns
considers the linzar relationship fournd bstwsen cornvergercs,
accommedation, and pupillary constriction {Rlpsrn, 1871} and
the well estabklished Ffact that pupillary consirictior
accompanies acccmmodation {Rorish, 1970: Provine £ Enoch,
18975% , it seens reasonable %o thypothesize +ha* alnha
activity may be similarly related +o changes in puril =izs,

Both alpha activity and pupil size have bezr found +o




e

dacrease with rositive COnYETOenss movenents {and
accompanving changes in accormodation) as the =yss assums 2
positicn for viewing near ob-iscts, The confounding factor
in this 1ine of resasecning is +ha®* accommedaticn and
convargance, boeth of which have been found tc  influernce
alpha activity, mavy be mediating factors +o anv punillary-

alpha activity relationship,

Effects of Illumination

Given the well k¥nown ©pupillary response +o ligh+ (+he

-

light reflex) it is also vpossible to eyamine those studizs

which have investigated the effact of wvarious lsvels of
illumination on alpgha production and alvnha control, Xs has
been notsd earlier Paskewitz and Crne {1973) have pointed

out that a sub-ect?s ability *o cortrel alphs rpreoducticon

may bhe resitricted +o those conditions which nermally l=ad

to decreased levels of alpha output {(g.0., an illuminatad
axperimental setting) . Clearly, +hev thave stresecsd +he
importance of illumination lavels on alpha prciduction, n
spite of this, this variable has only been 2ddrassed by =z

fa2w studies {Cram, Kohlenberg & Singer, 19773,
Bridgevater, Sherrv, and Marczvnski (197%), for sxampls,

investigated the relaticnship between alpha activity (9-10

HzY, auditorv feedback, and light input under conditions in
which they <claimed convergence, aczommodaticn, emooth
pursuit 2ye movenments, and foveal fixations were oliminated,

Their subqects wore light-43iffusin gogales which rprevented



pattern viginn bn% 21lowed the sntrancs of YETous
intensities of ligh+t {1, 3, and 15 fcctcandlss=), tlthough

the study was designed to investigate +he relatiocnshinp

between auditory fesdback and lighkt irput, Rridasuater ot
al, did establisk a condition in which 9vpupil size was
manipulated by way of wvarving light dintensity, while

acccemmodation, ccnvergence, smooth pursuit eve movements and
fixations were eliminated, Since they d4id nct report
measuring eve movements however, the possibili+v of +he

occurrence of convergent movements cannot bz ceonsidarsd

complaetely 2liminated, As not=2d earlisr, TFason and Sadler
{19773 have demcnstrated that convergsent movemsnts wsre
related tc alpka even under ayves-closed conditiorns, The

n

results of Bridgewater =t al? study indicated +that thers

wvas significantly more alpha activity wi+th fesdback in *he

<

ther 3 or 15 feotcandle

il

e

dark than ir +he presence of ¢
luminence, Although the alpha activity was alsc greater ip
+he dark than in +he 1 footcandle <condition, i+ was no*
significant, On +he basis of +his thev concludsed +hat
diffuse 1light has a significant alvpha blockirg ©proper+ty

during alpha contingent auditory fesdhack conditions, Thev

felt however that diffuse light by iis2lf {without auvditorv

( )
o
o
in

feedback), did not have a significant suppressant sffzc

1)
D
Y

there were no significant differences bestwgen aves-clos
dark, evas-open dark or eves-open illuminated {2 footcardlsa)

baselines,



It sheonld bz notsd, however, that initial appretrzsrsions
about the experiment, the novel:y of the situsticn, eo*c,,

have been axtsnsively demonsgtrated to havs 2 snpprzssant

{

effect c¢n alpha during 3initial baseline peasurss {2, d. ,
Crossen, lMeinz, Taur, ¥Williams & Andrevchuk, 1977; Paskewisz
& Orne, 1973: Ploctkin, 1976a, 1878y, Since Bridgzwater a*

al, did not report using an adaptation periond +o allesviats

some of these factors, their initial baseline measurss,

particlarly the first {eves-closed) bageline measure of
alpha activity, weuld be expected +o bhe deflated, This

1)

might explain why +thev found a tendency for alpha =phance=-
mant with opening the eyes in the dark while others (=2,0,,
Paskewitz & Orne, 1973) have found the reverse affacH, The

confounding =ffect of +*h initial =a2ves-clossd baszlins

0]

m2asure conseguently renders it impossible o maks =

comparison to0 their third baseline measure, which introduced

illumination {3 fcotcandles) as a variable, Ir addition,
they made no comparisons to other illumination lavels (o,4q,,

15 footcandles), I+ 4is alse interesting *o ncocte tha+

e

amount of alpha *endsed to decrease across +trials as +the
leavel of 3illumiration increased from 0 +o 15 fontcandles,
They cecncluded that +the 40 minuts fesdback *rairing paricd
did not enhance the ability of their subiscts +o increase
their alpha activity above basgeline periods,

In summary then i+ remains a possibility  +hat =ven

diffuse light mav have a suppressant =Fffzct on




alpha <ven vwhers cther oculomotor variablss heve haen
controllad {with +the possihle =zxcepticn of convergancs),

Consequently, pupillary consiriction respongses {assccoiatad

with an increage in illuminpation) mavy have a gsunprassant
a2ffect on alvha activitvy, Thig of course would be consisg-

tent with the oculcmotor hyvethasis,

Orenstein and McwWilliams {1978 also dasignad a studv o

{2

assess . the effect of differential lighting ard auditory
feedback on variaticns in alpha activity, The subdzct+s warse
giver biofsedback *training for six s=2ssione sither under
conditions of darkness or dim light (£.5 footcandle), =and
for a seventh condition undser the ovppeosits ceorditicn, Since
the group trained under dim light conditions never svcesisd
ha level, +thev corncluded +hat

their eyes-closed raseline al

P
dim light has a suppressant a2ffact on alpha preoduction, The

rasult, of course, is consistent with *he reulcrmotor
hvpothesis, On th2 other hand, however, thsv found no such

offect when the group *rained under six sessions of darknass

was exposed to a seventh session of dim ligh#, T ism
intersesting *to nocte +that the subdects in +hiz later

condition had already been %trained *o maintain congistantly
high levels of alrhka production, Consaquantly, Crenstein
and #cwilliams suagest that the supprassant effect of ligh+

ave been ninimized bescause of +heir oprevious +raining

=
o
<

fobe
0

and exparisnce Iin high alvhka production,




jai]

Cran, Kohlenbkerao, and Singsr {1977

study to test the effect of illumination lavels a8 wall as

the positicon of the eyelids {oven versus closed) on the
subject?s abkility to learn to control his alpha production,

Orne?fs {1973y study wvhich <clearly indicated +he importance
of 3illumination in a subijects ability to enhence alpha
production, In a 3x2 factorial design, Cram 2% 2l., manipu-
iated three levels of 4illurmination ({dark, © 1lcg fcotlam=
berts; ambient, 0,4 log foctlanmbherts: and briacht 4,0 loag
footlamberts) with two levels of eoyelid positicn {opzn and
closedy. Consistent with Paskewitz ard Orne's studv, +he
results of their study 3indicated that +*there were no
significant alpvha contrel sffacts for the dark condi+ion,
Only under the 1light conditions ard espacially din  +he

ambient ligh%* ccpdition were there significant alpha control

"

affects, They coencluded that ambient lichting combined with

ayes=open training is the op*imal condition feor at+ziring

oy

alpha con*rol, 23+hough Cram et al, indica%*s +that some

[

rassarchers have hypothesized +hat eyes=open  +training
results from Aisirhibition and that increasing lsvels of

illumination would increase inhibition and thus Facilitzts

traiping, the results of their study do not indica*= such a

linear relationshirnp, They suggest that bright illuminz+ion
may have made i+ sufficientlv unconfortable for +heir

subiects %o use eanvironmental stimuli *o  inkibit alpha



Although there are many intaersesting results in Cram of

changes c¢n alpha production, It ig clsar that the resulte
are consistent with the oculomotor hypothesis, Fer exanples

g2yes=-clcsed measures of alpha alwayvs exceedad eves=-oper
measures, varticularly when eves=5pen measurss were taken
under ambient or bricht illumination, Tt is alse intersst-
ing to note that the subjects in the bright ligh+ groun had
a particularly difficult %ime attenmpting tc irhihi+ alph
productionr, Perhaps this is because alpha suppressiorn has =
floor effect which was already reached via brigh+ 1ligh+
stimulation and pupillary constriction movements, Given
that the +*trairing effect was determined by differsnces
between alpha-on and alpha=-off periods, it would appsar +tha+
the brigkt 1ight group?s difficulty in further supprassirg
alpha is responsihle for their poor +*raining performarce,
I* is also inter=asting to note that the usually large ani
ralatively quiet pupils of normal, alert subhdscks irn

complete darkness tend to becoms smallsr and more active

with increasing light {Lowenstein & Loswanf=ld, 1962% .,
Therefore, the iIncreasing pupillary activity (punillary
unresty micht have had an dinphibitory =ffect con zlpha
production, The cculomoitor activation theoryv would predick

that such increasing oculomotor activity would =srve +to

block alpha.



In two other studies degsiqned %o invaegtioa+s +he affoct
of level of illuminatiorn on occipital alpha enharcanent,

Kondo, Travis, Knott, and Bean {(1976,1979) tock bkasslins

-

maasures of alpha activity wunder a ligh* conditiecn (10,7

footcandles) and a dark corditior {C.01 fcotcandles),
Unfortunately, the subdects?! eves wers closed under botth

conditions which would of ceurss ninimize any affect of

light, s expected, they found no significant suppressant
affect of light ¢n their eves-closed baseline measures, T+

is notable, however, that it did appreoach significance { p

< 0,10,

!..,.l .

=

As has been noted esarlier, Lippold (197N and &
colleaques (Lippold & Novotny, 19703 Ennsver, Tippold €
Hovotny, 1979) have hypothesized that alonha is a function of

the tremor of +the extraccular muscles modulating +he

corneoc-ratinal potential via sonpe kind of rconductarce
change, Horeover, +they found that by varyving ths level of
illumination *o0 the eye, they could vary the cornec-rotinal

otential and hence the alpha rhyvthm ampli+tuds, Sipilarly,
Leisman {1974 found a significant correlaticn (0,92)

betweean &alpha anplituds measures and +tha corneo=-ratinal

potential, Again, he found the amplitude of the slegiro=-o=
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culograr varied with the level of

notaygorthy in +he pressnt context d1is +the rela*ticnship



results could not bz explained in terms of +he affoct of
illumina%tion on retinal or cortical function hecanse +hse

corneo=-retinal vetentiazl wvaried, A close examination of

D

Leisman?s (1974} graphs, howsver, raveal a gansral tendency

for alpha ampliftuds +o eass cver +the duraticn of the

jade

nec

I}

dark cecndition and to decrsase over ths period of illunmina-

pY)
0

tion, RAlthough lippeld?s graph is no*t as consisten®t in +hic

trend as Leisman's qgraph, 3t ig difficul: 4o determine +he

Ldo

source of +the discrapancye. Naither investigator reportad
the intensity of illumination, Lippold 4id no+ repcort or +he
number of subijects used, and leisman 43id not report if z2lpha
racordings were taken with eves clesed (as ir  Lippcldts
study) or with eves opsn, TIn spite of this, +he possihlili-
ty remains tha*t a relationship between level of illumiration
and alpha exists,

The results of other studies that have dintrcduced 1igh+

as a variable are even more incenclusive, Leh+ornen  and
Lehtinen (1972 assessed the effect of 1light flashes orn

occipital alpha ac*tivity and found alpha to be abundant sven

when the subiact was counting flashes with =2ves-cparn in

of
¥
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front a uniform visual field, Sinca

‘D

dilated with twe nydriatic drcps, howev:
to assess any effect of pupillaryv changes on alphka activitv,
On the other hand it ig interesting +to note +ha+ +ha 1igh+

flashes did not serve to Dhlock alpha when pupillarv changss

yere eliminated, Similarlyv Glass {1977) assessed *+he affac*
of light flashes {photic stimulation) on alpha activity irn




three subiscts who had congenital defici+s +that 2llowsd orlv
diffuse light perception *through one sve, Tha  rTasulits of
his study clesarlv indicatsd that +he alpha rhvihkm was no+
blocked by photic stimulation to the dsprived eve zl+though

it was effectively blocked via =tinulation +o the cood =vy=,

Since this subderts had besn deprived of vision in  the

jo )
(0]

a2fective eve since birth, he suggested +hat +he deprivatiorn

has prebably resulted in vpermanent al*tsrnation of +he

fD
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primary visunal pathways and +hs
nervous systen, 2gain, on the basis of this gtudy it is
impossible to assess the eaffect of light and vpupillarvy
change on alpha activity, In anothsr gtudy Cavoniug and

Estevez=Usanga {19748) report that +heyv varizd illumination

levels over blank and patterned fields and fourd no
difference on alpha suppression, Tt should be not=d,

however, *hat they only varied illuminaticr from the point
that the pattern was first clearly vwvisible +o2 *he lipite of
their rproiector, They d4id not report actunal light lasvels
nor did they centrel for eye movements, fixation resvonsas,
ato,

In conclusion, the existence of 2 relationshic hetween
pupillary changes and alrha activity remains 8 poseibilitv,
According to *hs oculomotor thenryv, one would =axnsct

oculomotor activity of any sort to block alpha ac+ivi+y,

Also ona would predict that this 3 cirng raspeonse would
habituate with continued exposure or revsatzsd sypcsure, on

fbe

the basis of the evidence presented earliesr, it smaps
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will occur with pupillarvy
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reasonatls that alrp
changes either in +he direction of coenstric+icn or dila+inrn,

The evidence presentaed associating alpha Dblocking anrd

& sadler, 1977y , and +*he sevidence associatirg alphe
suppression and pupillary constric*ion as in +*he light
resronse {2,q., Bridgewater et al, 1975: Cran 2t al,, 1977)

wonld support the contenticn that alpha supprassicr occurs

with opupillary consiriction, Thare are other linss of
research, howaver, that suggest a possible relaticnship

betwaen pupillary dilation and alpha suppression,

Cognition and HMental Effort.
There has been considerable research investigating the

rols of alpha activity in task pazrformance {for a revisow,

see Lavrence & Jchnson, 1977 » Most  of this research,
however, has addressed itself 4o *he issus of efficacy of
task perfermance in relationship +o enhanced alpha activity

{Bauer, 19763 Beatty, 1973: Bridges, Rallings & PThea, 1876:

ol

Gresn, Green & Walters, 1970:; Hawkinsg, 1976: Herd, Lubin,
Tracy, Jdesman & Johnson, 1976: Hord, Tracy, Lubir £ Jchnson,
1975; Jackson, 1977:; VNowlis & Kamiva, 1970 Paqgestein, Ruck
land & Pegram, 19735 Survillo, 1963a 1963b, 1964, 1CAR: Uiz,
1974; Weodruff, 1975, Although the results of such studiss

are scmevhat at variance, Lawrance and Johnsecn (1977

concluds that alpha enhancemsent has not+ hesn damonstrated +o
aid +ask performance, In fact, they anphasize +hz+ alpha




activity is incomrpatible with tasks reqguiring arny degrss
of s2ffort {Orne, Evans, Wilson & Paskewitz, 1975,
As has bheen noted earlier, it iz a well-knewn findina

that desynchronizaticn of alpha activity is associated with

o))

mantal affort {€.,9., Cobb, 1963: Dewan, 19763 1Iudlamr, 1970:
Bundv=Castle, 1957; Orne 2%t al.,, 1975: Pollen & Trachten~
berqg, 1972b; ¥Wertheim, 197, Orne 2t al, {1975y  for

axanple, while investigating the abili*y of cubdscts +o

maintain thigh levels of alpha activity during coonitive
tasks, found 1ittle decrement ir alpha vwhile coun+ing
backwards by 1. | Ccunting backwards bv 7 howzver signifi-
cantly blocked alrha vitv, They concluded that +h=s
complexity of the task, the subi ‘s abilitv to perform tha

task, and +the amcunt of effort reqguired %o perferm the
task, were all relatsd to the degres of alphka blorking,
Similarly, Pollen and Trachtanberg (1972b) found +ha+ nan+tal

arithmetic would significantly block alpha activity even

with eyves closed bhut only if it exceadsd complaxity
responses available from Tote memorv, ¥hen subijects ware
asked to calculate serial powers of 4, t*+he alpha repained

present as lorng as he could dc so =2asily {e2,q., 4, 1¢, &AL,
128, 258} Dbut blocked and remained blocksd as the subdiscts
attempted higher ©progressions. Similarly, coun+ting

backwards from 100 by 6%s or 7!'s effactively blocked azlpha

activity throughout the task, Alpha might reappear HGust as
or after the resvonses were nmade, In spatial vigualizatior

tasks {e.9,, ccpplicated auto routss), 21pha wag found to



initially block, then follov a gradurl y=+ inceomplets reoturn
+towards restin levels, During blindfold chess  +he z2lpha

rhythe bacomes blockad during +hosa vericds  when  +he
subdjects claimed they required the greatsst nmental #Fffors,

The results of ssveral other investigations {Raker &£

Frankan, 1967; Chartock, Glassman, Poon & Y¥arsh, 1987;
Doyle, Ornstein £ Galin, 19743 Dumas & Morgan, 1975: FPurst,

1975; Gale, Christis & Penfold, 1971; Gale, Spra+t+, Christie
& smallbone, 19753 6Glass & Butler, 1977; ¥cKse, Humphrsy £
Hchdam, 19735 Meyer, 1977; Margon, McDonald § Hilgard, 1974s

Paskewitz £ Orne, 1971) are consistent with *hose presen+tsd

t.\]u

gater mental offort

4

above and suggest that tasks reguiring g

serve to bleck alpha activity, while thoss reaguiting lit:ls

e2ffort do not significantly block alpha activitvy, Tr fact,

alpha blocking cn cognitive tasks is such a consistoent

phenomencn that it 3is increasingly us2d as an indepsndernt
variable to measure hemispheric activation across a2z wide

variety of tasks {Amochaev & Salamy, 1979; Caciocppo, Bovas,
Snvder, Neolan & Superak, 1979; Charteck, Glassman, Porn §

Marsh, 1975; Davidson & Marshak, 19773 Davidsorn, Schwartz,

Saron § Colemann, 19783 Davidson, Taylor & Sarcn, 197R8:
Davidsen, Taylor, Saron & Stenger, 1979; Davidsor, mTavlor,

Saron & Snvder, 1979; Dovle, Ornstein £ Galin, 1974: Dumas &
Morgan, 1975; Ehrlichman & ¥einer, 1979, 198C: Furs+, 1976:
Galin, Johnson & Herron, 1978; Gevins, Zeitlin, VYiraling,

Doyle, Dadon, Schaffer, Rcumasset & Yeager, 1972: Geving,
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Zeitlin, Doyle, Schaffer & Gallawayv, 1979; Glass & PRutler,
1977:; Gocdman, 19783 Goodmarn, Beatty & Mulhelland, 1G80:

Grabow, Aronson, Gresns & Offord, 1979: Gruwald-%Zubsrbi=zr,

o

Grunwald, Rasche Netz, 19783 Hirshkowitz, FPFarle & Palsvy,
1978; Maxwell, Fenwick, Fenton & Dollimore, 19784: rFulhol-
land, 1979; pPfurtschaller & RAranibar, 1978; Pfurtschksller,
Harasch & Schuy, 19773 Crnstein, Harron, Johnstons &
Swencicnis, 19793 Rebert, 1976=77; Rebert & Low, 1978; Shaw,

1978: Todo, 1978: Trotman & Hammond, 1979 . Morenvar, AS

noted before several investigators thave fou

3

concurrant oculemctor activity in association wit:k such
tasks reguiring mantal effort {2.q., Andreassi, 1673
Entrobus, Antrobus § Singer, 1964; Lorens, Chester § Darrow,
19623 Ludlam, 1979: Msver, 1977),

The pupillometry literature also provides ar abundancs of

)]

support for a consistent relationship betwesp pupil =iz
mental effort (for reviesws ses Beatty, 1877b3 Hegs, 1945,
1972, 1873: Jarissz, 1977) and futhser avidence for concur-
rent oculcemotor activity in associaticn with tasks reaguiring
mental effort,

On2 of th2 earliest studies relating pupil size and m=ntal
effort was undertaken by Hess and Polt (1964), They
presanted their subiects with four multiplica+ion problems

ng difficulty and found that afier =ach problernm

Jude

of increas
was or=2sented pupil diameter slcowly increased, reachirg its
maximum Just bhefore solutiocn, Fellowinag solution  and

report, there was a reiturn to bassline, Pupil =size wags also




found te increase as a furnction of problen Aifficulty or

processing. load, The avearage dilation ranged freom 2 10, 8Y%
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increase for +he simplest precblsm  +c¢

foke

the most difficult, Their conclusior was that rpupil sizs
could be used as a dirsct measurs of mental activity,

Since this study appearad, thers has hesn a2 area+ deal of
research which has addressed itself +o the association of

pupil size changes and cognitive activity, Som=s of *he nos+

organized ressarch has been undartaksn by +he Kakremar

group and the Paivic and Simpson group {(Janisse, 1977y,

although considerable amourt  of independent research thas

ot
o
n
-]

providsd support fcr their resu

The first study undartaken by the Kahrpemar aroup
{Kahneman & Beat*ty, 1966} investigated nvpupillary ckarges
during a short=term nemorvy digit=-span +ask, The results of

this study indicated +hat pupil size increased with +he

presentation of each digit, reaching maximal size af+er all

the digits are presented (loaded). Similarlyvy, pupil gize
decreased as the subisct repeat2d each digit, reaching

baseline level after all the digits were repsated (unloade
2d) , In addition the amount of dilation was fourd +o b2z a

direct function cf task difficulty ({th2 number of dicite in
1

+he strinagle. The greatest dilation was found Ffor +hs
largest strings. The use ¢of more Jdifficult Adigit-*ransfaor-

mation and word-recall tasks provided addi+ional evidsnce
that the degree of pupillaryv dilatior was relatzed to

difficultv,



The seriss of studies that followed {Beat+vy & Kahnemar,
1966:; Kahneman & Beatty, 1967; Kahneman, Raatty § ¥elion,

1966;: Kahneman, Beatty & Pollack, 1967: Kahnemarn, Onuskz §
Wilman, 1968: Kahneman § Peavler, 1969%9: Kahneman, DPeavie

Onuska, 1968y, 1ed Kahneman {1973} +o0o conclude +ha*+ pupil

dilatdicn is a sensitive autcnomic indicator of nmantal
2ffort, He cautioned however that the affacts of nmiscellae-

naous variables {g.d,, stress, anxiety, drive states) nmav

confound the relationship between mental effort and
pupillary activity, Conseguently, he adveocated +ha

importance of cecntrelling suchk variablss in usirg  “+hs
pupillary response *+o gangse mental =ffor+,

0o and Simpser and thair

e
Lda

The saries o¢f gtudies by Paiv

*

colleaqgues {Paivio & Simpson, 1966, 19683 Simpson, 194690;:
Simpsen § Climan, 19713 Simpson & Hale, 1969:; Simpscn &
Molloy, 1971: Simpson & Paivio, 1965, 1958 similarly
provided evidence that pupil size 1is an accurate measurs of
the difficulty cf a cognitive task, In his review, Paivic

{1973y pointad out that pupil dilation ig not only associzt-

investigators vprovide additiocnal evidance for +he clnge
relaticnshin between pupril size and cognitive activitv, Tor
axample, Schaefer, Ferquson, Klzin, and Rawson {1068y nn+zd

ons vere greater  for more difficul+

i1

e

that pupillary dilat




tasks across digit span, mul+iplicatiorn, and word Aefini+ior
*asks, TFlshtain and Schaefer ({1968} fround a positive linzar
relaticnghip between processing requirsments of a2 varhal

1 *ask and pupillary dilation, Daly {1964} found punil

]
o
9]
»
ot
fbe

size +tc¢ be larger during rroblem solving +han con+rol

conditions, Psyne, Perry, ard Harasymiw {1968) in & ssrics
of wmultiplication problens, found dilaticn idncrszassad
linearly with difficultv, Moereover, the list <¢f gotudiss

that support the consistent relationship betwsen purillary

diameter and mental effort {task difficulty, ranpory load,
accuracy of respense, brain activa*ion, a*c,) goes on

{€¢. 9., 2harn, 1978; Ahern & Beatty, 1979: 2mnblser, Fisicaro &
Proctor, 19763 Beatty £ Wagoner, 1977, 1978; Bradshaw, 1967,
1968a, 11968b, 1968c, 1969, 1969b: Colman & Paivioc, 1970
Coulter, 19783 Engls, 1975; Janisse & KeoIntvyre, 19752 1idsky
& Anderson, 19773 Peavler, 19743 Poock, 1973: Poock & Noal,
19753 Shiga § Ohkuto, 1978; Stanners, Headly 5 Clark, 1072:
VanOlst & Kortenarr, 1977; Wright & Xahneman, 1971,

In copclusgion, 2 great d=zal o¢f research hag provided

consistent evidence that pupillary dilation is =2 reliabhle

fede

indax of mnental effor+,. It g alse a well=known finding
that desynchronization of alpha activity is associazted wish
mental effort., TIn both cases, the magritude of the response

appears tc be a function of tha amount o¢f cognitive affnr:

reguired to posrform the task, In viay of +the occulnmo*or

>

B

activation theory, i%* weuld be expscied +tha+ Assvyvnchroniz




pital alpha would be associated with incroaced

(=

tion of occ
oculomotor activity; in this case possibly changes ip punil
sizea, Similarly i+ would be expemcitad that the magni+nids of

the blocking resronse wounld bs a function of *he magni+uis
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of the pupilliary dilation

0f the oculomotor hvpothesis it could b2 suggest
pupillary movemernts {dilation) 3in tasks requiring man+tal
2ffort may serve as the coulomotor activiiv which resnl+ts in

alvha desynchronization.
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other pvhysiological indicants, Janrisse {1977)

fey studises that have been undertaker have not
themselvaes ¢o the interrelatednsss of variouns nmessuraes,

Rather, the results have been reperted in more of 2 parallel

positicn, Given that pupillary charges reflsct changss in
autoneomic activity, Jarisse {(31977) nnted that crne wonld

expact the pupillary response %o be related to varions other
indicants of autononic activity, This sxpactaticn has not
been borne out in the literaturas exanining the relationship
between pupil size and =lectrodermal response {Rell, 1073:

Bond, James § Lader, 1974:; Clark, 1975z Colemar &

1969: Conlter, 1978; Kahnewman, Turskyvy, Sharvirec &
1969; McElvain, 1970; Scott, ¥ells, Wood & Momgan, 1967),

electremyographic me2asures {Coulter, 1978: Simpscn & Climan,



1971z Simpson & Hale, 1969y, respiratiocn ({Lowsnstein &
Lorwenfeld, 1962}:; evoked potential (Beatiy, 1977c:: Bock,
19765 BRBond et al.,, 19745 Dustman & Besck, 1965; Frizdman,
Hakerem, Sutton § Fleiss, 19733 Hakerem, 19874}y, thears rvate
{Barnick, Klina & Rorowitz, 1971: Basll, 1973: ©Bond e+ =21, ,
1974; Coulter, 1978; Kahneman et al,, 1969; Kuc & Janisse,
1976: 1ibby, Lacsy & lacey, 1973: Zahn, Lit+tle & ¥endsr,
1976y, blood pressure (Bell, 1973), and EEG ({Bond =+ al,,
19743 Muller-Jdensen £ Hagenah, 1978). As Janisse has notad,

the most consistent finding is a nagative relaticnshin

between pupil sige and heart rate: nost of +the other
findings have heen nixed or contradictory, Ag not=d
eariier, the relationship of alvpha activity +¢o variocus

<4
)
]
3]
4
4

physiclogical measures {2.9., GSR, eleciromyography, hear?
rat2) has alsc bzen an inconsistent, often contradictory
Only two studizs were found in whick neasursments of hoth

BEG and pupillary changes were assessad, Myllar-Jeneen ani

24
o
=
i

Hagesnah {1978} simultaneously measurs EEG z2nd pupillo-

gram over 2 long pericd of time (24 hours) on an uncenscions

tF}
e

2izures, chronic

feds
9]

BlY-year-o0ld man who had epilapt sz

{
1
¥

[N

don intoxicatior, arnd

‘J‘

alccholisme with liver desease, Prim

[

pupillary hippus {large ampli*ude rhythmic cons*ric+ion 2n

n
[N

mnltanacys

dilatien of the pupil). The results of
recording revealed +that both the basic EEG rhy+bp and
pupillary hippus had the same fraguerncy, Morecvaer, ho+th

recordings were temporarily in phase, tims=locksd, and coulsd
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ba blecked by painful and auditory stimu
hippus was also found *c¢ bea unaffected by chargss ir

1lumination, The man, hovever, was uncensciouvs, Conse=

‘..Is

quantly his EEG wes characterized by Aelta and +hatz wave

D
th

activity, Therefore it is not possible to assaess +he affack

of oculomotor arcusal on EEG alvrha, withcut considering *h=a

affacts of behavioral arocusal, T+ ig dintersstirng to nots,
howevaer, %that when the patient regainsd consciousnsss and

t+he EEG changad tc normal alpha activity, hippus was nc

The other study in which measursments of both FFRG 2lpha

and pupillary changes wars assessed was conduc*sd by RBond,

N

James, and Lader (1974), This studv was desionad +o compars
patients suffering frem chronic anxietvy states o nermals orp

a variety of physiclegical (FEG, auditorv avoked raspornss,

GSR, pulse rate, and pupil size) and psvchelogical measurss,
The results of their study rzvealad that +he patients had
significantly less alpha activity +han *he controls, Tn

addition, although there was ne difference betueen the
groups under dim illumination, under bright illumina+tion +hs

size of +the vpatisnts?! pupils were significar+ly largsr

vis=a~-vis *he contrel aroup. Unforturately, howsvsr, +he
EEG was not compared +to pupil sizz, nor was i+ asssggsd
under dim versus bright illumination, Bond =+ al, corncluisd

that both +the pupillary response and alpha blocking rssponse

yare a functior of the higher state of arousal associated
with this group ¢f anxious patisnis,
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Theories of arcusal are

1T 8=, Baatty {(1877h)

who
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pupillcmetry and EFG alph

~~~~~ 4
has besn actively involved in zeszarch or both TEG and puvil
size, sugassts  that several different methods can  he

amploved to measurs nervous system {cortical) ac*ivation,
He includss EEG measures, svent-related cortical notsntiale,
and pupillary wmcvements, and suggests that =ach haz itsg
strenqgths and weaknesses,

According to Beatty {1977b) and others (2.g., Rarfoshuk,
1971; Hardt & Kemiya, 1976a; Kamiya, 1968; Lindslev, 19572,
19563 Halmo, 1959; Sadler & Fason, 1977), it has hesn wsll
known for wmany vears that the alphea rthythkr reflecte
variations in arcusal or activation, Alpha desvnchroniza-
tion reflects incrzased cortical activation while Acmirant

f activation, Racauss

O

alpha activity reflacts a low state

s

on alsc spreads to the paripheral portions

fude

cortical activat
¢f the nervous system, and particularly hse autononic
narvous system, Boattyv suggests that the pupil of +he sve ic
also well suited for measuring cortical activa*icn, Tn

ravieving the twec msasures, Beatiy concluds that bacause

1)

pupil size is capable of reflecting momentary shif:ts in
sympathetic and rarasympathetic activation 3+ is oprobably
most suitable for dinvestigating relationships hetwsen
cortical activation and +though®, while +he ERG nmeoasurss

might be more suitable indicators of the cenaral s*s+s of




adler and Eascn {1977} fcund *entative support For +ha

hvvpothesis that voluntary alpha control is mediz+ed 4n par+
threugh changss in cortical activation and bedvy arecnaal,

They used several physiclogical indicants of such activisy
{EMG, skin conductance, and &ve movements) butr, urfortunats~
1y for +the ovpresent purposses, did not measure puvniliary
responses, N¢ sigpificant differences for high 2rnd low
alpha conditiors were found for the group as =a whole,
although many cof the variables (e.qg., 2Ve movements) were in

the direction of +he activation Tthypothesis, The  pain

effacts they suggest were masked by individual idicsvncora-

At this point it is important *c keep in mind +he sarlier

discussicn of arcusal, As has basen notsd, Plotkin {19742,
1976b) suggests that investigators often confourd hehavior
arousal and oculomotor arousal, Bahavioral arcuzal rafars

to the sleep-wakefulnass continumum and is associa+ted with
changes in +the dominant EEG pattern, while occulomctor

arousal refers ¢ cculcmotor activaticon which ig agseciatad

with strength of the alpha rhythm, . Tt is important o note
that Besatty {1977h) in reference to ths vicilarncs stndisc

{2sd. , Beatty, Greenbarqg, Deibler & O'Hanson, 1974: Groll,
1966) 1is referring tc behavioral arousal and changss in +he

sleep~-vwakefulness centinuum, Sadlsr and Fascn (19773 on +h=e

other hand, are making reference 4o both bohavicral arnd
oculemctor arousal, As has bsen npoted in thz alpha

literature, +here has bean a great deal of corfusion and
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inconsistent findings when oculomotor arousal and bshavieral
arousal are confeournded, The =same may apply +to ths nupillo-

metry studies that have atrisnpied 40 compare haekavicral

arnusal indicants {(2.9., hblood pressurs, TMGY with ar
scuiomotor process {pupillaryv changes). Just as  “*here ig

ample evidance +tc¢ indicats +hat supprzssior of alnphs
activity occurs as arcusal decrs=asss, howevar, there i¢
ample svidence to suggest that pupil charges occur at low

isvels of behavioral arousals. In a reavisw of a considerabls

0]

number of studies relating pupil size and fatiaqu (8.0, ,

Bartlett, Faw & Liebert, 1967:; Gezachintov & Peavlier, 1974

%

lowenstein & Loewenfeld, 19%1, 1952a, 1952b: Lowsnrstein,
Feinberg & Loewsnfeld, 19633 Yoss, NMoyer & Hollsenhorst
1970y, Janisse {1977y concludes "that fatigue is asssccia*ed

with {1} changes ir the shape of the pupillary ligh* reflax,

i2) increasing veriablity in pupil size ngually  slow
?

dilaticns and constricticens, and (3Y an overall gsrsrally
smaller pupil sizs" {p., 75). In fact the pupil reflex has
baen ussd as a measure of fatigue {(Marek, Zaryns & Neworol,
1979, Thus although Peper and HMulholland (1670 and
Plotkin {1976a) have suggested that becoming drowsy nead not

necessarily be associatad with changss in cculopector

processes, the evidence relating pupillarv chances *o
fatiogue would suqggest otherwise, Again, the changes in
oculcomotor processes {i.e., pupillary constriction ari

of alpha activitv,



In gpite of the absgence of studies that have dirsctly
examnined possible relationships between vpupillary activity
and alvha density, +*the <two literaturss havs provided an
abundant amount of indirect evidencae tc suggest *hat tha “yn
variables are related, A=z has been noted Iin the present
review, several vparallels and correlated sorts of charges
have been obsarved in the +wo measures. For example, i+ has
been ncted that

1s Photic stimulation (light flashes) which ‘thave heen

consistently fcound tc attennate alpha activity (=2.q,

Glass, 1977y, did not do =o when the pupil was
rendersd nydriatic and unresponsive via Arugs

{Lehtonen & Lehtinen, 1972), Similarly Pollen (1970)
found that al*though readinrg would normally block
alpha activity it failed to de =50 when +he pupniis
ware dilatsd wi*h mvdriatic drops.

2, Many resesarchers have suggested +that alpha is
preminent under dark {eves <closed) condi+icrs ani
attenuated in an eyves-open illuminated snvireonmant,
Further, it has been suggested {(Bridgswater =% 21,,
1975y that diffuse 1ight ({and conseguent constrictior
rupillary movements) may have a supprassant zffect orn

orccipital zlvha even when other oculomotor variables

hava besn cceontrolled,
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Poth alpha zcitivity 2nd pupil size have bzen found +o

decrease with 9positive convergance moveansnts  and
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accommodaticn of the len

osition for viewing near obijects,

2 great d=al of ressarch has providsd consistent
vidence that both purillary changes (dilaticn) and

attenuation of alpha activity ars associa*=d with
mental effort +tasks, Furthermore, +he megnituds of
the resperse in  bhoth cases appszars £o  be a fancthiorn
of the amount of cognitive effort reguired <o parfornm
the task.

Muller - Jensenr and Hagenah {1978) revpor+tsed that bhovl
the EEG and pupillogram had the same fragusncy, ware

temporarily in phase, time =~ locksd ané cculd be

[~de
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blccked kv ginpilar stimull (a3t least
scious man with pupillary hippus),

Roth alpha and pupil activitvy have been advocstred as
indicants of nervous sysiem {cortical) ac*ivation,
Moraovar vpupillary constriction at low leavels of
arousal {i.e, fatigue) and pupillary dila+ticn a2+ high
iavels of avocusal are bheth associated with low lsvels

of alpha activitv,

Eyen Oon an anato al and phvsiolegical basis, i+ has
been suogested that alpha activity, and of course
vupillary activity, have close tiss with +the

oculoncter systen,



A1l such evidence suggests that oculonmotor activa+ion, as

%.J .

reflected by pupillary activity serves +o block or a*+snuste

occipital alpha producticn in a manner consistent  with =he
oculomotor theoryv, RAccording £0 the oculomotor activa+ion

theory, alpha activity is blocked by anv +vpe of actiye
oculemotor processing such as ove movements accommedation,

fixation, convergence, pursuit tracking, and as suqoes*ed,

pode

,-+
D

possibly pupillarvy changes, The ntegrative ard affarsnt

st
[

processs ted to moving and opositioning the seyszs resnls

n

r=

- 3

1 additional slectrical activityvy which contaminatss *he TUG

‘,&t

*

M

signal at the scalv or generator lsvel and causes at+anna-

tion of occipital alpha, The magnitude of +the Yhlocking
response rerairs contingent on +the amount of cculeono+or
activity, Consistent with a visual corienting resporas and
attenticnal thecries, alpha attsnuatiocn would ha exnected +o

occur with mest forms of novel stimuli and would he =xpoctad

to habituate with reapsated exposure, Congistent with
arounsal and activation theories, alpha a**tenuaticn will

accompany both increases and decreases in arousal ard/or
activation at 1least when cculomotor activity is asseccinted
with such changes, Alpha would be prominent in +the absszncs
of oculcmotor activity,

It has been sucggestad that alpha suppressicn will occcour

recticn of constric-

tvdo

with pupillary changes =2ither in the 4
tion or dilatiorn, Bccerding *o the oculemerer theory, one

would expect oculomotor activity of any gort {i.z,, dila+iorn



or congtriction) +0 block alipha activitvy, In either case

the magnitude of +he blcocking response would bse contingsant

on the magnituds of the oculomotor respense (i.2,, the
amount of pupillary activitv), Thare has besn a ronsidera-

ble amount of evidance presented to suppvort +the cortsntior
that alpha suprression occurs with vpupillary cons*riction,
31pha suppression and purillary constriction mpovemsr+s have
been associated 3in the near-focus responss, the liagh+
response, and with fatigus, Thers has alss bsen a2 consiidsre
able amcunt of evidence to suggest an association bhatwaer
alvha suppression and pupillary dilation {(movements) in

*asks reguiring mental affort,

O

In conclusion, it is felt tha* the evidence suggssts +hat
oculonotor activaticn, as reflected by pupillary activity,
serves t0 block or attespuate coccipital alvoha production, T*

is the npurpose c¢f +the present stuldy +c =axplers  +his

association,
Present Goals

In view of thke indirsct and ana@:twve gvidance presantad
above, the present study is COECEZu%ﬁ with a svetewnatic
diract =xaminaticn of the relationship bhetwesn pupillary

activity and occipital alpha acreoss a varisty of siftnstions,

The 7Tslationship beiyesn pupillarvy activity ard alnta
activitv will be examinred under four conditions which migh+

thought of as ccnstituting four seperats axpsripents: one

o
]
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eqs

ien, 2 s=cond invelving

Pade

involving varving levels of illuminat
coagnitive tasks of varving difficul+y, a +hird idrvelvira
alpha biofesdback, ard a fourth involvinog punil biofesdback,
Since the main cecncern of the present s*udy is the relation-

ship between pupillary activity and occipital alpha, no

attemnpt will be mads *tc assess +the effect o0f other nculone-

tor activity =such as eye wmovements, parsuit +*racking,
accommodatior cenvergent movements or fixatiorn, Az has

have been studizd extensively in rela*tiorship +o +hair

affect on alpha activity, Rather +*he pregent study will
attenpt to minpimize *the affeorct of such variablez hy
providing subject instructionsg, a uniform visunal fiegld,
uniform illuminaticn and a constant Ffixation point, In

addition, eye mcvements and eve blinks will be detectsd hy

the purillometer on the strip chart recorder and will hez
aliminated from data collection,
In the illumination experinment, the opupillary Iight

reflex and concomitant changes in occipital alpha activity

will be =axaminad, As noted from the review of the litera-
tursa, no studies thave besn found which have dirsctly

axamined the effect of varving +ransitions of illuminz+ion
{ises vpupillary changes) on occipital alpha activity while
controlling other cculomotor variables, There have  haer

studies, howsver, which have exanired the effect of vary
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rief {2.49. 40 nmicrosaconds) £1

stimulation) or cccipital alpha activity, Althouch such
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consistently fourd *o at+srnuats alphsa

?:’

stimulation has bes:
activity {Glass, 1877y, 4%+ 4dis interasting +o nctse  *tha®
Lahtonen and Lehtinen {1972y found +hat i+ did ne+ Ac se
wvhen tha »pupil was rendersd dilated and unresponsive with
mvdriatic drops, Similariy Pollen {1970 found +hat
reading, whkich rormallv blecks alpha activity, d4id nct 4o =0
when the vpupils werse dilated with mydriatic Areps, Such

results would suggest that it is not the ssnsory affaraen+
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vity but rather *the motor =sffer

with =eve and pupillary movements vwhich might sarve +o
attenuate alpha activitvy, This would particularly szen +c

be +he «case in Lehteonen and Lehtinen's study which offac-

tively blocked pupillary activitv and found normal alphsz
production, In view of such evidencz, +he illumination
2xperiment in the vpresent study will examine +he snagssted

cansal relationship, This will be accemplished by irntroduc-
ing four %*ransitions in illumination ({7-C, 0=15, 15=0 =and
0=7 millilamberts) which will be reveated on three triale,
Since it is a wéll»knawn fact that pupillarv changes will

accompany changes in illumination, the primary

n the affect of pupillarv chanages {inducsad

peas
2o

S

illumination levels) on occivital alpha activi®v,

The cognitive cordition c¢r experiment 3is proposed *o
axamine *the sffect of task difficultv on bo+th pupil and
occipital alpha activity, The review of +ha +wo lifsratures

has indicated +that there are numerous studiss whichk thave



sither assesszed +the effact of cognitive tasz!
difficul®ty on thke pupil or have assessed the effect of zuck
tasks on alpha activitv, 2Again no studv was fourd which has
examinaed changes in both pupril and alpha activity nundsc

identical conditions and tasks, The preasent ayperipsnt is

=
o

desianed to do  so, 2 predicted parallsls betwsen pupil
and alpha activity will be examired ovaer +hree levals of
tasks difficulty {very e@asv to very hard) utilizing a Adigi+

transformation +tasgk, Although this condizior will no*

provide sevidence feor a rcausal relationship, i+ might well

provide disconfirming avidence of the hyporhesized ralatior=-
shivo, This wculd be the case 3if pupillarv chanass wsre
observed in the absence of alpha attsnuation.

Finally, in the biofeedback experiments, the rela+icnship

batwesn pupil actiwvity and alpha density will be exanined
nndar twe conditions, In the first condition, ar alphz
biofeedtack model will be used in visw of the clog=
asscciaticn which has baen consistantly found betwsen alpha
and visual contrcl oprocesses and the sngges+ticn that
enhancement and suppression of osccipital alpha is alwaye
nmediated by centrol of cculemotor procasses  (Plorkin,
1976a) , The subdjects will be instructsd +o alternatsly
2nhance and suprpress alvha activity under a condi*ion in
which oculomotor activity {with the exception of rupillary
movements}y will be minimized. Given that the gukdiscis arsz
able 0 ceontrol alpha, one weounld expect +¢ find differcncss

in pupil activityv tetween snhance and suppress +rials, T
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order +tc¢ further assess the viabilitvy of an cculomoior

m

madiational strateqy s reflectaed by pupillary changes, =2

pupil biocfesdback condition will alsoc b2 designad, Blthcough
a pupil biofeedback study has not been attenmptad, Prather,

Berrv, and Pavne {1971}, and Prathaer and Berry (71972) havse

£ound that pupil sige could be shaped using verbal reine

forcemant, Consequently, it is expected that i+ can hs
similarly shaped with accurate f=edback informe+icr, The

subdects w%ill b2 instructed to altsrnataly constrict =ard

vity is minimized, The correlated activity of +he fuc

e

act
response  systemns will be examined under ho*h  forms of

hbiofeedtack.

al e e e R A

The present experiment will test +he following hvrothasas

generatad by the cculomotor activation theory,

Related %o illumination, -

1. Given +that the pupils of normal, alert subdects ars
usually large and relativelv quiet in comple+s darkress z2nd
become smaller and mors active with increasing lighz, i+ is
hypothesized *hat alpha activity and pupil size will vary
concomitantly wi*hk changes in illumination, ¥ith +he

greatest pupillary constriction and variability, ard +he




lzast amount of alpha activity occuring a+ +hz highes®

illumination level,

Related to cecgnitions

and alpha activity will

[V
&3
Q
]
(<)
o
n
[0

2o Pupil size will

dacreasse as a function of increasing task difficul+vy,

Eohog e S 2 e s

3, There will be a significant differznce in alpha activity
under enhancament and suppression conditions o¢f aloha

biofeadback wvheare it is expected that +ke pupil will he lass

variable under alpha enhancement than under alpha cuppras-

4, There will be a significant Aiffsrence in pupil sizas

under consirict and dilate conditions of pupil bicfesdhack

h

:*5

ction

o]

and the amcount of alpha activity will bhs arn inverss fun

o0f +he amount of rvurillary activity,

Although not dirsctly related to a test of +the relatiocn-
ship betwean alpha Adensitvy and pupillary activity, *+here arse
certain other results which would he expescted *o cccurs

Given +that it has been a consistent finding in +he

l1iterature that alrha production is grea+test whern +he z2yas




tion will occur for +the syves—-closed varsus the eveg=cpsr

ticn,
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nce initial apprehensions about an axperirpent and

l.J.
e

Alsc =

b

the novelty of exverimental situations have besn axtercivaly
dzmonsirated to have a suppressant effsct on alpha activity
during initial laseline measurss, it is expactad +that alpha
production fer both a2vyes-clesed and eves-open baselinss will
be greater for the second +han for the first sxverimental

sassiocn,




METHOD

The subiects were 16 female undergraduates enrollsd in
supmer or eveninpg courses at +the University of Farnitcha ari

4 fermale voluntears from outside +he university {mean age

22, 45 vears). 211 the subdbiects volunitzered +o participats
in asa o » "study designed %o assess the effact oFf varving
1ight levels and arithmetic tasks on brain vwave zctivity,®
In addition +thev were informed tha*t +hevy would bhe , s o

"given an opportuni*v *o learr *o control +hair own brairn

waves as well as the size of their own pupnils +hroungh
biofeedkack procedurses, ®ight other subiacts WETE

2liminated bafore +thev completed the experiment as resul®s of
excessive blinking {1), eguipment failure (1), rlirndnessz in

nterference {3} and failure +o rsturn

e

one eye {1y, =velid

for thes sscond session {2).

- 71 =




Experimental Desiarn

In view of +the individuzal variability ¢f Dbo*k alpha and

pupillary activitv and other vractical considsraticng of +he

prasent situdy { e,4q. the limited number of suhijscts
available, the +*otal amcunt of +fime reguirsed of cach

subiject, the amcunt of +time reguirad *o positicon subdascts

nto the apparatus, and the nsod to habituate suhdects to

s

the exvperimental sguipment), each subdisct served as har own

control in every condition of the stundy, Conseauently, +he

study was a conplately withinesubdects degign with wha+
might be thought ¢f as four sepsrate sxpaTrimenteos (N a
leavel of illumination experiment, {2y a2 level of cogitive
task difficul*y =xperiment, ) an Aalovha bhinf -k
expariment, and (4} a pupil biofezdback experimen*, Tn =ach
case, alprha density {a percent-alpha nmeasurs) and pupil
activity {(pupil size and pupil variability) served as +he

dependent variables,

The first =2xperiment, related to levsls (tranzi+iors) of
illumination, consisted of a Ux3x18 within-subdscts repeatad
m2asuras design with four +transitions of illurmiration lesval
{7-0, 0-15, 150, and $=7 millilaberts), +*hree +riales a+
sach level, and 14 ssguential apochs (peasurensnts) cof =ach
depaendent variable within each %rial,

The second sxpariment relatesd *o leval of +ask Aifficul+y

and was & 3x3x3 within-subjects repeated measures dasicor
with three levels of task Adifficulty, thras +*rials 2+ sach




level, and three nm2asures of loading=unlcading within =2ach
trial, The data was later recrganized so as *+o veild +tuo
measur<s of loading-unloading and three measures (sarlyv, nid
and late)y cf seqguance within sach +rial in what thacan= »

3%3x2x3 within-subiects design,

Both the alpha biofesdback and pupil biofeedback

expaeriments were 2x3x4 withinesubiects repeated neasures

U
0

]
o

d=2signs with twe +raining sessions {increase and dscrza

-

n

thrae trials within 2ach session, and four sequsntizl ennch

{measuremnsnts) ©f sach dependent variable within each £rial,
Rpparatus
The study was conducted in a guist pupilliomstser and 2va

novamnant research laboratory (4.5 ¥ 9 maters) which honse?d
both the subisct and the phvsioclogicel recording saguinmant,
The subiject was seated {(with the equipment behind hery as
comfortably as possible in an adijustable arm chair wi*h her

head rests of

head positioned azagains%t both the chin and fore
the pupillomster, Care was %teaken to sensure the subijsct
could comfortably view the target,

The experimental chamber providsd uniformly mat-white-

colored walls, ceilirng, and floor *to reduce contrast effacte

in the wvisual fisld, The subiscts wers placed 2 metars
directly in frornz cof a 4,5 ¥ 2,5 meter mate=white wall which

d their field of visior at 50 da2agrezs horizen+tal and

o1}
m

subten

*



2}

5 degrses wvertical, In the niddle of +heir figld nof vicion

%3

*he subijects were provided with a constant Y = fivation
point (4 x 4 c¢cm} with dindefinite =dqges soc as te appsar
blurred when it was viewed at 2 maters from the zve,

served *to ensure constant illuminztion ard reducs  the

effects of =aye nrcvenents, converaant moveamente, and
accommodation, Iighting was providsd by 5 ad-dnstable

incandescent 1light scurces powerad by a constant wvoltagse

transformer and originating behind +he subiect, They wares
dirscted by aluminated aflactors so ags to provids unifornm
illumination %o the antire visual field, The intansity of

the illuminationr was adjustable ¥o €, 7, and 15 nillilap~-
berts measured at the subject?s eve,

The bipolar occipital EREG was recerded frem positions 01
- 02 of the 1C - 20 system {(Jasper, 1958) with 2ST s*andard
EEG electrode assembly housed in cvlindrical spongs disce

and used with a modified saline conductive soluticn (140 gl

vatar, L,05 ml1 liguid socap and 5 ml of salt), The ground
electrode, which merely acts as a terminal +o conduct +he

common moda {interference) voltage from the subdiect *o a
nesutral reference, was placed on the forszhsad supra-orhizal
lv to the righ* eve,

The FEG signal was recorded and amplifisd by an Zutcgen
12C encevhalegrarh analyzer which was calibrated opriecr *o

the experiment at the Autcgen Laboratery {Berkley, Califor-

i

nia), The EEG signal was fed +through the FFG fil+er syetan

{6CHz Yrand pass filter) 'set o filter ocut a siagnal in +he
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8=13 Hz range with an amplitude raquirzment of 10 uv, Th
Aytoagen monitor test functicr was used to tast for azdaguate
alectreds contact, 2 MFE (M=22, CAHRA, 75 wat%t) mul+i~chan=-
nel strip chart receorder via a BFT 231 coptical Jsclator was

interfaced with <+*he Rutogen 120 +o provide a rTecoerding of
£iltered alpha activity {chaTtt speed 5 nmm/sec), For +the
alpha riofeedback experimesnt, +the 2utogen 120 was set +n
provids a proportional {analoq) +*vype tone feaedhack (+hrough
a Sony SS = 23, € = 12 watt speakasr with 8 ohm impedancs)
indicative of heth freguency and amplitude shifts witrin +he
alpha rang=,

Pupil size was monitored on a Whittaker Spacs Scisnces

Model 18925 elevisicn Pupillometer wvhich providsd A0

+3

2 system provided a sgensitive 75 ohnp

o
3
=

measurses per ssacond

silicon matrix television camera which functions a+* 3 very

low illumination, The illuminator was a low lavel nsar
infrared 1light source centered at 8500 Angstrons, Tha

pupillometer vas alsc interfaced with the MPR +¢o provide a

simultaneous continucus recording of both alpha activity anid

left sve pupil sizs, Pupillomzster calibration and pupil
diameter analoqg ountputr { MFE ) wera chackad against a3
standard model pupil prior to each sessicn, A Coulhocurns
solid state audio generator (powsr supply, $15=05%: audin

mixer amplifier, 582=-2843 ard voltage controlled cscillator,
S24=05% couplaed with a Sony 8§-23 speaker and interfaced

with +the pupillomete provided the auditory oproporticnal

tabe
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tyvp2e tone fzedback for the puril hinfee
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On arrival at *he laboratory, the subdects wsre oncs
again infermed about *he nature of the studyv, 1lsc, a+ +hie
time, thev were informed about ths procedure of slermtreds

placement, Tn addition, avery aoffort was made *c rednce any

o

ension or apprehensicn about the novel situa*ion, Ty +thiz
2nd, all vpertinent information about the vphysical sz2i-urp
{2.9., the purpcse cf elecirodes, the sguipment, ths scund of
the feedback +on2) and the general procedurs  (£.9., *the
number of trials, the various phases of +the =xperimesnt) was
explained +o the subiscts, Moreover anvy aguecticns were
answered when i+t was felt that +he arnswers would no+* Tavss
the specific purposes of the experiment,

Fach subiect participated in each of *he four =3psrimsn-

*al cenditions: illumipnation, cognitive *ask, alphsz
biofesdback and pupil biofesdbhack. In viaw of +the +ine
limits on each session which made i+ impossible +to run hoth
of the bhiofeedback experiments in one session, the condi=-

tions were countertalanced within the limits *ha+ one of +he

biofeedback experiments plus either the illumination or
cognitive conditicn were run in each session, Tn z24ddition,
an adeptation period, an eves~closed baselins, and an

5]

gves-open baselins wers given in both Session T and Sessiorn

>

1T, he sessions were approximately 1,5 hours sack in

3

length and averaced 2,9 davs apart,




_Peripd, After a phase wherse récerding

electrodes were attachad and +he subdjects were seatad

rests, they were given a S5-minute reast or adavptaticn period,
During *his time +they were allowsd +o move ard lock around
S0 as to acguaint themsslves with the environment 2nd *he
nost comfortable pcsition, No recordings were mpads during
this periecd,

Eyes-Closed Baseline, Following the adaptation periond

tha sub+dects were iInstructed +0 places +hengalvags i

positien, to close their eves, and to refrain frem moving
for the next Yeminute pericd, During this +ime +heir

- .

eyas-closed baselins level ©of alpha activity was recerded.

Fyes=0pen . Bzselins, The ayes-clesed baselinz was
fellowed by another 4-minute baseline pariod during which

time the subjects were instructed +o open *heir eves, ‘o
l1ook in the direction of the +arqvv, and +t¢ refrain from
excessive movements, eve blirnks, OT 2V8 MOVERMEDRLS, This

period served as a baseline for both =yass-opsn alpha

activity and pupil sizz, This was followed by a brisf ras+
period {d-minutes) follewing which *he sub-dects <weceived

their instructions for +he next condition,

I1llpmirvation _Experiment. The specific experimental
instructions as they were read to +he snbiects appsar ir
Appandix 3, In +hs 3illumiration experimsnt +ha =suhiscte

vare given thres +trials of +he following combina+tion of



millilamberts, The duratior of sach ©f +the 21 avypocurss was

20 seconds, There was a fI-minute rest psricd thotwser
trials., After a brisf res*t period the subiscts completesd 2

{see Agpendix E),

Cogpitive _ _Experiments The spacific gyperimantal
instructions for +this experiment are pressn+ted Iirn Ropendix
Ba In th2 cogritive experiment the task was a digit=+trans~
formation vprocedure in which the subdects ware rresented
with a randomly generated 8=Adigit ssqusnce ({(linmited +o
nunbers between 1 and &) {(see Appandix B)., The digi+s were
presented to the subjacts by +the exparinenter a+ 1=gzcond
intervals, Three levels of difficulty werse introdanced: 144
0, 244 1, and R4d4 3, During the "Ad43 0" (lszast difficult)
l2vel the subdjects were asked to Y2dd 0 +o each of +he
following digits and rapeat®, For the "2dd 1" level {(msedinm
difficulty) the sutdects were asked to "add 1 *o sach of +he
following digit an repeat?, For +the "pdidd 2" [(most

difficult) level the subisects were asksd +o "add 3 +o =ach

0f the following digits and repeat®, ¥o atitappt was mads o

monitor +the accuracy of +he subiects responses, Threas
trials were presentzd at sach level of difficulty, The zanc
random seguence of level of difficulty were prasentasd +o
2ach subiject {ses Aprpandix B), Aftsr a brisf rest period

the subiects completsd a2 postexparinmental gusstionnairs for

each of the levels of difficulty (Apperdix F),



21lpha Biofesdback Expsriment. The spacific instructicne
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for the alpha ‘triofsedback experiment

This experiment ceonsisted of three 4=-pinute 9Palpkz ont

pericds during which time auditorv feedback was *eorminz+a4d,
After a brisf rest period followirng this <conditicn +he
subijects complated a postexperimental questionnairs for +he
increase and for the dacresase trials (2ppendix 6).,

Pupil Biofeedback Exneriment, The specific instructiorns

W e 2 2500 2 S D O R 2

for the pupil biofsedback =expsriment ars presented ir
Appendix D, This experiment also consist2d ¢f +hree

4-minute dilaticn {increase) +rials al*ernating with +hrec
4=-minute constriction {decrease) trials with 6 ipterspsrsed
T=mninute rest periods, Arn  auditory proportinsnal-+vps of

feedback was providsd for successful chanass in  punpil size

in the desired direction, ¥o  fasdback was provided during
the rest periocds, Rgain after a brief rest paricd +he

subijects complsted a postexperimental gquestionnaire for +he

fos }
}
-}
)

1

>~ 1
f-rb

in

increass trials and one for the decreass tria {ippandix

b
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All +he raw data from the WMFE recordsr s+rip charts was
analvzed by two 2xparimental scorers. The conditions were
divided between the scorers so¢ that cne analvzed Session T
basaline, thke 1llumination experiment, and +hes alpha

biofesdback experiment while the other analvzed Sessicn IT
baseline, the cognitive and the pupil biofeedback zypari=
mant, Interscorer raliabilities (Pearson Product Mom=nt
correlations) were comrputed for the basalins conditions,
illumination =2xperimant, cognitivs expsriment, arnd
back exveriments, Fcr each condition, eight randon samnles
of alpha density and eight sanples of pnpil sige ware
derived from each of three randomly chosen subijects for a

total of 24 pairs of measures of alpha density and 24 paire

of measures for puplil size in sach condition, The irptarge
coraer reliabilities were v = ,998 (alpka dengityy ard » =

299 (pupil size) for baselines: r = ,98 (alpha) and r = ,G0
{pupily for illumination: r = ,99 {alpha) and T = 5,97
{pupil) for the cognitive task; and r = ,99 {alpha) and v =
«96 {pupily) for the bicfeedback experimsnts,

The MFE strip chart data was scored seperately for =ach
of the experimental conditions as following:

Baseline-Conditions, The baselines for both Sszzsion

and Session TI were scored in anp identical fashion, B +otal

o0f four 20-=second {120 mm) samples were +aken from +the




inte 1 mm Dblocks, the percent alpha was
of 1 mm hlocks

calibrated
by counting <the +o0tal nunmber

calculated
by the rpen

while deflacted

crossed
indicative of supra thresheld alpha activitvy,
Ten measures of pupil size ware taken over +hs camps
20=-3econd sanmplies from which the alpha m2agureg were
derived, The ¥FF was calibrated for sach subiject so +tha+t 1
be reprasented hy 1 cm of per
size

of pupil <change would
accurately read pupil

mm

deflection making it possible to
eve blinks and the correspond

svye

to G.1 mm. Fve movements,
Tf an

pan deflecticons were 2liminated,
blink corresponded +o a point of pupil sizs measuremsr:, +he

aye movemnsnt or

point was advanced tc the epd of the artifact,
Illumination Fxperiment, Alpha density and vpupil sizs
i the same fashion for the =7 {7=0}, +15
+ illumination

and +7 {0=7) millilanber:?

{0=15), =15 {15=0),
A tetal of 14 measures {10 mm sampleg) of pupil
for =ach

conditions,
were taken

1
o]
)
]

alpha densit

and of
cn conditi

e

size
nat

.
S1LZe

{trial) of each illumi

prasentation
Again alpha density and pupil

Cognitive Experiment,
were determined in the some fashion for ¢he *hree cognitive
conditions, Fach presantation, however, was dividad in+to

and unloading phaszss (JL).,

loading {1) mid=loading (¥M=1)

loading phass
of the

corresponded

The
irgt and

h

the

i O

&en

!

presentation

corraspondsd o the tine
beginning of unloading prhases; and +hes unloading

betyeen the



at the point *he subiject bsgan repeating *he Adigitz  angd
2nded when the subijsct completed tha repetiticon, DPurpil =zize
and alpha density were calculated €or svery sacond (S am) of

loading, mid=loading and unloading,.

[}

Given the variability in %he sp2ed with which “he

subiects performed this task, the numbsr of msasures hatwaen
+he subijacts also varied, Morecver, sincs the mid=loading
rhase was guite short {1=3 seconds) any meéasurse  of pupil
variability within +his phase was biased, Conseguently +he
loading and mid-lcading phases were later combired and arn
ggual nnumber of mean alpvha and pupil =size measurss  ware

calculat=2d for loading and unloading phases {early, nid, and

late loading; =2arly, mid and late unloadinag),

-

Biofeedback Experimenits. The same scoring procedure fo

alpha density and pupil size was used for both +he hicferi-

back expsriments,. As with the baseline conditions, a +o*al
of four 20=second {100 mm) samnples were +taken from the

middle of each minute for each f=-minnts *+rial of ircreaase

and decrsase conditicns of alpha and pupillary bhicfesdback,
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Again 10 measures of pupil size ware %taken fro

]
§o

i

(]

nn samnple from which alpha density was calcnlat
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The alpha baseline data was analvzed in a 2
1y within-subiects factorial analvsis of variance with
Session I versus Session IT and eyes-closed versus eves=onsn
with four successive epochs of measuremsent {(+riale) in mach

condition (Table M. The analyvsis of variance indicated

that as expected there was a
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production for Session T (M
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80Y. Alsoc, as sxpectsd, the eyes-closed alpha production (M

(T

i

= 78) was greatsr than the eves-open alpha productien (¥ =

69 for both Sessicn T {(EC M = 71: PO M = 63}) and Ssssion

IT {EC ® = 84z EO M = 75}, The trials main 2ffect was no¥
significant, The only significant intesraction was +hat of
session, eye-condition and trails, In view of +his

interaction, *%he Nawman-Keuls Multiple Range Test was nsad

to assess Sessicn I versus Session JIT diffarsnces across

trials 1 - 4 of both eye conditicns (ses Table 2y, 1Ag =zhown

in mTable 2 both the eves=-closed and eves=-open alnha
f

icantly gre2ater in Ssssiecr TT  +han
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differences, thowaver, ware cnly sigrificant for Trial O of
Session I and Trials 1, 2 and 3 of Session II.

To summarize, tha analysis of alpha bassline dz+ta cuqgasst

that there was greater alpha production assccia+ed with +he

2yes=clesed versus syas-oper conditions arpd with Saggion TT

versus Session I, The effects wera gualified by +he

e

or and trials =such +hat

,Jn

intsraction of session, aye=condit
eayes=closed alpha production was qgreater +han eves-opan
alpha production fer Trial 4 of Session I ard Trials 1, 2

and 3 of Session IT,
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TABLE 1
ALPHA RASFLINE AWNOVA

e KR ki 3 s S
i Scurce i af i Me { Frror 1 k2 |
¢ - $ + -+ e i
i Session (%) { 1, 19 1 12393,98 | 1814,77 | 8,76% |
] Eye conditior {EF} 1 1, 19 { 5674,24 | 600,50 | ©,L5% |
1 Trials (M t 3, 37 14 49,07 1 105,92 1 G,u7 |
] S x E 1 1, 19 1 20,25 | 266,81 1 0,08
| S x T i 3, 57 1 19,13 4 55,21 1 0,34 4
{ FxT 1 3, 57 1 11.72 | 80,847  T,15
i S xR T § 3, 57 i 291,19 1 59,70 &4, 88% |
kS — s A A i s H
#p < {1



PAGE 86 OMITTED IN PAGE NUMBERING




27

TABLE 2

POST=HCC ANALYSIS CF ALPHA BASPLINE SESSTION BY BYE=COMDITION
BY TRIAT THNTERACTION

T 3 ] K] 3
j { i Critical i Mean ]
§ Comparison § Trial | Differerncs ] Differernca |
§ + + 4 e e e e e
{ECI vs ECIT i k! ! Bs867 i T, 7% }
1 1 2 { B.57 i 14, 5% i
H i 3 } 8,67 i T, A% H
] 1 i { 5, 85 i 8, 3% i
i i i i ]
{EO0T vs EBOIT i 1 { 8,0 | 9, 0

i ] 2 i 8,46 | 11,7* 1
1 i 3 1 7o 6 i 8, b i
i 1 u i 8,99 l 18,5% |
i i H i |
iECI vs FOT i 1 i 6685 | 5,2 ;
] { 2 i 7. 31 1 6.7 i
| | 3 } Fas17 { 4,9 |
i i 4 i 8,67 ] 14, 6% |
i i i 1 |
| ECII vs EOTIT i 1 1 8,0 { 11, 0% 1
! i 2 H Tab 1 9,5% |
i ] 3 | 8,0 i 1C, 8% |
1 ] 4 i 5,09 ] U, !
E A L. 3 e s <3 H

*p < L 05
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The mean pupil size over the four &pochs
baseline across ssssions (I versus II) were analyzed with a
two within factor ANOVA {see Table 33, The  anralvsis
indicated a highly significant +¢rial =ffect and a *tendency
for puril size +*o0 decrasase across *riazls of both Segsion T
and Session 17, There were, howaver, ne Adiffersrcaes in
pupill size between szssions (Session I, M = 3,91: Ceszion
II, ¥ = 3.96) rner was there an interaction betweser sessionne
and trials, Moraover, a similar ANOVA on ths obpupi

bility measures (Table #4) indicated +hat +herz wers no

@
)
4
}Jn
9]
o

significant differencss in pupil variability batwesn
sessions or acress trials,
In summary, t*the conly significant differencs that smeragsd

for pupil baselins data was a decrease in puril size across

fote

trials 0of both s=zssions, This is an axpectad effoct in

pupillometry studiss {Janisse, 1977 .

were associated with eyes-clcs2d versus =yass-open conditinne
and with Session TII versus Session T Dbaselines. The only
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TABLE 2

PUPIL BASELINE ANOVA: PUPIL SIZE

T E) K1 q ¥ e
i { af ] ns 1 Error i F |
{ + 4 F—— -t 4
i egsion { i 1,19 1 0,11%6 | 0.,2336 | 0,40 4
i rial {T) I 3,57 t+ 0,0978 1 C,00CRS | 11,45% |
1 i 3,57 | 00,0088 | 0.0060 § 1,45 i
L o A 2. ] ——d P




TABLE &

PUPTL BASELTINE ANOVR: PUPIL VARTARITITY

E 1 3 ki B 3
H Source i af i ns j Errer i w |
G e e e + + - % + -
i Sessionis) t 1,19 1 0.,00B4 7 0,003% 1 1,56
H Trial{T) i 3,57 { D.0002 1 0,001% 1 0,12 |
H S x T 7 3,57 1 86,0001 § 0,0008 1 .17
F] a 4 EX i — 3




Alpha Densitvyse The alpha data in the Illumination
axparimant was analyvzed for separate 1llliunminztior lavels in

=gsubjects factorial arnalvsiz of

;«J v

a Ux3x14 completely with
variance design with four transitions in illumirstion (-7,
+15, =15, +7Y repesated on +three *rials and 14 sasguzntial

2porchs per illumination trial, The results of the *threa-wav

ot

h

ld.

Wil subjects ANOV2X indicated a significant mpain offact

i1lumination level and a2 significant nmain affect for

4
oo

fo
apochs {sea Table %Y, Cleosar examination of +ths Aatsa
howaver, 4indicated that the test cof compound symmeiry for
+he epoch error suggest2d a vioclation of +he assumption of
variance~-covariance symmetry {p = ,03%, 19df), Corssouently

the Greenhouse~Geigsser correction {Greenhouse £ Gelssar,

1956: Hiner, 1971y was made to the dasgrees of fresdeom, 1S a

result the epoch effect was no leonger siagnrnificant (7 (1,19
= 2,81, p < . 1D,
Newman=Keuls Muliip = Range Tests {Tablz &) confirmed

that the main effect for illuminatior was acceounted for hy

=

necy:

'1’)

the differsence betwean ths two rasing 1llumination {+7,
+15) cenditions (M = 68y versvs the twe dacreasing (=7, -15)
illumination corditions (¥ = 5B} as mayv be szen in Figurs 1,

The data do not support Hypothesis 1 which specified +ha+t

the greatest amcunt of alpha activitv wounld occur a2t the




lower

illaminaticn

lominat

s
1

on lsvels (+7,

+15)s



TABLE 5

RIPHA TLLUMINATION ANOVA

E'n k] ] 1

i Sourcse H af H MsS i Error

s + 4 3 -

i Tllumination {I) 1 3,57 {1 8183,23 1 1187,¢£8 £, RO
i Trial (™ v 2,38 {1 5307.,25 3 s243,40 0,85
i Epoch {Fy 1 13,247 ¢ 1210,92 | 131,49 2. 8%
] Ix 7T i 6,114 3 182,14 1 828,16 0,22
i I % E { 38,741 3 446,75 1 426,11 1,05
i T x ® 1 26,4894 4 3B5,10 {1 416,02 0,93
i I xT x R ] 78,14824 320,05 § 429,12 0,758
N 2 3 1

*p < L0017



TABLE 6

NEWMAN=-KEULS TEST OF THE MAIN EFFECT POR TILIUMINAZTICY LEVELS

3 3 i 3
i Ccmparison i Critical i Moan |
! I Differencs{Cd) | Differance{¥q) i
- - + } —=d
i =7 ys +18 i 3,357 1 b, 4= i
} =7 v %7 i 4,046 { 5,087 {
] -7 vs =135 i 3,287 | 0,22 1
i =15 vs +15 | 4,046 i L, a2

i =15 yvsg +7 | 4,451 i A, 10% 1
1 +15 vs 27 } 3.367 ] 1,57 i
kN ER a o 3

%p £ o058




1”914
HO0d3 VHdIV Sd
blooel 2l 1ol 6 8 L 9 ¢ v ¢ 3 .
” _ _ _ _ ~ ] ] _ I I M m 0g 0%
O~ T
o= I B 7
\@\ 7
8————0 T1dnd .
° YHJTV <P
\ét YNIWTIT MO7
o— ——0 1ldNd oy
o——0 VHJIY b
NOILENIWATII 9
9t
L b
8 b
6 b
0°¢
l@\\\@\ P
s A
_
— _ .
R 0L 1'¢
& -
T e NOILYNIWNTIT 40 ST3A3IT ANy .
SHO0d3 SSOYOV 3ZIS TdNd gNYV -1 ¢4 2¢

ALISNIA VHJIV NV3IW




ag

axperinment wage analyzed in  the same fashion as  +he slpha

data, The
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of variance ars presentad in Table 7., Tabls 7 is indicative
of highly significant main effects for lavel of illuamina=-

tion and epochs, and significant inieraction of illuminatiorn

by epochs and illumination by +*rials by enochs, The
compound symmetrv test, however, suggeszad a vieclation of

the assumptions of variance-covariance symmstry for +he main

illumination effect {p = ,00, 194f), and for +the azpoch
gffact {(p = ,00, 1%3dfY), Altheough there werszs insufficisnt
degrees of freedom for a compound symmetrvy +est of +he
illumination x epcchs interaction or +he illumination x
trials x epochs interaction, the vioclations for <+hs main
affects plus the sigprificant symmetry tast of +he irterace

tion of illuminatieon and trials {p = ,018, 194f) sucgsstzd

[..h

an overall olation of ceomvound symnetrv. Conssgusntly +he
Greenhouse-Geisser correction was made for *+he dsgrsss of
freasdom of all the affects prasentaed in Table 7, 211 +he
effects remained significant at lsast a* the 001 level with
the exceptior of the thres wavy interactiocn of illumination,
trials and epochs {F (13,287} = 1,62,p < ,10),

Not surprisingly, the larger pupil size wag asscociatad
with the lower llumination lavels (=7, ~1%) and smaller

pupil =size was associated with +he Thicgher illumination

levels {+7, +1%), Newman~K=2uls Multinle ~ Rangs Tests
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2833, p < 0%}, Thersa were no diffsrances betwssgn the tuc

dilate {=7 ve =15, CA{57) = L1864, M4 = ,032y 3illumiraticn

levels, The effect across epochs and high versus low
i1llumination nditions is presentad graphicallyv ir Figurs

1 along with the alpha dansitvy data,

As is obviocus from Figure 1 +here was a wmuchk nors
dramat+ic changs in pupil size associated with +he dilate
{-7 and =15 corbined) conditions, Thigs was varticularlv *hs
case with the first 7 erochs, Al+though the diffsrencs uas

ot significant T+(82) = 1,43, p < ,2071 it is also interagst-
ing to note that +the greatest bhetween and withine-subisc*
pupil variability was asscciated with +he =7 (M = 4% anad

t

I.Jn
4]
<
b
n
H
w
[}
<
}J.
n
*.
oy
D
Fy
-
E
i
9
2
o

e

=15 (M = ,#47) dila*te cond on
and +15 (M = ,39) constrict cenditions, This is par+ticnlar-
1y relevant in view of Hypothesis 1 which assumed *tha+ +ho

greatest pupil variability would ke associated with  the

* de
Q
3
n
>
3
5
ib
T
o
4
j8Y]
3
)
3
i

constrict {highlv illuminaticn} conditi
suggest that +this was not the case but rather +he orsatect
within-and between-pupil variability +ended *+o be associat-

24 with +he Adila*s ceornditions,




Alsc as can be seen from Tabls 7, the main sffsct for

epochs {(the significan®t incresasz  in  pupil size acrosc

2pochsy was gualified bv a s=significant iIin*sraciiorn of
illumination lavel hy =poch 2s depicted in Figurs *he
increase in pupil size across spochs was sigrificar+ly

greatest change in pupil size was associaied wiih +he dilate
conditions; 1ot with the constrict conditions as hypoth=

RANE - N

esized,

oY)

In summary %then +he analyvsis of +the pupillary dat

demonstrated +he otvious inverse ralaticnship betusen pupil

size and illumipation level, The data also indicated +hat
there was a significant increase in pupil size across spochs

for the lower {dilate} illumination levels, 1Altheouah i+ had
baen assumed that the grsatest pupil variabkili+y would b=
found under the ccnstrict conditions, the presant data
suggest a slight +tendency for areater pupil variability with

the dilate conditicns,




TABLE 7

POPIL TLLUMINATICON AWOVA

aq

r - - T k] T T T e |
] Source { af i Ms | Error | F i
¥ + + +——— e B
1T1lumination Level{(T) 3,57 | 224,313 | 2,861 178, 39%%1
1Trials(™ 1 2,38 i 1,03%2 | C,u4066 | 2,56 |
1Epochs (E) | 13,247 12,2968 | 0,055% (41,37%x|
] Ix T 1 65,1148 1 D.3685 § £,2744 1 1,33
i I xE { 39,741 4 02791 1 0,0288 | 7,20%%]
H T x E 1 26,494 00348 1 C,03207 1 1,12
i TxTTx E 1 78,14824 £L,05%22 §+ D0,03271 1 1,62% |
2 i 2 i e e e PSR |
¥p < o001

**p < L0001



Alpha _and Pupil Size _Correlations. The relaticnship
hatusen alpha density and pupil s=size for individnal

1lumination levels was investigatzd with Pearsen prodnct-

fde

poment correlations, Since correlation cosfficisnts ware
computed for each epoch in each of the thraes +trials, +hers
yare a total of 42 ccmparisons for szach illuminzticn leove?
{Table 8), In view of the small sample size {n = 20} or

which =ach correlation was based and *tharefore +he low

protability of finding signifircant correlations unleoss +thev
were quite large {r = .38 for significance a+t .05 level ir
one=tailed fests) +he correlations Wwers averaged for
seperate illumination lewvele and tested by  procedurss
daescribed by HMcNemar (1966) to detsrminsg whether the

=

obtained correla*icns represented a nonchance relaticrnehip,
7 = +transformaticns and test of sgignificarce for =zachk
illumination level indicated that the average correlation of
r=,15 for the +7 condi*ion (Mz = ,155 SE = L,037, v < ,0n0Y,
the average correlation of r=,13 in +hs 415 condition {Mz =
2313, SE = ,037, p < 0002} and the average corr=laticn of r=

=207 in the =7 ccndition (Mz = =,072, SE = ,037, ©» < ,03)

could bs considered significantly greeter than =z=zTo, The
average correlation for the =15 condition of -,(% (¥z =
2054, SE = ,037, p < L0R}Y could neot he cornsidered as
deviating significantly from a nonchance occurasncs, M hast
+hen the +endency for alpha and pupil size +o vary *+caosther

seams only mirimel and most noticeable for +the higher

illumination levels whare the pupil was also less variabla,



107

TABIE 8

AT.PHA AND PUPIL SIZF CORRELATIONS FOR ILLUMINATION LFVYTLS

g 1 5 5 T 3
i i +7 i +15 i -7 § =15 ]
j Ceomparison 1 r i T i T | r i
t - S + + - 3
{Trial 1, Epoch 1 | =,07 H -, 19 1 =, 07 | - 10
i 21 s 33% o O « 20 201
! 3 ‘ 037* 3 903 1 027 1 “oﬂ!? 1
i A | 2 10 { 0«13 =, 09 1 212 1
i 5 1 o D%k o 3L% e 25 | o B2%%
i 6 0 33% s H5%x =, 28 1 —s 35% 1
i 7 9 2 3T% =512 =17 1 » 12 ]
i 8 1 o UBHE | o fitksk .20 1 » 31|
i 94 « 10 H o S{%**| 020 | 0 3T%
a ‘30 3 316 g 529 1 “’315 ’ "‘ag}**i
i 11 4 2 19 i » 30 o B2%% | -, 08 i
i 12 4 09 { .02 | -, 02 =20
] 13 2 05 i =, 00U =, BBk = 06 f
] )y =,21 i 204 =27 1 LS00
i ] i i | i
iTrial 2 Epoch 11 0 01 1 025 =24 -, N8
i 21 =429 {  =o20 | 219 | e, B0k
i 3 i . 03 f : 06 H o D5 { 2 3Tk !
1 Lo 003 i o U1y =-,13 =, 08
i 51 =.07 1 o 28 <17 -, 12
i 6 a o‘gg ‘ 933* 3 ”530 l 32" !
i 71 225 i s 33% =,28 | =, 05
i g8 4 23 i .05 i » 8 i -y 06 {
! Q ' 505 3 91‘9 1 o 17 ' “"@?? f
i 10 1 o HO%E | s 36% | =-,17 ] =23
i 11 4 203 i - 18 =525 | =, 08
i 12 1 228 | 022 | =530 i =03 1
] 13 4 o BS%% | -, 08 3 =, 04 i 2223 1
i T4 18 i =0T g =, 32% | -, 0y
i ] { 1 | i
iT7rial 3, Fpock 11 ~,04 ] « 10 3 =,13 1 206
H 21 =M i =09 i 08 -, 12
i 31 .15 1 =02 ,38%%| =, 10 |
i 4 4 s 06 i o 3Lk =,03 | =, 07 ]
i t) ! 915 3 93!4* i "303 1 “o{}‘? 1
g B 1 =o08 1 =,07 | 215 | =,2u
H 71 =s25 i o HUH*KY -, 14 ] =5 30k
1 81 o425 1 =416 | =e26 | 05|
; ] 3 “920 i ""313 1 "az % "”o2€‘ i
i 10 4 o 3% i - 08 =, 17 1 =530 ]
' 11 5 311 3 '037* i ”92’4 ’ ‘“’561 !
3 12 i "913 i 208 3 =, 13 3 » 20 i
i 13 4 o Q% 4 208 i 2 06 =321 1
i 14 e 3Tk 0«19 1 - CE ] 209
1 4 A L i _ 3
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*p < L1080
%%p < .05



Postexperimental Questiornaire, The subdiscts mean rating

N

and the freguency distribution across the 12 =Tatino scalzs

of the postexperimental gusstionraire are presented in Tabhle

9, - The m=ans represent +the subdjects ratings over 21} levels
nf illuminatiocn, The guestionnaire was not dzsiared 40

da

ot

compare varicus illumination levels {Ssz 1Ropendix R=1),

I

zd in  Table 9)

o

Overall {as depict ha sub-dscts rated the

It

experiment as szguiring some alertness, attantiveress and

concentration and as being relaxed, sasy and unfrustrating,
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TABLE 9

POST-FYXPERTHENTAL QUESTIONNAIRE TLTUMINATION CCNDITION

LX)

¥ Kl M 4 e——
i i Fating ! i
H Scalse 11 2 3 4 £ f ¥ean |
?_-"_—-—_——_——‘_——-—”--— _%— 1 El T k4 ] ﬁi‘ —--——--—i
JAlert(7T) = Drowsv{f) 1319 1 1Ty 201 2,78
{Unpleasert (1) = Fleasant (631 6 § 1 {1 8 + 5 {6 1 0 1 3,8 1
jRelaxed{1) - Unrelaxsd (&) 41 94y 118 1 21410 1 2,85 ]
fActively Thinking{T - i | i i ] | i 1
i Not fhinkinag{$) i C 1715 16 121 01 2,15 |
i i i { i i | ! !
jAnxious{1) = Not anxious{s)}{ 1 1+ 1 1 3t 3 1 7 | 5 { 6,45
INot Frustrat=d{1)- § { ! i H i i !
| Frustrated {6} 112 15 1 21 11 001 01 1,6
i i i i { { i [ i
{Unmotivated{1) - i i ] 1 i 1 i !
i Motivated (%) 1 21 % 131941 21 21 3,85 1
i { i | | i i 1 i
jAttentive {1 = ] } i ] { | i !
i Tnattentive {6) F 1111 211401001 1,8
{Effortful (1) = Effortless{é6y! 6 1 1 | 3 ¢4 3 { 3 | 4 ¢y 2,4 1
| i { i | | i ] |
JDifficulz (N = Facsvy (&) 0111481615 41 4,35 4
jActively Concentrating{il= | | i 1 i | | i
1 Not Concen:trating(8) 1871 71612111001 2,85
H i ! ! i i | i !
JClear Vision{i}=- i { { | i 1 i I
i Blurred Vision($H) P14 351 2974 81 2,8
i 4 ] kN t] A 4 H e
Notgz 1 = very

2 = moderately

2 = gliaghtly

4 = slightly

% = moderately

6 = very



Summazry. of Tllumination Pesulis, 2s expactsd, +he largsr

AT S R ST ST i e i, T e S S R S i SR TR e an B Sl L T8

pupil size was found for +the lnwer illumination levels (=7,

=15) and smaller pupil size was found for +he higher
illumination lesvels {+7, +15), Grsater alpha oreduction,

con*rary to expectations, was found during higher 3illumina-

a
]
i)
n
o
ok
§
N

tion {ceonstrict) cenditions, In addition, +the
indicated that +there was a significant 3increass ir pupi
size across s2pochs for the dilats illumination conéirinns

which suggested that the greatest changs in pupil size (and

lowest alpha preoducticon) was associated with the dilats
conditicns, It was =sxpected that the pupil weould be mors

variable and ceonsequently ther2 would be less alpha undsr
the constrict cenditions, Ir any event, +thes greatest alpha

production occured under the higher illumination (constrict)

N

conditions where there was a slight tendency feor lower

-

bi

fodta
2

[aadd
e
’Jc

betyeen and witkine-subiect pupil vari tVao

The correlatiocral analvysis, ravealed at bhegst cnly &
minimal terdency for alpha density ard pupil size +o vary
togather between subiscts, This *zndsncy was wost pro-

nounced for the higher illuminatior constric: conditions

where the pupil was less variable within subdscts and wh=re

pupil size and alpha density %andsd +o covary betwssn
subjects in a positive fashicen, Overall the =subdects ratad

the experiment as regquiring scme alertness, a*+sntivansss
and concentraticn and as being relaxsed, szasy and unfrustrat-

ing,
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Alphza Density {L, D=1}, The alpha density data for the

cognitive task condition was initi+tally analyz=2d in 2 3x3x?
within=subject design with three lavels of +ask difficul+y,

three trials at* each level, and two measures of loading for

2ach trial {1 = lcading, and UL = unloading). Since the
mid=Jloading (M=-T1) rhaszs was often very sheort and in man

cases only containzd a single measure, it was eliminatsd
from analysis, The results of +hz ANOVA ({Tabkls 17)
suggested that therz were nc differances in alpha rproduction
for level of difficultv or +trials, Only
loading was significant and suggesisd +hat +hers was =
decrease in alphka rroduction from L (M = 54,91 +o =1, (¥ =

48,66} rhases,
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TABLE 10
COGNITIVE ANCVR (L, TU=1) FOR ALPHA DENSITY
5 —a— T T k3 B hantam |
1 Scurcs § af i S 1 TError i i3 i
E e + } 2 ——
1 Difficultvi{D} { 2,38 { 380,32 i 386,22 | 0,91 |
i Trial {T) i 2,38 1 359,00 i 594,43 | 0,6 i
i Loading{l} i 1,19 | 3520,33 i 417,02 1 8,40x% 4
i DxT 1T 4,76 { 551,82 1 380,87 + 1,45 |
i Dx L i 2,38 1 4,57 1 394,81 ¢ 0,01 !
{ T x L 1 2,38 i 105.82 | 288,99 | 1,39 |
i Dx Tx L i h,76 1 173, 49 | 295,648 § £,59 {
4 ——— A i R 3 3

*¥p < o01
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21pha Densitv ISegusncsl. In order *o includs +he ¥el

data inte the analysis and in ordsr %0 explore +hs +rends

within +the loading and unlecading phases, +he Adatas was

reganeratad, The I and ¥=1 phasss weres comhinsd and ar
2gual number c¢f mzan alpha measures vware calcula+ted For

ot

=D

oading {early, mid and late loading) ard unleoading f{=arly,
mid and lats unlcading). The data were apalysed in +he sans
fashion above with the addition of three levals of segusnce
{garly, mid and late), The results of the repeatsd nmeasures

ANOVA ars presented in Table 11,

A= may be seen freom *tahle 11 only the main effzct

sequence was significant {p = .0258), Thare was a
for alvha %tc d=acrease across early (M = 52,6}, nid {M
=51, 25} and late (M = u8,30) phages of hoth 1c02ding and
unlcading *riales, The compound symme+ry *test thowsver
revealed a viclaticn of csymmetry of variance-=covariance

matrices {(p = 0382, 1924f), With the Greenhouss:

correction, +he seguence effect only appreoached
lavel of significance (F (1,19) = 4,08, »p < .08, Tha
2ffect for lcading also only approached significarce [T
{1,719y = 4,03, p = ,0592) irdicating a *tendency for a higher
alpha density during loading (¥ = 52,13} +han during +he

unlcading phase (¥ = 48,53),

Although i+ was hypothesized (Hvpothesis 2) tha+ alpha

producticn would decrease as task difficulty ircreas=d,

there waszs no effect for difficulty, It iz intaresting to

e
v
~3
jo 7
=
I}
[N
3
o]
w
Jud
[
O
4
4
jou
)

nots, hovwever, that alpha densit




Y
v}
-
o

¥

coagnitive *tasks was significantly lower than +he asyes=open
baselipe level [+{19) = 3,08, p < 0057 On the hasis of

o
!,h
(a2

his it might appear as +*hough alpha producticon was soually
the

plocked by all cognit*ive +*asks and ¢his blocking affact
was maintained over both loading and unlsoading phases o

cognitive tasks,



COGNITIVE

TABLE 11

AWOVAE ({SEQUENCEY FOR

AL

110

il T ¥ k1 It E s
i Sourcs i af i Ms i BError ! F !
¢ ———— + -1 + e
} DifficuletviDy i 2,38 | 715,49 i 105%9,9¢ | 0,868 i
i Trial (M) 1 2,38 1 140,12 { 18L4f,98 | (,08 |
i Loading{l) P 1,19 13852,60 { 965,02 1 LB,02
i Sequence {8)Y { 2,3B 11683,.43 1 417,16 ¢ 4,0u%x |
i D x T | 4,76 11661, 35 P 1009,21 1 1,65 14
i D x L I 2,38 § 389,50 i 144,99 1 0,26 |
] T x 1L i 2,38 1 81,67 i 727,60 1 0,11 i
i D x S i 4,76 § T£8,20 1 517,27 1 1,48
3 T x S Yy 4,76 § 536,02 i 437,47 1 1,22 |
1 I. » 8 i 2,38 311228,14 { 678,44 § 1,81 i
i D xTx L i 4,7¢# 321,95 | U6, 22 | 0,34
i Dx Tx S i1 8,182 { 328,22 ] seu,u2 1 0,71
i DXL x S iy 4,76 § 219,87 { u38,%83 .81 |
] T X L x S i n,76 11205, 53 i 521,62 | 2,321 i
] DxTx L x & { 8,182 1 855,99 i 46,81 § 1,86 ]
) i3 A4 A L 3

*¥p < L 05
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lpha VYariability 4L, U=1}. In view ¢f +he fact +thare

ware faw changes 4in averags alpha vproduction witk +he
cognitive tasks, ve2t sone indication that alpha was blocksa
by the tasks, the data for alvha variabilitv {(within-euhdjzct

-

¢r each subiject was also analvssid,

i~

standard deviationgy

The results of this analysis for three levels of Aifficulty,

three trials and two levels of 1leading (L, U-1.) are
presented in Table 12, The analyvsis reavealsd a significan+t
main effect for leading, gualifiesd by an interaction of
difficulty and loading, The effaect for level of difficulivy

{2dd 0, 244 1, 244 3) vcnly approach=2d significance (v =
2 0586) indicating only a slight tandency for alpha variabile-
ity to increase as difficulty increases {344 0 ¥ = 13,76

Add 1 M

18.43 2344 3 M = 19,08),

icant main effect for loading ravealed +ha+

=

The signif

[N

alpha was significantly more variabls during +hs loading
versus the unloazding phase, The loading 2ffect, howevar,
was gualified bv a significant loadinag by lovel of difficnl-
ty interaction, Newman=Keuls Post=hoc analvsis revszaled
that the loading versus unloading 2ffect was onlyv signifi-
cant for the 244 € (L vs U=1, C3d{76) = 4,02, ¥Ad = 11,13, p <
201) and the 2438 1 {1l vg U=1L CA{7HYy = 4,02, Md = U4,67 p <
«25) levels of difficulty. There was no difference ir alpha
variability between the loading and unloading phases of +he
244 3 level of difficulty (I vs U=L, CA(76) = 3,43, ¥4 =

05N, The trend in +*his data sugaest that as level of




difficul*vy increased

remain

4
’ Ao

4 more va

(3]

2 ab

la

the loading

and 4id not

L]
D

h

)




TRBLE 12

COGNITIVE ANOVA {L, U~I1) FOFR ALPHA VARIABILITY

i 5 T T s S 3
i Source { af i Mg i Error | P ]
H + } S -t 4
j Difficultv (M 1 2,38 4 762,17 { 248,35 | 2,06 |
] Trial{m i 2,38 149,01 100,67 1 1,0A i
1  Loading{l) i 01,19 § 2320,21 1 184,21 112.80%
i Dx T i n,76 ] 144,27 | 183,482 | ,0u4 1
i D x 1 | 2,38 § 1021,83 | 4G, 80 | A,83% |
{ T x L { 2,38 i 195,22 | 113,60 + 1,72 {
i D x T x L i 4,76 | 45,19 § 111,04 § C, 1
ER 4 i i —l 3

*p < , 01



i

Suppary of Rlpha Results, Although i+ was hveothresgizad
that alpha density would dscrease as laval of difficul+y

increased, the hvrothesis was net supported by *he prosent

analvsis, Rather the data suggested that alpha was sgually
blocked by all o¢of the cognitive tasks, Moreovaer +hig

blocking effect waz maintained over both loading and
unloadinag phases ¢f the ccgnitive +tasks (i.2,, leading
effect, segquence 2ffact),

In addition, there were differences in alpha variazbhili+y

1ity tendad +to increase a

n

e

which suggested that alpha variab
level of difficul+ty increased, In addition alpha was much
more variable during +*he locading phase than durirg +he
unloading phase at least for the Add 0 and Add 1 lavels of
difficulty,. As Aifficnlty increasss, howaver, +he loading
eff=oct dacreasged, suggesting that at the 244 2 lsveal of
difficulty alpha remained variable and did not <raccver hy

+he U-1 phase,

Pmpil Size {I, _U=L). The pupil size Aata were analvzed
in +he same fashicn as the corresponding alpha data, Tha

results of the within subdects ANOVA {Tablzs 13) for thraz

levals of difficulty, three trials, ard +two phazes of
loading (L, ©U=-1) indicated a nmpain affect for laval of
difficulty, and trials, There were ne significant interac-
tions,

2s hypcthesized, pupil size incrszased asg the lsvyel of

difficulty increased, The Newman=Keuls +tast damonstratsd




that pupil size was smaller in +he 343 ¢ cordi+ion +han ir
sither 2d4d 1 fCcd(3§) = ,03R6, ¥A = ,{08,p < .05 or in the

Add 3 cerndition {CA{28)Y = ,Nuk, Ma 2107, P < 08, On the
other hand pupil size was not subsgstantially diffsrert for
the Add 1 versus the Rdd 2 level of difficnl+ty TcAa{Rey =
20386, 384f, Md = ,0217.

There was alsc a significant main effact for +rials for

the pupil size data and a *endency for pupil =s=ize e

d=crease over trials, Altbtough the compound symmatry tegst
indicated a violation of symmetrv cf variance-covariance
matrices {p = ,0058, 19dfy, +the main affsct for +rials

remained sigrificarnt with +he Grezenhouse=-Geissar corrasctiorn

[TPF{1,19) = 12,97, p < L0057, Post=hoc analysis (Newnman-

u

Keuls) indicated +that pupil size descreassd sigrificantly
from Trial 1 to Trial 2 {CA{38) = ,045%8, Md = ,0LE, p < ,08)
and from Trial 2 tc Trial 3 {CA{38y = ,0458, Md = ,054, »p <

0 05)



TRABLE 13

COGHNITIVE ANOVE (1L, U=1) FOR PUPIL SIZF¥

¥ - e 2 7 T T i
i Source i af ] Ms { Error i ¥ i
3 -+ 4 - o - i
1 Difficulty({D) I 2,38 10,2981 ] 0,0207 {14, 18%%]
1 Trialim I 2,38 1 00,3978 1 C¢,03087 112,97% |
i Lecading{i) b 1,19 v GL.0012 | 0,02732 I C.0%
1 D x T i 4,76 1 0,0121 ] 00183 ¢ 0,74 |
i D x 1 I 2,38 {1 00,0383 | 00,0155 | 2,148 |
i Tx 1 P 2,38 1 0,013 § 0,0138 1 0,99 i
i Dx Tx T 1 4,76} 0,0020 1 0,0102 1 0,20
kN 2 & i.. L —— 3

* p < L0001
¥% p < L,DR000



Pupil Size {(Segusnce). The data for pupil size wers alse
reganerated in a manner similar 5 that with the alpha datsa

and analvsed 3in a 3x3%2x3 ANOVA with threse levels of

}-2e

difficulty, three trials, +wo levels of Jleading, ard thrae
levels of segusrnce {early, mid, late). The results of +ha
analysis are presented in Table 14,

As with vprevicus analyses ovpunil sgize was Ffound  to
increase as task Aifficulty increased, Rlthough this cffact
was in viclation of compcund symmetry assumptions {(r = ,232,
194f)y it remained significant with +the Greenhounse-Gesisser
correction TF{1,19) = 12,41, p < ,000% 7, Again there was 2

significant difference betwesen the 244 0 lavael of 4difficulty

and *the more dAifficult 244 1 and Add 2 lavels {Neswman-Keuls,

p < .05, 21sc again the R34 1 (M = 4,33}y and 244 2 (¢ =
4, 354) pupil sizes were not significantly Adiffarent

sugaesting that the tasks are almost of =egual difficulty,

The differsnces in ovpupil size, howaver, were in  the
predicted directiocn,

Alsc consistent with previous analyses pupil size tendaed
to decreass acress *rials suggesting habituatior of the

pupillary dilation response with repeatsd expesure, Trial 2

-

pupil sizes were significantly smaller than either 7rial

{Cd {38 2 0595, M3 = ,092, p < .05 ocr Trial 2 vupil sizes

fCcai{3my DR, M3 = ,051, p < 057, The difference betvasn
Trial 1 and Trial 2 althouagh in the predictzd directicn only

approachad significance {Cd{38 = 049, M3 = ,0u1y,




As may be observad in Table 14, +hars was a significan+t

eraction of lcading by szanencse which from observation of

e

o

n

+
o

the loading sequences (1. M® = 4,273, 2, ¥ = 4,324, 2, v =
4,342y versus the unloading seguences (1, ¥ = 4,381, 2, ¥ =

4,337, 3. F = 1,285} suggested that puril size #+21ded +n

increase across loadina seguences and decyrzase across
unloading seguences, The ¥ewman-Keguls test {Table 1%)
confirmed this, although the sequznce effect was Fnr +the
most part only significant for differsnces in puril =igzs

batween segusence 1 varsus ssguence 3,

alsec was indicativa of &

ol

The analvsis of cognitive dat

significant three-way interaction of Adifficulty, loading,
and seguence, is may be gseen from the post=heoc aralyvsis

presented in Tablse 16, +this interaction is =xplainzd by *+he
loading by sequence interaction which cccurs only 3n +he 244

1 and Add 2 levels of Adifficuliy, The lcading-seqguence

'

interacticen wag not significant for the 244 0 lsvel o




TABLIE 14

COGRITIVE ANDVA {SEQUENCE} FOR

119

PUPIT STI7ZE

k] K 5 T - -7 -
i Source i af i Ms 1 Frror | F 1
¢ 4 4 + +- 4
i Difficul:y {D) 1 2,38 1 0.9L78 § 00,0768 [12,47%k% i
i Trial (M i 2,38 1 £.,75%% 1 0,1074 { 7,08 !
] Loading {1} § 1,19 i 0. 0006 | 2,045%7 | 0,07 f
H Saquence {$) i 2,38 + 0.0162 1 0,0313 1 2,52 i
H D x T ] .76 1 C.083C | 0,04un y 1,42 i
i Dx L § 2,38 { 0,098% | C.0324 § 3,004 {
i T x L 1 2,38 | 0.,0186 | 0,0292 | 0,64 |
i D x 8 i 4,76 | 0.0C21 ¥y 00128 y 0,17 1
i T x S ] 3,76 1 00,0068 | 0,1238 § 0,55 1
1 L xS 1 2,38 1 0,3587 1 00,0214 |16, 74
! D x Tx L i B,76 1 Q0.013% y 0,2940 | ~, 47 {
i DXxXTx 8 | 8,152 | 0.0C40 1 00,0000 { 0,41 1
! D x L xS ! 4,76 | 0,0486 | 0,0098 | u4,99% |
1 TxL x 58 { 4,78 g 00275 { ¢,0140 1 1,96 |
| D XT x L { 8,152 1 00,0051 { 0,008 | 0,57 |
] R i i L 1
* p < o001
% p < L0001
k% p < L0001
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TABLE 15

NEWMAN=-KEULS TEST: LOARDING BY SEQUENCE COGNITIVE INTERACTION

r 5 J — 1
i Critical ] Mean i i
] Compariscn i Difference({Cd) i Diffarencs{ld) i
¥ - + 4 - et
1 L1 vsg 12 E s 051 H =, DR 1% i
i L1 veE 13 1 9056—!’ i "“’aQSQ* i
i L2 vs 13 H s QUE ] ~, 18 ]
§ i ] !
i =11 vg U=12 i PEIRILS i +. 021 i
{ U-L1 vs U=-L3 1 2 057 i +,056% ;
{ U=L12 vs U=13 i « 0138 i +, 0732 1
i i i !
i L1 vs U-L1 ] . 054 | - 0F 8% |
1 L2 ys 0O=12 i - 038 { +. 007

{ L3 vs 7=-13 i o 05U i + BT i
3 —— 3 1 ]
Note: A4f = 38

* p < .05



TABLE 16

NREWEAN=-REULS TEST: DIFFICULTY BY LOADING BY STEQUTENCTE
COGNITIVE INTERRCTTION

3 T ¥ —— bl
i Critical i Mean ] {
i Comparisoen 1 Difference{Cdy 1] Differenca(id) |
% -—— - e 4 e
1 +#0 L1 vs L2 i » 0817 1 =,02¢% ]
i 11 ve 13 i . DUL { =, 028 i
| 1.2 vs L3 i . DN ] +, 008 1
i i i |
} 40 U=117 vs U=12 i o D41 { +. 021 i
| =11 vs =13 | - N368 { -, 012 {
1 U=12 vs U=13 | s 0358 1 +,008

i i i |
i +1 11 vs L2 { o 036 { -, UA i
i i1 vs 13 ! o DA i -, 077 3% ]
i 1.2 vs 1.3 1 o DY i -, 28 ]
i i i |
] +1 U=11 vs U=13 i « 0517 1 +,021 =
1 U=11 vs 0=L3 | . 0577 { +.077% f
] =12 vg U=13 H . OUBs { +, 08X ]
i i i i
i +3 L1 vs L2 i s 0577 4 -, 073 ]
i 11 vs 13 i s D615 i - 107% o
i 12 vs 13 § . 0188 { =,037 ]
i i 1 |
! +3 U"Iﬂ Vs 8“’12 ’ e@ugé , +ap3 i
] U=1L7 vs U=13 i » 1159 i +, 0BBk |
i U=~12 vs U=13 » 0511 i +, R 5% i
i i z N |
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Yarizbkility {1, U=1)a Within-subizct opupil

h

yariability ({correlated for sach +rial o leoading anAd
unloading for esach level of difficulty) were analvseld in +he
sama fashion as alpha variabilityv, The results cf +he ANNVR
for three levels of difficulty, thres trials, and *twe levazls

of lcading (L, U~1) are presented in Tabls 17, Only *+hs

n..,
3
]

effaect for level cof difficulty appreached significance

£
Y]
[

i

s 077 suaggesting a +tendency for pupil wvariabili+ty +o ircrea

as level of difficulty increassd,




[5%)
bf
ps
w

TABLE 17

ABILITY {1, U=L} COCGNITIVE ANCVZ

T Y 7 Y - R
i Source i df i MS i Error i ¥ }
- + + 4 R
i Difficulty (DY i 2,38 D.0131 { L.00LA | 2,85 |
i Trial (M i 2,38 C.0083 | D,.n048 ¢ 1,8¢ |
i Leading (1) 1,19 C.C002 | C,0087 1y 0,008 |
1 D x 7T i 4,76 4 C.0060 1 NL,0059 ¢ 1,03 i
i D % L i 2,32 D,CI126 1 DL,00686 ¢ 1,07 |
i Tx L i 2,38 i D, 0008 1 00053 | 0,18
i Dx T x L i 8,76 i 06,0029 ¢ C,0029 ¢y 0,74 |
i L 3 ) [ 3
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Sunparv._of Pupil Results, As was hypothesized {(Hypothe-

sis 2) pupil size increassed as a function of incresasirg *+ask
difficulty, The consistent frial effect for punil =igzs
across all =analyeses indicated +hat *the opupil ddilazion
responsse tended to habituate (decraase) acress +rialg with

repeated a¥Yposure.

joN)
o]
3
o
=
a0

Alsc as saxpecia basig of thes opupillarzy litsra-
ture, pupil size increassd dAuring the loading phass  and
decreased during the unloading vhase 2%+ leasgt f

difficult {(add 1, 244 3) lavels of task,

Alpha and Pupil Size - Correlatioms.- The relationship

betveen alpha and pupil size was also investigatsd wi+h +ha

Pearson correlaticn, Initially these corrslations woere
computed betwsen alpha and +he corrasponding measurs of

pupil size across three levels of tasgk difficul+y z2nd +wc
levels of 1oading (L, U=~1} with +three levels at each phass
of lcading {sse Tabls 18),

Although most of the correla*ions wzre negative as wonulAd
be expectad if increasss in  pupil size wers associated with

nificant, Tn =&

&2
o)
o
jon o
b
u
@
3
n
poe
ot
]
@
rh
3
=
>
D
,a’
0
n
[
o]

decreases in

er the correlations for =a2c¢tk leval

pae

procedurs described earl

of difficulty were transformd to 2z = scores and averagsd,

Only the mean correlation {r= =,19) for the 344 2 level of
difficulty (Mz = -,197, SE = ,099, p = .023) could be

5 Q

mor= than a chance factor,.




1y

3 +o  *tha reozre

1)

Th2 same precsadure was alse appli
sequance data {see Table 19}, Again meos®* of %the correlation

ve in nature hut faw of *+hess wers

=0

coefficients wers nagat

significant, 2gain only the averags correlation irn +he 244

{utu
1

3 level of difficulty {(r= =-,17) was sigpificantly greater

than what would ha expected by chance {Mz = -,168, S,F, =

60571 D = 09016)0



TABLE 18

ALPHA DENSITY AWD PUPIL SIZE CORRBRELATICNS ACRNSS THREE
TRIALS OF T AND 1l=-L

§ k4 T e e e o s s e e i 4
{Comparison i add 0 { 34 1 | raa 2 i
$ S el b + + 4
iL Trial 1 1 =,102 i » 111 1 =, 28 1
i 2 1 =,373% 1 =, U3 i =, 225 i
| 3 -, 012 i -,195 i -, 0US i
i i 1 i 1
aUgL T’:f_al 1 ‘ ‘”ao7u E 0072 1 ""9{127** 1
3 2 ’ '9075 i o 232 1 “3’778 '
g 3 1 qqg’6 2 a102 ] “"0229 1
4. 3 A g} ]

* p < 085
#% p < , 05
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AL

PHA DENSITY AXD PUPIL SIZF CORRELATIONS

TABLE

19

TOADING AND SEQUENCE

ACENSS TPRTALS,

F k] - k] ) ——— it 3
iComparison (! add ¢ | ada 1 i 2Ad 2 ]
b + <4 -+ e 4
} ™ L1 i =-,18 i 0223 | =, 178 ]
i T‘; 12 a "'9053 ’ ”a?SS i _933* !
i ™ 13 i =5 121 i -, 08 1 -y 355% |
i TY 01 § -, D02 i s 176 } =, 063 !
H ™ U2 i =, 11 i 2052 1 -, 3RD% i
i T1 3 ! =5 151 ] . 0092 i =, B3k
| i i i §
i 2 L1 ] . 018 | -, 06 i =, 234 ]
% '1’2 12 } b QSS** ' 0 ng ’ bl 190 §
i ’?2 13 1 "59375* 1 "901 ’ ‘0{219 ’
i ™2 U1 i - QU7 § =y 273 1 » 179 ~
i T2 U2 { -o 1986 i =, 219 1 -, 155 i
i T2 U3 1 -2132 ] =,015 | » 187 ]
i i { | !
i T3 11 1 . 084 i o 13'33** ] =, 202 1
i T3 L2 i -o 031 H =, (98 { =, 111 ]
| T3 13 1 -, 058 § =, L 8HHX =, 122 i
] T3 U1 i o 96 | . 092 i =4 126 |
{ T2 U2 i = 209 { - D6A i =, 20?2 |
| T3 13 i . 114 i » B3 H =, 130 1
1. e L O o J: I — . |
Note: T = *rial
L = 1loading sesgusnce
U = unleoading seguencs
* p < ,08
%k % o) < 905




ty and twe levels cf loading {Tablzs 20}, Since i+
suagested that alpha would be blocked with pupillarv chanass
it was expected that alpha density and pupil varizbilisvy
would be negatively correlated, Although manvy c¢f +ths=

correlations vere in the predicted direction only cne of +he

comparisons was significant (p < 0%, None of tha m=an
correlations vere significantly areater +*han chance

sxpactancies,




ALPHA DENSITY

TABLE

20

AND PUPILT VARTIABILITY CORRELATIONS

THREE TRIALS OF 1L AND U~-1

ACROSE

130

ol B T ¥ 1
i Ccmparison | adda 0 i 2dd 1 1 raa 3 |
t - + 4 - 1
1L Trial 1 { -5 32% 4 =,29 i =y 02 i
i 2 =0 08 i . 15 1 .18 i
? 3 i °a22 3 3Q3 ; ""a?’i 1
] i i | ]
jU=-1, Trial 1 3 =508 i =,26 | 21 <
i 21 =, 13 { 202 i -, 20 ]
EH 3 d s 07 | =, LWk 1 a2 |
1 4 i I E]

*

o

%
*
(ol ]
A A
o
[ S
o



of alpha variabkility and pupil =ize were gubdsctad +o =he

1
same analysis {Tablse 21). One would =xpect alpha variabili-

£ty to increase with either increases or decrezasss Iin oupil
siza, The results of the analysis irdicate +hat gix of +#he

18 correlations were significant or approachad significancs,

The relationships +tended to be nixed {(i.6., pogitive and
negatively correlatad), Again, none nf +he averags

correlations were significantlyv greater +han zZoro,




TABLE 21

ALPHA VARIABTLTTY AND PUPIL SIZF¥ CORRFLATIONS ACTFQSS THPEER
TRTALS OF 1 RND U=L

T T T 7 T e
{ Cemrarison | add ¢ | add 1 i Adad 2 i
1 4 4 -4 - 4
1L Trial 1 4§ o 01 1 =q 15 i -, 0G4 |
i 29 0 33% | =, D37 | 5 Y610 {
i 3 i o 11 i e 266 1 - 33T i
i i i i i
i0=-1L Trial 1 ' -o Lldx H =, 06U ! =, 31U i
{ 2 =.{99 { =, 3% i s 007 !
i 31 -y 26 1 -y 134 { -, 104 ]
1. 2 il . SO RO P: |

* p < L0
*% p < 405




Correlations vwere alsc computaed hat
pgasnres of alpha vaeriability and puvpil variahilid
three lesvels cf 1cading (Table 22),. T+ was sxpected tha*
alpha variabilitv would vary dirzctlv wi*h pupil variahili-

Vo The correlational analvsis +tendad %o supper+ +his

axpectation as most of %he correlations ware in

predicted direction, Only the averags corrslation at +he

j-de

pde

Add 3 level of dAifficulty {r=,20) was significantly graater
a1,

than zero {Mz = ,2 SE = ,099, p = 022,



{

Lad
=

TABRLE 22

ALPHA VARIABILITY AND PUFIL VARIABILITY CORRELATIQONS RCTOSS
THREE TRIALS OF LT AND U-1

r T T ¥ 3
{ Conparison | 344 © i 2da 1 i 2da 2 f
S b } + —— et |
i1 Trial 1 3 0 15 { o 10 ! -, Nl {
i 2 4 o Ol i -5 23 1 13 i
i 3 9 =615 | -, 07 ! .19 i
i i 1 ] i
{0=% Trial 1 i » 28 { =027 [ 025 i
i 2 s 3% { o Uk { oE i
i 3 9 0 26 3 o 32% { » DB% % i
i s B e e N 1 — R |
*p < o110

¥%p < 505
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Postexperipantal Ouestionnairz. he may bhe gzen  irn
Aippsndix ¥F the rpostexpsrimental gurstiecnpnaire For  the

cognitive experiment was rated seperately for 22ch levael of

difficulty (244 0, Add 1, and 2d4d ), The differences warse

then analyvsed for each scalse by +ths repeated nmeasures
analysis of variance, The means for sach laval of Aifficnl-
tv for each scale, and the results of arnalyvsis are presented
Table 23,

is may be seen from Table 23 +he level of Jdifficul+y
consistently differentiated hetwsen the subiecks rating or
each scale with one exception (clear wvision = bhlurred
visiony, Tha Add 0 level of Jdifficulty was «clsarlv

differentiated from the 244 91 and 2d4d 2 levels, Overall +h=x

fds

dd 3 versus Add 0 condition was ratsd in *he following

s

manner: more alert, mors unpleassnt, more unrslaxsed, mpore
anxious, more frustrating, nmore motivated, more attentive,
mor2 active +thinkina, mwmore effortful, mors Jdifficul+ angd

more2 active concentrating,



TLBLE 23

POSTEXPERTMENTLZL QUESTIONNATRE: COGNITIVE CONDITIQN:
REPEATED MEASURES ANQVZ

= o o—— ] 5 5 e ————
i Scale {1=-%) 1 #0 1 #1 f +3 1 F{2,28)1
¢ 4 + + o e e
i Alert = Drowsy I 1.95 1 1,90 { 1,50 1 o,204% 3
j Unpleasent - Pleasent 1 4.85 1 3,75 1 2,85 | 23,70%%]
i Relaxed - Unrelaxed I 2.45 § 3,70 1 4,55 | 24,52%x%]
{ Actively thinking=- { i i | i
i Not +hinking { 230 1 1,95 1 1.45 | 8,A0%%]
{ Anxious = Not anxious ] 3.7C 1 3.55 § 2,50 | 10, 30%x|
1 Not frustrated- { i 1 | !
] Frustrated I 1,80 { 2,0 | 3,95 | 21,098%x|
{ Unmotivated - Motivatad 1 4.50 1 4,80 | 5,30 1 G 4kxy
1 Attentive - Unattentive 1 250 1 1,80 { 1,40 | 14, 49%%]
{ Effortful - Effortless 1 3.55 § 2,45 1 1,55 | 20,874
} Difficult = Fasgy I 5,50 1 2,90 | 2,40 | 50, 92%%]
1 Actively Concentrating- i | i !
i Not concentrating 1 2,50 | 1,85 1 1,40 | 13,50%%]
{ Clear Vision- i i i ! !
i Rlurred vision I 3.0 1 220 1 3,3% 2,31 i
3 2 A 2 G ]
Neotes 1 = Very

2 = Moderately

3 = Slightly

4 = Slightly

5 = Moderately

5 = Vary

* < L0025

*¥% < L,001
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Summary.of Ccgnitive RBesulis. 2= was hypothesizad punil
size increased as a function of task difficuliy, Lithougk

CD
)]
§ wbe
f z’)
(o 1)
[
o
9]
b

it was hypoth alpha density would decreass  as
lzvel of Adifficul+ty increas=2d, +he hypothesis was ro+
supported by +the rpresment analysis, Rather +he date

suggested that alpha density might have been eguallv blocked

by all of the ccgnitive tasks, The measure c¢cf =2lpha
variability, houwsver, tended to increase as lzvel of

difficulty increased,
As was expected for loading, pupil size increased durina

the loading phase and decreased during the urleoading vhasses

appreoaching initial levels {especially for fhe 244 1 and 144
3 levels of difficultv). The hlocking =affect for alpha
density, was maintained over both loading and unloading
phases of the cogritive tasks, There wags nc evidences of

recovery by the &end of the U=1 phase, The alpha variability
data, however, indicated that alpha was significan+lv more
variable during the loading wversus unloading phase for the
244 © and Add 1 levels of difficulty, Thig in +urn iz
suggestive of a tendency te recover during the U~l phasse,
3t the 344 3 level of difficulty, howsver, alpha remainzd

variable and did not recover by tha end of the =1 phase,

1 sige indicated that

n]
‘ﬁ
}4.

The consistent trial effect fo

.

th2 pupil dilaticn responss tended *to habitusts =across
trials although i+ never completelyvy returnad to basaline

level (M = 3,93}, There was no trial sffect for the pupil

jode
=
\<:
u
]
’.
)
<

variability, alpha densityv, or alpha variabilis



The correlational da*a did not clearly suppert  +he
hypothesis that any changs in pupil size would raszul+ 4in =
decrease in alvha ovroduction, 3t  hest +there was onlvy
minimal suppcrt to sucgast that alpha and +the pupil +ondss
to varv together, Bvidence for z relationship comes Frow
correlations bestwsen pupil variability and alpha varisbility
which suggested that +he two were positivaely correlatsd at
lzast at the 2dd 2 level where the average correlation was

significantly greater than zero, O0+ther support ccmes from

the correlations between alpha densi+ty and pupil size,
Again, however, faw of the correlations wera significant and

wars

only the correlations for the 244 2 leval of difficulty

significantly greater than +hose expacta2d bv chanca

Th2 subijscts responses to +he postexperimenta

differentiated among +the 24d 0, 233 1

naires were clearly

and Bdd 3 levels cof difficulty in the =expectad directiorn,

The Add 3 versus the 244 0 condition was rated as signifi-

cantly more frustrating, unpleasent, unrelaxed, alart,
anxious, nmotivated, attentive, effortful, 4difficul+ and as
reguiring more active concentration ard thinking,
Blpha Biofeedback Fxperimert

Alpha Densitiv. Th2 within subdects BVOVE was applied +o

the alpha densizty
sessions
session,

The resulis of

data in & 2%3%x8 design with +wo *raining

{increase and decreassa), threse +rials of ¢ach
and four epochs (measurments) within each +rial,

this analysis (Table 28) density




clearly indicated +hat coptrary +o =xpectations {Hvpctheasics
1] +here were no significant effacts for +raining 21d ro

differsnce in mean alpha vproduction betysen +he increass W

= 64%Y or decrzasz (¥ = HALEY *raining szssinns, 2lac +hars
was no affect for %*rials, epochs, or interactior of anv of
these sffacts, Mereecver, the mean alpha density (¥ = £4%)

1
-
C{?

E
o

3

did not exceed that of the nmean sves-closed (M

mean eves-open baselines (M = 57%) ,
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TABLE 24

ALPHA BIOFEFEDBACK ANOVA: ALPHE DENSITY

i 1 K ¥ - 3
i Source ] daf i ] H Error t F |
i + ; Je o e -t 4
i Session () 1 1,19 4 3,33 i 542,55 | 0,01 i
1 Trial (M 1 2,38 1 158,20 1 448,22 1 0,25
§ Epoch (™) i 3,57 t 312,42 ¥ 191,89 | 1,63 i
H S x T 1 2,38 1 355,55 | 41,74 4 0,89
] S x F 1 3.37 1 210,3% | 119,92 1 1,75 |
i Tx F ] 6,114 1 82,12 1 122,33 1 0,87 4
3 S x Tx ¥ i 6,114 1 138,2¢ { 106,80 1 1,29
1 kA 3 - . P |
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Pupil Size.,  The Tesults of the aralysis with punil size

as the dependent measure (Table 25} indicated pupil size was

significantly larqger during +*he increase (M = 4,08 aloha

training sessicns versus +the dscreass {1 = 4,0) alnha
+raining sessions, Irn addition, thers was a siarificarnt
decrease in pupil size across epochs for =2ll +riale,

Although +there was a viclation of the compound symmetry

-

assumption for this 2ffect (p < .02, 194f), +he epcch affact

remained thighly significant with +he Gresnhcuse-Goisser

correction TF{1, 19 = 57,09, p < 0000,



TABIE 25

ALPHA EBIOFFEDBACKX ANOVA: PUPTI SIZ®

i ] S T - S i
i Sourcs ] af i Ms i Brror 1 7 ]
- 4 { F—— - e
i Sesgion {S) i 1,19 1 G.8L4176 | 0.0508 116,56 1
i Trial (T i 2,38 | D.0247 § 0,034 1 2,72 1
i Epoch () { 3,57 i 13367 ¢ 00,0232 {57,009%% j
i S x T i 2,38 4 0,0527 | 0,0168 1 2,13 i
i S x E g 3,57 | 0,0132 1 00,0149 | £,.89 {
1 T x F i 6,114 4 0,0097 | 0,0078 + 1,30 i
1 Sx Tx ¥ i 6,114 | C.005C 00106 | D,47 i
N i 3 1 ) 1
*p < ,001

#%p <

- B000



T4

Variabilitye Similar anelvsis for +he pupil
variability measure (Table 26) indicazted +tha* +haervrse ware 1.0
differences in pupil variability for increass  varsus

decreass alpha sessions, acrogs *rials, or across epochs,




T

TABLE 26
ALPHA BIOY¥FEFEDBACK ANOVA: PUPTL VARIARILITY

q S ——— T 5 T T - 1
i Scurce 1 daf 1 M5 { TFrrer 1 ¥ |
Fom———— ————— + 3 -t —~—
{ Session {S)Y i 1,19 4 L0007 1 00,0010 ¢t D,68
1 Trial (M ! 2,38 10,0003 | 10,0021 | 0,15 |
i Epoch {H 1 3,57 i 0,008 3 0,0015 | .51 |
1 S x0T 102,38 1 0L.0016 1 0.001% | 1,05 |
] S x E 1 3,57 1 0L,0005 1 C.0016 1 (.20
i T X ¥ 1 6,114 L0016 1 0.0017 | 0,898
i S X T X 1 6,114 o002 3 G007 4 (.13
4 L i 2.

RSP PSS |
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Alpha and Pupil Size Correlations. The relaticnshiop

batween alpha density and pupil size doring azlpha hiofzozd-

v

back was dinvestigated via <correlational analyvsis (Table

o

273 . None of +*he corrslations werz significan+t, The
cerrelaticns depicting the relstionship werse mixed (pozitive
and negativel, The averags correlations wsars not signifi-
cantly greater than those a2xpacted by chance alone (ircrsasc

¥z = ,099, SE = ,073; dscresase, Mz = ,05, SF = .07y,



TABLE 27

ALPHA BIOFEEDBACK: ALPHA DENSTTY AND PUPTIL SIZE COPREIATT

ACROSS TRIALS AND EPOCHS

148

oRE

T kAl } 7
i Ccmparison i Increase i Daecraass I
¥ ——— + } - -1
i Trial 1, Fvecch 1 i =,02 ] =, 0t |
i 2 i aaQ 1 —5{:'1 ‘
i 3 1 223 i 519 !
i 4 { » 09 { » 20 ]
i i { ]
| Trial 2, Epoch 1 H s 12 | 215 !
i 2 ’ “534 i 9nq .
! 3 ] o 11 i =, 14 1
{ 4 i =,01 ] —-s 3% ]
i { ] |
i Trial 3, Fpech 1 i 205 { o 05 i
} 2 i s 12 i . 10 f
i 3 § 227 i 2 17 {
] 4 1 223 1 0 20 |
S A : 3

¥ p < L,07



Alpha and Pupil Variability Correlaticns., Correlatiorns
vere also computed for alpha density and pupil variasbhili+y
{Table 28, I+ was expectzd +that decrsases in 3lphs

production would be associated witth idincreases ir  pupil

variability , Six of the 24 pessible corralaticrs  ware

n  +the predicted dirsction while arc+her +hras

[
'4-

t

joe

significa
increase {(r = =,26) and decreass {(r = =-,23) *riale asxcesdsd
those that would be expected by chance alone ({increase, ¥z =
=0,269, SE = 407, p < ,0R070; decrease, Mz = =,232, SF = ,07,

p < L0008,
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¥ p < L10
*¥% p <

2 05

ALPHR BIOFFEETDBACK: ALDHI ENSITY AND PUPTL VARTILEITI™Y
CCRREILATICNS ACRCSS TRIALS AND EPOCHS
T - T - i o - -3
i Cempariscn i Tnecreass H Decraass {
t : a — 3
i Trial 1, Fpcch 1 i =, JBH% 1 2 17 i
i 2 £ s HH%XK H -, BO%% 1
i 3 i =, 01 i o 373k !
1 4 ! -, 33% i -, 33 ]
{ i i !
1 Trial 2, Epoch 1 i -y 21 | -5 Bk |
i 2 i -, Ul %3k { =, 14 i
i 3 { -5 26 | -a 27 i
i 4 i =, 14 1 =, 0" !
i [ | 1
1 Trial 3, Fpoch 1 § =,24 1 ° 07 ]
] 2 i =5 11 i AR i
{ 3 ! =, 29 | -a 25 ]
i 4 | -» 10 1 oo Uk |
E 2 i 1

RO
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Appendix G, the postexperimental gusstionnaire for +he 2lpha

biofeedback =xperiment was ratad ssperately for incrzase and
dacreasse training sessicns, The data for +thess seszicng
vara analysed bv a withinesubiects 2ANOVLR, The means for

2ach ssssion for 2ach scale and the results of +he LNQVL are

presented in Tabkle 29, As depict2d by Tahle 29 +he snbiacts

rated the increase alpha biofeedback =sssion 2g more
unpleasent, more anxious, less difficult and less frustra+-
ing than the decreass alpha biofeedhack szzcicn. Tyalvse

subijects revorted that they felt thev had some contrel oaver

W
=

alpha, Only +two subijects revporied an atitempt to use
oculemotor strategy, 211 the others reported usirg variants
of thipnking = concentrating (n = 12) and *ensing = telavxing

{n = £),



150

TABILE 29
POSTEXPERIMENTAL QUESTICNNAIRE: ALPHA BIOFETFDBACK RNQVE
T = - 7 T ¥ B
i Scale (1=86) iIncrease |Dacreass | F{1,13) 4
% - —— + et o 4 1
jAlert - Drowsy i 1.95 | 2,40 1 1727 i
iUnpleasent = Plzasent i 1,95 | 3,10 o Th%E%
$Relaxed = Unrszlaxed i 2,80 i 2,60 LQQF f
jActively thinking- i 1 i
i ¥ot thinking i 1. 80 i 2.25 | 0,54 i
jAnxious - Neot anxious J 3.9 | 2,90 | 5,95%
jNot frustrated- i 1 1 i
] Frustrated 1 235 4,10 4 Fo 9%
{Unmotivated = Votivated 1 1,80 | 5,10 3,23 1
{Attentive = ITnattentiva i 2,0 1 2,0 AP 1
jEffortful - Effortless { 2,45 2,0 1 1,63 I
iDifficult = Fasy i 3,05 1o U5 | 16,52:5%% |
{Actively concentrating- H i 1 ]
i N¥ot concentrating | 2,15 3 1,90 § 0,20 |
jClear vision- 3 i i 1
1 Rlurred visicn i 3,70 4,10 | 2,48 1
F ——— —— £ i K i
Note: 1 = Vary
2 = Modserately
3 = Sliahtly
4 = Slightly
5 = Moderately
€ = Very
¥ p < 025
*¥% p < S005
k% p < 001



Summary. of BRlvoha Biofeedback _Resulis. Tn  =ummarv the
hypothesis (Hypocthesis 3) of a significant differsnce ir

alrha activity under enhancemsent and supprassion condi+inne

of alpha Dbiofsedback was not suppor*ed by +ha Aa+ta, Tn
addition the expectation {Hypothesis U} tha* +he pupil would

be leses variable under alpvha enhancsment than undasr alnpnhs

]

suppression conditicns, alsc was nct substantiated hyv +he
data, There were no differences for alpha densityv or pupil
variability between enhancement or suppression condi<ions,
There was, howevar, a signific difference in puril size
with the largest pupil size occuring for +he enhancemen+t
conditicn, Tt is alsc interesting +o rote +hat the subdacts
rat2d +he enhancement condition as significantlv nors
unpleasent than the suppressicn condition,

The correlaticnal data again do not clearly supnor: +hs

expectation that any change in pupil =size would resnls in 2

decrease in  alpha production, Minimal support comes from
the negative correls ns between alpka and pupil variabili-

Ll:
n
fote
Q
]
IJ&
ih
fte
Q
933
3
f..
)
3

ty that were in the predicted diresction an¢
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Pupil Size, The opupil biofeedback =axpsriment was

e scme fashicen as +the alphka Dbicfecdback

s]
D
=
1
v
ot
[43]
1}
3]

@ AWOVAR {(Tabls 39) significant
main effect for epochs and significant iInterazction of
sassion, *trials, ard epochs, T+ was notsd, thowsver, *tha

+he assunmptiocon of compound symmetry was violatad {p = ,08,

194£) for the dinteraction, 20 th2 Grasnhouss~Gelisser
correction was made, In view of the corractiocn, the

interaction was nn longer significant [F{1, 19) = 2,¢f4, »n <

«207.

Althcouagh it was predicted {Hvypocthesis 8y +hat thers would

be2 a significant differencs in pupil size undsr the
constrict {decreasse pupil size) and dilate (increass pupil
size) conditiens of opupil bhiofeedback, there wesrs no

op pupil size, Similar to the pupil decrease in the alpha
biofesdback exveriment, +thers was a significant decreass In

pupil size across epochs,



TABLE 36

PUPIL PBIOFEEDBACK ANOVA: PUPIL ST7ZE

T K] ¥ T -7 -y
i Source { af | MS 1 Error ] ¥ ’
+ + + + -t 4
H Session ({S) { 1,19 i 0,0067 + 0£,0222 1 0,2 ]
§ Trial Im™ 1 2,38 0.1325 i L,07C2 1 1,89 |
i Epoch {®) 1 3,57 1 06295 |  C.07T40 j4an, kx|
i S x T i 2,38 i N 0451 1 £,0169 | 2,67 |
i g x F 1 3,57 | G.0187 1 00,0082 | 2,03
i T x E 1 6,118 Co0072 1 00086 | .83 1
i S X Tx E i 6,114 i 0,0226 1 D.0086 | 2,64% |
4 A 1 ] 3 R |
* p < ,02

% p < L0000



Popil Variabiliitv. Usinag rupil variabili+v measures wi

*he sampe analysis as used with pupil size data {Tahbl= 31y,

ther2 was no difference found

increase or decreass trainin

g
nor any other significant effects or interactions,
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TABLE 31

PUPIL PRIOFEEDRBACK ANOVAz PUPII VARIABILITY

g T £l ] e o g
i source i af i M3 { Errer | 7 i
3. A 3 " U
L 4 4 + + 4
}  Session (S) i 1,19 1 0.00002 | 00,0022 | 0,01 1
i Trial (M 1 2,38 + D,0017 1 0,0012 1 1,66
i ZEroch (B 1 3,57 1 0,.0032 | 02,0012 1 2,80 4
i S x T 1 2,38 1 D,0002 { 0,001% ¢ 0,14
{ S ¥ E i 32,57 1 0.,0001 1 0,0001 1 0,08
i Tx B b 6,714 1§ 0,0009 { 0,000 | C,89 |
1 S x 7 x E § 6g1'”5, 1 O@O(\?u ’ ﬂgf":}’zﬂ ‘ qa 51 i
1 ER 1 ] 2 — 3




decresage %raining sessicons ¢f pupil biofe=dback, Ths m2an
alpha rpreoduction was greater during +the dacrease punil sizs

{4 = 78%3y than the increase pupil size trials (M = £0%Y,




Exed
Ry

or)

BLE 32

PUPII BICFFYEDBACK ANOVA: RLPHA DENSITY

¥ Tm—— e K] 1 —— 1 e Shah e "1
i Source i af i MS { Errer i ® i
+ - - + $ -4 - -
] Session{s) § 1,99 § 82032.84 | 1852,18 {1 4,u2% |
i Trial (M 1 2,38 i 345, 36 524,104 § 0,86 |
{ Epoch {®m i 2,57 i 154,27 | MM1,28 1 1,09
i Sx T { 2,38 1 288,26 1 222,78 1 1,29 |
i s x ® 1 3,57 i 21, 49 87,89 | [,24 |
EH T x ¥ i 6,114 1 64,78 87,67 | .66 |
3 S ¥ T x FE i 6,114 4 A0.70 4 81,37 1 0.38 |
3 ——— v N 2 R -t 3
# p < L,05



Alpha _and Pupil Size Correlat
pcssible 24 corrslations betwesn
size were significant while five
cance isee Table 33y, Gnly the
=, 16 for the increase session was
zero {Mz = =,988, S, E. = .07, p <

158

ions,. Only *wo of +he
alpha dznsi+tv and opupnil
others approached =ignifi-
average corrzlatiocr of r=
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TABLE 33

POPIL BIOFEFDBACK: ALPHA DEWSITY AND PUPTIL STI?ZT CORRELATTIONS
ACROSS TRIALS AND FEPOCHS

r T T e e ey
i Ceompariscn 1 Increase 1 Decraass !
£ - - + + - g
1 Trial 1, Fpech 1 1 =,15 1 -, 35 1
i 2 i =, 15 ] ~3:22 i
3 3 i =, 06 ] - Y0 1
] 4 | -5 25 { -4 3% !
{ i i !
] Trial 2, Epcch 1 § =, B Q%% 1 203 1
H 2 1 =, 31% 1 216 ]
i 3 i =, 17 | o 30 |
i 4 i =y 3B% | » 26 |
i i i ]
1 Triazl 3, Epoch 1 i 201 1 =4 27 i
3 2 i .01 { = 07 |
i 3 ' “aOL! 1 =, 03 i
! 4 ! »03 | 017 i
N ) O 4
¥ p < .10

#% p < (5%
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Blphz and - Pupil Variabiliity Correlations. only  *wo of
the 28 correlaticns betwesn alpha density and  pupil

variability (Table 23 ware significant whils tuc o+hars

approached significance. Rlithough most of the corrslations
wvere in the predicted directicen, only the averags correla-

4

tion of r= =,14 for the decrzase pupil size ssssicon  wa:

t

significantly greater +han those expscted bv chance (¥z

Eaazy SE = ee?; D < 3023)9



TABLE 34

PUPIL BIOFFEDBACK: ALPHA DENSITY AND PUPIL VARTARIIITY
COFRELATICNS ACEQSS TRIALS END EPQCHS

¥ k] T - ——
i Ccmparison ! Tncrease | Necrsass |
- + t S —
i Trial 1, Fpoch 1 i .09 i s 15 i
] 2 i -,37% ! -, 05 !
1 3 1 - 01 g -, 1103k ;
1 4 ! -,28 | .14 i
i i i |
1 mrial 2, Epcch 1 | » 071 { o NA i
i 2 ‘ =05 1 306 1
1 3 1 "a'ge ’ “92.” {
i 4 i . 14 | =419 1
] i i ]
§ Trial 3, Epcch 1 f -, 21 1 -4 5% 1
% 2 1 915 ’ “e{?‘; ?
1 3 1 -, 18 i -, 21 |
! 4 i -5 2" ! -, 3% i
i F 3 - 3

% p £ ,00
% p < L02
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Postexperimental Ousstiorpraire. e mav be in
Appandix H +the rpostexperimental questeonnaire for  +the pupnil
biofeadlack experiment ¥vas also rated saparataly  for
increase and decrease training sessions, Tha means for cach

session and each scals, and the results of +the analvyeas are
presented in Tahle 35, ¥er the mest pari the  gubdscte
ratings for the increase and decrease pupil tiofezdback

sessions did not Aiffer, Only +he alertnsss scals differen-

+iated between the sessions, The subiscts rated themnselves
as more alert during the increasa pupil size secsion, 0f

those subidects who felt thev had control over *he “ons {n =
9y, twe reported usirg variants of *teneing = relaxing, sevan
used variants of a cogqnitive strategy and four mads use of

an oculcmetor strataqy,




POSTEYPERIMENTAL QUESTIONNAIRE:

TABL

¥ 35

PUPIL BICFEEDBACK

ANDVA

162

il - T T T i
i Scale {1=6311 {Increase |Decrease | FI11,19 |
% —— - + + o e ——
l1Alart = Drowsy ! 1. 90 1 2-55 1 horbx 3
{Unpleasant = Pleasent i 3. 45 3.2% i 1.1 i
jRelaxed - Unrelaxed y 3,485 4 3,50 0,01 |
13actively thinking- i i | i
i Not +hinkinag | 2,0 H 2,50 2,21 i
Iinxious = No%t anxions ! 2.65 1 3,15 1 2.31 i
jNot frustrated- i i i 1
i Frustrated i 4,1C | 3,80 1 (.86 |
jUnmotivated - Motivated i 4,85 | 4,85 § 0,0 |
§Attentive - Tnattentive i 2.05 i 2,20 {0,119 i
{Effortful - Effertless ! 1,80 i 2,05 1,19 i
{Difficult = Rasy ] 2,10 | 2,10 1 0,0 i
jActively Concentrating- | { i i
| Not ccncentrating i 1. 50 | 1,95 |1 2,85 !
jClz2ar vision- 1 i 1 1
i Blurred visicn i 3,85 | 4b,2n 1 1,86 *
1 Ju—— P b i i i
Note:s 1 = very

2 = moderately

2 = glightly

4 = slightly

5 = moderately

& = very

#p & L, D05



Suppary of. Pupil Biofeedback Reasunlis, ITn summarty the

BRSNS R LR —— 2t RN B

hvpothesis {Hypothesis 4 of a sigrificant diffsrasncs in

pupil size undar consirict and dilade annditions of
pupillary biofeszdrack was not supported by the data, There

ey

was , however, a sigrificant decrease in pupil sizs across
trials which was similar *to the effect g2en in  +he pupil

bazeline data, Thers was ne difference in vupll variability

batwyween sessions, There was, hovever, significantlv mors
alpha in the decrease pupil sizs ssssion, The suphtiscts

ratad ths decrsase session as nors Arowsy, less znxious, and
requiring l2ss concantration and thinking,

The correlaticnal data agair did not clearly suppert thz
axpactation that any change in pupril size would resul: in &
decrease in alpha vproduction, 2nly minimal sSupport comes

from +the significant negative corrslations hetween alpha

density and pupil variability for +thes decr=ase segsicne and
between alvha density anpd pupil size for *he incr=aasse

sessions,

= RS RS T 2N AR AR I e I S e 2 A Y

Ir order to determire whether +here were any sigrificant
differences in *the twe biofesdback 2xperiments or anv sffact
for order for +heoss who received alpha biofesdback firs* (n
= 9) varsus those who received pupril biofzedback firs+ (n =
11Y, *he data for both alpha and pupil Dbiofeedback ware
combined, The data were analysad in a B=way mixed modsl

analvsis of variance design {2x2x2x3xHY with +wo hetusen -



subiects factors c¢f ordsr {alvha biocfszedback first or puniil

biofesdback first}) and %hs within = subdsct factors cof mods
{alpha versus pupril tiofezdback), sessicn {incrsazss versus
dacrease), trials (3) and epochs (&Y, The analvsis was

pexformed sepevately for alpha Adensity, puril sizs, and

Sedd _E A Ao

Lad
)
)
3
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3
®
jon
e
D
n
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density data are vresented in Table

9]
E
{ 4
O
r'*’
\.’)
~h

significant effect for mode qualified bv ths intera
mode and order,

The2 significant =ffect for mods indicated that +hs mearn
alpha production for the alpha biofeedback mods (¥ = ALY

was significantly less than that for the pupil biofesdhack

mode (M = T4%)., This sffect, however, was aqualifid bv =
significant mode by order interactiocn, Pozt-hoc analvysis
{Newman=Keuls Tests) indicated that in alpha ‘thiofzedback

mode those who received alpha bicfesdback first (¥ = 52%)
had lower alphe densities *han +those who received alpha

biofeedback sacend (M = T4%) [cd{i18) = 13,27, Hvd = 21,58, »p

< »05%7. Moreover, +*his group had significantly lsses alpha
+han those in the pupil biofeedback meds who 2ither rocsived
alpha ticfesdback first (¥ = 72% [cd{18)y = 10,92, Fad =

19.58, p < o057 or pupil biofeedback first (¥ = 75% [Cd{1/H
= 4,7, Hd = 23,28, p < 051, Conssguantly the mpode sffact

was accountad for by the lover alpha densityv associated with

o

+

he alpha biofaedback nmedse {data) and thoss subidiects  whe

received alpha biofaedback first,
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TRABLE 325

COMBINED EBIOFEEDBACK AWALYSTS: ALPHA DENSITY

i bt % £ - ¥ ¥ b
i Sourcsa i af ! Mg | Error | ¥ i
¥ - o e e e 4 4 ——t 4
i Order (O i 1,18 | 37990,74 { 8386,84 3y 1,05 |
1 Mods {My i 1,18 1 26951,10 | 321C,998 | R, 3Rk
i Session () H 1,18 1+ 3844,69 | 857,8¢ § b, 2% |
1 Trial ™ i 2,36 i 300,89 | 516,77 | 0,58 |
{ Epoch () i 3,54 i ubu, 51y 2u2,04 1 1,84
] M x o0 $ 1,18 1 1895%9,93 1 3210,90 1 B,90% |
| S x 0 i 1,18 4 428,23 | 857,49 3 0,50 ]
3 M x S i 1,98 1 3922,38 | 1615,0 1 2,42
i T xQ i 2,36 i 369.59 § 516,77 | .72 |
i Mox T i 2,36 i 169,38 | 472,863 1 0,36 |
i S x T 1 2,38 | 267,11 | 243,66 | 1,10 1
i Ex 0 I 3,54 181,70 1 242,04 1 0,59 |
1 M x E 1 3,54 i 01,01 1 101,07 | C.u1
i S ¥ E i 3,54 1 99,76 | 73,40} 1,36 |
i T x E i 6,108 | 66,22 | 10U, 28 { 0,63 4
i M xS x 0 1 1,18 566,81 t+ 1615,0 | 0,35 1
i Mx Tx Q 1 2,36 1 295,87 | 472,83 | .63 |
i S xT?Tx0C 1 2,36 i 26,13+ 243,86 | 0,11 !
| Mx Sx T 1 2,36 | 472,36 { 389,4¢ 1 1,21 |
3 M x BxD i 3,54 4 12.08 101,07 § 0,12
i S X Ex O { 3,54 | 43,25 | T3. 40 3 0,59 4
] M X Sx E {1 3,54 126,20 v 133,22 + £,95 |
] T XE x O 1 65,108 | 31,63 | 104,28 1 0,30
i M x Tx E 1 6,108 j 84,79 1 123.86 | 0,68 |
1 S x Tx E { 6,108 4§ 174,38 4 94,24 § 1,21 1
] mMxSxTxC | 2,36 | 443,30 | 389,49 | 1,14
i Mx Sx Ex 0 | 3,54 i 186,371 § 133,22 1,40 |
i MXxXTx Ex 0O { 6,108 4 41,87 1 123,86 1 £,38
f SxTx® x C | 6,108 | 142,47 | 94,284 {1 1,51 |
9 MxSx Tx £E { $£,108 1 69,66 | 9u,23 1 N,74
{ M xS xTx F x 0f 6,108 | 4G, 00 | 9L, 22 1 N,u3
3 2 3 3 — 3
¥ p < L,03

¥ p < L0017
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Pupil Size., The regults of the analygie feor +the pupil
size measurss are pressnted in Table 37, The resnlis of +the

ANOVR dindicatzsd & significant main effect for “+raining

session and evochs and sigrnificant intsractions fror mode ¥
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jO)]
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o
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O
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4
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D
b}
o ag
o

on ¥ *trials, epcch

pdo

sassion, sess
Due to viclation of compcund symmeiry assumptions {p < .27/}

the Greenhouse-Geisser correction was made  +o the <¢poch ¥

0

order interacticn arnd the interaction 1no longer rzachsd
significance levels TF({1,19) = 3,480, p < ,107,
s presentad in Table 237 there was a significant nmain

effect for increase versns decrease training ssesiors with

N

pupil size being s=ignificantlvy larger for +*he incresass

sessions, Tha main affect for sesgion was gualified by the

interaction of segsion and nmode {alpha versus puonil
biofeadback), Cersistent with the individual analvysis, +he

session effect was accounted for by the significant mzan

diffarence batween th2 alpha biofeadback increass and

is interesting, however, to note that the alpha hicfezdback

all =sessicns, I+ was alse signrificantly lcower +than sithe

the pupil biofeedback dacrease (M =4,07) fC3 {18y = 028, #d

i

= ,069, p < ,057 cr increase session {¥ =4,08) 7Ca{t:y

{45

ffarence in pupnil

60&63 Md = ,076 p < a053@ There was no 4
size among any ¢f the o*her sessiong {i.8., D»upil hicfead-

back increase, pupil biofeedhack decresase, alpha biofesdbhack



increasa)., Conseguently the session affect descrihed hare

was accecunted feor by +he significantly smaller pupil size in

The main effect for session was a2lse gualified by +the
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intaraction of sessicn and

dicated that the session affect was only siagrificans for

[ N
3

t

Trial 1 TCA {3/ = o033, M4Ad = ,09, p < ,05%7 and Trial 3
fcdaf{3sy = 031, M4 = ,05, p < 057, The Aiffersencs for

increase versus decrease %trials for Trial 2, althouah in +he

-
%]
el
=
)

i

same directionn, was not significant [CAd(36)

i
]

20157,

Alsc as may seen from Table 27 there was a gigrificant

main effact for erochs and a tendency for pupil size o
decrease ovar epochs, This was gualified, however, bv &
mode and epochs Iinteraction, Although +ths epoch was
significant for both alpha bicfzedback TCad(58) = 042, wMA =
2083, p < o057 and pupil biofeedback [CTAd(54)Y = ,038 M3 =

o557, D < 057 *he »ffact was greater for the alpha bicfesd-

back mode,



TABLE 37

16Q

COMBRINED EBIQFEFEDBACK BNALYSIS: PUPRPIL SIZF
¥ T k] ks il -
i Scurce i af i MS | Trrori ¥ i
¥ - - $ + + +— e
i1 Ordsr (Y i 1,18 | 1. U758 | u4,1815 1 2,36 |
i HMode (M) {1 1,18 } 0,1723 1 00,6395 1 £,27 ]
y Sesszion () i 1,98 1 00,4625 | D, 0435 {10,62%x |
i Trial M 1 2,36 1 D0.12068 1 S.0665 1 1,81 i
1 Epoch {(F} 1 3,58 1 1,9432 {1 0,0237 {81,02%%k%
i M x 0 1 1,18 | (0.2539 § 0,639 { (¢, 40 !
i S x0 1 1,18 00,0527 { 00,0435 1 1,21 1
1 M xS 1 1,18 1 0.3692 { 0,0401 | 9,22%% |
i Tx 0 1 2,36 | 00,1562 | 0.0/65 | 2,35 |
{ mx T 1 2,36 { 5,04822 % ©.,0347 t 1,21 i
i S x 7T 1 2,36 | D.0883 1 0,0161 1 B,B0%kx |
3 EFx O 1 3,58  C.08Cf | 0,0237 | 2,40% ]
| M x E I 3,54 1 0.0729 1 0L.0109 1 6,70%%x |
1 S x F® 1 3,54 1 0.0281 1 0.0160 1 1,147 i
] T X E i 6,108 i 0117 t C,C07% | 1,58% !
1 Mx Sx 0 Po1,18 1 0,03%4 ¢ 20,0401 t 0,98 1
i HxTx0 I 2,3 1 Ge.Dl058 1 Q. 0307 1 0,16 i
i Sx Tx O 1 2,36 1 0.,0097 1 80,0761 1 0,80 ]
i M xS x T ] 2,36 + 0,0137 | 0,07183 | .75 i
i MX Ex O 1 3,548 1 0.0058 % 02,0109 1 0,83 1
| S X EBTx 0 } 3,54 1 C.N110 1 0.0184 ) 0,67 i
| M xS x E 1 3,54 1 00,0079 y L,0084 1 0,94 ]
i TX Ex O | 6,108 § 0,0029 } 0.,0075 1 0,239
i M x T x E { &,1C8 1 {,0056 § D,0088 | 0,60 i
i SxTx E | 6,108 1 0,0103 § C0,00091 1 1,14 i
i M X SxXx Tx O | 2,36 § 20,0133 1 0,0183 | 0,73 i
] M XS ExXxC | 3,548 1 00,0012 1 &,0080 1 n,14 i
i mMx Tx BEx C 1 6,108 1 0,0093 { 08,0088 | 1,07 i
i S xTx T x0 § 6,081 £,0050 1t £,00081 { 0,55 !
] P X S xTx E § 6,108 1 0,0162 | 58,0707 1 1,51 1
| M X SxTx ¥ x 0 6,708 1 06,0038 { 0,0107 § 0,32 1
] . 1 A kN A PSS |
% p < .03
% p < L0171
%%k p < L0071
#Ex%E p < L0000



Pupil Yariabilit
1 variability

There werse no gignificant

analvyvsis {Tabls 28),
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TABLE 38

COMBINED PTOFEEDBACK ANALYSIS: PUPIL VARIARTIITY

i < T ¥ g s |
i Source i af i Ms i Frror ] i3 1
t - + dmomm -t {
i Order {O} | 1,18 1 L2033 1 ,0182 i 017
1 Hode My i 1,18 1 D087 »OHS | 0,97
] Sems=icn {S) i 1,18 | 0002 ,2C19 1 2,16
i Trial {T) i 2,36 i 20011 ] .0013 I 0,874
i Epoch {®) i1 3,34 1 0008 L0017 1 CL85 g
i M x 0 H 1,18 1 20071 1 .00AC i 1,03 4
i S ¥ D ] 1,18 L0013 ¢ L,009 ] 0L.B9 |
i M x S | 1,18 | . 0001 i » D014 (R O A
| T x 0 i 2,36 | L0005 4 L0013 1 0,35 |
i Mx T i 2,36 | L0009 | D021 {001y
} Sx 7T | 2,36 i 20013 L0017 1 0,78
j FxO i 3,54 1 00002 L0017 1 CL,01
i M x E 3,54 | 2 N3N 0012 {2,651
E S ¥ F i 3,54 1 L0002 1 00170 1 0,716
] T x R 1 £,108 | O0YT7 20013 I 1.28 |
i X SxD i 1,18 { LO009 1 L0014 1 DL,62
i M xTx O i 2,36 1 L0011 | 20021 R A TR
] S5x Tzx © 1 2,36 i L0008 | L0016 i 0.3
{ M xS x 7T i 2,36 1} 2O00E 20010 P 0,39 g
i Mx Fx 0O i 3,54 20016 | 20012 1 1,36 4
i S x Fx 0O { 3,54 1 2 D006 » I0TL T o,u0
i M xS x F 7 3,54 g L0002 | L0112 1 0,714
i TX Ex O ! 6,108 3§ - 0005 1 L0013 1 0535 1
i M x T x E i 6,708 1 L0009 L0010 7 0,66
§ S x7Tx F i €,108 4 L0011 1 L0014 1 0,77
£ MxSx TxO | 2,368 1 L0078 3 L0018 ¢ 0,99
] Mx S ExC 1 3,54 | P T I B » O012 ] 0L.88
i Mx Tx Ex € | 6,108 1 L0018 1 L0014 I 1,02 1
1 Sx Tx Fx 0 | 5,108 i 0008 | - 2014 b 0,59 |
i M XS X TxT®E | 6,108 4 D006 » D00 1 0,44 1
i M x SxTx Fx0] 6,108 1 0008 1 L0011 ] .58 |
] R A 3 R L ]
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Postexperimepntal oOussticrrairs. The posteyperimental

guesticnnaire data from both the alpha ard pupil bhicfesdbhack

exparimnents were comparzd ir order o

2s between the two biofeedback conditicns {Table 230}, Only
the rleasentness and anxietv scales vwere rated as signifi-

cantly different for alpha versus pupil biofsedback nodss,
The subdjects rated +he alpha Dbiofesdback mods a2z wmore

unpleasent and as pors anxious.



TABLE 39

POSTEYPERIMENTAL QUESTICNNAIRE: RLPHR VEERSHS PUPTL

BRINFEEDRACK

k2 k] B] I s {
1 i Alpha i Pupil | s
1 Scalzs {1=-6) } BicfeedbackiBiofeadback! +{1% i
E; + + s |
jAlert - Drowsy 1 2. 18 i 2+ 25 I A I S
fUnpleasent = Pleasant 1 253 { 3,35 2,21k |
jRelaxed - Unrelaxed i 3,20 | 3,48 1,49
{Actively Thinkinag- { i i {
i Not Thinking i 2,03 { 2,25 | 0,75
jinxious = Not 2Anxious i 3,40 | 2. 90 I 3, 00y
{¥ot Frustratred- ] 1 ! |
j Prustrated { 3,73 i 3,95 0,79
jinmotivated - Mcotivated | 4, 95 } 4,85 i £.22 |
1Attentive = Inattentive | 2.0 i 25,13 b0, RT7
{Effortful - Effortliess 1§ 2,23 1 1,93 1 1,35
{Difficult - Easy i 2.25 1 2, 10 1 .47 g
jActively Concarntrating= | | i [
3 Not+ Concerntrating i 2,03 ! 1,73 1 1,20
jClear Vision- i i | !
] Blurred Visiorn (| 3,90 i L, 08 ] 0,33 1
2 3 3. — P A 3
Notez 1 = very

2 = moderately

3 = glightly

4 = slightly

5 = modarately

6 = very
Note: Combired Increzase and Dacreass Ssessions,
Note: Tyo = tailed tazst
* p < ,05

*¥*% p < L, 01
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The post=23¥perimental guestionnairs data was alse
analysed in an attempt o compars  ths
group which received a2alpha bhicfezdback
biofesdback groupr who received alpha bicfesdback firs+ and
to the pupil and alpha bicfeadback groups who raceived alphs
biofeedback seccnd {Tabhle 40y, Analvsis of tha postexperi-
mental guestionraire indicated that +the alpha hicfeszdback
groupr who recsived alpha biofeadback first and who 1had
significantly lcwer alvpha preoduction scores ratsd +he mode
as more frustrating, more unvleasent, mnore sffor+tful zand as

involving less concentration,




TABLE 408

POSTEYPERTHMENTAYL QUESTICNNATIRE ALPHE
YERSUS LAST

175

BIOFEEDBACY FTRET

g s m—— 5 ] Bl mm———y
i Scals {1=8%) { Comparisen 1 af | * !
i 4+ s 4
i Alert = Drovwsy i A - B { 18 1. 76 |
i i B = C { 8 | .75 }
i { A =D i 18 1 f,20 i
{ Unpleasent = Pleagent ] A - B i 18 1 D14 1
§ i A = C 1 8 1 1,23 |
i i A =D { 18 § 2. 85%%x 1
{ Relaxed = Unrelaxad i A = B 118 4 0,73 *
H § A= C { 8 i D00 !
i H A =D 1 18 i £,91 i
{ Activelv Thinking- ! | i 1
i ¥ot Thinkirng 1 B - B { 18 1 1,24 i
i i A= 18 1 0,01 !
i ! A =D 1 18 { 0,17 i
{1 Anxious = Wot Anxicus i A =B 118 1 7,54 {
i | A= 1 8 1 1,68 ]
| | A =17 1 18 | 10,57 i
i Not Frustratsd- i { ] 1
1 Frustrated { A - B 1 18 | 2,65%% |
i i A= C 18 1 2,29 f
| { 3 - D | 18 1 2,52% |
! Unmotivated = Mortivated | A - B 1 18 1 (3,29 |
i | A-=C i 8 | N, I
] | 3 - D { 18 | 0. 18 |
{ Attentive = Inattantive | A - B 1 18 1 0,74 f
{ i A =-C f 8 1 0,89 !
i i A -7 i 18 1 0,47 1
i Effortful = Effortless ] A = B i 18 1. 28 1
i i A =C { 8 1 2,43 ]
EH i A =D | 18 1 n,7% I
i Different = Fasy i A =B 1118 1 4,40 ]
i 1 A =-C ] 8 1 1,28 i
i 1 L =17 1 18 1 0,43 |
i Bctively Concentrating= | | | |
i No+ Concantrating i A = B i 18 1 2.51% |
1 1 A - C I8 | 2,m0%
] ] A =D {18 1 2,81% |
] Clear Vision- 1 i 1 i
i Blurred vision i L - B {18 | 1. 248 f
i i A = C | R i La B0 |
i § A =D 1 IR 1,54 i
4. 2 3 I AU
Note:z 1 = vary
2 = noderatsly
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"

[520K0 1 B =N 0
t
= 12}
Qe
(20 jte pde

t
<
D
]

Note: A = alpha biofszedback = alphs
B = alpha bicfesdback = alpha
C = puril hiofezdback = alpha
D = pupil bicfeedback - alpha
2 p < .05

*% p < ,02
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Summary_of Biofezsdback Mode Comparisons. Tha hicfazedback

aled that the mean alpha preduction for

tH]
i

mode cenrparisons rave

)

L

+he alpha biofeedback moeds was significantly lesss *han for
the pupil bicfeedback nods, It is intsresting to nots that
the subdects 7rated +he alpha Dbinfesdback mods =28 mors
unpleasent and as mers anxicus +than the pupil hicfeedback
mode,

The mode effect, however, was gualified by a gigrnifican+t
mode by order interacticn suggesting that +he lowsr &
density was asssociated with +*he alpha biofszedhack mods
{data) and +those subijects vwho receivad alpha bicfesdback
first, The subijective ratings indicated that this cerndi+ior
was Sesn as more frustrating, unoleasent, affortful and as
reqguiring less concentraiion’than other conditicns, The

mode a2ffect or mcde by order interaction was not parallsled

[

in the pupil size cor pupil variability data,

+3
o

he session effect for alvha density only apprcachsd a
level cf significance and only suggestad a slight +trend for

lower alpha production fcr the increass sessions versus  +he

(
o
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un
is}

i
2]
N
=
o J
a

vl
o
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i

1o
N
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-~

decease sessions TF{1, 18)
however, was focund to be significanily larger for +*hs
increase sessions {especially for Trials 1 ard 2y,

Consistent with the individual analvsis, however, +he sffac+t

o]

was accounted for by the significantly smaller nuril sigs in

ratad by the subiects ag significantly more anvicus and mors

difficult than the increase alpha sassion {p < .05),




Althcugh there was no spochk affect for +he alpha dsnsi+y
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data, +here was a sign
no difference in pupil variability  bhetween the twe hicfeed-
back modas,

In summary then, comparing the alphka tbtiofeedback
experiment to the prupil biofeedback exparinmant revealsd +ha+
the alpha biofeedback mode was characterizsd by a lower
alpha densityv: was rated as more unpleasent and anxicus: had
lower alpha density for that group who received alphs
biofeedback firsts was rated by this group as more frustrat-
ing, unpleasent, effortful and requiring less concentration:
had a more significant decrsase in pupil size across epochsg
significantly smaller pupil sizes in the decrsass alpha
session: was rated in this session as more anxious and mors

difficult; and exhibited a2 slight trend for lower alpha

production in the dincrease alpha versns dscreasse alphs
session, There vwere no significant differences in pupil
variability between dncreacse or decrease sessions of alpha

or pupil biofeedback,

[eY)

In conclusicn, the Thyrothesis {Hypothesis ) nf
significant difference in alpha activityv ba*weer increacs
and decrease sessicns or the hypothesis ({Hvpcthesis 3) of a
significant difference ir pnril size betwesn ircrszss and
decreas® sessions, was not supported hv +ha Adataz. r
additicn, the expectation {(Hypothesis 3) that +bes pupil

gould be less variable under alpha enhancement corditions




wae 1ot supporied, Rather for +the alpka bhicfeadback

sxperiment there was a significant diffsrence in puril size

e@xpariment, a higher alpha density was asscciated with +he
pupil decrease session,

The correlational data did not clearly support *he
expactation that +the amount o©f alpha activity wenld be a
function of pupillary activitvy, Seme  guppoert comg fron
consistently greater than <chance average corrslations
betyeen alpha density and pupil variability, and alpnha

density and pupil sizse,



DISCUSSINN
It was the purpose of +the praesent study +o investigats
the possible relationship bhatwssn alvpha preoducticn  and

.

pupillary activity across a varistvy of situstions z2nd +hs

9]
4
1
h
et
11}
@}
{
]
u
o
<3

suggestion +hat cculomotor activaticen,

production in a manrer congistent with +the oculomo®o
theory, RAlthough +he results overall do not conclusively or
consistently surpport the oculomotor activation theory and a
close relationship between alpha and pupillary activity,
there is some evidence tc suggest that +the +wo variablss mav
he related. The ©present geal is to examine such svidernce
within the context of ecach sxperiment and then in +erms of

the overall results of the studv.

Baseline Conditions

Consistent with +the hypothesis and +he well deccumented

n the literature {e.,qg. Berger, 19303 Gale, Spra+t,

fde

finding
Chapman & Smallbone, 1975; Kamiya, 1963: TLindslevy, 1940y,
alpha production was greatest when +the subiecis? eves wers
closed and attentuated when the subdecis? sves were cbpsn in
a dimly 3illuminated environment, This was fourd for

baselines at the beginrning of both secsions, Thesge findings

- 180 =



are consistent with the oculomoior activating +hecry which

syaggests  that alpha activity wonld be prominsnt 4n  +he

absance of oculcmotor activiiy, Tn view of +he fzct +hat
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most othar forms of oculeonotor activitv w

conditions may be a functior of rpupillary
activity, Lowenstein and Leoewanfeld (1962 have fourd +hat
the opupil tends +o0 becomes smaller ard nmore active with
increasing light.

It was also found, as expact2d, that alpha density for

both the eve conditions was aqreater in Sassicon TIT +har in
Session I. It had been hypothesized that this weould occur

e

because the nitial apprehensions about the experimernt and
the novelty of +the exveripental situation would ‘thave had 2
suppressant effect on alpha activity during the dri+ial
baseline measure, Bgain the differences bstwesern Sessinn 7
ond Sessior IT would be congistant with *he oculomotor
theory which suaqaests +that most forms of rovel s+imnli,
b2fore habituation has occured, will «cause an orisnting
response which includes desynchronization of alpha activiiy,
In the prasent experiment, Session T wonld be the most ncovel
situation and *h2 one in which onz would sxpect a greater
attenuaticon effect *¢c occur., It is also

that when comparing the differsnces bheat

Session IT eyes=clessd baseline across +ri

by Trial 4 %he differences between

{although s%3i11 significant) hed dscrsasad, In viaw of +he



increass in Session T eves-clesazd bhascline across Trials 1-10
{68%, 70%, 70%, 74%) the results could suggsst +hat 2+ lsast
partial habituation to the novel situation occurrsad as sarly
as Trial 4, This effect across Trials 1=-84 3id not cceour €or
Session IT (B4%, 85%, 85%, 83%) suggesting parhaps that +he
alpha recovery effect was complets, The avidence for the
2vV2s=0p2n group, however sugaest that alpha recovery ccurrad
much more guickly in Sessicn IT (73%, 75%, 74%, 78%) +han in
Session I {64%, &uU%, 65%, 60%. By Trial 4 of Ssssicon TT
the difference Dbetwesn eves-closed and =ayves-opasn alvha
production was not significant suggesting +tha+t alpka had
also recovered in the sves-open condition,

Althouch pupil size did not differentiate betwesn Sseeint

T and Session TI btaselines, it is intseresting +to note +ha+

Jods

there was a significant reduction in pupil size acress
trials within 2ach taseline, Janisse {1977} thas describhsd
this effact as an arousal decrement and adaptation phanon=-
2non that can occur over a larg2 number of *rials as wz2ll ae

within lengthky +rials ( 100 seconds). In +*he presant

axperiment it is interesting %o nots that both alpha dengi+y

novelty, The effect for alpha density data across trials
howaver was not significant, Since there were no signifi-

cant differences in pupil variability across +rialg, +he
oculomotor hypothasis wenld not suggest any difference in
alpha activity, Theres was, however, a significant diffor=-

ence in alpha activity betwesn <sessions which carnot  he
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accountzd for by differences in pupil variab

L

1i+tv, I+ mav

s

ovel situatior

O

hest bse accounted for by habituation +o a2

fnd

and thus occur through msechanisms of a nor=cculennier

jory

varistv.

As was expectad larger pupil sizes were fournd for +the
lower illuminaticn levels {f=datk) and esmaller pupil sizesg
were found for the higher illuminaticn levaels (+7, +15),

This is consistent with the universal finding +ha+t an

2]

increase in illumination level will resul® in cons*ric+ion

A

while a decrsas2 in illumination level {in +this cass,

darkness)y will cause dilation {Janisse, 1977, Ag mavy bz
seen frem Figqure 1, however, *the shapz of +he constrictior
response differed from that of +he dila*ion responcs, Por

exanple, there was a significan® increass in puril cize

acrogs sgpochs for the dilaticn response but rncoc* for  the

constriction respense, The resulits ars consistent with
those of Hansmann, Semnolow and Stark {1974) who have

reported that +%*he light~reflex shows a rapid overshcooting
constriction response to the onset of light followsed by 2

redilaticn respo

=

offset of 1light is
that the overshoot effact is only characteristic of +h=s
constriction resvonse, RAs a result of the scerirc procednrs
utilized in the present study, it would appaar +hat +hs

overshoot constriction effsct occured befors +ths Firs+




measurenent was taken at the 2-szscond peint, ¥ha+t is
prasented in Figqure 1 then is the redilation rasporse, The

dilaticn response *o the onset of darkness, thowsver, iz =z
much slowver resvenss and  probably would be pictyrsd

accuratsly in Pigure 1,

On the bhasis o©f other 1literature (2.9, Lowerstzir §
Loewenteld, 1962y, which =suggested that the pupils ars
usually larogs and guiet+t in complete darknaess and hecons
smaller and more active with increasing light, 3% had hasn
assumed for the basis of hypothesis 1, +that +he greatest
pupillary constriction and opupil variabilityv would bhe

associated with the highest levels of luminance, Whils +his

]

2ffect would be accurate if *he subjects had hesn expossd +¢

levels over considerably lorgar

,9.4
|4s
O
3

the same 1illuminat
periods cf tima, on the basis of the Hansmann =2+ al, sefpdv

and the vresent data, it may not be apolicable o inpmediate

pupillary reactions *o the onsst and cffset of ligh+, The
trial length in the present studyvy was onlvy 20 =sermcnis, g
depictesd by TFigure 1 {wvhere each epoch = 2 seconds) it

app2ared to take more than 20 seconds for the pupil! *o bhegin

to stabilize +0 the onset of darkness,

-4

n view of this differential rasponse then, +he agrsatast

pupil changes in +the present study occuraed withk +he
transitions to dartkness {dilate conditicns), T+ is

interasting *0 nonte that the 1lsast amount of alphka alsce
occured under thess conditions, This would he corsistant

with the hypothesis ¢hat lower alphe desnsitiess  wenld occocur




under conditions <¢f greatest pupil variabili+v or charags,
Conseguently the evidence is in suppert of +he cculonotor

theory which would predict that oculecmotor ac*ivity of anvy

’J.
!-ln

vitv, In the pragent

sort would tend to block alpha acti

centext the oculemotor activity accounting for +he Aiffere

ance in the dilate versus constrict conditicns, ya s
pupillary activity, Inde=2d it mav bz snuchk pupillary

activity +that may account for +the suppressant effact of

ligh* <¢n alpha density +hat has been reportsed by o+her

investigators {e.q, Bridgewater, Sherrv & Marcznski, 1975;
Cram, ¥ohlenbsrg & Singer, 19773 Orenstein § NcWilliamse,
1976) . As reported earlisr, however, +*he cornfounding of

many oculomotor variables {e,qg, fixation, converaence) nmakes

fto
[
b
fart
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)
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it difficult +to seperate out the effocts of
{and pupillary charges) con alrvha production ir such s+udi=s,

The possibility remains that in such studies +he pupillary

activity associated with bright 1light would have 2 snpprec-
sant 2ffgct on alpha production, As the pupillary activity

stabalizes over <*ime, one would =2xpect somne rscovery in
alpha density,

The important difference in +he prassnt s:tudy is +ha+

alrha was reduced during darkness, Similarly Avanibhar and
Pfurtscheller, {1977} have reported consistent decrszsas in

alpha with photic stimulation to both light=on and light=-nff
trials, Consequently it would be difficult +o0 exnlain +he

phencmenern on the basis of visual attantion, fixation,

(



visual scanning, atc, Father pupillary activitv weould se=n
0 acceount foeor the prasent results, The rasults »f +he

suggestion, As way b2 recalled, +they =sffectively hlockad
alpha activity by the introduction of mvdriatic Adreps and
found <that photic stimulaticn had ne blocking =2ffert nn
cccipital alpha 2ven when the subjects attende2d te (countsd)
the flacshes, Indesd, thecries of visual atiertior wonléd
hypothesize alvhka blocking even under these conditicns, Tha

oculomotor activation theory, howsver, would predict +hat

ot
)
[
-

oculomotor activity {in this case reflected by ©pupil
activity) would serve to attenuate occipital alpha, On +he

other hand, alpha weould be expected %o bs prominsnt ir +he

ga.

absence of such activity, Congsecusntly it would e

expacted that as the dilation responss stabalizes and
pupiliary activity is reduced, alpha wonld recover, Tharsa
is some suqggestion of that occuring in the ©pressnt studv,

although the sffect was not yvet significant (Figura 1.
As was noted, the tendency for alpha dsnsity ard pupil
siza to vary tecgether (i.2, correlate), although for +he

most part greater than weuld be expected by charnce alonz,

]

was minimal and insignificant. The predominance cf pesisive

correlations for the constrict conditions, nmay reflect +he

tendency {although insignificant} fcr both pupil gizs and

alpha density tc dincrsase cver epochs, On  the cther hand
h

predcminance of negative correlaticns for +he Adilate

conditions may reflect a +tendency for increases in  pupil



size tc be associated with decresases in alvha activitw, 0f
course, noe causal argument or sven an arqument of a

relaticnship can he made on the basis of such corrzlatiecns,
In fact it was not hvypothesized +that pupil size and zlonha
denzity would be correlat=d but rather +hat rpupillary
chanages would be related +o decreasses in alpha density, The
present anralysis compared mean alpha densitv nmeasures ovsr
2=second samplas +o0 one measure of vpupil sizs ir +he sans
sample, Perhaps ccmpatisons hetween alphka production and

pupillary changes mav need +¢ be mads on a more molar laove

14

in view of the slcwer responsivensse and pessibls reduecsd

Jie

vity of the FEG measure {Rsatty, 1977h),

e

sS2nsit

=11

The rasults of +he illumination sxperiment, +aken as =

I3

whole, tend %¢ support the contention that occulomctor
activity serves to attenuate alpha production, Since +he
effect of other cculeomctor variables werse mininmized, it

wounld appear +that pupillary activity blockad cccivnital
alpha, 2s futher supoort of this suggested relatioconship, i+
would be Dbeneficial +o repsat *the prassr+ gtudv  while
immobilizing +the opupil with a myvdriatic soluticn, TE,
indeed, alpha was no%t blocked undar such condi+icns, +he

results would veild futher support +o a causal relationship

batyeen pupillarvy activity and alpha blocking,
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of task difficulty and mental 2ffori, Moreover, as would hz
ezxpactaed on ths basis of the pvurillary literature (2,0, Hegs
£ Pol%t, 1964:; FKahneman & Beattv, 1966) pupil size increaszesd

during the locading phase, 7reached i*ts maxinmum, decreased

during the unlcading phase, and return=d o i+ts baseline
level, Although this +*rend was svident for all lavels of
difficulty it was onlv significant for the nmors Aifficul+t
dig ransfor ion tasks., This would demonstrate that +he
digi+ span task {+D) was much sgasiser than +the Adigit
transformation tasks (+1) and +3), In fact +the size of the

pupil clearly differentiated betweer +he digi+ s=pan and
digit *ransformaticn tasks as has been found bv othars (2,0,
Kahneman, Peavlier & Onuska, 1968; Kahneman, Tursky, Shapirce
& Crider, 19693, Although it was in the pradicted direc-
tion, opupil size did not clearly diffarentia*s hetywyeen the
two digit transformation +tasks, Givan +he consistent
ralaticnship which thas been found betwssn pupil zize and
task difficulty i+ would appear as +though the *acsks wers of
almost equal difficulty, 1Ir any case the most difficult and

effortful task (2Rdd 3} according *o subt§ective reports was

associated with the largest pupil responsse (M = 4,354}, and

*he least difficul® +task {(2dd 0y with the swmalles* pupil

response {M = #4,256), The present study served *o replicate
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the results of a study by Kahnman, Tarsky, Shapire and
Crider {1969} which used the same levels of “ask difficuliv,
As may be recallsed pupil size *tendad +tc Ascraage uvnon

repeated presentations of the tasks: an &ffsct tha* was mors

dramatic betvesr the sacond and +hird triszls. Aazip *this
has been found by othars {e.g. DuPont, 1971: Franciae §

K2lly, 1969; Ilehr © Bergum, 11966) and is further surper:t for

the tendency of +he vpupillary rasponse  +o habituats ovyar

Lde
120
N

=}
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tim2 and reveated exposure to similar stinmuli. s will
racalled a sipilar e€ffect occurad during *he pupil taselines
condition.

Pupil variability, however, did not* clearlv Adifferentiate

1= of difficulty cr trials across all analysis, In fact

<
ot

2

the effect for level of difficuliv onlv approached signifi-

cance, Conseqguently pupil variability may no* te +te bast
measure of tagk difficultv, Janigse {1977) has sugasstad

several irdices of pupillary activity (2.q. latency, <cize,
variability) +the utility of which the suggssts is copen +o
further research, The present s*tudy would sovpper:s +he
usefulness of pupil size versus oupil variabili+y as =2
neasure of task difficulty,

Although it was hypothesized that alpha activi+tv wenl?d

decrease as a function of task 4difficulty, +he  alphe

d not serve to differantiate bhetween lovels of

bode

m2asursnent d
difficultyv, TIr Fact *the mean alvha production acrese 21l

lar, Tt dis dinteresiing o

Lok

levels of difficulty was warv sin




tasks was sigrnificantly lower than eves-cpen haseline
isvels, In view of this one might suggest {as 4314 Bunn=1l,

1980y <that alpha density was equally block=2d by all +he

[

cognitive tasks, Th resnults are in suppeort of othsr

{

studies which have demonstrated siornificantlvy less alphe
during problem solving versus baseline periods {2.q, PRausr,
19763 Grabow, Aroconscn, Gresne § Offnrd, 1979: ‘Fevyer, 1977),
Unlike manv other studies (.9, Baker & Franken, 19f7: Dunmas
& Morgan, 1975: HcAdam, 1973}, however, +hs alpha dansitvy
measure did not differentiate Dbetween levsls of difficul+tvy,
Althoungh no studies ceould be found which unead a digit=+rans-
formaticn task and assessed its effect on alpha activity,
Bausr {1976} used a digite-span task and found significantly
less alpha in the EFG %than during baselirs corditicns, T+

is also interesting +o note +hat Dovle, Ornstein and Galir

‘_Ju

{1974y and Gevivrs, Z2itlin, Yingling, Dovlie, Dedon, Straffaer,
Raumasset and Yeager {1979 have suggesitad  *hat tacgkes
raguiring motor output {e.g. 1limb movements) Tresul: in
suppression of alphka activity. Tn view of ths fact thrat the
all the tasks ir the present study reguirsd a motor cutput,
i.2, verbal repetition) +hev may heve equally suppreassed
alpha activity, It is also relevant that motor rgsponses
have been found t¢c auagment pupillary responsas (Kahrnemann,

Pzavier & Onuska, 1968; sSimpson, 1969), Thig sucgasts

another parallel bhetwesn the two systems,




portant %0 point out other mador differsncss

jdo
=

I+t is also

in the rresent study and some of the other studies +#tra+ have

claimed that alpha decreases cver levels of difficul+y, 2
great number of +he more recent studies {2.0, Gevins,

z2itlin, Doyle, Schaffer & Gallaway, 1979; Goodman, BReatty
and Mulholland, 1980: Grabow, Aronsorn, Gresnse & Cfford,
1979 have used a greater rnumber of electrcde placemants
{i.e., cccipital, parietal, central, frontal, +*enmroral) in
an attempt +o study alpha thenispheric sasyemetrize in
response to a variety of wverbal=analytic ard spatial
processing tasks, In view of +he number and placemsnts of
e¢lectrodes it wculd be expected that such measurements would
be more sensitive tc changes in task d@ifficul+ty +han +he
occipital placement used in the present s+tudvy, Grabow ok
al, {1979) have provided evidence %o suggest +tha+ at+enns-
tion of alpha activity occurs in the activatasd hemisnhare
involved in the task, For exampls, they found significant
differences in both parietal and occipital areas for a +ask
in which the subjects were reguired +o say words teginring
with "s" aloud while they found significart differances for
only the nparietal ares for a task in which a <cubdsct was
shown a picture and asked to make up & story ard repeat i+
to herself,

Furthermore and perhaps most vrelsvant +o +he opresant
study, many of <thess studies have used EEG masasnrss other
than percent-time alvha, Goedmarn, {1978) for examp

used FEG alpha contingent stimulation and derived an alnha



control ratic statistic {calcula*ted by Aividing mear zlpha
bursts durations +o visual stimulation by +he standard

deviation of thess alpha durations) and has found +he

B

measure te be more sensitive <than either percent 2lphka or

.
e

2voked potantial discrimination index *to ths AJdetsoc+ion of

*.

e

differences in cortical activity, similarly Gocdman =+ =21,

{1980) have found the contrel ratic %0 bhe a pore sersitive

measure {i,%8, better discriminator among variablas) +har
2ither standard deviation or mean alpha duratien, ilsc

Ehrichman and Wiensr {1979} thave razportsd the+ the prrcent-
time measure did nect differentiate =
facross a variety of varbal and spatial tasks) 2nd was lazs

reliable than an irteqgrated amplitude measurse,

Indzed, in the present study, t+he alpha wvariabilisy
m2asure was mnuch mors sensitive %0 *ask vperfermance,

Although the effect for difficulty was not significant, i+
did aprrcach siagnificance {p <, 06) and was sugaestive of 2

task difficulty

=3

1Craass

7]
fol]
n

trend for alpha variabilitvy +o i

increased, Foreover it differentiated loading and unleading

phases at 1least for the two easier tasks (244 ¢, 3dd 1y,
2lpha was found %o be more variable during +he loading

versus the unlcading phase which wounld suggest *that som=
racovary in alpha was occuring, g difficul%y incrszassd,
howaver, the lcoading effect decreased, in turn sudgo=ss+ing
that for the most difficult task alpha remains=d variabls and

showed no signs cof recovery during the unloading phase,



D

Ir view of +the suggestions mads here regarding +he alp

i

blocking vphenomencn, it weould have besn interesting +o
monitor pupil activity and alvha activity bevyond *he

er+rial interval, Irfortg-

2]
o+

cognitive task and inte an in

nately the desion <¢f *the present study &id rot incorporats

an intertrial dinpterval, Consaquently it is imposggibhle *c

assess alpha recoverv during this phass, Certainly +*he
oculomotor hypothesis wculd suggasst that as  pupil activisv
stabalized {usuelly by the end of ths loading phass), alpha

activity would alsc recover,

As noted earlier, the correlational data 40 neot clearly
support the hvpothesis that any change in pupil size would
rasult in a decrease in alpha production. Al+thcough mosi of
the correlations wers in the vpredicted dirsction, orly *he

o]

mean correlations between alpha and pupil size {238 R

condition) and tetween alpha variability and pupil variabil-
ity {Add 3 condition) werse significantly greatar thar chance
gxpectancies, Possibly the faillure +to find significant

1)

correlations between alpha and pupil activity may be

tn reflect minute changes in pupil size, ITn +he prassnt
axperimant percent alpha measures waere takan over 1=gacond
samples and correlated with ons nwreasure of pupil size *taken
from the correstonding sample. Perhaps a mesasure of alohsa
amplitude would be more sensitive to such pupillarv changss

{Ehrlichman & Wiener, 1979 as it wonld raflac* no+ ornly




shifts cut of the alpha freguency rargs but alse nementarTy

shifts in activation, Unfortunately in tha presen®t s+udy,
instrumentation limitations vprecluded alpha ampli+ud

measurenent,

In sunmary, the results cof +he cognitive sxperimen+t 3o
not uneguivocally support the oculomector activation +haory,
Thaere are however, seme suggestions  of  support, Th &
cognitive tasks reesultzd in changss in pupillary activity ae
well as desynchreonization of pha activitvy, Censeaquently,
the rssults of this experiment did not vprovids clear

disconfirming evidence of +the hypothesized rela*ionchin

between pupillary rovements and alpha attenuation, Thig iz
particularly interesting in view of the fact +hat +here ne

clear exvlanation as to why alvha activity is ILleocked by

cognitive tasks, Although manvy wmight argus +ha+ +ha
ralaticnship 1is explained by arousal, the relaticnshino

between alpha and arcusal and pupil size and arconsal is rnet
a monotonic ona, As has been noted sarlisr the relationchin

b2tween alpha activity and other physioloqical irdicante nf
arounsal has been an inconsistant of

ten contradicicry ons,
Tn addition, the contradictery relatiornship found hetysen
pupil sige and nmeasures of arousal, would =suggest +he
relaticenship between purpil size and arounsal is not rmenoton=

ry

ic, The possit

wde
[L_h
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1itvy then remains that rathar +tharn alpha
14

and oupil size being related via bahavioral arousal, *hey

may e related via cculomctor arousal {activi+y), This iz



particularly feasible in view of +the alpha
blocking and vpupillary response whick has bean fourd for

cognitive tasks.

Tha most obvicus ceonclusion 2 be drawn from +he alphe
biofeedback experiment ig <¢that <there was no significant
affects of training, In fact, alpha production in both ihe
increases and decrease sessiocns was virtually identical {(both
6Lu%) , Morecover the mean alpha production for hoth sessinng
fell short of beth eves~open (M = §7%) and syes=closed (¥ =
78%% fraseline measures, As was noted =arlier +herse have
been an extensive number of studizs that have fourd that
alpha production could not be =2nhanced over eves-closed
baselines, In fact Plotkin {1978) found no studies where
alpha producticon with training was found to increass over
optimal eves-clecsed baseling, Tn the pressent study,
however, +the subijzcts as a whole did not differ freop their
eyas-opan bhaseline., There may be ssveral possible +heorsti-
cal and mnethodological reasons for the failure of *he
prasent study %o demonsirate an alpha biofesdback *rainina
2ffect,

The results of the praesant study are perticularly
interesting from a theoretical standpoint in view of +he
substantive suppert for +he  hypothesis +hat succsssfiul

contrel of alpha production is acconmplished by raducing or
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ng visual system activitv (e.q, Chisheln, ans,
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VYalle & DeGood, 1975; King, 19773 Plotkin, 1976z, 1978y,
Plotkin {1976a) and others {e.,g. Peper, 1970} have sugosstad
that enhancement and suppression of occipital alpha igs
alvays mediated bty the contrel of occulomotor procssses, Tha
present study, however, sonught +o nminimize +he subdect =

utilization of oculomotor resporses by instructiecns and hy

providing a minimally stimulating and uniforpm visual
environment, The subiects were instructed no*t *+o opsn or
close their sves, theyv were asked to refrair frem hody

novements and eve movenmsnts, they wers vrovidad with 2
uniform visual field, and thev were presented with a target
that was slightly cut of focus {(which would maks hlurring
and focusing strategiss difficult). In view of 2all +hase
restrictions, the training session would literally be mors
similar +to those studies whichk have attamptad <o +rain
subjects in darkness, s has bsen reported earlier, manv

researchers have noted that alvha corntrel i3 considerably

casier with the evas open {2.9, Newlis & Kamiva, 1970
Pepar, 1970: Travis, Kondo & Knott, 1978b), In fact, scome
have claimed that +raining is not possible in +o+al darkneszs
{es q, Paskewitz & Orne, 1973: Plotkin, 19762}, Tn view of

the settirg in the present study then, +the subijects rav no+

have heen able *o affectively use oculomctor s+rrateqi

control alpha densityv, 7Tn spite of the fact *that decreasing
alpha has bheen repcorted *c¢ be muchk easisr (Paskswitz,

Lynch, Orre & Cocs*elle, 1970; Paskewitz & Orns, 1973, Pesparvr




% Mulhclland, 1870y than increasing alpha, nrone of +he
Wnon=lcocek” strategies were readily available o *he
subiects.
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Althcugh manyv =ztudiss in terature using comparable
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have reported significant

T

designs

Beatty & Kornfield, 19725 Cram, Kohlenberqg & Sing=sr,

Hord & Barber, 1971:; ¥artindale § Armstrong, 1974: Martin-

dale & Hines, 1975; VNowlis & Kamiva, 1970: ©Psper & Malhol-

land, 1970: Pleotkin & Cohen, 19763 Suter, 1979}, +her=s ars

possible, methodclogical reasons {forn and lergth of

training) for the present results, Tn a recert vevisy of

mathodclogical issuss, Ancoli and Kamiva {1978} suvagest +ha+

althoungh +%rial iengths in alpha Dbiofesdback.

typically vary from 2=-10 minutes, trial langths of loss +harn

10=20 minutes may be too short for effsctive +raining
{especially for alpha znhancement). 2 review of the alnha
biofeedback studies also indicates +hat* some have had

sessions as lorg as 29 hours (Rsgestein, Pegran,

Bradley, 1972) while some have been as short as 10=pinutas

{Martindale & Armstrong, 1974), Typically a singls sagssiorp

da

s have used six or

s all +that is given, althoungh some =tud

pde
8
.

more {8.,9s Anceli & Gresn, 1977: Orenstein & Mchilliame

-

19763 Paskewitz § Orne, 1873y, Ancoli and Kamiva {19783

sugqgest that the chances of effective training

increased if at least four +%raining sessinns

Moreover thay suggest that rapid alterations of
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and enhancement trials mav also make learning difficnl+, Tn

e

£

{<de

view <¢f such s=uggsstions, then, s vposgsgible  such
methedological vparameters may have contributed to  the

praesant results,

L
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Alse, in viewy of these suggestions i+t is interssting +o
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note that Suter {71979} 4in an alpha bicfesdbac

similar design and identical *raining +ims as +he prasant

study, Tn spite of +his he founid

batween increase and decrease sessiong, at l=asi vwhan he
used ar amplituds measure of alpha strength, The parcant

alpha measure used in the present studyv, as noted sarliar,
would be insensitive to shifts in amplitude strength and may

w21l have conitributed %o the insignificant training affoc+,

In spite of the failure %o dasmcnstrate Jdiffersntial
contrel of alpha preoductiorn, there were somps interesting
resulis, An unexpected result in the present study was +the

difference in puril size bhetween suppress and enhance
conditions of alpha biofeadback, Tha largsst pupil sizs
occured durirg the enhancemert {incr=as2) s=ssions in gpits

of the fact +that *he subjects ra*ted <the surrression

{dzcrease) conditicn as more Adifficult, anvicneg, and
frustrating {Patle 29N, This particularly szems contradic-

tory in view of the suggesticn that anxisety and Aifficul+y
are consistent with vpupil size incresases, 21l+heouah 1%

canpnot te ascertainad o¢n the basis of +he posteyperimantal

guesticnnaire, perhaps it dis possible +thet +the subdscts

found alpha suppressicn so Aifficnlt that +hey +znded  *e




give np quickly, #hile in the enhancemen® condi*ion *hev mavy
have centinued +their a2ffort, Perhaps thizs iz whv +hers was
a tendency %o rate the idncrease ceondifion as recuirirg mors
affort, more active +*hinking, and as being less relaxing
{although these effects wers not sigrnificant)., Tf +his 4id
occur, there might be a tendency for sliaghtly largsr pupil

28 in the entancement cornditiocn, It was also found +hat
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the subiects rated the enhancement condition as agnificant-

i.u‘ .

1y more unpleasent, Parhaps this alsc mayv have contributed

[ 1Y

+

to larger pupil size in the increase condition altheongh i+

is unclear how plezsentness of a task would relats +o pupil
sizea, There is some evidence, howevar, +¢ sugaest *tha+

ars associated with largsr punil sizess

jode

unpleasent stimul

0

than pleasent stimuli (2.9, Libby, Lacy § Lacy, 1973),
Tt is also ncteworthy +that the subdects in  +heir

subiective reports rated the suppression condit*icn as mors
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di€fficult +than =snhancement when other investig
suggested that alrha eanhancemsnt is  much more Jdifficnult
{e.9. Ancoli & Kamiva, 1978; Kamiva, 19683 Nowlis & Xamiva,

1970: Peper & Mulhelland, 1970). Agzsin thie mav relz*z to

th

the unavailabili*yv of oculeomotor strategies,

The resnlts alse indicated that the expectation that +he
pupil would be less variable undsr azlpha =nhancamsent varsus
alpha suppression, was not borne osute. I+ was axpected that
greater pupil variability weould be asscciated with lowar

alpha production, There were, howsver, no differencss in




alpha da2nsity sc¢ the fac* that +here wers no
pupil variabili+yv would +4end to support +ha oculomctor
hypothesis at 1least to the ex*ent that i+ 3id nrct provids

clear disconfirming evidence of the Thypothasized relation-

shio, Had there been differences in pupil varisbhili+ty
between trials c¢r evochs, +he oculomotor hypothesis wonli

also predict differences in alpha activitv,

Thke correlational analysis again did not clear

a relationship between alpha dsnsitv ard pupillary activity,
It should be noted, however, tha* 25 parcent c¢f +*he

correlations between alvha density and pupil variabilizy

were significant and in the predictsd (negative) diraction

while another 10 percent approached significance, T+ im
also noteworthy that +the correlations batwysen +hess +wo

variables were dramatically more significant +har wonld he
e@xpected by chance alene in hoth the enhancs {p < 20000 and

»

suppress conditicns (p < L000AY,
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In summary the results of the
ment alsc do not clearly support +he oculomntor theorvy,
Tndirect evidence comss frem the fact there was no diffar-
ence in pupillary activity over +trials or sessione ard as
would be predicted {on the basis of +thes oculomo+tor theoryy,
there were ne differences in alpha density, Tn addition i+t

¥as suggested that alrpha contro! mav be particularly

2
’J‘
6]
]

difficult in those situnations vwhere oculomo*ar strateq
are not available to the subjects, The only other sconurcs of

direct support in the presert expariment comes frem  +he




correlations Dbetwesn alpha density and pupil variability
which +2nd o be more suggestive ¢f a relationship hetysar

the +twe variables than has been +he cass ir tha o+her

expariments,
Pupil Biofeedback Fxperiment

+ oA ey

The pupil biocfeedback experiment also indic

o]

there were no significant sffects for training, There was
no difference in pupil size for the increass (¥ = 0,08)
versus dacrease (M = L4,07) sessions of pupil bicfssdbhack,
There vas, howsevar, a significart decrease in nupil sizs
acCross epochs, The =2ffect in +his and other eyperimsnis

{i.2, ltaselines, cognitive, alpha bhiofeedback) clearly
demonstrates the +endsncy of +he opupil +o habiftuate over

time,
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Tn view of +the failur
a

present expsriment, and the succeszs claimsd by Prathar and

Berry {1973) in the only other opublished studvy whick
attamopted +*o¢ condition pupil size, it iz impeoritant *o

exanine the differences in the two studies, The subijects irn

the Prather and Rarrv study were net informad abhoutr  +he

nature of +the study but were informed they shounld concan-
trate on getting as manv Ygocds® as possiblse, Pra+har and
Berry then verbally reinforced {i.e. saving ‘Ygecod") each

sub-iect to dilates and contract pupil sgize to +fonss whicth

served as discriminative stimuli,  The subiscts were thern
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given a 17.5 minute tapsd seqguence consisting of repstitions

1 d
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of ten 25=second tons periods with S—zaco

i
{
1
O
-3

2ach tone and a T=minute rest period after +the procent:

o
Lae
it
e
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of ten tones, Thres tones were preszssriasd in randen

limitation that all tcnes occursd %en +imes 2nd 1o +one
occured in consecntive order, The tones ware countsrha-
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lanced across greups and served as Adiscrimina
for differential reinfercement of dilation, contraction or
non-reinforcement such that during dila+ion and ceontraction

£

paeriocds the experimenter shaped increasss and deocreases of

pupil size by using Pgood” as verbal reinforcement, Ve
reinforcement was given during +he non-reinforconpsant
periods, Prather and Rerry found that in spite of which

tones were used, mean pupil Jdiameter was largest when shapsd

contract and in hetwssn

=
o)
ko,
o
ot
Q

to dilate, smallest when sh

for the non-reirnforced condition, The mean
calculated by combining the largest and smallsst pupil size
for e2ach 5Se-geceond vperiod, Thaey did not compars  the

conditions to a baseline,

One 0f %the madecr differences between the present studvy

and Prather & Rerrv's study iz the length of +he *raining
sassions, s noted Prather and Rarry used 25=gscond
training +trials while the ©prasent study used U=-pinuts

o

rials, Consegquently i+ mav have besn difficult for +he
subiects *o wmaintain a respense {(or sStrateqgy) ovetr that
length of +time especially in view of +he fact +hat onpil

size was decreasing cover trizls oprobably in spi*as of yhat
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thevy warz2 doing,. Prather and Barry

tendency for pupil =zize %o decrease over +imz al+hough they

did report it was difficult for their subdacts +o wain+airn
dilaticn, On the basis of available informazicr {Ycodman-
sea, 1966) hovaver, one would not sxpect vupil sigs +o

decrease in a 2%5-szcond perviod {as in +the illuminatior

experiment) but more likely after about 100=geconds, Thare
may, howvever, have been some Adecrease over repeated

presentations althcugh one wenld not aip@ct that the zffact
on the subdscts wculd he as dramatic, as 1li:t+le decrease
would occur in the 25-second trial, As a Tegult of this
trial length difference the present study may have presented
the subijects with a very difficult %ask, The subisctive
reports (Table 35) would indicate that the puril hiofezdback
task was seen as guite difficul:, =ffortful and scmewhat
unpleasent,

Although there are other possible diffesrences in +the *wo

experiments {e.q, Adifferent reinforcers, subdec*+'s levol of

motivation, otc,} probably the trial langth is +ha most
outstanding., The habituaticn effect {decreass ir pupil size

across epochs) fecurd in the present experiment would make i+
vary difficult for subijects to accuratszly use +re fesdback
in an attempt to control their own pupil size,

Perhaps <the most interesting firding from +*+he 9opupil
biofeedback experiment was that, 3in spite of the fact *hat
there was no difference in pupil variability acrosz +he

increase or decresase conditions, there was a significant
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fference ir alphz rpreoduction, The megan alpha preduction

j-tu

h

was gr2ater during +the dscrease segsion (M

during +hs increase ssssion (¥ = §9%), Tt
that the amount of alvha activity would be a2 functiorn nf *he

amcunt of pupillarvy activity, Conssquently the differantial

amount of alpha in *the absence of any significant Aifferencs

in pupil activity would seem *o arque against *the cculomotor
theory, althoungh =even if thers weras a relationship =

significanrt charge in opupil size wenld 1o+ recessarily
result in a significant change in alpha density,

There mayv be, hcwaver, other reascons that alphta activity
might changs in +he absence of pupillarv changes, T4 was
not argued that +*the two systems would ba completely
interdependaent, 0n the contrary, charges in alpha activity
jor for that matter pupil size) may be =zffected thre
wide range of cculonmotor, behavioral, arcusal and/or

amotional factors, 2s was discussed zarlisr many investiga-

+ors have sugested a relationshi betwssn heightened
bahavioral arousal and alpha desynchronization {2, 05
Fontaine, 19783 Kreitman and Shaw, 19753 Falmoe, 19%0), Thie

is particularlyv noteworth in view of the fact the suhisctive
ratings indicated that +the subijects were significantlv more

aroused {alert versus drowsgy) in the increase opupil size

n

assion, In fact thes overall mean rating fell irnto +hks very

alert categorv, This wculd suggses: a possible difference ir

bahavioral arousal, As a Tesult it would appear as theouodk
the subizcts overall were much mnmora relaxsed in +he Aecrease




session. This, i+ is snggested would contributae +o *ha
significantly thiahkar alpha density in +he dacreass pupil
size session (p = 049,

The correalational data again did rnot clearly suppeors +he
axpactation that anvy change in pupil sige wonld 7Tesul* in =
decrease in.alpka production.: -Once again, however, most of
the correlations tetween alpha densityv and pupil variability

I

vere in the predicted direction, although they vwere only

"'1

significantly greate t+han chance axpactaticrns din  thse
decreasse condition,
In summaryvy the pupil Lhiocfeedback ezxperiment vrovided

little evidence to support the oculomotor hypocthesis, Since

there were no difference in pupil size or pupil variability
across sessions or *rials it was not possibls +c asssss the

effect that different levels of punil activity might rave or
alpha activity ¢r +0 assess the viability of chargs in
pupillary activity as an oculomotor media*ional s*tratzgv,
There was, however, a difference in alpha activity betwaen

n view of the fact it was no+ suggested +ha+t

Lds

sessions, but

. >

pupil and alpha activiiy would be complastely interdspendent,

the effect may te the result of other bhshavicral, arcusal
and/or emotional factors. Indeed +the sub-dective rsports

suggested that this was the case,




Alpha and Pupil Biofeedback Ccmparisons

L BT e sSsasmaas

The compariscn of alpha varsus pupil hiofesdback 313 no+
provide any additicnal +*est of the oculomotor thecry, T+

did, howsver, opoint out the important role *+hat subtdzctive

factors mwmavy play in physiological research,

It is arn interesting finding when comparing +he =alnha
biofeedback to +the pupil biofeedback experinmen+t, +hat *he

g

alpha riofeedback mode had ap overall lowsr lsvel of alpha

production ir spite of +he fact there was ne Adifferencs in

[

ity, As was notsad, howaver, +the =ffect

papil variabi
between the two experiments was primarily acccocurnt=4 for by

thos2 subdects 1in +the alpha biofesdback experimsrnt vwhoe

received alpka biofeedback first {i.s. Session T}, Thisg
particular condition was rated ag  mores frustrating,

unpleasent and effertful. Such factors mav well have had an
effact on the overall level of arousal and anxie*tv. The
subijects mav have found +this condition very stressful,
Consequently, in view of a numbar of sgtudiss which have
suggested that alpha and anxisty are inverssaly related (=,aq,
Bhrisman, 1972; 1levi, 19763 1lally, 19763 Terslak, 1974y,
+his may accoun*t feor the reductiorn in alvha activity,
Moresover, the fact tha+* they received slphas bicfeadback
first may indicate that some of +he initial aporehensions
and noveltiss of +thes experimental situation served +c block
alpha, Cf course this wouldn?% s2¥plain why +he peosteyxpsri-

2

mental ratings in the group that recesivea:
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first were not sinmilarly affectad, There is a possibility,

howaver that +he subijzcts had more axpaciztions and/or

apprehansions {and wers more knowladgsabla) of Virainyayat
biofesdback ¢than contrecl of pupil size, I+ thas  hasrt

consistently demecnstrated *hat subdjects s=xpectations of
alpha tiofeedback can affect their parformance {&.,4,
Elguin-Body 1977; Knox, 1978: ©Plotkir, 1976a, 1977, 1079,

1580) . In the present experiment +helr axpectaticrs or

& comparison of +the twe biofesdback experiments nsing

pupil =size a5 the dependent variable vielded ancthar
interesting resul+, The decresase ssssion of alpha bicfesd-

{ote
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back had the smallest mean pupil size of all conditic

it was rated bV the subiects as mors anxions and Aifficnl+
than alpha increase (p <.05) and as somawhat more Aifficul+
than increase or decrease pupil size {(p <, 10). Thers vsrs

no other differences between this particular cerdifzien zand

the others in terms of pupil variabili*y or alpha produc-
tion, Possibly +he subjects found +his conditicn so
difficult they had a tendency to give up, Conseguently +havy

relaxed and in comparisen to other ssssions i+ haconme
gasier, In this casa one weuld expsct smaller overall pupil
size, In spite of the fact that decreasing alphz is ususlly
seen as much easier by most subijects (e.g. Paskewitz & Nrns,

1873; Peper & Mulholland, 1970y, the subdects in +he present

i+
e

study may have found this task extremely Adifficnl+ 4n visw
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of the fact +that *the +typical oculeomoteor suppresgant
strategies wers no* readily available +o +han,
Tn part, this mav also be the reason why there waz=o 2

for the alpha biofasedback exveriment, Although +he =2poch
e2ffect was significant for beth biofeedback experiments, i+
was oagreater for alpha biofeedback. It was no%t, hewsver,

significantly ogrea*er for the alpha hiofeedback decraasae

axpact the dacrease in pupil size tc be greater in *hose
conditions whers pupil size was larger {law of initial
valuess; Janisse, 1977). 7In view of this then this aqrcup mav
have actually habituated to = greater axtent than anv of

the other groups., Such an =ffect would be consistant wi+h a

tendency to qgive up on a task, Morecvar, alpha bhicfezdback
was rated as wmore unpleasent ard anxious +than opupil
biofeedback, In view of the AJdifferaptial spoch =affact,

there 3is a suggestion that +the subdects overall fcourd alpha
biofeedback as more difficult (had lecwer alpha densitissg)
and tendsd tc give up in both the srhancement 2rnd supproos
sion conditions rTesulting in a greater dscrease ir pupil

and a more rapid habituation sffect, Again +his mav

0
fote

Zz

0]

ralate to the relative unavailabiliiy of potertial cculomo-
tor strategies. The fact that alpha density d3i3d net recovar

3

in a varallel fashicn mav Terrasent +he need for a longsr
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habituation +time and/or +ths insensitivie

alpha measure in reflecting mementary changes,
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In conclusion, then, the comparison of biofasdtack modss

provided 1it+le data that would support +ha nsculomctor

fobs
€]

3

ntarecting that +the grasztseT

activation hypothesis, Tt is

tion, This effect, however, was alsc complica+sd by ar
order effact, Cverall i%* must be cencludad +hat  *+he

comparison of tbkicfeedback expariments demons*rate the
impertant role that subjective factors mwav plav in biofesd-
back exparinents, In the present expsriment, i+ hes heer
suggested that such factors have contributaed +n changes in

both alpha producticn and puril size,

Conclusions

On the basis ©f %the vpresent experiments i+ mus+  hs
concluded that tke results dc not conclusively surppert +the
oculomotor activaticn theory and ¢the predicisd relationship
between pupillary activitv and EFG alpha production, T+ had

been hypothesized that alpha would bhe prominznt 3in  +he

absance of pupillary activity and would be attenuated in i+s
DLESEnce, There were few clear 3indicatinons +hat +his

occurad in the preasent experiment, On the other hand, +here
warea several indirect indica+ions that pupillarv activity
and occipi®*al alpha production mighkt be related, The
results of the present experiments suggast the folleowing:

1o Consistent with the oculomotor theory, eysas=close?d

alpha preduction was alwayvs oaresater +han eves-open
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alpha precduction. Conseguzntly alpha preduction wa

b

rromirent under conditions of reduced cculomoior
processing ({&,q. reduced pupillary activitv),

The great2st pupillary changes {spoch effscH) and

t+he lowest alpha productiocn occurrsd uith *hes
dilation response to changes from high +c low leavels
of illumination, Morgover, in +he illumination

experiment, qgreater alrha attentnation occurad dnring
+he dark versus light conditicns, in contrast to the

almost universal fizding +that alpha production is

greater during dark versus light conditions, In the
illumination condit+icn the greatsst pupillary

activity {change in pupil size across epochs) wa s
also found und=sr the dark conditiocn, Consaaguaently
the results of this condition provide the most direcs
support for the suggestion +that oculomoior activity,

as reflected by pupillarv changes, serve to at*snuate

rupiliary activity as well as attenuation of 21lpha
activity (as comparsd %o baselines). consequantly,
the cegnitive condition did not provids any direct
disconfirming 2vidence of +he hypothesized rala+ion=-
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alpha bicfegdback and again rno clzar dAiscenfirning
avidencs,

5, There wers no differences in alpka preduction in +he

1imited °
6. The lowest mezarn alpha production and +he greatagh
decrease in pupil size across #trials were found for

the alpha ticfeedback versus +the pupil bhiofesdback

el

&xXp ment,

n

T

7- Both alpha production and pupillary responsses appaar
to have been influenced by subdective states ir beoth
biofeedback sxpariments,

8, The correlations betwesn alpha densi+y =and punil

variability {coanitive, alpha and pupil bicfezdhack

experiments), and alpha density and opupil size
{illumination, cognitive and pupil hiofezdback

axperiments) were consistently found 4o bs arsater

than would be accounted for by chance syxpsctanciss,

To ke sure, on the basis of such results, no causal
argument can be made relating the effects of purillary
activity to occivital alpha vproductiorn. In *+ha review
presented earlier it was suggested that thers 3ig mors than

ample indirect evidence to suggest *hat +he *we variablae
mav bg relat=zd, The result of +the presznt esxparinents

provide scme direct {i.s., 3illuminatior condi*ion), hu* for

{



suppert it {e.,g., corralatiocnal data),. On *ha ot+ther hand,
there werse rno significant differences in pupil variability
in the various conditions of +he sxpsriments which could he
utilized *to directly assess the effect of diffzrential

lavels ¢f vpupillary activity on alpha production, Consa=

’D

guently thers wvas noc evidenc to clearly contradict cr

support the cculometor activation hvpothesis on +ha bhasis of

different levels of pupil wvariabhilitv, As a regsult it must
ba concluded that the oculomctor activation +haorv repains a

viable onz and may well provide a mechanisn by which the *we
variables are related,
It also has to be concluded that in manv respects +he

ments wers not abls tc provids an adsagquate

(=2

present sxperi
assassment of the coculomotor thaorv, The present studv
suggests somne nethodological issuss which provide diraect

considerations for future research,

TR M S L LML

gg“gggghg alpha measuremen% technlquw which in +hs p:%s&nﬁ

stndy was precludsd by eguipment limitations, A3+hough i+

did reflesct attentuation of alpha activity during a

..h

+

=0

cognitive task, it was not sensitive +to varvirg levele of
task difficultv, An  alpha variability measure was nmore

sensitive to +task difficultv, Morsover, FEhrlichkman and

giesner (1979 have recently reporta2d that an

plitude measurs was much more sensitive +o task effects *+han
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the percent=-zlpha m=asurse, Indesed, +this may well he the
reason whyv the correlation data in +he present studyv 434 not
reflect the expected relationship, Tt would appear *+hat +he
suggestion that +the opupil is muck wmorse sernsitive o
momentary shifts in activaticn than FFG nmeasurss ({Rsat®vy,

1977b)Y may bhs particularly relsvant when considsring the

parcent = time w2asurse. The results o0f +*he prasent
experiments {e2specially the <cognitive exparinment) would

reinforce this suqgestion, On the other hand, an in*egrated
anplitude measure may have reflect2d nmomesntary shif+ts inp
activation via amplitude changes within +h2 alpta fregunency
range. The percent=alvrha measure would onlv reflect chanqgss
in deminant FEG patterns and shifts out of +he freagnency
ranges +thus by its mnature being a nuch more gross meEaSuUrs-
ment techrigue, In the present eyperiments 1+ waz +he

comparisons on the molar lsvel which were most sugagsstive o

a relationship tetween alpha and pupillary activiiv {(r.g,

illumination experimentl., The percent alpka measnransnt
seemed quite insensitive +o more minute changss in purillary
tivity {i,e, <correlational analysis), Consequently +he

rasults may have bean much mors suggestive of a rela+tionnsghinp

had a more s2nsitive measure been used, In view of *his,
any future ressarch addressing itself *o any of ths

sad to ntilize a mors

1de

guesticns presented here, would bz adv

sensitive measurs of alpha activitv,



In view of +the =ensitivity issus, it thag alzec hsern
suggested that using a greater number of slactreds placa-
ments {necessitating more sophisticated FEG appara+nusy migh+
also provide a more sensitive measure of chkangss in cer+isal

activityv, although for oculomntor concerng i+ wenld seen

jube

that +the occipital rplacement weould be most appropriats,
Although alpha activity is prominent occipitally, it is
prasent in other locations and may well be =ffected by +he

kinds of tests provided in the presant experimsnt,

Consequaently it is suggested that +thes uss of additional

of the effect of a wide arrav of factors on alphas ac*ivi+v,
In view ¢f %the substantial amount of =avidence which
suggests a possible relationship betwsen FEG alpha and
pupillary activity, i+ is suggested that further investigae-
tion igs warranted, Any replication or =extensicn of +he
present study, however, could make usz of a more sersitive
measure of TFEG alpha and possibly multiple elesctrods
placements, Meoreover, there are sgeveral other cernsidsra-
tions which may provids a more aﬁequte toest of +he nculono-
tor hvpothesis, For axample it would bz helpful +o ircreass
the length of the baseline periocds %o more accurataly ascaoss
the changes in hoth alpha and pupillary activity over +ime.
Also the additicn of an aves-open dark basgsline cordizicn
might serve as a more appropriate comparison fer +he

illuminaticon experiment, Furthermors, yhen assessing the
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(1]

gffects of varicus luminence lavels on alvha and punil
response systems, it mav be fruitful tc axtend *he leng+h of
the trial sc as to ceompare +he sffact of *he chanas stata

{immediate reactions to changes in luminsnce lavels) +o +he

effect of the nmeore stable gtate after thabi*naticn thas
occured, In the cognitive experiment, it wonld be helpful

t0 make use of multiple and varisd tasks, and phrase~locksd

presentations witk a much longer intertrial interval +o
vide a more accurate nmeasursment of T

alpha and pupil response, The present study wmould alszc

suggest the use of a longer training +ime, a greater numbar
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of *raining sessions, longer traini
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transitions from enhancement +to suppressicn din erdar
assess the vpossibility of controlling alpha activitv whan

cted, Firally, any
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are rTestr

s
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ocunlomotor cstrat:

(D

q
replication of pupil hiofeedback would necessitats +he naosd
for sheriter training trials +o reduca the effect of +he

habituation responee,

Concluding _Remarks, relationship betwsan pupillary
activity and alvha productien largely as a raspl+t o~f +h=
insensitivity of the percent-alpha measurement, Corssgusnte
ly it must be concluded tha*t <the results of +hs opresent
experiments do not conclusively support +ha cculomsior
activatiorn thecry and the vpredicted relaticonshiy hetwaar

pupillary activity and FEG occipital alpha preoductiorn, In

in viev of the ample amcunt of indirect svidencs, {:n *he
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srature and the present study) which suggast that +ha *wo
variables mav bte related and view of the lack of svidence
which directly contradicts the oculomecter thacry, 31+ may he
suggested that the theory may rvemain 2 viable one and mav
provide a mechanism by which +the +two variablas are telated,
Given ths abundance of indirect evidence and +he peossible

ramifications of a causal rela*ionship bhetwean upillary

activity (and other cculomotor behavior) and PEG alnha (2,4

+heoretical, electroencephalography, task performancs,
autonomic conditicning, utility of =alpha bhicfesdbhack)
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further Ainvestigaticn of +the r2la nors

sensitive alpha measurement technique sesms warran+zd,
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Subiect Instructieons

tda

As you are aw¥are® vyou are partic t*ing in a2 studv of

w

.p
brain wave activity, While vou have baen

measuremant of vour brain wave activity hasz

I would 1like ¢ s2e2 how different levels

brain wave activity, Censequently, the level of hrigh+reszs
in the room will varv, As befors, vou are resqussted to

position yvourself appropriately, o keep your eves copen, +o
look in the direction of the +targe* and +o refrair from

1

kg, or bodilvy movemsnts,

e
o]

exca2ssive aye nmovement, eve bl
When the 1lights are out, yon are request2d *+o follow *ka
above instructions ke2ping yvour eyes opar and lockirg in +he

same direction, T will dnform vou when we are readv to
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Subiect Tnstructions

b

As you are aware vyou are Dparticipating in =2 studv of

brain wave activityv, #hile yvou have been sititing hers, a
meaurement of vour brain wave activitv has been takan, Now
I am interested in studving the =ffect of nmental affor+ on
vour brain wave activitvy, In order to do s vou will he

presentad with a series of four numbers, then asked *c add a
number to each digit and then asked 0 repsat +hs gerissz,
For example if I presented the seriss 41223 then asked von +o
add "1® to each digit, the correct response would ha 5234,

As before, the 1lights will be on and vou are requestsd +o

i

vee opaEn

Y

positior yourself appropriately, %to keep vour

S
[i¥]

refrain from excessive movements, eye rovaemenis, and =sv

blinking ard o lock in %he direction of the +arge+t,




{a)

38862

4152

7138

4967

2813

6145

3857

5324

2981

add

{b)

()

{d)

o

{q)

{h)

{1)

=N

8k

b

ait

Saguenc

D

D

Presented

*o Fach

Suhdact

wew +o sach of the following digits

2da

adé

add

add

2dd

adad

Add

244

nan

W‘i H

Hoewu

LR L

311 n

n3n

0

to

10

to

to

0

to

to

"Rapsath
each of the
"Repeat®
each of the
BRepaath
aach of the
H"Repeat®
z2ach of the
"Rapeat®
sach ¢f the
"Repeat”
each of the
"Rrapeat®
sgach of the

"Repeat?

gach of ths

"Repgat?

follewing

Aigits

follcwing Al

followirg

following

digits

digits

289



BRppendix C

Subdect Instructions

- 290 =



Subdect Tnstructions
On this task vou have the cpportuniiv %o learn +e conirol
your ouWn brain waves, Bltrough there ars many patterng of

brain wave activi®ty, only cne has been selected for +odavis

studvye The tone that veu hear in the backaground is +nrned
on by that brainwvave, Therefore when vou hzar +that +ons i+
means that that particular brainwave is present, Blse an

increase in the volume of that tone will be indica+ive ¢of an
increase 3in +the strength of +that brain wave pa*iarn,

Conversaly a decrease in the volume will be indica*ive of a

=

decrease in the strength of +hat brain wave pa+ttern, Your
job is +to learn +*c turn +that brainwave patiern Mer®  and
AoffY over the next six U=minute triels, During *the Yonh

pariods you are requested to increase +he amount cof *ima +he

tone is present. During the "offP perinds you are raguosted

jode

to decrease the arocunt of time *he ftcne is pressr+t Thea
nature of each +rial will be announced *c voun in 2dvance,
The particular strategy vou choose is up %o vou, Control of
brainwave activity is net easy but i+ is pessiblae 1f vou
keep trving and searching for the post effective control
strateqy for vou, During thig +ask th%vlithe will bz on,
4s before vou 2are requested to Dasition vourself apnropri-
ately, to keep vour 2ves open, to refrain from excessive

movemsnts, 2ve nmovenments and eve blinks, and %to look in %he

directicn of the target,
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Subdect Tngstructions

On this tasgsk vou have the oppor+tuni:y +o

the size of vyour cwn pupils, I am interssted in studvina
the effect of such control on vonr brainwave activitv, B
tone like the on2 you hear in the backgreound will raflact
changes ir +he size of your pupils, 3 highar “*ons will

reflect ar increase in the sivze of vour pupil. Converselv a

lower tone will indicate a decresase in the sizs of vyonr
pupil, Your task is to lsarn +0 increase and dacrgase +he

2

size of vour pupils ocver the next six Ueminutse +riszls,
During the Mincrease® periods you are reguestad +o  *tryv o
make the tone higher, During the "decrzase¥ paricds vou ars
requested to trv to make the itone lowsr, Tha rature of =ach
trial %ill be anncunced to vou in advance. The particunlar
strateqyv vou use is up tc vyou., As before yvou ars raguactsd
to position vourself appropriately, +tc keep your eves opan,

to refrain from excessive movements, &ve nmovemsnits, =2nd ave

blinks, and to look in the dirsction of the target.
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2,

PeFe0o = Varvinag Light Lavels
What did vyeu think this par+ of +the s=sxporiment wag

abcut? Please zxplain.

Lp— T . o, Ve e . f1407 e i Sk e e s S s S s T

experiment on the following rating scales during this

part. of the exvneriment,. Remembar there are no righ+

Cr WIOnNYg AnSWeTS. Do net spend toc much *ims cn any
one statemsnt but place an "y" at that one position

scale {1, 2, 3, 4, 5 & &) whick heost

o]
1=
et
=
m
H
M
4
}J .
]
LQ
17

describes vyour feelings during this vart cof +he
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PoFe Qo = Diqit Racall
What did vou think this part of thzs syperiment was

abont? Pleass sxplain.

B e e e S VU U

part cof the experiment, Remembar there ars no right
CT WTONg ansSvwersS, Do not spend oo much tima on anvy

cne statemant but place an "YY a+  that one pesition
en  the rating scale (1,2,3,4,5 & #) vhich  bhsast

describes vour feelings during this par+t of +he
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Alert { { i 1 1 | {Drowsy
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Unpleasant i | i i i i IPleasan+
=t + + 4 4
Relaxed i i ! 1 i 1 fUnrelaxsd
4. k) 31 2 4, k| 3
1 1 kS k) i) 1 . ]
Actively i i { i i 1 tNo*
Thinkirng | i i { i i 1Thinking
{2 -+ 4 4 4 + i
Anxious i i i i i i iNot Anxiocus
s § + + 4 + i
Not i i ] i i 1 |
Frustrated i i i i i i IFrustratesd
Lttt & + R S R {
Unmotivated i i i H H ] {Motivats
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Artentive i i | 1 i i {Tnattentive
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Difficult i i H i | } |Fasy
L o 4 + } { 4 §
Actively i i § i i | { No*
Concentrating | ] i i i 1 |Concentrating
ot : + + o L
Clear Vision 1 i ] | i i 1Blarred vision
q R ] E] i i i}
¥7 = Very
#2 = Mcderately
%3 = Slightly
4 = Slightliy
%5 = Moderately

Rp =

Very
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Appendix G

ALPHA BIQFEEDBACK EXPERIMENT

Postexperimental Questionnairs
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