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'l'able 5: Mean alpha time scores for feedback and nonfeeclback 5Z
rest trials for sesslons one and trno and correlated
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rcsponse Sjvcrì to cilch cognltivc sl-rat(rgy subscal"e
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Llsl of Flgures

I-4ÍsIi..
Flgure 1: Illustrative traclng of raw and filtered electro- 30

encephalograur (EEG) and el ect ro -o culogram (EEG) from
an lndlvidual subject. Feedback Lras contingent on
rlght henlsphere actlvlty. The fllte¡s wcre trlggcred
by an alpha wave above 15 uv in intensity. paper
speed was 15 nrn/sec,

Flgure 2: Sound intensity of a 400 Hz, audjtory tone as a frrnction 32
of variatlon ln the anplftude of a constant l0 Hz.
electrical signâI (Exact, Model 126 VCF/Sweep ceneraror)
as ¡neasured at Ehe speaker face by a Bouel and K-j ael
precisíon sound level meter (Type 2203) .

Figure 3: C-laterality mean scores for the righE trained and left 39
tralned groups for sesslons one and two, [ach score
represents â Í¡easure of alpha laterality during a 60
second feedback t rial.

Flgure 4: C-latcrallty block means for the ríght trained and lefc 40
trained groups for sesslons one and two. Each mean is
based on four feedback trlal scores.

Flgure 5: H-laterallty mean scores for the rlght tralned and left 44
tr:afncd groups for aeaslons onc nnd two. Each score
represents a üeasure of alpha laterallÈy during a 60
second feedl¡ack t rfål.

Figure 6: H-laEerality block means for the rlght tratned and left 45
trained groups for sesslons one and two. Each nean is
based on four feedback trial scores.

Flgure 7: Alpha tine nean scores for the contingent and noncontingent 49
left hemispheres and the contlngent and noncontingent right
henispheres for sesslons one and two. Each score represents
the alpha activity dur lng a 60 second feedback trial.

Figurê 8: Alpha time block means for the contingent and noncontirigenÈ 50
left hemispheres for sessions one and t!¿o. Each nean is
based on four feedback trial scores.

Figure 9: Alpha tine block r¡eans for the contingent and nôncontÍngenL 51
right hemÍsphcres for sessions one and two, Each nean is
bascd on for¡r feedback trlal scores.



AbsEract

Rcsearch has shown tlìat the cerebral heni.spheres differ in funcclon,

wfth the left hemlsphere predornlnantly Ínvolved wlth verbal functions and

the rlght hemisphere with spatial functions. Moreover, a relat'ionship

between speclfic cognltlve tasks and patterns of alpha (8 - 13 Hertz)

âsymmetry has becn cst¿rbl lshccl. Furthcr, sLudlcs enrploylng varlous bfo-

feedback techniques lìave demonstrated self-regulation of patterns of

alplìa activity r^¡Íth one study reportlng a correlation betveen partlcular

self-regulated patterns of alpha asyntnetry ancl subjective reports of

specific cognitive activity. Such evidence has pr:ompted suggestions Ehat

tlìe patternlnB of ¡reural actlvity underlÍcs the emergencc of cognltÍve

and subJectfve experience, and that hcrnls¡rhcric differences ln processlng

lnformatfon could underly laterallzatíon of cognltÍve funetloning. As

a majority of the biofeedback studies ín thls area have utillzed a

¡nethod of fecdback necessltatfng slnr¡ltancous modiflcatlon of the EIG

acÈlvity of both henìispheres (pattern biofeedback), lt has not been

possible to isolate and study speciflc hernispheric differences that rnay

occur in the learning of differenttal control of alpha activity. The

purpose of thís study was a) to investigate in Èerhemispheric differences

occurrlng during differenÈia1 control of alpha acfivity; b) to deter-

rnine whether lremispheric dlfferences in activity would be evidenced in

response to thc fecdback task, posslbly indicatlng hemispheric dlfferences

ln proccssing, and c) to determlne Lrhether subjecÈlve reports of cognltlve

state woufd vary dependlng on the speciflc hemisphere receivlng conllngent

feedback,

To this end, two groups of subjecls, each cornposed of riglrt-handed

males, experienced proportionaL audltory feedback for lncreases ln alpha
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acLlvlLy. One group recelved feedback corìÈingent u¡ron Llre oì.plrr actt-

vity of the right henísphere; the second group receivad feedback

contlngent upon the alphâ actlvfty of tlìe left heruisphere. Bilateral

occlpltal EEGS were recorded for all 30 subjects durtng t&ro tralnlng

sesslons. Each session was composed of four blocks of tralnl.ng trlals,

each trfal lasting 60 scconds, The EEC actlvtty Iro¡n each hcmisphcrc

uas fll.tercd for I - l3 ll.ìrl.z ¿cflvlty ¡rnd timr. spcnt in aìpha wns

accunulated on tvo clock counters, These alptra time scores wcre used

to determine the degree of alplra laterality due to the contingency maní-

pulation (C-Laterality) and due to benisplìeri.c reactiviry (H-Laterality).

Prlor to rhe flrst Lralning sesslon, a standardized measure of hand and

eye douinance was taken. Following ¡he final trainiDg session, a1l

subjects wcre given a Cognltive Strategics QllcsLi.onnaire to asscss thù.[r

cognitlve straEegies during Èralnlng.

TÌre results lndfcated: that the contlngency manlpulation differ-

entÍated the rlght traÍned fron the left tralned group durlng both feed-

back and nonfeedback trialsi that hemispherlc reâctivity trâs simllar in

both groups durlng feedback trlals; that groups dlffered durlng nonfeed-

back trlals, wíth differences maInly due to variance of the non-

contingent hernispheres rather than betvreen the conElngent hemispheres;

that the contingency rnanipulation did noÈ signiflcantly differentiate

contingent from nonconlingent samesided hemispheres durfng feedback or

nonfeedback trials; that fcedback trials uniforurly differed significant.ly

fro¡n nonfecdback rest triâls. Further, thc results indicated that groups

dld not dlffcr on the test of lat.eral cloninance and thaC subjectlve

reports of cognitive strategies enployed did nat differ beÈween groups.
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In general, the study indicated lhat the contingent henispheres

generated nore alpha activlty than Èlieir noncontingen! nrates, resultÍ.ng

in speclfic patterns of asymnetry. For both right and left trained gror.rps

the developnent of patterns of asynrnetry (htgher alpha levels in the

tralned than ln Èhe nontralned henlspheres) were slmllar during feedback

trÍals though not during nonfeedback trials. Contrary to previous reports

subjects dld not have dlfficulty lncreaslng alpha levels in the left hernl-

sphere. I'urÈher the flndlngs lndlcaÈed that sane-slded hemlsphercs,

tr^rhctl1er conËlngent or noncontingent, generated similar ânounts of alpha

actlviÈy. Moreover, cautlon nusÈ be exercised when generallzing from a

speclflc set of data, as the contfngency manlpulåtlon, whlch effecctvcly

differentlated the trained from the nontralned nated hemispheres, dtd

not effectlvely differentiåte Ehe tralned fron the nontrained same-sided

lrenlspheres. Flnally, the flndlngs lndlcated thåE although spcclffc

patterns of alpha aslrmelry were generated, speclffc correlated cogniLlve

actfvltles nere noE repor t ed.



Introductlon

Recent theory and research have suggesÈed tllat the two cerebral

hemlspheres nay df f f erentially process lnfor¡natlon (GazzanLga, I97 4 i

Serrunes, 1968). Thls was lnj.tially propose<ì after studles on brain dam-

aged (Blakenore & Galconer, 1967) ancl sp1lt-braln subJecrs (Sperry, 1969)

lndlcaled that the left ancl rlgl.rt hernlspheres dif.l.cre<ì in function.

I{esearch on lntact huu;rn subJects (Dlnoncl ¡¡ l}caunont, I976) has supported

the flndlngs rhaÈ the left hemisphere is predomlnantly lnvolved wfth

verbal, nunerÍcal, and other analytlcal functlons, whlle the rlght hem:t-

sphere 1s predomlnanËly involved in spâtla1, rnuslca1, and other hollsti.c

functlons. Iìecently, several researchers (Butler & GLass, 1974; Ga1ln

& ornsteln, 1,972l' L9l5) have demonstrated a very strong correlatlon

between the af ore-¡nen tlcrned dlfferences ln function ¿rnd asymnetry ln

tlìe elec t roencepha lo grarn (ElìG). Henlspheric as)dìrnetrfes in the ampll-

tude, frequency, ancl power of the alpha banclwldth (B - 13 cycles/second)

nost sensltively and reliably reflect this correlatlon (Ga11n & Ornsteln,

L975). Furtlìcr, findlngs 1n blofeedback research have recently shor",n

that subjects can be trafiled to produce ûsynnretrical patterns of alpha

actlvlty (0'Mailey & Conner, 1972) and reports have lndicated tlìat

particular pattcrns ol- ¡svùnctry vcrc corrclatcd !ùitì1 subject:ivc reports

of parLlcular cognitlve nocles (Schwartz, Davldson, & pugash, 1976).

These findings all suggesÈed a strong correlation between cognltLve

functlon and underlyfng paEterns of neuraf acttvlty. ln nuch of the

prcvlous blofeedback ¡esearch ln thls ârea, subjects recelved feeclback

for the actlvity of both hemlspheres slrnul taneously; one henlsphere for
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lncreases ln alpha actlvl.ty, the other hemlsphere for decreases ln alpha

acÈj-vlty. IE rn'as, therefore, not clear r{hether the reported patterns of

alpha asyÍunetry and, speclftcally, paÈterns of asyffnetry cor¡elated wlth

cognitive actlvlty, would occur lf fee<lbe.ck was provlded for the alpha

actlvlty of only one lìemlsphere. Moreover, 1.f , as has been suggested

(DInrond & Beaumont, 1976; Serunes, 1968), herntsptrcric differences ln the

p-r.ocesslng of lnfornì¿tlon do underly cìlfferences ln cognitlve functloning,

then, slnce cognitlve functlonlng has been correlated closely wlth char-

acterlstlc patterns of the EEG, 1E :Itay bc posslble to deterrrine the rela-

rlonship between hemlspherfc dlfferences 1n prôcessing and characteristlc

patterns of the EEG by studylng the basls of lhese patterns, Le., the

EEG of each henlsphere. Blofeedback, a nrethod of tralntng that enables

an ln<Jl.v1dua1 l.o gain sone control over plrysJ-ologlcaI responscs Llìat rnây

not be oÈher\,¡1se anenable to dlrecÈ control , can be used to study the

EEG activlÈy of each hernisphere. The present study proposed to use the

blofeedl¡ack rnetlìod to deternlne \.'lrether alpha ¿ìsymnìetry would occur when

blofeedback was províded for the alpha actlvlty of onJ-y one henisphere,

and ru'hetlìer tlìe paEtcrns of asynnetry r.'ere correlated \,rltlì cognftlve

activlty, The deslgn enabled ev¿luatlons to be made of the alpha activlty

of each hernlsphere, al.pha asyîrmetry between the henlspheres, and cognl-

tlve nìode durlng tralning. FurÈher, tirls deslgn allowcd for a partlal

assessnent of the utlllty of the blofeeclback methocl as a tool to invest-

lgate heru1sphe¡fc differences.

llcnrlsplrr::rlc l)lf ferences ln Cognltlve I'rrncLfonq

Cf;þ&3!_-g!À-!gg9!-C¡g1Ë1 evLdence. Hemlspheric dLf f erences Ln cog-

nltIve functloning were deÈer¡níned lniÈlâlly through studles correlaLÍng
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speclflc behavloral disorders wlth leslons ln speclflc areas ancl fronr

examlnlng behavlo¡:al changes following surglcal removal of speciflc ana-

tonìlcâl areas. lt has been determlned that leslons of the lefE hemisphere

seLecElvelv i¡npalr those functions assoclated wlth language (Blakenore

& Falconer, 1967; Miiner, 1962; Warrfngton & James, 1967), r^¡htle Ieslons

of the right henisphere have been llnked r¡ith dcficits 1n spatial rela-

ttons (Milner, ì968), nuslcal abll1ty (Br.lgen, 1969; Lurla, 1973), and

v-[slo-constructlve achlevements (Ift1ncr, 1954). ¡'urther, leslons ln the

left posterloï ternporal lobe have beèn corrclated wltlì mathenatlcâl dlf-

ffcultles and speech deficlts (Lurla, 1954; tJllllarns, 1970). l,eft frontal

leslons have been cor¡el.ated wltlì speech fluency deflcits; whlle Ieslons

ln the left parieto-occlpltal area have been assocliLed wlth readlng

cleflclts (l41lner, 1965; Wllllams, 1970). RIglìr temporal leslons have been

cor¡elated with musical deflclts (Klmura, 1954) and rlght parieral lesLons

wlth vlsual perceprual dlfftcultfes (GLonlng, clonfng,6 Hoff, 1968).

Surglcal removal of part or all of the rfght hernlsphere (rlght tenporal

lobectomy) has been correlated wlth severe lmpairnen! on performance of

vlsuaf and tactlle nazcs (Mllner, 1965), and severe fmpalrment of rnusical

abl11tfes (Gordon, 1974). l{ernoval of all or part of the left hemisphere

has been correlated vIÈh the severe lrnpalrment of verbal abllftfes

(Gordon, 1974; IIl1ne r , 1965),

fu_Uf_Þ¡gþ_Sl! "r. "_, Inportant evlr.lence of hemfspherlc dlfferences

in performance of cognltlve tasks has come from behavloral studies of
lsplit-brain patlents,- Gazzaníga, Bogen, and Sperry (1965; 1967),

1

Thc spJ.tt-br,rln pt:(,1ûrô!lon
ca1losum, the anteríor comrnls ures
1968).

.Lnvolvcs tlìc tì:rìnsùcLlon of cho corÞus
and Èhe hlppoconrpul coÍmfsures (Sperry,
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Gazzanlga and Sperry (1967) , and Sperry (1968) have reporred rhar spllr-

braln fndivtduals denonstrate a left hernlsphere superlorlty for language,

ma[lìenatlcal, aud arìalytlc tasks, and a rlgtrt hernlsphere superiorfty

for Bpaflål taslks ûrìd rnuslcal pûtterns. Iì{rcent1y, studles havo Buggested

thât the rlght hcmlsphere also has some .languaBc functlons (Levy, 1976;

Levy, Nebes,& S¡:erry, l97I; Levy & îïevarthen, L976; Lery, Trevarthen, &

Sperry, 1972) and that Èlìe left henlsphere has lln¡Íted spatial relarions

functfons (Levy-Agresti & Sperry, 196B), Ho\,rever, Levy (1976), in a

reviel of the llterature, has ln<llcated tlìat the language funcÈlon of the

rlght hemlsphere ls very llmtted ln that an internal language system l-s

for the nost part absent, whlle the 1efÈ hemlsphere has abflfty in a spa-

tlal relatlons task only when stlnrull can be slmply labelled. Thls was

elegantly deflonstrated durlng a serles of studies on spllt-braln lndt-

r'ldua1s. The sEudies enployed chineric stfnull,whlch are two different

half-stirnult lolned at the midlfne. l.Jhen these sttnull were presented

tachistoscoplcally to spllt-brain indlvlduals, each hernisphere percelved

a different, but conìplete st1nulus. The nanual response of a subject

to an array of choices lndicated Èo whlch stirnulus that subject r^ras res-

ponding (Levy, Trevarrhen,& Sperry, L972; Levy, L976). These studles

used dlfferent types of chlnerlc stlmulf (e,g., faces, shapes, obJects).

lìes¡ronse choi.ces were eftl¡er verbal (e.g., names of faces, obJects, etc.),

or vi.sual (e.g., arrays of faces, etc.) and responses were nade Lotal.ly

with one hand, or split between hands. 'fhe results showed that for vlsual

responses, when either hand could be usecl to indlcate a response, che

right henl.sphere conrrolled che cholce 81"/. of the tlme regardless of the

naneabillly of the stlnìu-lus. Chofces controlled by the Left hernlsphere



Í.¡ere dominant !,'lìen voc¿ìl nanì1ng responscs wcre used aDd onl.y for those

stimull lhat were r.rel1 knoh'n, When the task denands were changecl such

that response cholces v¡erc ellher plctures or vords that rhlrned lrlth

the chlmerlc stlnulf (e.g., tf ahov.n a rose, correct chofce would be

toes) the left hemisphere stlnulus was responded to 1n all condltlons.

These resuLts agaln illustrated the dlfferences between lhe hemlspheres,

f,e,, che rlght hemlsphere v¡as domlnant In vlsual and spatlal tasks, the

left hernlsphere 1n verl¡al and language Èasks.

While thc st.udles prevfousJ-y ciled are very suggesÈlve of functlonal

dlfferences betr.reen the henlopheres, c¿lutlon musr be exercfsed 1n gen-

eralizlng to a normal populatlon. Iìach of the studles mentloned lìas

used patients wltlÌ so¡ne type of braln darnage, and thus,the resulrs nay

be confounde<ì by the cffects of radical sr.¡Ì:gery undergone by sorne of

these indfviduals, or by secondary neurologlcal- rllsturbances assoclaced

vtlth the primary dlsorder. lÈ 1s therefore lrnporlant to establlsh evi-

dence of functlonal differences betlreen the hemisDheres ln a normal

populacion.

Dxperlrnental evldence. Latersllzâtlorr of function ln normal non-

clin1cal rlght-handed sublects (see Àppendlx A) has been reported by a

numl¡er of researchers (l)ce 6 Fontenot, 1973; Ðlnond & Beaumont, 1976;

Duyne & Scanlan, 1974; Hlnes & Satz, 1974; Klnrura, 1966; 1967; Kf¡Ììurå &

Durnford, 1976; White, 1972 I l,lhile & Whtte, 1975). Many researchers

(Cohen, 1972j Ceffen, Bradsharø, & Wa1lace, 1971; Ktrnura, L966; Klatsky,

1976; McKeever & ltulÍng, 1971a¡ 1971b) empl.oylng elther accuracy of res-

pondlng or correct nunber of responses as the response measure, have

reported a rlght vlsual fleld (left henrisphere) advantage for verbal
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stinuti presenÈed tactìls Los cop lcally , whether the respcnse t?ùas nìanual or

vocal . Under simllar testlng condltlon, wlìere response neasures were

elther reactton tirne (White & Whlte, 1975) or number of correct responses,

severa] researchers (Ceffen et a1., 1971; Klnrura, l9{i6; 1976; Klatsky

& Atkinson, 1971; Whltc ¿i l{hlte, 1975) iravc reported a rlght hemlsphere

advanEage for nonverbal stimull (plctures, faces, ancl stinull that could

noE be verbally encoded) anrl for tests of spatial locatíon.

Slmllarly, functlonal asymnetry has been reported ustng dlchotfc

listenlng tâsks. \,Ihen dlfferences between the hemlspheres were measured

fn terns of greater accuracy of recall, Bryden (1967; 1970), Hlnes and

Satz (I914), and Kfnura (1961; 1967) al1 reporÈed a left hernlsphere

advantage for verbal naterlal. Mustcal stlrnull have also been presentecl

dlchotlcally. SubJects were requlred to slng Ehe target stlnulus or to

choose from four blnaurally presenÈed al.ternatlves, wlrh lremfspherlc

dlfferences rneasured 1n cerns of accuracy of recali. Klmura (1961; 1967)

reporÈed a rlght hemisphcre advantage for musfcal tasks, Gordon (1974)

rcported a right hemisplrere aclvantagc for chor:d reco¡¡nirion, an<l llalperJn,

Nachson, ¿nd Carman (1973) reported that the right hcnisphere was special-

j zcrl for non-tcmporíì1 tlsks.

The results of these sLudles, coupled wltlì evldence fro¡n the cllnlcal

aud spllt-b::a1n sLudlÈs,strorgly suggcst tlìat thc left henls¡rhcre fs

functfonally speclallzed for language and analytlc functlons, r^rhereas rhe

rlghÈ henisphere is speclallzed for rnuslcal, spatlal-, and other hoLlsffc

functlons. The questions as to why thls speclallzatlon should have occurred,

the underl-ylng neural processes fnvolved, and the slrnilarlties or dlffer-

ences between the henlsplìeres 1n these processes, haye not yet been fully
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deternfned. Researchcrs (Dlnrond ft Beaunont, 1976; Senrnes, 1968) have sug-

gested Èhat hemlspherlc speclallzaÈ10n ar:[scs frorn dlfferences ln the

neural. organl ?,atLon of. or between the hernlspheres, I.lcwever, no flrm

eyldence has yet been found to docunent th1s.

Eleetrophvslologlcal Correlates of llonlspl erlc Dlfferet

lqlgq!n

lìeceÌrtly, there has beeÌr a greai deal of research âttempflng to ilnk

ele c t rophys lo logical events lrltlì cognltive experience. Researchers have

sludled both the average evoked potentlal and the EEG ín an attempt to

ccrrelale asyrunetries fn neural activtty wl.th specfflc cognitlve exper-

lences.

Average evoked potentlals. There have been sone reports of tllf -
ferences in the average evoked potentlal (AEP) recorded fro¡n the left

and rlght hcmisphere of rlBlit handecl lncllvlduals. Atrdreassf, 0karnura, ancl

Stern (1975) examlned henispherlc dlfferences 1n the average vlsual evoked

potentlal as a function of stimulus locaÈion (i.e,, an X ín the right

vlsual f1eJ.d, left vlsual. fielcl,or at fÍxation). The authors reported

thaÈ for stlrnull in the rlglìt vlsual ffeld, the Latencles of components

P, and N, were shorter in the left hernisphere. For stinull !n the left

vlsual flel<1, tlìe 1âtencles of these componcnts were slìorter ln the rlght

Itcrtlspheri'. Tltcrcwt,rc no laLcncy cllIfcrcnccs for stlmull prcsL.nted at

flxatlon. There r¡ere no amplltude differenccs. The âuthors suggest thaL

AXP hemispherlc asynìnìetrles can result frorn sírnple stinulus locatlon.

Further, type of s t lmu1us--verbal and non-verbal--has been reported

to affecl AEP as1'rrune¡¡y for both v1sual and auditory evoked potentlals.

Ner'llle (1974) reported slgnificantly shorter laEencies to dichotlcally
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presented dfglts for the later componeuts of the audltory evoked poten-

tial (N2, Pr) fronr the left than from the rjght hernìsphcre.

She also reporÈed a tendency for shorter latencies (N2, p2) to nonverbal

cllcks frorn tlìe right henlsphere than fron the lefÈ. These latency dff-

ferences, however, were not stgnlflcanE. There were no slgnLflcânÈ amp-

lltude asynmetrles reported for the non-verbal condftlon, but dlchottc

verbal st.lnul1 ellc1tcd ÂIiPs of slgnlflcantly greater ampltcude fronr the

left hernlsphere thân fron the rtght, Analysts of AEPs to verbal and non..

verbal stlmulf presented rnonaurally lndlcated that although lâtency

dlfferences between the hemlspheres were In the sane dfrecllon as tlìose

found fn Èhe dlchottc presentatlon, they L¡ere noE slgnifican!, No con-

sLslent differences exlsted in peak to peak measures of anplftude, Nevllle

suggesled that these results provlde support for the hypothesis of asym-

neErlc hemlspherfc functloning. A sÈudy by Galarubos, Benson, Srnj_th,

S chulman-Galambos , and 0ser (1975), ernploylng blnaural natural speech

syllables and pure tones as sÈ1mulf, failed co demonstrate slgnlflcant

dlfferences between left and rlght audltory AEPs tn elther a¡nplitude or

latency. However, the authors dld report a sonewltat longer P, latency to

sPccch sourì(l!i tlìon to lotìcs Ior chc lclt hcnisphcre. Thc incons.istcncies in

the resuJ,ts of the tno studles may be explalned by consldering the type

of task, Galambos et al. used slnple speech sounds (e.g., pa, ba),

v¿h1le Nevl11e ernployed digiÈs and cLlcks. lt is very likely that rhts

type of speech sound, â short slrnple syllable, would not evokê an.asym-

rnetrlc response, as research has shown (C,azzanIga, 1976; Levy, 1976;

'llcng, 6 Spcrry, 1973) that both henrlsplreres can respond cqually we.ll to

thls type of sImple speech. 1! may be, as Nevllle (1974) suggested,
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lhat a degree of complêx1ty fn lhe cognltivr: tasl¿, ls nccessary ln ordel

for an asynìnìetrlc ADP lo be observed âs ¿ correlate of tlìat tasl(.

â.lso, dlfferences ln vI.sua1 A-EPs havc been reported for verbal an<l

non-verl¡al stlmul-1. llucirsbaun a¡rd ['edIo (1969) had sublect-s observe,

although not overtly respon<l to, word, dot, and deslgn sÈinu1i. lìesults

indicated rhat the latency of tlìe positlvc pcak (190-.280 nsec.) was

shorter for worcls than for dots ¿¡nd designs ln botlì hernlsphcres. The

latency fn the left hemisphere, howev+:r, was shorter than the latency

in the rlght hemisphere. The results also indlcated that A.EPs for words

and A-EPs for designs were ¡ìost dlfferent fn thc left heinisphere. The

authors felt that thi.s lras conslsLent wltlì thc rotfon thal verbal lnfor¡n-

atlon 1s processed {n tlìar lrelrtsphere. G¿rIin and 8111s (I975) have also

reportcd lhat asyrnrnctrlcs in ttre AEIì correl¡tc wlth vcrbal and spatlal

tasks. Tlìe autiìors identlfied two tÌtc¿ìsurcts of the 
^[lr. ^rÐlicude 

was

¡reasured using an early negarive (100-140 msec.)- -posÍtive (f50-180

msec.) configuration ârìd a later posltivc (250-280 msec.)- -neg¿tj.ve

(320-350 nsec.) conflguratlon. Power was der-err¡lned by integrating the

aqrlitude over t.ime (f00-350 msec.). The rlght/left raÈios of amplltucle

were hlgher for verbal tlìan for spaLial tasl(s for both ea¡ly and late

configurations. Slmi.larly, the rlght/left power ratlo nas greater fo¡

verbal Liran for spacial taslis fo¡ a1l subjects. Sfnitlar results have been

reported by Vella, Butler, and Class (1972). The results of these studies

lndicates that some ccrrelacioD exlsts between the type of task (1.e.,

verbal or spacial) ancl specJ.fic undcr:lyIng neuÍal events.

EEG- studies: 'Ih_q r: e s qlff,g_!_!j]!-g: EEC resea¡cir has soughr ro strengrhen

the link between task (e,g,, verbal or spatlal) and asyruneEry of underlying
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neural actlvlty. However, 1t has bee[ necessary to deLernlne tlìe extent

of non-fask <lependent asyruetries existlng 1n the litc ilnd lts conponents,

and to dcternlne whethc¡ Lllls asynDetry c¡tì r¡c ¡:e1:l.ably correl.aLccl wlth

greater actlvatfon of either the rlght or left herufsphere, especía1.1y

as there has been sorùe suggestlon thât restlng asymnetríes may bc linked

to cerebral domlnance (see Appencllx Iì).

A study of the IDG has reported asynnìetries ln the gross recordlngs

of t.he braln wave pattcrns oI the two cerebr¿r1 hemlsplrcres. ßutler ancl

Glass (1974) lltvc rcporred rl¡at henlsphcr:tc asy!Ì¡neLrJ.cs 1rì ¿ì0pllLudu cxlst

r"hen tlìe total EliG (1-40 Uz) was tar(en irìLo ¿rccount, liri(; mcasurcsi

obEâlned during a relaxed sltuatlon shorvcd tlìe amplltude fron tlìe left

henlsphere to be slgn1f1cantly atLenuated rcl...ltlve to tlìat from tlìc rlgirt

hemlsphere 1n rlght-handed indlvlduals, wlth a sllglrt tendency (noE

slgnlflcant) fo¡ a reversa.l- of thls effect ln Ieft-handed indlviduals.

BuLl.cr and Class have sugl.lcstcd tltat Llìc Lotrl. wlìol.e b¿ncl lì[G asynnììctry

can l¡e correl¡ìted, to sornc degree, vith ha¡rdeducss.

However, assessnrents of asyümetrles ln rhe 8-L3 llz banclw.idth

clurlng a resClng slatc lìave provcd J.nconclusive. Several authors have

rcportcd rcstûrg ¿ìsy¡ìnuctrlcs 1n Lhe llPha rlìytlì¡n, such tlìat thc anìplltude

Irom lhe ì.eIt hernlsphere was atterluatecl relatlve to tlìc rlght hernlsplrerc,

(Doy!.e, 0rnstein, & Ca1in, 1974; lforgan, McDonald, & McDonald, 1971;

Snryk & Darval , 1912), while others (llut.Ler: & G1ass, 1974i Morgân, McDonald,

& Il11gârd, 1974) have not. An attempt at explairìíng the inconslstencles

in the area have been confounded by lhe facc that: (a) not all studies

deflned a resting state ln ihe sane nanner; (b) electrode placement

dlffered; (c) clolsterlng of subJeccs dlffered, and (d) the sex of
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subjects dlffered,

ir. I'los t of thc prevtous irÌvcsLlg¿ìtìr)r:rì tlcf :tnecl a rcsting state as

rr relaxcd no-t.ask sl.Lu¡tlorì, DoyIe {rt ¡1. (1974), irowever, Irad sul)-jects

attend to thelr breathlng during a resting state, Thls s{mple conur¿¡ncl

nay have glven the task enough of a cognfcive di¡uension to 11nit 1ts

uscful.ness as a ncutriìl t-ask atrcl tlìus lcd L{) tiì(: l:rìportcd ¿ìsylxt¡ctry ln

alpha auii:lÍtude, At the vel:y least, inclusion of clre comm¡¡nd rendcrecl

Ehe results qucs tlorìab le.

b. A.lpha amplitude sy¡xnetry varles depencling upon electrocle place-

uent. Galln and Ornsteln (1975) have reporred that alpha arnplitude was

most symnetrlcal over the occlpital areas and least synmetrlcal over the

parletal and teroporaJ areas. Ixan:fnatlon of the str¡dles ln queslion 1n-

dlcated that considerable overlap ln electrode placement exlsted in those

sLudles tltat did antl dtd not rcporL asyrnnìetry, ßutler and Glass (1974),

lforg¿n et a1. (1971), I{organ er a1 . (1974) and, Srnyìr and Darwal (1972)

all used occipital placements. Butler and Class used an additional

central pJ.accmenE an<l Doyle ec al . (t974) cm¡rloye<l temporal and parletal

placenents. Use of tenq:oral arìd parletal placements would leacl to

greater ¿rsynnìÌctry, tlrus partÍ;rlly explaining the ¡esults reported by

Doyle cL ¿rI. llowcver, elcctrode place¡ìcnt ;rppcarerl to be of linlfcd r¡se

1n explaining the lncoLìsistenÈ resulfs reported 1n the remaining studies.

c. lJuLl.cr and Class (1974) sußgested th¿rt differences 1n Cl)c

clolstering of subjccLs lcci to clifferencr:s fn alplìê actfvfty duïing rest,

They hypothesized that havÍng the experlnìenter and subJect in the sarne

chanber could have tlìe effect of rnl.rlnta:lnfng a statc of ¡eadiness fn Ehe

verb¿r1 left hemlsphere of the sublect, thereby resul.Eing in alplra
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¿lriynlrnotry, lllìcrLìrri, lrnvltrg Lhc subj'ict rcrn:rl.n ¡lonr: \,¡ould not rcsul L ln

these asymnìetrles. Pllot studles by these lnvestigators (1974) where

subJects were seated either alone or ln the presence of an experlmenfer

tended to support the hypoLhesls, Butler and Glass were rhe only Lnvest-

lgators to place sublects irì a separate roon. Ifost of the prevl.ous

studles (the exceptlon beíng Srnyk and Darwal (f972) who did not reporr

thls detait) placed Lhe experlnenter ancl subject in the sanìe clìanber.

0f tlìcsc, so¡ne stuclÍcs rcportcd alplìiì ¿ts)/nnÌcLry, wbilc otllcrs reportcd

al.plra synunetry conl.oundlng possible ilìtcrpreL¿t.ior.

d. Synnretry or âsylmetry of the resting alpha anpJ,itucle nray be due

to tlìe sex of che subJects used in a study. Davidson, Schwartz, pugash,

and Bromfleld (1976) reported that rlght-handed fe¡na1es exhtbited rnore

alpha rhythm asyÍunetr--y during rest than did na1es. Further, both Buffrey

and Gray (1972) and Levy (19721 1916) h¿ve suggested, on rhe basis of

reported evldence, that fenales and rnales have dtfferences in lateralfza-

tfon of functfon. Tlìese observatlons suggested that dlfferences ln the

nla.le-fenale râtio of Lhe subject population of an experlnenter \^'ould

lncrease or clr:creasc tlìe likellhood of finrlings of alpha asyflrneCry

durlng rcfìt. lf tlre::e lvcre nlorÉ: femalcs Lhalì m¿Ics 1rì a study, Lherê

could be a greater likellhood of reporting resting asyrnmecries. Sfnce

m:rny of tlìe sfudies dicl not rcport thc sr:x of thej.r subjects, it was

lnrposslbl.e to detetnìlne whetiÌcr the above hypotlìcsls was valld. l{üwever,

the mixing of sexes in a study nay furtlìer lead to a confoundlng of

results,

Due Eo the serious nature of confounding in che ava1lable llterature

if has been lmpossíble to provide an adequate explanatlon for Ehe
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exlstlnB lnconslstencies tn flndings. Irurthcr, due to the lnconslstencies
ln t[ìe literature, tlte exact nalure of ¿lpha rh)rcltrn activiEy during a

resting s tate l:cnitins unclear.

_E_Eç_ê!,d.=s :__Þr!sllqg_&-i._se9k lçi¿9rÈ!_r_qlJritregr. Re c e n r s r ud ies
have reported a strorìg correlatlon between type of task and EEG asym_

metry (Doyle et al ., 1974; GaÌin & Ornstein, 1972). hlvcsrjga_
tors (Burter ¡, class, 1974; Doyle et iì1 ., 1.974; Dunas & Ilorgan, 1975;
llorgan et ar., r97r; Èrorgan et ar., r974) iÌave deterrnined trìat asynmetries
1n the alpha band (alpha aÍrplitude, percent_tirne alpha, anrl alpha

power) provide a sensitive index of the cognitÍve ¿ctivity i¡rfcrrc<l lronr
varying tlìc tasl( <lcm.-¡llcls cÌuring an cxpcri¡tc¡ìtal sifu¿rtion.

Galln and Ornsreln (1972) fl¡sr clcscrll¡ed asymmetry of the EDG

during task performance. liEC recordÍngs were taken from the left and

rlght tc'rnporal and l);rri.ét¿ì1 areas dur.[rig ¡rcr:Iorrrrancc oI two vr,:rbal tiisks

(one mo t or--r.lri t ing a leÈter, one non-nìotor--¡nenta11y cornposlng a lctter

wlth eyes open and fixated) ¿rnd two spatial tasks (one nrotor--nenorizing

a two-(l1nen¡i lonr I geolìcìtric pattern alìd then construclÍng it out of

ntuf tlcol.or:ed blocks; onc norì -mo to r --vlcr,¡lng a sectloned flgure and neu-

tally sclt,ct.[rìg !"'¡hlclr ol the i.J-vc ¿¡ssc¡rrl:lcrl f tg,urcs could l¡c const¡Lrctcd

Ir()¡r] tlìc s¡-rct.lons). 'ilrc lilìC wírs quânt:tf lc(l ln tcr¡ns of power (vo1ca¡;c

inlegriired over tlmc--hlgh an¡rlitude acti.vlty wlll have a higher: power

dcnsity) by iniegrating Lhe whole bancl raw slgnal (1-35 Hz) over one

second periods. As)4ììme c ì:y between homologous leacls (e.g., rlglìt ternpo¡aI

and left temporal) was expressed as a ratio of rlght to lefË pol,er. The

averâge power during each task was calculated and the ratLo of the power
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values' p&r1etr1 r1g)rt/parletal left anrl tenrporar riglrt/tcnrporal lcfr,

were conputed for each cask, îlìe ratto of rlgrrr to reft power for both

electrode locatlons !r¡s slgnlficantly gleater on verbal than on spatial
tasks for both notor and non-fllotor tasks. l,-urther, therc was no slgnt_

ficant dlfference in power betwcclì motoì: i:tn(l non-nlotor verb¿ì1. tasks or

moto¡ and non-rnotor spatlal tasks, Tlie results reflected \rhat appeared

to be a rask dependent asyrruneEry ln ttle EEG: durlng verbal tasks there

was relatlve lefÈ hernlsphere actÍvatlon, and conscqueirtly, less aÌpha

actlvlty than in the rlglÌt henlsphere; wlrcreas durlng spatlal t¿ìsks Ehere

\,¡as relatlve rlght lìemlsphere actlvatlon, an<i consequently, less alpha

actfvl!y thån in the left hemlsphere, In ¿ìn elaboratlon of the prcv:lous

study, using the same experlmental procecìure but wlth addfttonal cognl_

tÍve tasks, Doyle et al . (1974) reported Chat EEG lateral as),nnìetry

(expressed âs a ratlo of rlght/left power) rellab1y refl,ected type of

task. Additionally, pover spectrum analysls of each componerìt of the EEG

(de1ta, CheLa, alpha, beta) revc¡rle<l LIriìL the asyr¡unerry was strongest

1n the alpha band. There was l1ttle recor:ded acttvity In the delta bånd.

The authors âttrlbuted âsyûLrìetrj.es ln Ehc tlleta bancl to motor actlvlty,
sl¡rcc Lhcse occurrc<l nralnly durtng nlotor tiÌshs, änd asy¡tmctrles ln tlte

beta band to eltlìcr spIllover f r<¡n the alpha banrl or to coìltamlnatlon by

ruuscle artlfact. The alpha band, !herefore, most rellably reflected a

coti¡Ìi È1'./cì t¿rsk-related ¿ìsy¡ìuìe try. rn a rccent sÈudy, caLt. and Dlris (1975)

conpared asl,¡nmetry 1n evokecl potenttals and asynnetry of EEG alpha (agaln

quantlfled as power) as lndÍces of lareral cognitlve processes. The

resulÈs lndlcated tlìac both evoked potentlals ancl alpha power v¡ere lndl_

catlve of Èype of task. Ilo\^'ever, the authors concluded that alpha por^,er
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was ¡nore stable and consistently correÌated wlth type of task.

Further evidence of task dcper<icnt asyrrrnctry ltas becn reportcd by

l.lcl(cc, lìunrplrrey, anr.i McAriunr (1973). l(t.glrt-handcd nr¡rlc nncl fcntale sub-

Jccts wcre g.lven a scrlcs of llngulstlc rasks scalcd (by tlre cx¡rcrtrncntcrs)

for dlfflculty, plus a ¡nusical task. ,\lpha asyrnrnctry r.'as quartiflerl in

¡errns of power, r,ilth ¿s).nunc try being exprcssed as a ratfo of left to

right po',rer. The results indicated tiÌat significant tasl( depeadent

asyÍmetry occurred for ¡nr.rslcal as \re1i as ll¡ìgulstlc tasks, wlth ratios

of left/rlghc alpha largest for rnuslcal tasks and progressívely smaller

for 11ngu1s t1c tasks.

lì.ecent1y, evldence fo¡ task depenclcnt asynnetry has been reported

by investlgacors using alpha arnplltude to assess as]'nunetry (lìutler {i

Glass, 1974; l'lorgan et al., 1971 ; Morgan cr aI., L974). ¡{orgarì et a1.

(1971) reported that r¡hen subjects were given analytic tasks lnvolvlng

verbal or ariChmetic nanipulations, there was proportlonately less alpha

actlvlty 1n thc l-ef t hcroLspherc as con¡ared to the rlght, than whcn they

were engaged ln spatial tasks. 'Ihese differences j.n lhe amplitude of

occlpllal al¡rha betwccn the left and rtght hemisphere were slgnlficant.

lluÈler and Glass (1974) also rcported that alplra amplltucle was s.i.gn1fl-

cautly snìJ11('r irì tlìe Ìcft !iernis¡rhere (luring tìuneric tasl(s. ¡urLl!cr,

ìlorgarì et at. (1974) r'cirt.:rLed trhat \.¡lì1Ic alpha arnplirude !.ras sonìcwlrat

depr:cssecl lD both herìì1 spl)cres durlng analytlc (verbal and nurnerfc) tasks

and durlng spatlal (irn¿glnatlonå1) tasks, slgnlflcanÈly rnore of tlìe total

al.pha activlty came fro¡n tÌìe rlght henrlsphere durfng tlìe analytlc tasks

than durlng the spatiâ1. tasks.

Furtlìer evideDce of task dcpendent asyrunetry lras repolted
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by Dunas and Morgan (1975). In thls case, task dep¿ndent as)rynrnetry was

quantlfled as percent cilfference 1n alpha, The total alpha for each 20

second epoch was câlculated for r:ach hemlsphcre. Latcralize.l alpiìa,

whlch was deflned as tltc tendency for nrore or less alplìa [o come f¡onr

each hemisphere as a functÍon of task, was then calculated by means of
0R - cr,Lthe equatlon ;R +;; x 100. Right hemisphere alpha rras desfgnared û,R,

Ieft hernlsphere al.pha, ctl. The fnvestigators repolted that thc later-

alt.Êy scores of the left hernlsphere tasks (analytIc) dlffereci slgnifi-

cantly fronì the laterallLy scores of the rtgtrc hernlsphere tasks (spatlal)

$/1th alpha suppression, relâtlve to tlìe total anrouut of alpha, j-n fhe

trenrisphere doninant for a partlcula¡ task, DavÍdson ct al. (I976) also

reported task dependent asynnetry quantifled In terms of percent cllffer_

ence. The tasks lnvolved whlstling a song, slnglng a song, and talking

the lyrlcs of a song. There r¿as signlficantly less alpha actlvlty fn

tlÌe left hernlsphere during the talk conditlon than durlng the v¡histle

and slng condlrfons.

In sum, the reporEed evldence has lûdicaced rlrha t appears Eo be a

Èask-dependent asynuretry of the IEG. l'urtlìer,alpha actlvlÈy has been

shom Lo mosf sensltlvely rc-t le c t task-dependen t âsymnetry, i,'hether that

asiynrDctrv fs as neasured ln tcrms of powcr, amplitude, or percent rllffer-

ence.

Âlpha Asym¡netry and Cognitlve State: Biofeedback Studles

Recentfy, lnvesrlgators employed blofeedback procedures to demon_

str¿rte specific asy ùnctrj.c conIro1 wlth a nurnber of physiological nea-

sures. Varni (1975) reporred rhar subjects displayed significantly

largcr electrorierural Lesponscs (GSR) 1¡r one irand ;rs cornparetl r,Jltlì tlre
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other during a classi.cû1. conditloñ1ng -stÚ(ly, .lìober¡s, Kcr^rman, arrd

MacDon¡¡1d (1973), cmplo-ving an audltorv fecdback paradigrn in conjunct-j.on

vlth hypnotlc tranco, suc(ìcssIully tralnt:<l slrl]jc{;ts fcl di..l.f crcnt.iaJ.ly

control the terìperatures in thelr right and left h¿lnds. Steptoe, Mathews,

and Johnson (1974) reported that subjects given analogue neter feedback

could learn to differentially control Lhe tcmperatufe in their earlol¡es.

Furlher, Schwartz (f972; 1975), Schwartz, Shapiro, and Tursky (1971), and

Shapiro, Schwartz, and Tursky (1972), dc¡nonstrated that responses withln

a slugÌe systen (ci]r:dlovascular) could be ¡ltlfcrenrlall y controLlcd.

Subjects provlded wifh bi.ofeedback were able to produce sirnultaueous in-

creases in heart rate and decreases in blood pressur:e and více-versa.

This kÍnd of research suggested that âsyûunetric control of physiological

responscs was possible, and that L¡iofccdback methods provided the

necessary means of achieving that control.

lliofeedback procedures also have been enrployed to elucidate the

relationship among recordable neural acttvity, l.remispheric differences, :rnd

cognltj.ve sLate, To asccrLafut, 1u p¿ìrt, r^rhcther localized contÌ:o.L of

alpha rhythn acEivity was possible, researclrers (Davidson et al, 1976;

Iìbcrljn & Mul.ho11.ancl, ì976; Mulhollancl, 1973; Mulholl.and & libcrl:in, J.977;

0'Malley ú (Ìrnncrrs, l9/2; I,cpcr, 197,l ; I,r.'¡rcr, 1972i Sclrwartz, DavI<Json, &

Pugash, 1976) have invest j.gat(-:d wlìether jndividuals could be Erained to

proCuce specific patterns of alpha asynunetry, Moreover, certain ínvestigaLors

(Davjdsolì ct aì, 1976; Schwartz et al, 1976) lì¿rve âLtemptcd tù ascer[ain

r^'hether specific trained patterns of alpha asynmetry coufd be correlated

\rith particular ¡nodes of cognitiôn. However, as various types of biofeedback

nìcLlìods have bccn usctl by tlìosc lnvcstlgillors, a dlscusslc¡n of thc nrethods

cnrployccl 1s r r', cssary.
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Blof eerll¡ack methocìs. lÌ1of ee<lback lnf or¡¡ratlon of alplra actlvlr,y

has been provlded elther vla the vlsrral system (Eberlin & |lulho1l¿rnd,

1976; MulholJand, 1973; Èlu1ho1land & iibcrlln, 1977) or via rhe audlcory

systcm (Drvldsoll c¡t ¡1., i97ó; 0'Ma11cy & Ccrnncrs, 1972; Pepcr, Ì971j

1972; Schvartz et al., 1976). Investlgators employlng vlsual fcedback

nethods most often have used a slide tlrat \r¿ìs furned on by an alpha event

and tu¡ned off by a rìo-alPha event, lnvestlgator:l cnrploying auditory

feedback generally have used a tone that was triggerecl on by bursLs of

alpha aculvlty and tur¡ecl off by EIìG activity other tlì.ìn alpha.

Feedback lnformaElon has been provlded {¡r eitlìet a blnary or propor-

tlonaf forrn and there exlsts some controvcrsy as to wlìlch forn has been

mosf effective (see Äppendlx C). A blnary feedback stgnal provlcles

present/absent lnfor:nratlon only, Several lnvcstlgators of alpha asym-

metry tralnlng have enployed a blnary fccclback signal (Davldson et al.,

1976; Eberltn & l4u1hoIland, 1.976; Mulholland, I973; Mulholland & Eberlin,

1977; 0'Ma11ey & Conners, \972; Peper, 197I; Schwartz er a1., 1976).

A proportlonal feedback slgnal provldes irì[orm¿rLion ¿bout quanti-

f 1aì.)1e ongolDg trvcrtts tn tlre s¡reclflcd actlvity. I'eper (1972) has been

Ehe only lnvestfgator Eo employ a proportíonal feedback slgna1 durÍng

alpha asynìnretry t ra lnin g.

In ¡¡drlltlon Lo cllIl.ercncr,s i.¡] tlìd rj('nsory rnrtdirì1ty cnrploycd, ilt)d fn

tlìe anrount of infornutlon contalned ln the feedback slgnaÌ, blofeedback

studies of alpha asynmetry can ire further dlvfded 1nÈo three distincÈ

groups dependlng on rhe kind of EEG lnfornatlon sublects recelved:

(a) Peper (1972) used a method \rhereby independent feedback was pro-

vlded about each hernlsphere. Subjects l¡card rwo tones, a high tone and
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a low rone, and cach tone provl-dr:d proporElonal fcedbaclt fnfornaLlon

about the alpha actlvlty of one henisplrere. Thc enhancement of o¡te tone

(lndlcatlng fncrc¿¡scs of alpha âctivity l.n tlÌat hcnil.sphere) couplc<i with

tlre slrnullâneous suppresslot] r.¡f thc seconcl tonc (j.ndicatin¡g dccrcascs

of alpha acrlvity in th¿rt l.rer:risphere) was indlcative of asynùnetry in

alpha activity across Lhc hr:ririsphercs. (b) Seve¡¡1 investigators

(Davidson et al .,1976; O'ltalley 6 Conners, l972; pcpcr, l97l; Sclrvartz

eL al.,1976) used a rìetlrod referred to as patter!ì biofeedback (cf.

Ì)avldson et a1 ,, 1976), ln thls case, a singlc tone providing binary

lnformatlon occurre¡l only r,rhen one hemis¡rhcre gcnerated alplìa activity

and the other slmulLaucously generate(l uo-¿ìIpltr activlty, clÌus r."ellìIorc-

ing a pattern of alpha asy¡ìunetry across tlle hemlspheres. (c) Iiulholland

and associates (Eberlin & t-fulhoIland, 1976; Mulholland, 1973; MuIholl.and

& Eberllrì, 1977) used a method rrhereby binary visual feedback wâs pro-

vlded about tlÌe aÌpha activtty of one hemisphere only (contingent heml-

splÌere), wh1le the EEG activlty of borlÌ trernispheres r¿as nonltor:ed. .¡\

cllfference in the alpha actlvlty of the contlngenÈ hemlsphere fronì tlìat

of the nonconflngenf hcnlsphere would lea¡l to äsynmetry across tlìe

hcnl sphe res .

As c¡rn be seen, blofcctìback stLrdies of alpha asymmetry cân be

groupccì accorrJilg to sensrì mod;tllLy erlploycrl, aurouut of inIornratlon pro-

vided by Llìc feedback signal, and lçIncì of I'EG lnformatio!.ì provlded by

the signal . À11 meLlìods of bl.ofeedl¡ack have achieved some nreasure of

success ln alplìa âsvm¡rìetry tralnltìg.

Feedback studies. Sone evidence for asynnetric control of alpha

activity or loc;¡112e<l control of rhe alpira rhythrn was reported by peper
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(1912). feedback lnfornìatlon was incrt:pcrrdcr.rtlv provlrred fcr cach lrcnri-

sphere by ¡rcans of onc l-ow and one high frcquency tone. Ilre stucìy con-

slsted of t\ro sesslons \,¡1lh either four or slx feedback trials a session,

Subjects r,/ere lnstructed to enhance one tone rvhlIe sfmultaneously sup-

pressing the other for one trfal, r:everse tlte I)rocedure for the secon<.ì

trial , and so o¡1. Subjects, therefore, had either forrr or slx tria-Ls

ln total to learn to both enhance and srrppress the central-tenrporal alpha

activlty ln the approprlate henìlsphcre. 0f elght subjects, only one was

able to co¡rtrol the alpha activity successfully, This sublect was able

ro i¡rcre.rse antJ supprcss Lhe percent-t1nre alpl.ra actlvfty of only the

rl.ght hemisphere. 'l'hc data for !tre otlìer seven subjccts lrcre nof r:eported,

The resul ts of the scudy indicated Ehat locallzecl control of the alpha

rlìychrn was posslble. llowever, the exploratory nature of the study,

coupled wlth incomplere data, makes tnterpretatlon of the flndings cllf_

flcult. It is possible, howcver, that the ltmlred success of the study

may have been due to the over\^rhelmlrg amount of EEG fnformatlon provlcled,

rendering the task overìy complex, Sublects were receiving tl.o feedbaclr

slgnals and consequenLly had to attend to and try to colltrol trro sep_

arate evcnts sinultaneously. Coupled with an extre¡üely slìorl Eralnlng

perlod, tiìís simult¿neous control ÍÌight have been too dlfflcult a task

for ¡rost sutjJects,

I)ccreaslng Lhc colìlplcxlty of the task by reduclng tlìc amoutìL of

lnfornìatlon has provcd more effectlve 1n training al.pha as¡nrunetry.

Severål studles enploylng pattern blofeedback have becn conducted, 0ne

of the earllest studies was done by peper (1971). He employed a blnarl,

feedback tone \nrhlch !¡as âctlvated during the as),nmetry condition by



2L

an alptìa evcnt fn tite occlpuL of one he¡nI.splìcìrc corìco¡nitant rrith a no-

alplla evcnt ln tlìc occlput oI tlìc ot.lìer hcrnlsphcre ilntl tlurl.ng tltc

syruÌetry condillon by alpha evcnts 1n bctlì henlsphet:es. Tr¡o of slx

subjecrs wcrr: able to succ(ìssfully control ilsynntetryt produclng 31

seconds of asynr,letry out oI a possible 120 seconris on fhe as)4nnìetry

Lrial, and only three seco¡rds of asynnetry on the a.lplìa s),nnetry trial .

0rl.la1Ìey and Conne¡s (1972) used a sinltar fccrlback nethod. The single

subject was able !o s lgn lf lc-¿rrì r ly fitcrease total alflìa tlme ln the lefl

hetnlsphere, r+hlle slgnlficanrly decreaslng .rlpha tlne l-n the rlght

heml.sphere. The clegree of control over alpha actfvlty reported by

0'Ma11ey and Conners was m'.¡ch greater tltan th¿t repor:tcd by peper.

Conparlson of tlre studtes J-¡rcllcated a nu¡nbcr of fâctors tlìât contri-

buted to tlrat greater cont:o1. Flrst, the 0'Mal1ey a:rd Connersl

study lasted for five sessions, the Peper stuciy for: one. Second, thc

feedback totìe In tlìe Orlfal_ley and Con¡rers' study was contingent on an

alpha event 1n the feft benisphere couplecl wtth a no-alpha event on thÈ

rlgiìt lìemlsphere, whlle che feedback tone 1n the peper scudy was contin-

gent on aLplìa asy0ùùccry lndeperìdenÈ of hemtsphere. Thtrd, feeclback was

proviclecl onlv for irÌ itsv¡n¡lctrlc responsc Ìn tlìc 0'MaIley anr.l Conners'

stu(ly, wlìi1e in the Pepcr study, the feedbacl< signal indicated an

¡sy¡urìrrLrlc l^(\sPonsc fol- llal f th(: tr:iâ1s iìtì(l a syrnnìctrlc rcsponsc for

tlre rcnrainI¡rg hal[. It a¡rpca::s tlìat wlrl.le pattern btofeedì:ack nray be

an effectlve means of t¡alnlng alpha asynìnìeiry, an adequate nunber of

tralnlng sessions plus feedback provlded conslstently for as)nrunetric

actlvlty are necessary for successful tralnlng,
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Further, evldcnce of asyrrnetrlc corLrol of alpha actlvlty usl.nB Èirc

pattern l¡lofeedback ¡neLhod h¡s been reporLL:d by Davl-dson ct a1, (1976).

The results of thls study vcre partlcularly Lmportant {n that the autlìors

souglÌt not only to deLernìlne the effect of sex dffferences on control

of alpira asynwetry, l¡ut also the ablllty of sublects to control clìree

different pattenìs of alpha activlty. The procedure r¡¿is such chal

t\{enty right-handed subJects, ten rnales ancl ten fenrales, experienced

three blacks of trials. Each block consfste<l oí 12 one-nlnute trlals,

of whlch nlne were feedback trlals wlth a rest trlal after every three

feedback trlals. Each block of trlals cor¡csponded to one of the tlìreê

IìDG paIterns, rlglrt alplrrr (Rq) off-lcfr r1¡lr;r (Lo) otf, Rcr orr., -Lc ofI: ,

Rtr olf- -Lo on, For the Ro oft- -Lq off condltlon, sublects rn¡ere :tn-

structed to keep the bl.nary feedback tone off as nuch as posslble. For

tlìc oLher condltlons, Ehey were tnbtructed to keep the tone on as much

as posslblc. The results conflrnecl reports by otlìer lnvestlgators tlìat

subjecLs were able to exetclse slgniflcant conErol over Èhe alplìa act-

1v1ty, be lt a pattern of 1¡tegratlon (e.g., Rq off--Lc off) or a

paEtern of dlfferentiatlon (e.g., lì0, on- -Lo off). The results furÈher

IrÌdlcated Llrat malcs aud fr.:malcs werc noL cqually adcpt aI conlrollfng

patte¡ns ot d1ffere¡ìtl¿tion, l\'hlle both males anrl fern¿rles were ab.le

ro producc r;j,gtli.f 1c¡rìt ilnounts of ¿ìsynmctTy ln the R¡i o¡t --Lct off condl-

llon, only fcnraÌes Bencrated slgniflcant amounts of asymmeCry ln tlÌe

Rc off --Lcr on conditlon. These dâta suggest that rlght-handed males,

at least, cannot denìonstrate slrnllar or equal control over Èhe alpha

actlvity of the rigiìt and left hemlspheres \nhen that conÈrol 1s ellclted

via patterns of dlfferenLlatlon.
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I{ecentIy, Schwartz et al , (1976) rcportc(l on addltional clata col-

Lcctcd cluring the Ð¿ìvldson et al.. (1976) stu(ly. Ovt:raIl, subJccLs spcnL

nore tlùe ln tlte Rq or.r --Lo, off conciitlon L h;.¡¡.r 1n ¡he Iì0 of f-_LrÌ on

condltlon. Also, subjects produced slgnific¿ntly rnore Rs on--Lg off

activj.ty dur:J-rìg that differentiatlon conclition than during rest, while

there was no signiflcant 11íífe¡ence 1n tlìe anount of Iìo off --Lo off

actlvity gr'neraled rjuring tralnlug as conptrred with rest. These data

suggesLed that the Rc¿ on --Lo, off pattern miglrt be easler to generate and

¡nalntain than the Ro off --Lq on pattern. Schwartz et al . (1976) aLso

studled the cognltlve state of thelr subJects. Darller reports .[ronì a

study by Peper (1972) suggested tlìat spectffc patterns of cortlcal as 1,rn-

metry \,rere associated wiLli speci.flc cogni[1ons, Scirwartz eC al. (1976)

found tlìat srrbjectst reports, cotlected afcer erach bloclc of fecdback

trial.s, showecl a sÍgnlf-[c.ant corre]ation between the trâtned pattern of

as)¡rnrne I ry and cognltlve acLlvlty. !'or example, durlng the Rcr on-- l,rr off

blocli, subjects rcportcd sigulflcantly more visual âcLivtty than clurlng

the lìcl ol-f --Lc on bl.nck. These data arc conslstent wlth the eviclence

for asyrnmecry of cognitive functions (Ðímond & Beaunont, 1976), ¿rs r¿el1

as the e\,1dcìnce for Lask <iepon<lent asyrììnetry (Doyle cf al ., 1974).

ALLhougtì patte-rìr bíofc¿dback appe;rrs effcctive for learnlrrg self-

control of p¡tterns of asyÙìnìetry, thc nethod does not lend ltself to tlìe

stu(ly of spci:.if ic Irrrrnls¡lrc'ric d{[ferr'nr:c,s tlìitt ¡ìr¡y occuï 1tì the lnarnlng

of diffe¡cntial cont¡o1 of alpha activlty. Pattern biofeedback requlres

slmuLtaneous modlflcatlon of tlìe EEG actl\'1ty of both henlspheres, slnce

feedback 1s provided only r,rhen a specifi.c alpha/no-alpira pattern occurs

across the henlspheres. lts use, therefore, 1s llmited Èo lnvesLigatlons
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where the sj-nìultaneous nrodlffcatlon crf th{ì actlvlty of both henlspircres

ls of lnteres!. The mcthod cannot be use(l to answcr such qucstlons {ìs:

Using the sane !¡:alnlng procedure, can subjccts control the alplra act-

ivlty of each henlsphere rulrh equal facility? Doers nrocllfving the alpha

activlty of a henlsphere affect the alpha activity of tlìe contralateral

henlsphere? Does the bilateral lÌ[G asyrnnrctry gcnerated rlurlng self-

co¡ltrol of left lÌenisphere al¡rha mlrror tlìe bilafer¿ì1 EEG asy¡ûììetry

gcnerated durlng self-concrol of rlght heìnisphere alpha? These kfncls of

qucsllons can be ansvercd by recordtng clìc DliC actlvlty of both herni-

spheres wh1le provid1lrg feedback contlngcrìL on the actlvlty of only one

hernlsphere,

In a series of studies Mulholland and associates (Dberlin &

Mulholland, 1976; Ilulholland, 1973; Mulholland & Eberlin, 1977) reported

th'3t visuâl feedback conLingent o¡ì thc al-pha actfvtty of one hemlsphcre

lncrcased the control of alpha and no-alpha events ln that hemlsphere

r:elatlve to t¡ìe non-contingent hcmlsphere. l.,1mlted comparisons bet\^'een

lhe lcfc corltlngcnt arìd riglrt contlrìgcnt hcnlsphcres lndlcr.ìted that

control of aJpha evenÈs vas slÍghrIy better on the rlght (Mulholland &

Eberlin, 1977). Differences in bflateral EEG asymretry were not exanined.

Tlìe studjes <io provide evi.dence that localized control of alpha activity

can occur ¡,¡hen feedback is conlingent on the alpha activíty of only one

hcmisphere.

Pu¡Þose of S tudy

Exaninati.on of the functionlng of the henispheres has established

a strong rclatlonship bet\,¿een lateral-lzatlon of cognltlve functloning

and henisphere (Dlmoncì {i l}eau:nont, 1976), Moreover, a relatlonshlp
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bet!,reen speciflc cogni!lvar iìctiviLy and patterns of alpha asyllnlretr:y has

been establlshed, partlcularly 1n the case of task-depcnrlent asynrmctry

(Doylc et aI ., 1974; l.lorgarì cr al., 1.971 | 1.974). Further, sturll(,s r.r!ìIn8

varlous blofeedback techniques have demonsttated that patterns of alpha

asyruletry can be condltioned (Davldson et al., 1976; OtUalley & Conners,

1972; Peper, 197L1' L972; Sch\ararrz cr al ., 19/6). Irr adclltion, Schwarrz

et a-l" ., (1976) have repo¡Led correlatlons bctween fartfcul.ar pattcrns

of alpha asy¡nmeLry alld sublectlve repo¡Ls of speciffc cognltlve acrivlty.

These r-eports have l¡een conslstent l¡lth evlclence from stuclfes of task-

dependent asymretry. Iì1na11y, studies (Eberlln & Mulhollancl , 1976;

MulholJand, 1973; |tulhorland & Eberlr*, 1977) have lndlcarecr that conrrol

of alpha activlty can be 1oca11zed to one iremlsphere. Thus a correla_

tive link exlsEs among henlsphere, laterâ1izat:Lon of cognitlve frjnction,

ancl speclfic patterrs of alpha asymnetry.

. Such evidencc couplcd wlth the f ir.rdings of anatomical asymnetries

betrveen r-he hemispheres (Wada, Clark, & llamm, 1975) has prompIed sugge-

stions thåt the pattcrnirìg of ncural activity underlics the emcrgcncc of

cognitlvc and subJcctlvc experlence (Sclìwiìrtz et a1., 1976; Sperry, 1969).

Furthermore Sernnes (1968) has suggesLed thaE hemispheric dlfferences in

proccssing could unclcrly l.ateralizarion of cognitive functioning. Bi.o-

feccll¡ack researclr h¿s tcnded to concentrâte on self-rcgulation of specific

patterns of neural activity and the relationship to subjectlve experience,

llhile this area of research has been inportant, little has been done to

determine hor¡ differences ín cognitive rnode are related to differences

ín hcnispheric processing. o¡rc reason for thls nay be that the pattern

b.iof c:edback- method cannot. eastly be used to :investig¿fe tlìis arca as the

rre fltod i¡tvolt¡t:r Ll¡Lt siltult¡rncous modl.flciìtlon of both hcrnls¡rhcrcs,
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Henispheric asyrunetries, therefore, are built intô thc methocl, llo\.,cvcr,

the self-regulation approach as a general strategy is r¡sefuI. lt ¡')rovides

the fr:ame¡lork whereby a l:esearcher may isolate ancl stucly tlìe processing

of each heurlsphere and thus determlne hc¡v¡ therse combine to produce p,3rti_

cular neural patterns and cognÍt1ve evenls. The bíofr:edl:ack approach

utlllzcd by Mulholland ¡nd ¿Ìssoclatcs (c.g., rÌbcrlrr ri Murrr.rl.a.cr , 1976)

lras provlded an adcqu.ìLe mcLllod Ior studying tlìc rclatloüslt.tp anrong Che

alpha conponent of the EEC, henispheric inter_re1âtio.ship, ancl associ,ated

subj ective staËes,

Prevlously, it was noted that Ehe b.tofeedback methocl, whfch involves

recording the IEG actlvlty of both hemlsphcres wìrile provtdlng feedback

contingeat on the âcL.ivIty of only onc lrcnrls¡>here (e.g., Iibcrlin &

Mulhollanrl, 1976), does indeed lead to hemisphcric <ilfferences in alpha

(alpha asyrunetry). Unfor:tunately, these studies (Eberlln & Mu1ho11and,

1976; l'lulholland, 1973; ftul.hollancl & ¡tberlin, 1977) <tifferect from pre_

vlous studles, not only ln Ll¡e blofee<lback nethod erlployeci, but also in
Lh¿l vlsuul raLlrer LltJn au<Jltory feedback w¡s used. Thus, dlrect con_

parlsons âcross studj.cs nray bc lnappropriatc. One further difftculty,

appllcablc to all prcvJ.ors biofeedl¡ack studrcs rn thrs area, has becn

tlìat tlte studles h¿rv¡: irccll desígneci so thaL eaclì subject partlclpated 1n

the different fcedback co¡rcriLÍons k¡irlìin trÌa study, Trìat is,.ìt one polnt

in t1me subJects would receive feeclback contingent on increascs of alpha

üctlvily 1n a partlculur lrcmisphcre, \.,1ìile at anoclter tlme the sane sub_

Jects would receive cither feedback contingent on suppresslon of alpha

actlvlty, or no feeclb¿ck at all, for that same hemlsphere, These \^ríChfn_

sublects designs tend to compllcate further data interprecatlons. Thls
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would be especially true in å study employi¡rg fecclback thât v,¡as contin_

gent on the alpha activity of only one henisphere (Eberlin & Mulholland,

I976), Tlìe noncontingent hemlsphère could at some poÍnt rr:ceived feccl-

back whlie generating alpha. Civen the nature of hemispheric inter-

connectj.ons these lncidences mtglìt tend to increase ove¡ triâls in sonle

nr¡n-ra'dom fashlon so that, whcn the previously rìo¡ìcont lnglìnt hcnisphcre

becones conÈ1ngent, learning relevant to Lhe c¿lsk could havc already

occurrcd. The effcct r.¡f thls prcvlous learûing mlght be either to in-

crease the likelihood of success at the task, or, ff sufficient Íncreases

in alpha had occurred drrring the nonco¡ìtingcnt state, dccrease the app¿t-

renl success at the task by reclucing the auount of change possi.ble. The

neaningfulness of the resul!s, therefore, would l¡e sornewhat obscurecl.

A design where ol¡servations were urade both behreen and within groups

could circumvent this problem.

This study ernployed a method where feedbacl( r,/as contj,ngent on the

alplrr actlvlty of onc hemlsphere, Thls rnctlr.<l al.lowetll'or tlre eval-u'r1on

of the âctivity of cacb hemisphere thc contribution of each hemí$phcre to

a pattern of alpha asyûmctry, tbe pattcrtìs of activity acì:oss thc hemi-

spheres during feedback, and associated subjective states. To this end,

two groups of right-iìandcd male subjccts e¿ch experienced proportional

rtud-itory fccdbacl<. 0r'rr. group reccived fecdback contingenr on tlre alpha

activity of tlìe riglÌt hemÍsphere; the sccond group, feedback contingent on

tlrc alpha acLlvity of tlre left hcmlsphcre. The ¡najor quesElons wcre: (a)

Would the contingency manipulatlon be effective Ín produclng patterns

of alpha asyrnüctry? (b) Woutd self-control over alpha activlty bc achleved

1^,itlì cquaf facility by cach hentsplrere? (c) Would the EEC asymrnecry

¡l(¡ncr¡tcd drrrirr¿ scJ [-{:onLrol of lcft holmsphcrc aLpl:;r n!.rror
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the EIG asyBmetry generated durlng self-control of rfght hernlsphere

alpha? (d) Lrould thls type of feedbock rralnlng be accompanj.ecl by pre-

dlctable cognltlve concomltants¡ 1.e,, wouJ.d subJective reports from

the right-rrålned group dlffer fron those of the left-tralned group?

Thus, an attempt r¿as made to lnvestlgate thc rel,aflonshlp belween

hemlspherlc dlfferences in processing ( s e J. f - co n t r:o 1- of alpl.ra enhancement)

arÌd cognltlve actlvlty (sublective reports). jiurthc):, 1t was cxpected

that tlìe experlrnental design employed woul¡l enable comparlso¡r of results

between wlthin-group and bet\"reen groups observâtlons,
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Me thod

Sub-l cc t s

Tlìlrfy-tr,ro rlght-lìanded n¿lc students, äollclted fron the sub-ject

pool ¿t The Univcrsity of Manj tob¿, rcccívcd cxpcrincnLal crcdit for thcl L-

p¿rtlclpíltlon in Lhc stu(ly, À11 sublccts wt'rc rralvc tÒ thc cxpcrlmr,ntaL

sltuatlo¡r and wLìre non-nrcdit¿ìtors.2 nll ""r,, 
p)rysically heaì.ithy ¿r¡lrl lr¡cl no

record of any neurolog:ical. disorder. Nonc of thc partic.ipants reported

lâking druBs of any typc. Tvo subic(ìts wcrr,. el inin¿ltr:rd f rom particit)¿tìtlon

iD tlìc study l¡c'cl¡usc ol cxct¡ssivr¡ tyc ur()v(.nì('Dt drrring thc tr;rinin¡i ¿t(:tivity.

Apparatus ar)d Reco rdl ng _P_!o_çC!]lIe

0cclpital EECs were recorded b1.1ateral1y fron 0, aud 0, according

to the 10-20 systcnr (Jaspcr, I95ô), lì¡lclr crlr:ctror.ic¡ wrs ¡:cfercucecl to

a llnked-ear arrangemcnt (Er). The EEG r¡as recorded r,¡lth Grass sllver

cup electTodes and l:eslstance between tlìe electrode palrs (0, - Er;

0" - E_) was under 5000 OtllfS, Eye novemenLs were recorded vla nini.ature

Beckman electrodes placcd above and below the rtght eye. A Beck¡nan elec-

trode placed on tile rlght arrD served as groun<J.

A1Ì ¡neasu¡es were rec,orded on a Cr¡ss Model. 6 cllec t r oencepha lograph

and lnk writlng osclllograph (see t'lgure 1). Two channels of the oscil-

lograph dlsplayed tlìe taw EEG. Each EiiG slgnal \./as f{ltered for 8-13 tlz

actlvity by sepa¡ate band pass filters and thc filtered rccords were

displaycd on t\ro additlonal crscll.lograph channel.s. \ta¡1able âm¡rlÍtude
*----? -

i{esearch l¡as lntlicated tlìat nìedlLatlon has sone effect oD the alpha

rlìyLlìm frequency atìd ¡¡tPl.ltude. !'or thls reason, medltators nere excfuded

f¡om tlie subjecc pool, (Karniya, 1969).



FÍgrrre Capt j.on

Flgure 1. IlIustratlve traclng ol' ¡:aw and filtcred clcctroccplralograùl

(EEG) and elec t ro-ocu logran (EOc) fro¡n an índi.vidual subject. Feedback !,ras

concingent on right hernisphere activity. The fitrers were triggered by

an a1pÌra wilvcì ¡ìbovc 15 ¡rv lrr .intìcn..;iiy. I)apcr spccrJ was l5mn/sr:c.



Right Contingent. Iìen i spher:e
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detectors on the brnd pass fllters qrer.ì sct so tlìet a slgnal hûd to be

1rì cxcess of I5 llv to bc couìrtecl. Two Ilunter Klockcountcrs (Morlcl 120Ä),

each connected to a bând pass fllter, accunulated crlterfon alpha t1ne.

One of che E\ro band pass f1lters, connected to a lJervlett-packa¡d wf<le

range osclllator (Mode1 H20-200cD) delívered auditory feedback to rhe sr¡b-

Ject via a loudspeaker. The feedback tone (400 Hz) lncreasecl in irìten_

slty as the alpha arnplitude lncreased (see Ìrigure 2). It shoul¡j be

noted tlìat for any one subjecc, only one lìemisphcre r,/as conuected to ttre

feedback path. lìye nrovements r¿ere recorrle,l on a flfch channel ancl were

vlsual J.y monl torcd ,

P ro ce dure

All subjects parLlclpated in two experlnental sesslons, The sessions

verc held on corìsecutlve days and subjccts wcre scheduled for the same

tlme perlod on each day. At thetr lnitlal appearance, subjects \rere ran-

domly asslgned to one of tv¡o groupsi a group where feedback was confln-

genL upon tire alpha activlty of the rlght henlsphere, or a group where

feedback tras contlngenE upon tire alpha actfvlty of the reft hernlsphere,

subjects were gLven the Lateral Donlnance subtesr from the Halstead Neuro-

psyr:hologlcal 'f{Ìst I}irttcry (sccr i1,p¡rcnrl ix D) to clctcrnr:l'c lurnd antl eyc

donrlr't.tcrc, ¿nd wcrc Llrt:¡t Lolrl tlti:rt tlìcy wo'lri bc parf lc.tl)ati*g 11.¡ il sCudy

ol brâllì\'¿ìvc actlvItv, 
^.[Ler 

tlle e]rctr()dcts werc 1n place, subJccts wcle

given standardized instructions to rcâd (see Appendlx E). Tlrcy were

then seated 1n ¿r radio-frequency shlelcle<ì charnber and a speaker was placed

1.8 meters in front of the¡¡¡. The overhe¿rci 1ights were extlngulshed,

arìd two 20 watt red bulbs situated behínd the chair prov:ldcd anblenE

1llunlnatlon. Subjccts were again cautíoned to slt as quietJ-y as posslble



Figure Cap t ion

Ëlgure 2, Sound lnLcnsiLy of a 400 IIz. audltory tonc ás a functlon

of varlalj.on in the arnplitL¡de of a constant l0 llz, electrical signal

(Exact, Model 126 VCF/SLreep cenerator) as ¡reasured at the spe¿ìker face

by a Bouel and Kjael p):ecision sound levcl ucrter ('lypc 2203).
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tlìrougltouf. Llte cxÍ)crlnìcÌlt atd to rc¡rìalll stlll dr¡rlng Ion(:-on LrlaIs.

Furtlìcr: co¡nlìunicâtlon \rlrlì tlìe Êul)JccL (1.cr. , typc of trlal ) \ras

conducCcd ovûr ûD lntcrconl !r)/sLcn ¿ldJo1,ìlng tlìr two roo¡ìo. Sublccts

were lnstrucced to kccp tìrelr eyes opcrì througììout the expe¡:1ncnt.

The procedure for both sessions was iclentlcal . [âch session beg¿n

with a 5-¡Ììínute adaptatÍor1 period. Dur{ng this Èine the equlpment w.1s

callbrated. Followlrrg tlìls, the fecLlback tonc \ras turned on for two

nùlnutes to el.ftninate startle effects of the subject tc the cone before the

feedback tr1als began. Alpha baselines were then collected for Èwo

dlscrete one-ml.nuLe perfocls.

Thc feedback phase coûslsted of four I¡locks of blofecrll¡ack tratn-

1ng, wlth each block conrposed of four one-ürnute feedback trlals forror.'ed by

a cl¡rc-nlinur¡ lonf c:r'rll¡¡rr'k r{:,st Iriil l. .i']rc ¡orounl. of a1¡rha tr:tivily f ron caclr

henrlsphere (1.e., contingent and noncontiDgent) during each of the one-

nlnute trlals was accun)ulaLed by the Klockcounters ancl recorcled by the

exper1nenter, r¿ho thcn reset the Klockcounfel:s for the next frlal. Sub_

Jects were info¡¡recÌ via a becp of the lnterconì as to whetlÌer the conlng

trlal would bc tonc-on (feedback), or Lonc-of[ (nonfecclbach rest).

At the end of the second session, subjects wete given the Cognitive

Strrtegles Questionnalre r,¿hich askecl i'To what extent \^,ould you say your

strategy Íor Lurnlng orì t-lrc tone ínvcjlvcd the followlng klrlrls oI thought?"

(Schwartz ct aL., 1976). They were requlrecl to c1rc1e a number from 1

(not at.r11) to 7 (ne¡r1.y exclus{vety) whlch corresponded to their level

of lnvolvcrnc¡rt r¡1th c¿rch of the followlug cafegorles: (a) verbal,

(b) numerlcal, (c) vtsual, (cl) musical, (e) emorional , (f) rhlnking

r'ìothlng, (see .A.ppendix F). SubJects were then debrtefed.
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Da ta Ana Ly s ls

Tlmc spcnt In aJ.plra wJs (1u..ìrìt [[ic,d scpirrirLe ly for circlr lrenispltcrc.

Eech time score rcprescnted thrì numl)cr of r;cconds of aìpha acrivity ttLrrirr¡;

a 60-second trial perio<ì. ìro): t-he betwcen grorrps anaLyscs, measrrrcs of
alpha Laterality wcrc calculatu,d. A laterality scorc rc .ccted tlìe
dlffercnce in alpha actlvity betr.,ecìn thc hcmis¡.rhercs. ijilch Iâter¿ljtv
score was cornposed of an al¡rha tinte score for the ¡ight lìemisphere ând

a sJnultiìncous ¡'¡lph¿ì tin. ¡;¡:rtrt: i.or tllc corìtr¡tlat.r¡rl lt.nis;pltcrc. T'

order to faciliEaLe between groups analyses, tr,ro differenL measures of
alpha laterality were calculated. One laterallcy neasure, Iabelletl C_

laterallty (c<tntin¡¡cncy) was ¡rsed ro test for grorrp rìlffer.cnces resulting
fron the contingency nanipulation. Thc fornu.l.a for the C_laLerality

(RItr- r.u,-Y . ^_ )scot c was 
inìrc1+ r*"* tooj (aftcr Morgan cr al., 1972). Rtriwas rhe

alpha time score f ¡on Ih(j rrght. rremls¡hcrc and r,rir-iw;rs th(ì s{nul t]iìn(!ous

alpha tine score f rorn the reft hernÍsphere. A posirive scorc would indtcate

LIrüL û grcitlcì: I)crccnLiÌgc of l;r¡cral.ized alplra acLlvity was generaLed by

the right hcnisplì(,rc,\,ihcrc¿ìs a ncgative scorc voul.. intlic¿te that a grcater

percentage of Latcì:alized alpha was generatcd by the left bernisphcrc. (lf

tÌ)(' (ìoat ir1;r'rri:y urrrri¡rrrirtro, \n,; *,; clfccLrvu, r,rrc. t.rre c*rat¡:rrrrty scrrres

of the righr trained group shoLrl d bc positive and thc c-lateraliry scores

of the lerf t trained group rregative), Thc second laterality measurc, labcl.lecl

ìl-latcr¡lity (lremisphcríc r(,iìctt ivity), w;rr; rrst,<ì to tciìr for grorrp cliffcrcncets

due to differences in the reactivlty of the trained hemispheres to the feed_

back taslt. The f ormul.a for rtìe lt-lateraliry score vas f-çg;++q. LooJ . cud(clrr+ r,ctq-' -""),
was tlre alpha Ii¡ne sr:ore of ùhc contingcnt (trained) hemlspherc and NClld

was; thc sim.lL¿lr¡r'ous alpha Liure scorc of tlrc co¡rLralrter¡r noncontfngent

(trtttritlucrt) lrt'uris¡:lrcre. r\ posrtrvc r.atcra tity scorc wour<.r incllcarc th¡t
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a greater percentâge of lateralized aÌpha act{vlty was generated by tlÌe

contlngcnt (tralned) hemlspheres, wire¡c¡r¡: a negatlve score r,¡oulrl ln¡llcate

that a greater percentage of laterallzed alpÌìa activi.ty was generated

by the noncon r lngcnt hemi-sphcres,

In order to assess the cffectlveness oI thc contingcncy manlpula-

tlon, a l¡etween groups r:cpeated measures analys:is of varialtc¿t \{its cotn-

puted wllh C-1ater¿ì11ty scores durlng feedback trj-a1s as tlìe dependent

neasure. The analysls was, tìrerefore, a 2(x 2 x 4 x 4) ANOVA where the

between groups factor was contingency (right contingency group, left

contfngcncy group) and tlìe wlthln group factorls were sesslons (clay 1,

day 2); trial- blocks (f, 2, 3, 4) and feedback ¿ríals (I, 2, 1,4). Tc)

determlne whether contlngency dlfferentlated the groups durlng nonfeed-

back trlals (baserlne and nonfcecll:ack rest), a 2(x 2 x 5) rcpcated ncasures ÂNOVI

was conputèd using C-lateralfÈy scores. The belween groups factor was

contlngency (riglit contlngent group, left contlngent group) and Èhe

withln group factors r,¿ere sessions (day 1, day 2), nonfeedback trial,s

(il, r, 2, 3, 4).

I¡r order to assess whether the hemlspheres reâcted dtfferently to

the feedback task ¿ìÍrd to determlne whether clrat effectlvely dlfferen-

t1âted the right aild left trained groups, a between groups ÀNoVA was

computed with H-l-aterality scores during feedback trials as the depend-

erìc measure. TÌre analysls \.¡:ìs, therefore, a 2(x ? x 4 x 4) .LNOVA, where

tiìe betveen groups factor was henlsphere tralned (either ríght heml-

sphere or left hemísphere tratned) and the r.'lLlì1n group factors r,,/ere

sesslons (day 1, day 2), trlal l¡locks (1, 2,3,4j, and feedback trlals

(.I, 2, 3, 4). To determlne \rlìether henlspheres reacted dlfferencly
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durlng nonfeedback rrials (baseline and nonfeedbacl( resc), antì to ¿rss¿:ss

whether that dllfererìtiated tlre groups, t 2(x 2 x 5) rcpoatccl measures

AìlOvA was courputed using ll-laterality scores. The between groups facror

was hernisphere trainecl (efttrer rlght hemisphere or left hemishere trainecl)

and the vlthín group factors were sessions (cl¡y ], <jay 2), and nonfccd-

back tr:i als (8, l,2,3,4).

ln order to determlne whecher tralning rvas effective in differen-

tlatlnÉi contlngent fron noncontlngent sarììe-sidecl henlspheres, e.g.,

wììethcr the alpha-ti¡¡e scores of tile left contingent and noncontlngent

hernlspheres diffe::ed, two between groups repeated measures ANOV,A.s were

cor¡puted wlth alpha time scores during feed'oack tr1als as the dependent

¡Ìeasure. Eaclr analysls was a 2(x 2 x 4 x 4) ,\NOV^. In both ANOV^s

tlìe bctwecrì groups f¿ctùt was corìt1¡lg,cncy (clther right herrrlsphere con-

tlngent, rlght lìeiuisplìere rìoncontlngent, or 1r:f t hernlsphere contlÍìgent,

left hemlsphere noncontlngernt). The withln flroup factors for botlì

ÀNOV¡\s r.¡ere sessions (clay ì., day 2); rrial blocks (1, 2,3, A) ancl feecl-

back trlals (f, 2, 3, 4). Ädditionally, ro derernlne wherìrer trainlng

dlfferentlated conËingent from noncontln€ient sane-slded hemíspheres during

llrtrfccclli¡cl< Lriirls (birscì iDer a¡rtì Lronfccdìrrt:ìi rt'sL), two l-urtlìor rcpcated

¡ìrrasures ANOVAS wcrc co¡lPuLed uslng alplra t:tnìc scores, Dach ana]yscs

was a 2(x 2 x 5) À\0\¡'\. ln both AN0VAs thc bet\^'een groups facLor hras

contingency (either rÍght hemlsphere conringent, rlght hernfsphere non-

contingent, or left ìremispherc contingent, left hemisphere noncontlngen!).

The wfthin group factors for both ANOVAs were sessions (day 1, day 2) and

nonfeedback trials (8, L, 2, 3, 4),

To dcte::¡niue rvhcLher 1nitlal dlfferenccs exfsted prlor to the
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commencemenÈ of feedback tralninS, sevcr¡tI indcPendent silmPle t-tcsts

rreì:e computed using the flnal 60 seconds baselirre activlty prlor to

the coûun(:rìcement of the first traini.ng tri¿rl' To detcrnine r'rhether

co¡ltlÌìgency dlffercntlatcd grouPS prl.or Lo rlìe comxcnccmcDt oI tr¿iìì1ou

a t-tcst !¡as co¡nputcd on tllc basellne of C-l.iìtcrallty scores. 1'o

assess the effect of hemisphcre reactivity on SrouP dil'fcrences prior

to lhe comrnence¡nent of LraininS, a t-test was comPuted on the baseline

of H-IateraIi.ty scorcs. Irin¿ìlIy, to deternirìe whetlìcr tìle contingent

and nonconÈingent same-sided hemispheres differed prior to the comnence-

ment of trâining, a t-test vas computed betneen the baseline alpha

time scores of the contingent and noncontingent right hemispheres, and

beLwccn tlre bascllnc ¡-tplìJ tlmc scorr.]s oI Llìc c(ÌnLltlScnt ;rttcl nottcctttL lngettt

lcfc lrcrnispheres.

To detcrnìirìo hthotlìcr fectlb¡cli Irlrls ditl'rìrcd s1¡;nif i<:arrtly

frorn ¡¡onfeedback rest Lrlal.s, a priorl correlated t*tests were performed

comparing feerjbach tría1s to nonfeedback trials' Tlìese tests were

conducted for each henisphere and each contingency condition for sessions

1 and 2.

To dcLc,rm-ine wlì(ìthcr a relationshlp exlsted between cognltive

strategy rcports and contingcncy, a Hotelling" T2 """ comPuted on the

six levels of Llìe Cogritive Str¿tegies Qrrcstionn¡í rc wlth contlngency as

tlìc bctwec¡'ì grrru¡rs; f acLor. Fina11y, ¿ìn l.n(lcPe ndilnt s¿ìmPl.e -t--test f or

group differences \tas computed on the scores of the latelal dominance

subtest.

The lìOG ¡ecords vrere vlsually scanned. Subjects whose records

lndicated eiLher co¡ltinuous vigorous DoC activity, Or nunerous epochs

vlìere DDG rccorcls ucrc contanlnated by liOC actlvlty' were ellninaLcd

fron lhe sLu.iy. This occurred in two c¿tses.
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Iìcsul t s

In order to presett Lhe rcsults as clclrly as possiblc, thcr

flndJ.n¡1s wlrl bc pr.ri(!rìr('d ill Lhrcc scc:Li.ns. 1'lr. i'rtf¿r scctfo.

vill deal !¡ith the t!.'o 1¿rrèra11ty scores, c-liiteraliry rnd H-1¿¡ùcralrr'ty.

The middle sectio' will de¿1 with specific bctwecn ¿¡roup cliif cr-enL:cs

in alpha c 1De scores, that is, tlìc contingent lcIt ì.rcrnisplrr:rc compared

with the noncontingent left hemisphere, the contingent right hcmisphere

compared witlÌ the ììorrcontingent right hcnlisplìere. l,Ìr o final section

r^rill deal rìrith tlìe analyses of the lateral cloroinance suì¡rest and the

Cognitive Strategies Qu es t ionn aire.

Conllngency }lanlpufation: Group Dfffercnces

Figure 3 lilustrates the eff ect- of the contingcncy manipr¡I¿ltion

on the right and lcft traincd grcups during fccdl>¡rck trials. As cxpccted,

for tlrc riglìr tratnc(l ¡;rorrp all C-laL¡:rall ty ric:ercs \rcrc poslt.tvc, whilc

for thc lcft tr¡i.necl group most C-latcrrìlity scorcs \dere negatlve. E:igurc

4 illusLratcs thc sanre effcct collapsed ;rcross trials. From thc fjgure

it appears 1ikely that the contingcncy rnanipul.at.ion affected C_lateralÍty

scorr:s anri tltat contingency also interacÈed with blocks. The means of

thc riglrt trrined group tend Lo becone slightly nore positive, v/hile

thc rnc¡rns of Lllc lcft Lr ainecl grouJr tcnd to becomc nore negatlve. It
also appears ùh;ìL Llre siopcs c¡l tlìr! ¡:lglÌt ¡utd lcfr trained groui)s ¿ìre

I incar.

Tn order Lo ¿:rsscss thc effecliveness of Lhe contingency nanipula_

tion during feedback triafs, a bet'ecn groups repeatetl neasures 
^NOV^ 

on

tlìc C-latcraljLy scorcs wiìs pcÌrformccl au<Ì is prescnted 1n Áppencllx G, The



Figure Cap t lon

Flgure 3, C-latcrality ncan scores for the rlght tratncd ¿nd lcft

trained groups for sessions one and tlro, Each sct¡re repl:esents a measure

of alpha laterality during a 60 seconcl fcedback trial.
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l¡1gure Captlon

Flgurc 4, C-lateraltty bloclt ¡¡earrri for tlìe rlght trainccl and lcfr

trained groups for sessions one and two. E¿ch nleâìt is bas;cd on four

feedback trial scores.
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bctvccn groups factor was colìrtngoncy (rlglrL cotìtll¡gctìcy grou¡r, J-cff

contingency group) ancl the wifhln group factc'rs r4ere sessions, blocks,

and feedback trials. The uithín grotrp effects rqere tcsted via tlrc

cels s er- Grecnhou sc proccdurc because the trrdit f orìâ1 rcpciìrcd mcar;rrrcs

F is a very liberal tesr (Kirk, 1968). Tlìe results indicared a

sfgnificant main effect of contlngcncy, F (1, 28) = 39.000, 2 4'.00I;
the left trained and right Erâined groups dlffered signific¿ntly as

a result of the contingency nanipulation. Thc witlìin group ¡train effects

of sessions, blocks, and trlals werc not signiflc:rnt, llor,/ever, there

was a signlficânt contingency by blocks lnter¿ìcrion, F (f, 2S) = g.gl ,

p <.0f, lndicaLing thaL blocks differcd betwecn Broups as a fur¡ction

of the contingcncy uanipuJ.ation. Fin;rlly, a trend analys;is confirncd

tlre observation from !'lgure 4 of a significant Iinear conponent for

the blocks by contingency inreracrion, F (1.,2S) = t_5.57866, I < .001.

Tal¡Ic I prcsents tltc tlleans of the 0-I¿tcrallty scores for thc

right arìd left trained groups during nonfeedback trials. The neans

illustrate tirat the C-laterali.fy scores for thc rtght trained group

are consistently posirive, wh11e those of tlìc left traincd group

f.Iuctuate from posltive to ncgatlve, It shor¡Ìd be noted thaL thc

flrlsL mcan oI eaclt sessio¡r corresponds Lo iì prefeedbJck baselinc trIaI,

thc rcrrainíng Dcans corrcspolld to no¡rfecdl¡ack rest tì:ia1s.

ln order to be certain that the contingency manipulation signifi-

cantly differentiated groups durlng feedback, an independent sanple

l-test on the prefeedback C-laterality baseline means (ríght traíned

group = 5,54260; lefE rraÍned group = 0.63721) prlor to session one



Table I

0-lilt(ìriìllty ¡llcr ìl; for tlie lcl'L tr;¡incrl ¿ tti tlrc, riglri rr;rirt|rl

groups for sessiorrs onc and tvo l.or nonfeedback tri¡ls

Scss 1on

Lc'f t Tr¿¡inc:rl (ìrorrp Right Trqj n_ed C r-9!¿

0.63,1',Ì|

-r.82568

0.05726

-2.06971

-2 .07 r 90

2.2_4616

3 .157 62

-l ,7 63t12

r.09447

- 3 . 4014,1

5 .5426A

L r 2548

5.36836

3.360t7

r .41860

2. .9 6021

3 .54520

9 .7 6460

5.3rt39

5. 3 0008
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w¿ù^ ca.Lculatcd and found to bc non¡rlgn.lf tcant, t (ZS) = L,24, p = .22.

To assess the effectiveness of the contlrìgcltcy manlpulation during

nonfeedback trials, â between groups rcpeatcd ¡neasurcs ANOVA was cnmputed

on tlle C-laterality scores ancl 1s prescntcd [n Âppcndlx Il, Tlìe betwccn

groups factor !¿as contjngency (right conti.ngency gr:oup, Ieft contingency

group) and the !rithin group factors wcre scssions anrì nonfcedb¿(:k Lrials
(baseline anrl 4 nonfcccrbiìck rcst trrals), 'rh¡ Ger ss e r-(ìrcenrr ors e pr:oceclrire

enployed to test the uithÍn grorrp effects. The resu-rts indicated a

slgnlflcanl m¿ìln effecr ol conrlngency, l¡ (1, 2ll) - i.g0, p <.05,
dcnonscratlrìg thaf Ehe coDtlngency manipulatio¡ì dlf ferentiated groups.

There wcre no other signlficant results.

tlgql:Èe r-ic Rcacr:Lv-lry: croup DIf f ercnces

Figure 5 illustrates the effect of hemispheric reactivity on

the righE and left Èrained groups during feedback triâls, For the

right trained group a1l the H-laterality sco¡es were posltive, while

for the left tralned group qlost of the H_laterality scores were positive.

Figure 6 lllustrates the sa&e data collapsed across triaLs. Fron the

figure it appears 1ikely that the H-lateralíty scores of each group

respondcd similarly ovcr bJ.ocks; fhe ncans of l)otlì groups tend to

bcco c ¡¡xrrc ¡xrslL [vc. tL Jlso appcji]rs LlrüL Lhc slopcs of tlìc ¡iglìt
and lcft tr¿1incd groulrs arc llncar.

In order to assess whether <ìlffcrences in the reacLivity of the

ircmispheres to feedback differcntiared the right trained fron the left
tralnecl group during feedback trials, a betr{een groups repeated neâsures

ANOVA on the H-laEeräliEy scores \râs coaputed ancl is presented in
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Flgure Caption

Flgurc 5. H-Iaterality nean scorcs for ttre rlghÊ trained and left
lralned groups for scsglons onc ¡rnd two. Eacll gcr¡re rcprcscnts a mcasurc

of alpha laterality durlng a 60 second feedb¿rck trj.al,
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I¡lgure Captlon

I'lgure 6, H-1återatlty b-lock neans for thc rlglìt tratncd and Ìcft

tralned groups for sessions onc and two. lìach mcan is hased on forrr

feedback trial scores-
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.Appendix I. Thc bctl,¿ccn groups factor. vart hcJ"'l lsplrcrc trainc(l (r jtllrL

trained group, left traíncd group) arrcl tlìc urirhin group far:tors wi:rc

scssions, blocks, ând LrI¡tls, Again, thc Ge i. ssc r_Crc e¡rlto rrs c proce<lrrre

rvas used to test the \"ritirrln group effects.

The results indicated that the main effcct of Ì]emisphere trâincd

wâs not significant, f (1, 2B) = 3.37, I1 .07, Tlrc wirhin groups

main effect of blocks r.ras signiflcanr, F (1, 2g) = 9.g7, -p < .01 .

A lrend analysis conf.irmed the observation from F:igure 6 of a signifi_

cant llnear componenr for blocks, F (1., 2S) = 16.g8, ¡ (,001., No

other effects krere s ig¡ì1f ican t.

Table 2 presents the lrleans of the Ì{-laterality scores for the

riglìt ånd left trained groups during nonfeedl¡ack trfals. The means

111ustr¿te that thc [l-1af.crâ.llty scores of the rlglìt tralned group

are conslstc¡ìtl.y posítlve, whlle tlrosr: of the lcft Lra.[ned group

fluctuate from positive to negatíve. Again, note thât the first nean

of each sessiorì corres¡ronds to the prefeedback bascl.ine trials aììd

tlìat lhe reruaining mcâns cor.-rcspond to nonfectlback rest trlals,

To ascertain !'hetlÌer hernispheric activity dif f erenti.ated groups

prior to feedback, an indcpendent sânpe t-test on the prefeedback

ll-l.atcrality b¡scliDc mcans; (riglrt trrjnôd group = 5.54260, lcft

Cralned group - 0,6372I> prior to session one was calculated an<l

fou¡rd ro be nonsignifi<tant, t (28) = f.56, ¡ = .13f. To dcrerrnl.ne

whether rliIferenccs in lrrulsphcrrc äcti.vrty drtf ercntrater.r rhc riglìt

fron tlìe 1eft. trained group durlng nonfeedl¡ack trlals, a between

groups repeated nr.:asu¡es 
^NOVA 

vras conputed on the H-laterality scores



'l'al¡ I e 2

Il-lììLL:r¿rl ILy ntirrrs lor t.llc lr.lL tr¡r lllcrl ¿l¡rrl rlglrL tr;rlucd

groups i.ot: sessions one ¿rnrl tv/o for nonfecdback trials

Means

5. 54:l60

| . 12548

5.36836

3 .36027

1.43860

2.9602t

3 .54520

9.16460

5.31139

5.30008

Left Tralned Group Iìjght Tra incd_,Cr,j]ll

I I -0.617 21

I 2 r .82568

I 3 -c.05726

t 4 2.a697 7

I 5 2 .0719t)

Z I -2.24616

2 Z -3 .157 62

2 3 r.16342

2 4 _r.o9447

2 5 3.80144

l5
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and ls presented in Appendix J. The between !iroups factor uas

hemlsphere tralned (right traioecl gr:oup, leIt trained group) ancl the

wilhin group factors were sessions ancl nonfeedback cri.aìs (baseline

and 4 nonfecdbacli re¡s¡ trIals). The Cr.: i ss e r-Greenh ousc, procedure rvas employe<J

to test the nithin group effects. Thc res'lts indic¿ìted a si.gni.f .ic;:nt

nrain ef fcct ol henis¡rlrcr:c t:rriincrl , f (1, 28) = 5.2'), p- < .05; {rrrirrg

rrottfcct!b¿rcl< trilr Is Ircnrisplrorc: Lr¿r[¡rcd ¿rfl'r:cLtd ll-t¿Lùrality s(:or.s.

Tilerc were Ììo otltcr signi [.icant resu].ts.

Con t ingenc y }lan i pfflâ ç39 I a__[gmig!]fggg D i i tu r e.nc e s

I¡igur:e 7 il.lustraLcs tiìc a,Lpha tintc scores for tlìe l.cf I contin_

gent and nonconting.rì1r, Ir.rrisphcres and Ì:iBlìt contirìgcnt anri ¡roncontin-

gent lremisphcrcs during fcc,dback irlal.s, 'lllìc â1phiì tlne scores for

all lrcarisplrcres iìppciìr to incrcasc ovc¡ tr.i¿ls. Irurthcìa, the slopes

of tlte lines scem 1Ínear. Moreover, tl.re alplra time scores of the

right hemis;pheres appear !:o bc fairly sinilar to each other, while the

a1¡rlra tinrc s(:or(ìri of trìc r.'r't Ircnrsplr.rcs a¡>p.ar soncvrrat rr Issrmi]¡1..

Figures 8 and 9 illustrate thc såne d¿lta collapsed over trlals. From

Figure I it appears rhar rhe block means of the left contingenr

hcmispherc are hì¡¡hcr tltírn tlrosc of tlìc jcft noncontingent hcrnispherc,

r.rhi1e Figure 9 suggcsts that the block neans oI the contingent and

noDcorltingcnL r-ight Ircmisphcres åre similar. It ¿rlso seerns, from

both figures, tlì¿t tlìc slopcs ol. the l¡lock me¿ì¡1s are line¿r¡.

Io dcte'rn¡i'r' wlrcrtrrt'r Lrre co¡ìtingc¡ìùy rn;tni.pur¿ìrio' dif f ercnt.iared

(:oL)l lrìl',{'nr l¡-()rì I{)r( orìt lr¡1r.'nL r;irrnt:-s ltlt.tl lrr,,rrrir;¡rlrqrcs (lrrrlrìg, IqcclL¡lclr

tria ls, tr^'o l)!l!.rc('n Ijroul)s r(;pc¡ltcd nì(,i.ìrìrrr(ìs i\NOVAs wcrc <:ompulccl antì



l¡lgure C ap t.i on

Ftgure 7. Alpha tine neân scores for tlìe contlngent and non-

contlngent left hemispheres and Che contlngenÈ and noncoßtlngent

right hemispheres for sessions one ând tlro. Each score tepresents

¿ÌIplìa ôctlvlty during a 60 second íecdb¿ck trt¿rl.

thc
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F'1gu re CaÞ r ion

Ilgure 8. Alpha tíme bLock neans for llre contingcrrt ¿lncl rrorìco¡ìt ir'ìgent-

left henisphcres for scssions one and two, li¡clr nc¿rn ir; b¡scd on four

feedb¿rck trial. scores.
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l¡igure Capt lon

Figure 9, À1phâ tlmc block mc¿ns for thc contlngenr ancl noncontingcnL

right hemispheres for sessions one and tuo. Each mean is based on four

feedback trial scorcs.
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are presented ln Appendfces K and L, Each ANOVÂ examj.necl the alpha

tlme scores of a particul.r hcmispherc whcn conringent and noncoutingc!ìt.

'Llìus, thc l¡ctween groups factor uas cont lngcncy (eithcr conLlngent

1ef!, noncontingent l.eft hemis¡rhere, or contingent right, noncontingent

right henisphere) and the vithín group factors were sessions, blocks,

and feedback ¡ria1s. Agajn, the Ceisser-Gl:ecnirorrse procedurc was

employed to rest the withj.rì group cffccts.

Thc results of the ÀNOV^S indicated that tlìc main effect of conEin-

¡lency was not sJgnlflcarìt for citlìer tlìc left or r1ßlìt hcmlsphclcs.

Analysls did indicate thac for the lefr lremispircres tlìere were sig-

niflcant main effects for sessions,Ir(1, 2S) = I7.j8, p 4.01, blocks,

I¡(1, 28) = 10.92, -p <.0I, and rriats, I(1, 28) = 6.99, ¿ < .05,

confirning the observatlon frion Ffgure 7 that alpha [:ime scores

chaDged over tralning. furtlrer, analysis of the rigltt henlspheres

indicated significant nai¡r effects for: sessions, _{(1, 2g) = 16.61,

I <.001, blocks, F(1, 2B) = 8.87, p < .01, and rrials, F(I,28) =

6.96, ¿ (.05, again confirming the obscrvation fron l¡igure 7. Thcre

were no other significant resuLts. l¡ina1_ly, trend analysis confirned

tlìe obscrvÐtious frc¡r¡ ¡'-igurcrj 8 anrl 9 that thcrc was a si.gnificant

lin*rrr <:,'t¡r<)rì'.'nt ¡rf tlt. blrl l<s ¡naln ¡.[[t,ct f,r tltt, lcIr hcmlsplrcrcs,

f(1, 28) = 18.50, g <.001, and for rbc righL lìemisplìercs, li(1, 28) =

16.58, ¡ <.001. Iìurther, there was a significant linear component of

tlre trials main effecr fr¡r the Ieft hemispherr:s, F(1,2S) = I0.Bl, I
(.01, and for the right hemispheres, F(1,2S) = 12.59, p <.01.

Tables 3 and 4 ¡rresent the neans oI the alpha tine scores for



Table 3

À1pha tirne rneans for the co¡lting(ìnt and Ììoncontingcnt lcfit
hernisphcres for sr:ssions onc a¡rd t!,ro for nonfeedbítck trials

Sess ion Trlal Mc¡ns

Conti¡ìgenL Lci t Norìco¡tt in¡¡cnt l,cf:t

I

3

4

5

t

2

3

It

5

9.29999

t.96333

8.44933

9.05313

9.95799

10.79199

lI .4r7 32

11.8i933

10.97199

10.55931

7 .712(t6

6 . 6lJ 2l¡ fi

6.94799

6.a,4599

7.686f¡6

7 .11666

7 .36466

8.92799

7 .91666



TabLe 4

Alphlt tlmc mcans for tlìe c(ìr'ltirìfl{'ni ;rn(l nonco¡ttin¡j(.nt rlglìt

henispheres for sessions one anci L\.'o for nonfe,edback tria.l.s

Session Trlal

Cont in¡lcn t kiglrL NorìconLjngcnt I{igtrt

8.41266

7.08599

7 .51799

6.99266

7 .70666

8.03199

1.17266

8.34866

9.39731

8.46:ìl:l

9 .21466

8.26399

8.51266

8.51933

9 .30266

u.01599

tt.51999

rr.43466

1O . 61199

t0. t\266
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the left ând rlg,ht hernlspheres respecr.ively during nonÍeecìback crials.

As cân be seen from the tables the means of tlìe riglìt hcrnisphercs

appear sinilar, as do the ineans of tìre left henispheres. Hor"¡ever,

for both left hemlspheres and rlght henísphcres the means for session

two tend to be higher tlì¿rn those for scssir¡n onc. Note thaL thc

flrst ¡nean of each session corresponcls Lo Lhe prefeedback baseline

trial anri th¿Lthe renainin¡; mcans corÌ.cspond to nonfccdb¿rck rcst trial:;.

In oì:dcr to b¿ ccrtajn thât contlnll(.ncy did not. diffe::entjarc¡

sane-slcied hemlspheres príor to feedback, independent sample t_tests

on the alpha time prefeedback baseline rneans for rhe lcjf t hemispheres

(contingent = 9.29999, nonconringent = 7,11266) and the right heini-

spheres (conÈingent = 8.41266, nonconLirìgent = 9.27466) prior to sessic¡n

one were cal-cuIated. They were found to be nonsignific:ant: lefL

hernispheres, t(28) = 0.88, ¿ =.389, righr hemísphercs, !(28) = 0.48,

¡ =.389, To cletcrrnlne wlrethe¡ contlngcn.v rl iffercnti¡tc<i coDtingcÍlt

fronÌ noncorÌti.¡ìgent sar'e-sided hemisphcrcs duri.g no.Iceclback rriats,

two betl'een groups repeated measure i\NOVA¡; were computcd and are

Prescnte(l in Appcrrcllccs M ¡n<i N, I,lnclr .x'mirri,d the aìpha Linc sc()rc:i

r)f î pillticrrlrrr lrcnispllcrc wltcn corìL itlllcltL ;trrrl nolrccr¡rt irr¡lcDt. Ilrc.

bctwecn gtoups faclÒr wås co¡lti.ngelìcy (cjtlrcr contingent left, non-

contingcuc left henispheres, or contingent right, noncontit)gent rigÌìt

hcni:;phcrcs) ¡nd thc within gr.rrp f¡ctors incÌ:c sessionfì arrcl nonfecclb¿ck

t-r.i:rls (blscliuc ,,rnd lr uorf er:db¡rr:k rerit Lrial.s), 
^gatin, 

thc 0cj ssct_Gteenhouse

proceclure was ernployed Lo test the wÍtlìin group effects, The rcsulLs

indic:¿tecl thiìt tl)e rn¿l.in cffcct of contingency was not signiiic¡nt for
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elther left or rlglìt hemíspìreres, The main cffect of sessi<¡ns was

slgnlficant for the left henispheres, l'(I, 28) =4.1ç¡, g 4,.05, and

the rlght hemispheres, F(1, 2S) = 7.01, ¡ ¿.05, confirming thar rl)e

alphâ time scorcs changc,l from session o¡rc to session [rvo. There

were no other slgniflcânt results,

tou.rl€rn o r -i9e.!,lu-q\--tUlq. l. "{_Þ.qg_!!_¡ct !_rr_l q!:

Tlre mcan lrlpha tinre scolcs f r:r fcctlb¡r:l< tri¡1s and tllc mcan ¿l¡rlra

ll0ìe scores Ior nonfecdb¿ck r.]st trl¡ls for c¡cll session rrndcr c¡lcìr of

the contingency and hemisphere conditions (contingent lefc hemisphere,

noncontingent left hernlspherc, conlingcnt right henisplìere, noncontin-

gent riglrÈ henisphere) are prese¡ìted jn 'lab1c 5. To determine wheLher

the alpha tine scores of feedback ct:la1s \rould excecd tlìose of non-

feedback rest trials, correlated sânp1e t-tests were computed. The

results J.ndicäLed that tlìe rnean alpha timc scores for feedback trials

were signíflcantly greate¡ than the mcan alpha time scores for non-

feedback rcst trlals during both sessrlonri for a1l conditions (see

Table 5).

LateralÍty Dominance Subtest

To detcrrmine whethcr the rlght and .left tr:ained groups differed

on the latcr¡ll. clonin¿iÍlcc score, an .[ndc¡renclcnt samp]e t-test for

dif f crenccs ì)rìt\./cc'11 groups was coinputc:cl . 'l'lrcìrc lrcre no signi.f i.cant

group differcrìces, t(28) = I.51 , p >.05, ¿rs rlìe mearì for rhe righr

tr¡incd IlÍ()ult lrils 20.00 ¡nd tlìLì nciut fr¡r t.he 1.(,ft tt-¡in(!d group \rits

19.50 'Ihis \"'âs as cxpcctcd sínce all srrbjects were rißht-¡anded

and from totally right-hantlcd f¿rmilj.es.
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Cognlt lve Stråtegles Qucst lonnâJ re

In orde¡ to determlnc whctl¡cr thr: ¡lrrrrr¡)¡; <jjffer:cd in fhc cogtìit i.vc

strategfes reported, (e.g., visual, vcrbal, emotional, ctc.), a

')
¡lotell.tngs T- for dtffercnces among gr:oup means o¡r all levels of thc

strategy variables was conputed. The results of the analvsis \¡ra s nor
a

sÍgníficant , T' = 5,2340, p>.05.

t-tests for differences betwecn the right and left group Î¡rere

conputed for each strategy-and i,¡ere not significant (see Tab1e 6).

In addition, each sfrâtegy was reported by a s.i.rnilar number of

subjccts 1.n cach group. 1'hr.l nrajorit-y of riLrb.jccts from boLlr ¡¡roups

(ll/15 left group; lt/15 r1¡¡ht group) rcportcd using visual srraLcgics

at least half rhe tlme. Slightly more of the lefr group than the

right group (8/15 left group; 5/15 right grorrp) reporrcd using vc,rbai

strategles at lesst half che tlne. Slmlìarly, sllghtly rnore of tl¡e

left Broup thân the rlght group (9/15 vs.5/15) ¡eporred uslng enrorional

stratcl,les at lciìsL Italf Llìe t1me. |or tllu rernalnlng strateglesl cven

thcsc sltghc dr.frerences <ilsappeared. 'r'hcsc rcsults were conÈrarv

to wlìat had been expectetl.
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'l'¡b 1 r'' 6

t-tesl for differences bctween groups ô:r tlìe aean rcs^ponsrc

given lo each cognÍtlve strategy sr¡bscale wltllin the

Cognltlve Srrategles Questjonnaire

CoBni t lve

Strategy

Sr¡l¡scale

Ilean Response (I-7)
Right Group Lef t Group

(N = 15) (N = r5)
_t_(28)

value

Probabiliry

Verbå1

Nu¡ner i c

Visual

Musical

Eno tion

Think
nÒt hing

3,533

1.733

4.A67

4.066

2.400

2.933

| .866

4. 6C0

2 .533

3. 200

3. 066

0.85

o.28

0.2I

0. 34

1.25

0.97

0.403 (NS)

0.779 (Ns )

0.836 (Ns)

0. 737 (NS )

0.223 (NS )

0. 341 (l'rs )

NS not signifLcant
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Di scu ss l.o n

The overall findings of this stu(ly indicated that the contingent

henlspheres generated rnore alpha actlvity tlìan their noncontfngent nates,

resulting 1n speciflc patterns of asynuneLry for the right trained an<l left

trålned groups. For both groups, the patterns of åsymretry (a greater

pcrceÌìtage of arpha f¡ì tlìe contlngcnt Lhi¡n in tlìc noncontlngcnt hr.nispherc)

were slmlLar durlng fcedback trlals, tho'¡ih not neccssar.tly cìuring nonfr:cd-

back trlâ1s. The effectiveness of the contingcncy nanipu.Iation did not

extend to sau¡e-slded hønispheres as the anount of alpha activity generated

by the contlngent and noncontlngenL left hernispheres and the contingcnt

ând noncontingent right hemlspheres u'as sirnilar. rurther, the sub jective

reports of cognitíve slrategies employed did not differ between groups.

ConltnAency Manlpulat íon: GrouÞ Di ffcrcnces

The present study deCermlncd tlìaL f eetll¡ack contlngcnt on the alpha

actlviLy of a single hernÍsphere resulteti in higher alpha activíty levels

in Ehat hcmisphcre cornparcd to irs noncontir)gcnt mate. 'l'lrus, for thc riglr!

tralned grorrp, the right lrcm.[sphere getÌ(.r;rtcd a gre¿ter percenl¿Lgc of tlìe

1ätcr¿rllzcd i.¡.1plla, r.,rhllc for tho lcIL triìirìcd group, thc lcft henis¡rhere

generated a grc¿ìtcr pcrcentage of the l.lteralized aIpha. Further, the

cfIccLs Òf co¡ìLingctìcy jnLer.rcted wiLìr bl.ocks, as tlìc slot)(: of tl)(Ì

al-phû latùr¿.l.iry score of each ¡Ìroup r^,its lincrr br¡L, as can bc sc,r¡n f rorn

fi¡¡ure 4, in o¡rposite directrions. Tlrt:se results are consistent with those

reported by orlrer invcstigators (Ìiberl in & Murholr.anrr , J-976; Mu1ho1.lancl ,

.1.973; l'1rrI Iro I I ¡rrIcI ti lìl¡<,r-1irr, 1977), Llr¡L (.('ìrtì.ol oI a1¡rha

acLivlty r,'as signi{icantly I)etter in tlre contingent than
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1n the nonconÈlngent hcnlsplìerc, I'loreovcr, tl¡e rcsr¡l¡s of this sL.dy c:{tcnd

fhe effectiveness of contingent feedback Lo include auditory feedback as

welL as the vísual feedback erployed by thc above nenrioncd researchers.

Further, lhe paÈterns of asymnetry reported in rhis srudy were simllar to

speclflc patterns of asynuetry descrlbed by iovestigators (l)avidson ct al,

1976; 0'Malley & Conners, 1972; peper, 197ì; Schwartz er ¿1, 1976) cnrployirrg

the patLern biofeedl¡ack method. Therefore, for borh the feeclback mcrhcrd

enproyed 1n tlÌ1s study ând Llìc pattern biof.c<lback rncrlr'd,tt¡e hu,isphcrc

for whlch alpha actlvlCy was the contlngcnl rcsponse generated a greatel

percentage of that acrivity than íts nate.

DavÍdson et a1 , (1976) reported that subjects, especíaL1y males,

uere sonerdlìat nore successfrrl generating patterns of alpha asynmetry

uhen right hemÍsphere alpha actívity nas to be enhanced rather than when

left hemisphere âlpha activj.ty was ro be enhancecl. 1.he findings of the

presenf study aFpeared to confirln this rcport; there were no instances,

nhen tlìe rfghE henìisphere alpha was contingerìr, of the noncontirìgenr Left

lremi.sphere gener¿ìting a grc¿ìtcr perccnta¡lc of the lateralizecl alplra, but

'n¡hen 
left henisphere alphr was co¡ìti*g(Ìr¡t, thcrc were ínstances ç,hcn the

noncolìLinge¡l r:iglìL lrcnispherc gencr:atcd mt¡rc of the t¿teralizer! .tpha.

Howevcr, exalni*atÍoìr of thc alpha tinrc scores, fro¡u which tlìe lateraliLy

neasure was ca.lculaLcd, indicated that thc alplta timc scores of tÌìe non_

conti¡rgcrìt rLghL hr:urisPlrcrc vLrrc híghr..r tlrirrr LIìose of LIrc nonconLingent

lcft lrenisplrcre. Nlìil.e tlìc d.if fer:cnccs wcrc not largc initialjy, tlìcy

persistrÌd nnd ilppcarcd to inc,reíìsc s1 ightly ovcìr the course of lhc oxperj._

mcnt. Moreover, for tltc contirìgc¡nt lrcrlisplrcrcs, tlìc âlplì¿ tirne scorc¡it of

tlìe left hemisphcrc scemcd, by thc cncl of thc experimcnt, to be higher
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than those of the right hernisphere. T'hereforc, for thc laterality

n¡easure to reflect the sane degree of success by the left trai¡.ìed group

as by the rlght tralned group, Lhe alplra tlme scores of the lcft r:on_

Èlngent henrisphere had to have l¡ee¡r consider¿rbIy hlgher than Llrose of

clìe right corrtingenÈ herrrisphere. While the overall picture then, is

one of confir¡¡arion for Davidson et a1 's findings, the i'oplicir assumption

by Davldson eL al, tlìat dlfferent.ial succcss i¡t gencratlng paLtcrns oI

âsy,nmetry was due to sone increased cli fficulty cnhancing con¡ingent lcft

henlsphere alpha, was not confirned, AlLcrnately, the findings of thÍs

study lndlcate that perhaps Davldson et al 's (1976) subjects, espcciall.y

the xnales, had greater difficulty generaring a Røoff -Lo( on pattern due

to an inabí1ity to naintâj¡ an absence of alpha activity in the righL

hcnisphcre rathcr tlìrn dJ.fflcr.rlry nì,¡intniÌrinfl âJpha acLlvr.ty in tlrc lcft

hemisphere. Further, contrary to the firìdings (Eberlin & Mulhollantl, 1976;

I,cper, 1972) that subjects Lncreasc and r:ontrol alpha activity in the right

hcnrispherc n¡ore strcccssfully trrlrr in rrrc rcft, ohscrvations from rlÌc prcscnt

study suggestcd tlìat subjects denonstratcd a tcndency for greater control

ovcr the alpha actl-vity of the left hcmisphere,

llemisrr_! e¡:i c Rcactivity: Group Differences

'fhe present study indicated th.rt the right and left tra:ined groups

rcslxrnclcd s.inril rly Lo tlìe Ic!cdb¿rck traiûing durlng f:ceclback trfars. ,l.hc

t{-racerarity scores of botrì groups incrcasecr significantly over blocks,

rrr:onfirnìtrg tlìc obsjcrvaL:io¡rs of tlle prcvious scction thtf thc tra.ined

ht'rrr is¡rlrr:rcs 8c¡lcrirLcd ¡ gr(Ì¿¡tcr p(ìrccrìtiÌ[r. of tlrc ar.¡rr'r lat.ralrty trrirrr

tlrc untrâine(l hcnisphcres and that boLIr trainecl hemisphcrcs reacted

s iuil a r:1y to l'ccrìl>ar:h.
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That both groups rcsponded sirDilarly to feedl)iìck rraining suggests

that prncessing of the fee<lback task r¡as c¿rr irrd oui in a sfnìir.¿lr f¡shion

by both groups. Exarûinat ion of Ehe alpha tine scores frorÌ which the

laterallty neasure was comput_^d, however, srrggested tiìat this nay not

necessarlly have been the case,

Conpar-1son of the alpha tlne scorcs oI the contingent hemispheres

suggested that, while thc score for rlìe henrispheres were simìIar tiuri¡lg
scssion one, tlìc lcft hcmlsplrere s(ìores scoacd hlghcr rjurlrrg scssion Lwo.

Dlnond and Beaunont (1976) repor:ted that when each hcrnispl.ìcre was glven

tbe same task (tn Èhelr case a vigtlance tas;k) thc ri.ght hernisphcre

responded at a constant lower 
'eve1, 

while tl.ìe left hemisphere responderl

wlth fiLcreasing profrciency. rf the feedback task is viewecl as a vrgtlance
task wlìere subjects ¡ûust attcnd Èo the audito.ry tone signall ing alpha

actlvfty and respond to jt Í¡jth a contjnu(ìd burst oI al.pÌì¿ activity, thcn

tlrc flndirgs by Jlinìor'ìcl and rJcaunroDt corrld cx¡rLain Lrrc ¿¡f'rcnrcntioncrr ef f,ect.
The 1cIt hcnrisplterc would rcspond ¿t :tn irìcrcasin¡¡1y higher levcl , wlrilc
the rj.glìC hcnisphcre rcsp(¡¡ìscs rem;¡lned constant. If, however, one

consi.ders the alpha tjÌe scores in the Iighr of Se¡runes (196g) suggestion

tlìaL t,lìc hemfsphcrcs l)rocess inforrrl:ìtion cliffererntlyo the right hemjspbere

in a diffuse fasiriionand Llìe lefc hemisp'ere in a focal fashion, then it
nay be that the slightly elevated alpha tijnc scores of the lefE hemispher-es

were clue ro Processing differences. Iror.rcver, the nature in whÍch the
processing differcnccs nay have cr¡ntributecl to Lhe differences in alpha

tinc scores ¿rc ciÍfJ icul t lo dctcrninc.

Com¡r:rriscrn of thc alpiru tlme sr..rr.s r)f the no¡tcontingent hcrrisphercs

índicatcd t¡lat Lhc alpìta Linrrt scores of the lcrft hcrnisphere tcncled ¡o be

lowcr tilan tito:;,: of the riglìt lrcmisphcrc. Tlì:l-.s observatlon suggcstcd that



the left henisphere generates a lower 1c¡ve1 of arpha activity than i:he

rlghÈ unless under the speclfic feedback task concrltÍons. The resurts

of the anafysis of tlìe H-lateralíty scores during nonfeedback t¡ials

tended to support this observaLion, Laterâl.ity scores difIe::cd signifi_
cantly beÈwcen groups. Dxaû'1'ìatiorì of thc arpha time scores indicatcd

ÈI.ìa t for the right Èrained group tlìe right contingent hearisphere seeared

!o generate higher :r.l.pha fimc scores on ell trÍa1s, r,rhil.c i'the left
trained group, the 1eÍt contirgcrtr hemisphcrc seemed to gcneratc higher

alpha cirne scores on only half the trials. Further, the right noncontingenr

henlsphere appeared to generate higher alpha t irne sq6¡¿s than the teft
noncontingent hønispher:e. These obscrvafì.ons, agaiu, point to a some-

what lower 1evel of alpha actlvfty 1n the left hanisphere than in the

rlght hemisphere when nelthcr 1s rllrecrly cngaged in the feedback task.

Moreover, these observatíons sugg{:sted that asyrur¡etries ín aì,pha

freqrrcncy cxlst during rcsLi ng corrcl I tLorrs, as \rrs rcportccl by scveri.iL

investigrtors for alpìra anrplj.tuclc, (Doyl c ct al, 1.974; Morgan ct a1, 197.1;

snyk & Darway, 1972). Ttìough tlìe present study found that initial tesLs

of group di fferenccs cornputecl on [he bascline scores prior to the first
f ec<lb¡ck tti.¡l t,,crc not s j,-ltì i l-lcillrt, j t ¡nily bc tìÌat tllcì:e js a tcndcncy

for the lcft hcn.isphcrc to maíntain ;l lowcr Irequency of aJ.pha ûctivjty

È[Lrn the right henrisplrere. such ¿ tcnr]cnr:y would bc consistent r,¡itl.ì

availal¡l.e cvidcncc. Considc¡: that tlìc hcmispltercs árc supclrior at d iffcrent
functions, tlìe left in language and arìalyt ic acLivities and the right in
sp.ltiar' imaginütronal, ¿r'd music acLlvitics. IiurtÌìer, the evidence

indic¿tès thaL (luring cofinitivc tasks, thcre is grciÌtcr aclivation in the

task-cng¡ìgcd lrr'nrisphere relative to the noner'ìgíìged hc'misphere (i.c. Daviclson



65

et al, .1976; Galln & Ornsteln, 1972). Moreover, Dimond and Beaumonr

(1976) have suggested rhåt the predonín¿nt cognítive n<¡de is analytic.

Loruer alpha time scores Ín the reft than in the rlght henisphere whcn

neicher are engaged in the feedback task may then be e_x¡:lained by

suggesLlng tlìat tl)e left hcmisphere is normally engagc<l in analytic

acCivity, Such an exPlan¿tiorì woulrl br co¡ìrìiriL{rnt with prevail ing

thouglìr.

Contingency M.anlpulatlon: llern ispheric Dj fferenccsrln c-ç¡

The evidence frour this study indicared tlìat the alphâ activity
of contingent and noncontingent saúe-sid.jd Itcnispheres dirl not cìiffer.

Thls fínding dlffered from those reporrcd by orhel investigator:ì (Uberlin

& Mulholland, 1976; Mulho11and, 1973; Ifulholla¡rd & Eberlin, 1977) wiro

ståtcd Llìat seff-co.tror and enrranccneTlt of ;rrph;ì Jctrvlty uas sr.gnlfícårìtry

greater in the contilìgenl as compar:cd with lhc noncontingent hcmisphcre.

The previous studies compared contingent hemispheres co their noncontingeÌrt

mates. Prcvious fi'.ings fr:orn bhfs study s.ggcstecl that such compariso¡.ts

dld lndecd fndica.t(] greatcr corrtrol in tlìe contingr:nt hemispheres. The

prcsent co.nl)¿trisons r,¡erc m¿¡rlc b(]tween groul)s. It appo,ìrs, llten, thaL the

.lsscrssì¡tìcnt of Llìcì cfIc(:tive¡rcss t¡f thc contJngcncy nanlpulttíon cìcpcncls

upon rlìe type of co¡nparlsons made, Com¡>arisons betveen mated henispheres

(r¡ithin groups) i.dic.tcd trrat LI¡c conL.i rg('n.y manipur ation !¡as effectivc,
whiJ.e cr)mparr:iso¡rs t¡n same-sidcd hcmÍsphcrcs (bet.wccn gr.tr¡,s) i.'rìic;_rt(ìd that

it rvas noL cff e.r:tive. A c.ution :is trì.rcforc i.rl-icatcd trraL experi.ttlcrìL¿rl

deslgn bc cousidcrcd when gcncralizing f'roru u given sct of. datiì.

This observation has irnpllcations for feedback studics in gcner:al.

It suggcsls th¡t selecrio' oI a comparis(ìrì g'orp affccLs tlìc cvalurtion of



Ehe feedback nanlpulaflorì, This observation Js conalstenE wltlì ¿r rcport

by 8rolund and Schallor¡ (1976), fhat the slgniflcance of biofecclback

tralning differed dependlng on the type of control group employecJ, sr.rch

th.lt signlflcant dlffercnccs c¡ccurred bet\rccrì an expcrfmcntal. and a

yoked-control group, buC noC bctt'ecn atì cxperimental ¿nd no fccdb¡¡ck

control group (for a fu1ler discussion scc Àppendix C). These observa-

tlons suggest thaf care rnust bc t¿lken tr) d(:t('rmine the adequatc comp;ìrison

or cont roJ. group.

The findings of this study furtlìer drrernined that alpha time

scores of the right hanlspheres during feedback and alpha tine scores of

the l.eft lrenlspheres during fccdback i¡rc¡:<'¡scd signlficantly, io ¿¡ linc¡:r

fashlon, Ás thc alpha actlvity ol tltc corìL jr)gcnt as wcll as LIteÌ lìotì_

contlngerìt henÍspheres lncreased significanLly, iL is apparent that aL som(.

point the activíty of the nor.¡cont ingL'n t hemispheres must have received

relcvant feedback. This m:iglìt be expecLccl, cspeciall y ¿ìs the norìcontíngcnl

hcnlsphcre did expericncc thc fcerlback of Llrclr contingent matcs (tlìough not

the feedback of the sane-sided concinge'nt henispheres). Furtherr the

hernispheres are hlghly inrerconnected (c.g. l)rnond,r9lz) and rhe likelihood

that symnìetrícal alpha activjty occurrcd bet!^'ccn cìontingerìt and noncontingcrìt

mated lìcrnispheres canrìot be ignored.

it ive SLrateÊries

The evidence frorn this study indic¿lLcd fhat t:cports of cognÍtive

str¿Lcgics dicl not differ betwcen hemir;plrcrc Lraincìd groups. 1'his cvldcnct,

1s conLrrry to th¿ìt rcl)orrcì(l l)y sclìwarLz ct a1 (1976) tlrat sub_i ectr' r(,1)ort.d

specific sLrategi.es for specific pattcnìs of as1,mrnecry. Investjgators

of task depcndent ¿ìs)nùnct ry (Butler & (ìl ass, ,]974; tbyle et al, 1971 i
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Galen & Ornsteln, 1972; Morgan et al, 1971;1974; Schvartz et a1, 1976)

have al.l rcported that langua,le and rìnJlytic t asl<s arc corrol¿ìt:od !rirlr

less alplra ¡ìctivlty 1n Lhc .lcIt than f n rl¡c rirìht hcml.splrcr., r,rlrl lr.

spatial, hollstic, and muslcal tasks are correlated vith less alpha

in the rlght than ln thc lcft heftispherc. ln Lircì prcsl:rt study thc

patterns of. asynmctry worc ltì tlic corrcct dirt.ction; hovcvcr, sriì).j(,cts

reported sinilar cognifive strat(]gies for botlì p¿tterns,

The ad¡ninistration of the Cognitive Str¿ltegies Questionnaiì-c jn

the present study differed fr:on that by Sclrrv:rrtz ct ai (1976). Sclrv¿rtz

et a1 adnínistered the quesLionnafre after each díscreCe bLock of

feedback trials, wher:eas, in the present study, the questionnaire ,,ras

adninistered onJ.y once, at fhe end of the sjc{.:ond session. Thj.s procc(Ìure

was cmploycd 1n ordcr to mini.njzc! any blrrs o¡. r.lucs srrbjccts coirIcl gct

fron rhe questlonnaire. spccifically, it v¡s fc.Lt that the adninistratio,,
of the qu(]stíonnalre during data collcctjon corrl.d affect subscqrrcrìt diìt¿ì

collIction. lJrì[oÌtr¡ìirr('ry, vr'rr)iì] ï(.port:r Ironr r;r¡rrjccts r¡rcìJr:;rt¡,d trrrrr

thcy had i:orgoLtcn vh¡rt sLriìt.gi(ìs thcy h¿rd uscd in the fi.rst session.

ThercIore, tl)e strâtcgy chosen as that ernployed most frequetìtly

r,/as the onc rvhich subjc(.ts trsccl durÍng thc sccond session and Lhought

thût tbey had probably used in the fjrst scssio¡r. ilowevcr, j.f subjccts

only reported thosc strâtcìgics rrseci in Llte Iin¿rj session, the obtaincd

p¿ìLtorns of asymDetry were sucrh that dif f.erc,nccs in cognitive sLratcgics

bctweclr grouPS L'or¡ld have beert cxpecLed. ,l'hcr.[ore, it seems tlìat thc]:e

rnasi rìo r('li¡L.i.,rrslrJ.¡l cvldcnl b(Ìllvce¡ì PûLLctrìs ()f. asylì¡lctry nncl sub-jcr:tivt:

rcPorrs.
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À flnal corEÛent nust be Eade about the questlonnaire itsel-f, Verl¡al

reports from subjects, during a debrieflng period following the final

sessfon, IndlcaÈed thaf lh.Ì qucstlonn¿lrc may not have bcen sufficicrrtly

deralled. Sublects reported various classcs of visual strategies, These

were: visual notor-visualizlng thernselvcs engagcd ln some notor activit),

vlsua.l plcLure-vIsuallz1ng a shglc ol)jc(ì1, c.g., Íacc, cul)c, Lrcc, ctc,;

vlsual verbal-vlsua L 1z lng a progressiorì oI nurnbers, leLters, or words;

visuaL fixed - these subjccts stared at lhe ç¡all in front r¡f rhem. It

must be menfloned that â11 subjects ll¿rd thr¡ir cyes opcn and tlìrt thc

experinenlal chanber vâs d j:nly illr.urínated, Unfortunately, these verbal

reporls cou.ld not be classified by group.

IE is obvlous that subjects did ønp1oy cognítlve strategies. IL

appears from the debrtefing responses that tlìe r¡ethod of soliciting ttrese

stralegles wâs not effectlve and that sLraLcgy categorles need to Lrc norc

detalled in order for a strilLcgy quesLionn.-ljre to be informative. llowevcr

tlìe pattern of al-pha asyüutìctry found in the present study were corrsistent

h,ltlr pâtlerns rcportcd by Sclvartz et al (1976) and r¡1rh patterns rcporr cd

by jnvestigators of lask dependcnt as).nnoer ry (e.g. Doyle et al, 1974).

If patterning of neural activity underlies che Érmergence of cognitive

rnd subjcctj-vc cxpcrLencc ¿rs has bee¡t srrggcsLed (Scltua):tz et al , 197(r),

tlìen one would expect that the presence of asyÍrnetric EEG activity would

be acconÌpaníed by spocifi.c cognitive experíences. As this \n,as not the

c¡sc in Llìe l)rcscuL sttrcly, arrd gÍvcn tltc linìitaLions of' tlrc Cognitivc

SLrategicrs QucsLiorìn¡ire, assess ìent oI tlrcr vali<litv c.¡ f lllc i¡Íorcnc'ntloncd

s lír tcmcnt cr¡Ììot [)c made.

(ir'¡rc r¡r I Cons fil(.ri¡t ir)rì

llhe ft¡clback ¡raradignr crnployetl .in tlìis study can be a valu¿¡bIe tool



for studylng the EEG acttvlcy of Èhe hcnrlspheres. Thls paradÍgn c¡rablcs

the researcher to cxamine the activlty of each heroispherc, while contingenl

and noncontlngent, and to dctermlnc tllc cffcct oI conLi¡ìg{!¡ìcy o¡ì maLed

hernlspheres, It enabl-es rleLermlnatlon o[: rhe responscs of individuâ]

henispheric activity to a feedback signal.; the contribution of caclr

hcnrlspìrcrc to pattrìr¡ìs of aJ plrr i¡sl),rDm('t Iy; ;rrrd to ljorr(,, cxt(,rìt, tlr(. (l(.gr(,(j

to çhlclr the alpha activity of homologous hemispheres arc int.:]:rel;rred.

In terms of clrrrenL theory, evicl(]ncc f¡om the prcscnt str¡dy (ras

unåb1e to ll.lumlnate a tangfble relationship bct\reen hønispheric proces-

slng of lnformatlon and cognitive activitles. While specific patrerns

of asyouetry were generated, tlìere were no specific cogniLive slr¿lbegics

correlated with them. This rarses the qucstion of whether patterns of

'eural actlvlty u'dcrly tlìe encrgencc of cognì.r1vc and subjecrive ex¡rerlg¡¡çss

as r^ras suggested by Schrartz et al (1976), or whetlìer cogiritive arrc.l

subjective experlencc rs some¡n,lìat cåusative of patterrìs Õf ne'urar activity.

Tlìe present study can r)ff cr support nc,itlrcr for ¡ror against Scì',rí1rtz et

rl ü¡r(l sr¡ggcsl-s Llì¡t: Irrrllìcr r¡:scarcir ln Llr is ¿lrc¿ ¡rccds to br: und(:rLi]ken.

Further, it appears that if hernispheric differences in processing

or informatlon Ldo exisf., that the feedbâck paradign had limited effective-

rress ¡rrobing Irrr Llrcn. Botlr trairìc(l llcn¡Íspì¡r:rcs rcsl)()ndcd sinilarJy t.

Ehe feedback t¿lsk, LlÌor¡glÌ tlrc left henisphcre seer¡ed L. exhi.bit so¡newhat

greaccr proficielrcy by thc end of the experiment, It \.ras r¡entioncd thal

if onc rcgards thc fccdb.l('k t.1sk as a vi¡3iran<:r:r task thc¡r thc f irr<r in¡¡s

¿Ire consjstent wÍth rcrports by Dinond and B e¡¡urno nt (1976) that ):i¡jht

herrlsphere perforna'ce ls aL a constânt lcvel, vhile left henispherer

¡rcrfornrancc inc:rc¡rscs in cIf it:.it-'ncy. 'l'Ìris r:or¡l(l indicatc somc cliffr:rcrncc



70

fn hexnlspheric processing, but at thÍs Point it is impossible to say uiìat

the differences mlght be. l)erhaps, 1f therc had been dlfferences in

cognltlve reports, some tentative conclusion could have bccn exJrre,;sed,

The evidence of thls sludy suggestcd that cauLion must be ,:xercised

in interpretatÍon of feedback effects. Mulholland and associates (Eberlin

& Mulhol1and, 1976; ùtu1ho1Jand, 1973; Mr¡1ho1land & F,berlin, 1977) stated

that control and enhancenent of alpha activicy is always greater in thc

h{a¡lsphere dlrecfly connccted to the fccdbûr:k path. I'his statemcrrL

lrnplled that thís r¡ould be Lhe câse for materd pairÍngs ancl for sa¡re-sided

pâirlngs, Mulholland and assoclates ol¡sc¡:ve d only mated palrlngs. The

presenl study provided evl(le¡ce consisLent wiÈh the above statcn('rìt for

roaÈed hernlspheres. Howevcri fjndÍngs from same-sided pairings \,¡¿r:ì not

consistent with the aboveEentione(l generalization, Further researclr

J-nvcstl.gíìtIrìg sarnc-sl,dcd ¡s; wc l-1 as nratcÌd hcmlspheres ls indlcâtc(1. It

i.s suggested Llìat shorter triå1 blocl(s to mininlze any fatigue efiects

and a grcater nurbcr of ex¡rerirental rìcssiolìs are necess¿lry to fuLly

examinc tlìe cff cìcts of thc fecdback t¿sk on paired hernisphcres. Ir ls

furtber suggested Lh¿t if reports of cognitive strategics are to be

collected, a better irìsLrunrent nìust l)e clcvcloped for soliciEing these

strâ t cgi es,

l¡r r:onclr¡sio¡r, thc findings indjr:atc lhaI subjccts can succcssfully

scl.f-generilLe s¡tcc.i[.i.c [)aLLcrÌ]s of iilplra Jsynì¡netì y and that tlìcse paLf erl]s

arc simil.¿r to tlìosc rcported for p¡rttern bjofccdback training a¡td for

t¿ìsk depcndent åslrtrnetry. Unfortunatel.y, the related cognitive concoûunílanÈs

lrarve ntlL l¡ccn uncovcrcd.
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Handedness and Lateralization of Cognltiye Functlons

Hlstorically, the rrem1sphere contrår¡¡tera1 to trre donln]nL han.r v¡;rs

thought to be the donlnänt Ianguage hernispirere (Geschvtnd, I976). Recent

research has lndicaterJ that while this m¿y l:c thc case for the rirajority of
rlght-handers (ar leâst 2/3 of the poprrlation, Lcvy, 197(t) it is not the

case for all left-handers (e.g., Levy, 1976; Marsirall, J.973; ÌfcGlone an<ì

Davidsorì, 1973; Warrington & pratt, 1973), Ivj-dence frorn neurological

studies (reviewed by Levy, 1976) inciicated rh¡r .language function is
lateralfzed ln Èhe rfght hemlsphere of left_handed subjects in a minority
(approxfmately 40if) of the cases. l.l¿rì:rlngron and prarr (1973), employlng

unll.ateraf liCI as a method of assesslng language lateralizâtion, reported

that 257. of the non-nerrrologlcal left_handed subjects cvidencecl rlght_
hemisphere lateralizarion for Language. It has been suggested that ]eft_
hande¡:s have a grcater degree of bilateral representation of language

functlon rhan rlghr-hanclers (lldcaen & Laugrer, 1971 ; 
',evy, 

1976; Srrbcr:rna,

1969). Whether functions attributed to the righ! hemisphere in right_
h¿rnders (i.c., sp¿lÈi¿ìL ancl other holistic ftrnctions), are lateralizccl to
the rlglìt or Ieft hemisphere in left-hatj(iers has not been deterr¡ined. Tbere

has beeu some evldence tô slrggcst that å lel.f_hcnisphere ¿ìdvantagc nt¿ry occur
for s.mrl lcft-ì¡a¡rrrctr inrlr'icrr¡¡rs .i'r sp¡Li¿l arcr musicar tasks (cord()n, r974;
llcGlone & Davtdso', r973). Because of thc confusion crncerning r¿1ter¿lriza_

tlon of cogritive funct:ion in reft-hånded in<Ìivicruars, the nìajorÍty oI trre

rcst'rrcir orì liìtcriìl1z¿lLiotr oI cognltlve 1'u¡rcLjon h¡s becn conclucted ort rÍght_
Itand cd srrb j ects.
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Cerebral Domlnance and Restfng Alpha Ämptltu(ìe ,\symnctrlcs

Smyk and Darwal (1972) investigâted wherher cerel¡rai hemfspherlc

donlnance, as deterrninecl by seventeen tesls of limbs, eye, anci ear prefer_

ence could be correlated !¡1tlì an asl,rûne t ry 1n the amplitucle of the alpha

rlÌythrì during a relaxed state. Fron 1ó6 subjccts tested, the 31r r,¡í th the

hlghest lndlces of donr'ance or lndtffe¡encc betç¡een rhe rrernlspberr:s rvere

chosen for EEG examination. These subJects were grouped j.nto lert doml_

nanÈ--I3, ri.glìr domlnant--3, an<l lndlffelcnt__1g. Analysls of the IDC

records revealed ûn attenuatfon of the alpira ¿nrplltudc over tl:e Icft

hcmlsphere Ín l5' atEenuatron ovcr the ritrrt hemrspheïe fn 6, arrd,o trif-
ference between the henlspheres l¡r 13 subJecrs. Correlation of the sub_

Jcctsr tesr results wlth the EEG results Indlcated thât agreenrent betr.,/een

the t\,/o occurred onJ-y when 96-J302 of the tests were positlve (i.e., in the

dlrection of Left or rlght) otlìerwlse! the tests !.rere very pcor predictors

of EEG ¿ìsyû¡.netry. l{lriJ.e significant cliffcrences in the alpha ampJ.ltucle

were reported for 2l subJects, in only cr,¡o cases was concordance bet\reen

Lests and EEC results high enough for Llìe asynmetry to be reliably attri_
bì.ltcd to ce¡ebraf dominance. Sj.x cases wi:rc narglnally concordant, 3 cases

were díscordan!,and the re¡nalncler of the 2l cases were questlonabfe. There_

fore, although Snrylt and Il¿r-vaj conclude LI)¿t attenuatton of tire alpha

rhythrn anplitucle 1n a rel¡txecl state reflccts doflìlnatlon of one hemisphere,

1t a¡:¡rcars fronì Llìc.ll results tllat alrlìouglt there may bc some asynûctry

1n rrJ.phl aÌrprrtude, Llrls &sy¡rüreLry caonot be salcl to reliably reflect cer_

el¡ ra I donlnancc.

ìlut.Lcr rrrrl crass (1974) have also adcrrcssed the*serves to tlÌe
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questfon of !¡hether alpha an )litude asymnetry durlng a relaxed state was

lncllc¡tlve of cerebr¿rr dtx,i-r;r'cc. [fiG rc'c'rcr.i.gs r.¡e ¡:c t¿¡kc¡ì f ron 4l right
and left-handed subjects cìu; ng an eyes-opeÌr and an eyes-ciosed condition

and the alpha cornponent was repatated out by means of banci pass filters.

Analysls of the dåta revc¿r1.,r rh¡t theì:e u;rs very 11tflc asymmetry i.. thc

alpha rhythm arnpÌltude wlìc,tì ,:r st:bJects ha<l their eyes open or close<ì.

Thls alpha syruretry during rrst r.ondltl.ons apptied to both ríght and lcft_
handed subjects. Butler ¿rr. Glass concruded tlìat there nas no rer;rr ionshi.p

bet\reen alpha asynrnetry and r:ercbral do¡ninance durlng rest.

Tl¡ere havebeen otheì fnvestlgators reportlng eltirer symDetry (Morgan,

MacDonald,& Hllgard, 197L) c,r asyrûnetry (Dov)e, Ornstein, 6 (;alin, J974;

Morgan, McDonald,& MacDonal.ti 19i l.) in the anplÍturje of El,C alpha activity.
MorSan et af. (1971) and llor ¡i.rn er a1. (1974) reporred grearer alpha anpll_

cude over the rfght hemlspht,:.c (jurlng rcst (or basellnc) concllr,ions i.n

closed-eyed subjects. Morll¡r;r et aL (L97h) found no aìpha amplÍtude

ariyntnìcf ry (lurirìg rcst fn an ,r.,,¿5-1¡psn co¡r<l jtion. l)oylc et al. (1974)

reportcd tlrat r^,ìlcn strbjccts .?r,r(, lnsIrr¡(ìf(,c] to ¡ttc¡rcl fo tlìclr brrathlng,

which the authors equatccl I,j:h nelltìra1 ì:esting condttion, asynnìetries such

as tlìose rcportcd by Morgan .:t aJ. (197j.) L,cre present in Èhe EIG records.



AIPENDIX C



90

llethodologlcaL Cr:ns l"dera t lons ln Iìeedback Research

Many sCudles have ll.]ustrated tltal v¡hen hunan subjects are giveu

exteroceptlve feedback on ilre state of a prrysrologlcar varlable, trrey ca.

learn to control that vari:ible. The list of responses that can be con_

trolled uslng a blofeedb¿r.:. t.cltnlrlue inr:lucle hcart rate (e,g., liea<JrIch,

Feather, 6 ilells, 1971¡ lt r j.gir¡n & .lohrrsr-rrr, .1.972), L¡1oocl pressure (e.g.,

Straplro, Schwartz, Ã Turs <,ry, 1972) , hunran salivary response (e.g., Frezza

& Ìlo11and, 1971), sktn te:¡ )er¿ìture (e.g., Roberts, Kernrnan, Á MacDonald,

1973), stngle rnocor unlts (e.¡i., i.e:lbrechr, l.toyd, & pouncJer, I973), ancl

aLpha rhyÈhn (e.g., Dervar, )968; KarnlJa, 196g; Nowlis & t*arnfla, 1970;

Paskewitz & 0rne, 1973; Vr llc, I975).

Though nany tesearci.ers (Brown, 1970; I(amlJa, 1969; Nowlis & Kamija,

1970; Peper, 1971; Val1e, 1975), ìrave reportcd thar lncreases ln occlpital

alpha actlvity occur r,rlth leecback Lrainfi]g, tlìere has been some questlon

as to whclher tlìcsc incr(:rscr; wcr. duc t() tlìc actual fcedbat:l<, or to hab_

ltl]aLion of the subject l( Llìr. exlìcr1ntcnLa.l. situation wlfh concomlLant

lncrcases ln alpha acrlv:¡ y (ljart, I96¡:l i I_ynclì & paskewltz, 197.t; piorkin,

1976), There havc becn sr.,tclie s, lrowcver, demonstrating that increases ln

alpha actívlty r,¡e¡e due t: f ,,,eclbar:k arÌ(l not lì¿lbituatlon. Travis, Konclo,

.Ìnd KrìotL (l914ai L974b) ìcp,_.rted Lhat subl(,cts,glven auditory fccdback

contl¡lgent on Llre presetì.:r: oI aJ-pha rhyt.hm actlvity, lncreaseci alpÌra act-
lvity sigltfficiÌlltly noÌ:c .harr dfcl sr¡bl.cL rcr:civlng random au<jitory fccd_

back, and sublects 1n a rolleedback corrt-rol g::oup. The¡je results have

r('(ìcìrLly I)cc¡Ì (l.csìt:i('n('d ry rrrorrrrrrì ¡nrr scrl¡¡1rov¡ (r976). r'rlcy f,'!!B(,sLcd tlìat
1lÌterpreL¿t1()Il ol Ihe dat r tl.orn tbc firsL study was cou¡,1tcate<J by
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slgnlflcanË dffferences exfstant between the experiaentar" and control

groups ât Èhe beglnnlng of tralnlng. Frrrther, data frorn the secorrcJ study

uereanalyzed fn terms of change scor-es from inítia1 baseline,whlch would

¡nake 1t irnposslble to deÊermine wherher ¡liÍferences found bet\reen the

groups were the reflectlon of lnltlal. basel tne dffferences,or were the

resuft of bloleeclback trafníng (cf. Brolund & Schaltow, 1976).

Studles conducrcd by UcarLy (Ig7I; IgjZ), ¿rnd tsrolun<l an<l Sch¿1low

(1976) reported lncreases in trr(' ¡rplìiì ir.t ivil-y ievcìs r'rf rìn cxr)(,ri'ì(,nLirr.

group givcn auditory fcedl¡ack i).lus an exLrinsic reinIo¡.ccr, I]catty (1971;

1972) fou.d that the probability of occurre¡r¡:e r',f alplr..r activiry cJuring one

second sarnpling perlods was signlfica.ntly increased in subjects recciving
audltory feedback contingent on enhaDcc¡)c¡rìt of alpha actfvity relâtive to

conlrol subJects, Brolund and Schallow (1976) reporte<J that subJects

recelving audltory feedback plus extrinsic reinforcenent performed signi_
flcantly better than a feedback-alone groul), a no_feedb¿ick control group,

and a yoked-corìLrol grclup. 'fhey further reported that, r./lrile Llr!,re was ¿r

sígnlflcant dlfference between the feeciback_alone group and the yokerì_

co¡ìtrol group, there w¿ts noL a sigrtif ic:;¡Ìt rl íf.lcrr,Ìt:c l)(,tw(!cn Llrr. fIr.riir¡¡r:k-

alone group and the no-feeclback control grcup. îÌre authors suggestecl th-at

in order to aclìieve overal.l significant Íncroilses ln alpha activl.ty sub_

Jects niust receivÉr adcquaLe feecll¡ack plus eïtrinsic rcinforcement. It
wou.l d be interestjng l_o kno!^, wirether thc (ìiIfcrences in apparent success

bcLwccn tlÌLr two cxl)er1flìenLiìl fecdl¡ack groups (fec<ib.-rr:k plus extlilnsjc
rcwilr(1, fcccib¡cli alonc) rvurc a resul.t of tlrt. brc:vlty ol tralnlng (ftve

4-ninuÈe trlals), or rvhether tlìese effects woulcl beco¡¡e nore pronounce<J

L'lLlÌ .lo'gcr rJeriods oI Lrairii.g. I¡urLrì(]r, i L wourd bc of .intercsr tL, l(rìo!¡
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r,¡hether or not the cxt rlnsic reiníorccr scrvcd as an ¿tdditlonal ¡!otivat-
lng facÈor, It has b,rr:n suggesred (ìt¡rdr & Kânija, 1976) thar for
slgnlficant increascs in alpha acilvity Lo occur, longer perj.ods of
tralnlng (1.c., tr,ro ol' norc scsslons) ilre ncccss¿lry. Thereforc, whlle

feedback plus extrinsic reínforcement might have produced significant
increases in alpha activity quickly, it may be that equivalent inc¡eases

Í.n a1.¡rlra ¿ìctivlty trsing ¿udlrory fccdhar:k r^,ithouc extrinsic rcinforr:._
ment would develop ovcr a longer period of tirDe. FurÈher, Lhe possibil.iry

exi.sts thlt the 1eve1 of ¡notlvation of the subjects may play an inportant
role ln the successful generâtion of significant lncreases in alpha

activity. An extrlnsic reínforcer suclr as that employed by Brolund and

Schaflow (1976) rnight have increased the level. of rnotivátjon of the

s.bJects experfencing it abovc that of rlìc othcr subjccts and iÌr this
way, contrlbuted to superior levefs of pcrform¿nce. (oodo, Trav-is, and

K.ott (r975), 1n a stu-ry of trìe cffecLs rf ¡¡oLivati'' on ;:l.prra cnlrancerncnt,

reporccd tlrat sub-jects r:ccciving monet¿.¡r-y rcinforccmcnt ($5 to $10) in
addition to feedback, enhanced alpha significantly noì:e than subjccts

trlìo did not rccejve additional reinfor¡:erme nt, or rvho receiverl only a

srnall amount oI reinforccnent ($2.50). These resu-lts suggest that

perfornance night be linked to lever of motivarion. Therefore, whÍle

ft- a¡rpcars t.lìilt ci:trirrìic rclnlorcc¡u(.'f ¡rlrrs fecclback Is ¡r¡r cIfecL.[vc

combinatiorr ovcr: slrori tcrn tr¿ining at lcast, it :t_s not clear whether

that effectivcness is due to tlìe extrínsj.c ¡:einforcer itself, or to sone

lncrc'¡se in moLlviìl i(tr.

'l'lìc sLu(ry by 13 rr>r.trr aurr sch¿ri..row ¿rso r¿rised Lhe issuc of
{ìPProi)rliltc corìtro-l [iJ'oups. ]'lre rcr;ulLs of tlìoir study indicated that
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there r1¡as no slgnificant difference betweern the f eedback_alo ne_grou p

und lhe co¡rtro.l group, but Lltat tl){:r(, vas it ¡j lgnlflcant rliIfercr¡cc

betwee¡r the feedback-alone and yokcd control group, Tile author

suggcsted that selectlon of an adequatÈ control grorrp could be an

lmporLant factor ln dctermrnlng thc effectiveness of th¿ feecrb;rck

treafment. the use of the "wrong" type cf control group coulcì lead

to mfsleading conclusions. Thc resul ts of tììjs study jmply that

grert care nust be takcn to determincì the adcquacy of control groups

when ínterpretating the results of feedback research.

A further consideration involves the infor-nation value of the

feedback slgnal. Þ'eedback can be binary, in which case the feedback

is either present or absent, or fecclback can be proportional, in
whlch case the feedback signal changes in intenslty as the alpha ampli_

tude or frequency incrcase or decr¿:ase. Hiìrdt ând Karnija (1976b) havc

suggcstcd that proPortion.ìl fc','db¡ck is roorc .1.Icctivc than binary fccd_

back. l{cvjcw of thc Ii tcrotr¡r.c ¡ìas slfllÌcstr,(l t.lìat Ll)is mity bc trrlc in

sone cases (Travis et a1, 1974a). Generally, reports of nonsignificant

al.pha enlì,1ncetìc¡1t have cone from studjesj using binary fce<Ìback (itord &

llarber, .1971: t.luliroltavl, 1972; paskcvirz & Orne, 1971; i)eper & Mulirolland,

1971; t'lalsh, 1974), whire reports of sigrificant enhancement of alpha

activj.ty have come f¡orn sturlies empJ.oyÌng proportion¿rl feeJback (plotk.in,

Mazer, & Lowey, 1976; plotkin & (Johe,n, 1976; Travis ct al, 1976 a & b;

Korìdo ct al, 1975). Howcver, there have been reports of significant
increases oI alpha activity with bi.nary feedback (TLrtone, I974), or with
bin¿ry fcctlback plus aclditjonâl ln[ormrt_ion (llcatty, _19/2; Bro_tund &

Sclritl.lov, 1976; llord, Luhin, Iiracy, ..1crr,^rlrr, {! Jolrnsr.:n, 1976), 
^t 

this
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polnt ft ls not possible to determine L,hether proportional feedback is

deflnitely and unqucstfonably nore effective than binary feedback. However,

the literature suggests that sinple binary feedback may not be sufficient

1n and of iÈse1f to produce slgnlflcanr erìl)ancement of alpha actjvity.

One further lr¡portalìt lssur: to consj.dcr when sturlylng irlpha

actlvity (either cnlr ìncenent or supprcssion) is the cffcct of the

occulonotor systclrì. Alpha írctivjty, c,sper:ia1.1y occipitcl alpha ¡rctivity,

rcsPond lo cyc opcni.itg åtìd (ìloslrìg In tllat ali)ilJ aclivlty is l¡l<>ckcd

during eye openfng aird returns when the eyes are closed (Mu1hol1a¡d,

1976; Plotk1n, 1976), Plotkin (1976), and orhers, (e.g. , Dewan, 1967;

Mulholland, 1968; Peper, 1970, f971) b¿rve shown thar alpha enhanccnenr

and suppresslon can l)e controlled by occu].omotor strategles (instrucLlons

to look or not to look). plotkirì, ln a series of experiments conducted

to deternine if enha,lcernent of alpha activi.ty could occur independent of

occulomotor stratcgi,js, rcportcd tlìat, subjccts glven proportlonal fcedback

legardless of tltc f_vì)c oI sLr;rLcgics (or:culomotor, cognitive, none) tirey

were instructed to rjnpl.oy, siljujficantly jncreased their a.l.pha activiLy
a htve subjects not ¿ iven fecdìrack, b!¡L empl.oying the Ídentical strategies.

!'urther, while sub.i L,:ts wlro rccei.ved occulornotor insLructions \rcrc morc

succcssfuf tlìan oLlt(rs (hrring a J.i.ghts-on condition, there vert: no dif_
fercnces bctwecn sul ;ects during a lights_off conclition, even tlìougtt

srrb.j c:ct:;' cr,,-es wcrc ,pcn unclt,r ¡ll contlit_ions. Experimcnts of tltis nature

suggcist tirat althour :¡ i*creases in alpha ;rctivity can occul. índependent of
occulomotor str.rtcg:.Ès, it is inportant to controf both for eye novenent

and occul"omott)r strirúcg(cs jn ordcr to be ¡Ì¡lc to appropriatel.y cvaluatc

tlrc d La.



Related Èo the concern about rhc effects of the occulomotor

systen on alpha activlty 1s the question of vhether subjecEs are able

to lncrease alphå activlty abovc that lc,vel recorded wítir cycs closecl

1n a dark roon. Lynch and paskewltz (1971) and paskr¡r,¡lEz anql Orne (1973)

have rcportcd that occlpltal alpha levcls canllot be signlficantly
fircrcased abovc the optlmum bascÌinc 1t,.,,cr s ,¡hrch arc rr,:c. rcr cr.r witlr
eyes open or closcd when in a dârk, qì.ric,t roon. Turonc (1g74), plotkin
(1976) and Travls ct a1 (1974b) havc rcporrccl smatl, rlìough significanL
lncreascs ln alpha abovc thcse lcveJ.s, Plotk j.n wlth cycrs open, an(l .l,r¡Lotrc

and Travis et al, witiì eyes close<l. paskcwitz antl Orne (1973) an,t plotkin
(1976) found that adclirion of â din ambicnr lighr enablcd subjccrs ro
better conLrol the alpha Ievcl. and enablec] productjoD of. significant
increases above basel in e,

Tlìe evldent suggests that given adcquùte feedback, and uncler

propcr cxpcrirÌcntal cond:itiOns, subjt,cts c:r¡r .l c¡lrn to control t[ì.ri r
al. plta ac tiv i f, y,



ÁPPENDIX D



NAMË DATD

1. Show me your: rlght hand Lef t ear_ right eye

2. Sho',¿ me how you:

LATERAL DOI'ITNÂNCD L\.A}IINÂTTON

throw a bal l
hammer a na1l
cut wi th a knífe
turn a door knob
use s cls sors
use an erasê r
wrlte your n¿ìme

TOTAL

fold your hancls
fold your 

" 
rn" 

--

DXA}fI N ER

top thunb
tucked arm

3. iJrlte full nanc:

l,rirl t c TELüVl S I ON

DH(

DH

)-__-=-secs, NDfl( ) secs.

__sccs. NDII secs,

5. Shon me how you:

6.

7.

ABC

(1)__

(6 )__

Conclusions:

lland
lìor.rt
Eye

(8)

qqto_Lqll L _-{'_:dr_!

(2)

(i)

klck a footbali foot B
srep o¡r a br,g 

--.--- .--[oul 
R

cross your legs_-.___top 1eg L

(4)_ (5) _
(e)_____ (r0)___

Mixeì Mainly R Srrongly R
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Insrrucflons fo A1 I SubJects

Todây ånd Èonorrow you lrfll be taking part in a biofcedback experl_

nent. lllofeedb¡ck ls a tectnlque uscd Lo lrclp ¡cople giìln control ovcr

physlologlcal acÈivities not usually Ehoughr of as controllable, in tlìis

case brainwaves, You r¿i11 have a chance, therefo¡e, to learn to conrroi

your bralnnave âctlvfty' To hclp us l,/ith our mcasurenìcr)t¡i .ìnd to proviclc

you wlth feedback about your bralnwaves, I will be attâching several sur-

face electrodes to your head and arn. I will explain the purpose of e¿ich

to you. Tlìe equlpnent you have seen will bc used to monÍtot vour brajn*

waves.

The sesslon víl1 last about 35 minutes and will consist of tr¿o

parts: a f0 mlnute adaptatlon perlod, and about 25 minutes of learning Lo

conErol a p¿ìrtlcular l¡r'alnwave pîttern, Dr¡ring tlìe adaptation pr:rIorl your

only task r^'ilL l.¡e to sit quletly wlth your cyÉ's open ¿.d to look str¿ight

ahead. You will hear â tone coníng from the speaker in front of you.

It wlll be on for a few m1¡ìutes 60 thac yo{r can become r¡sed to thc sound.

The lear'lng part of tlìe experinìent is broken into separate Lrlals. During

sone of the Lrlals you will be getElng feeclback or lnfornation abour your

brainr,¡aves and during other trials you will not receive this informaij.orì.

lrllrcn you ltcar rìtc bccp ovcr thc lntercon, you w[1l know th¿tt you wlll

recclvc Lccrlb¿¡ck ln thc r;rrbsequ('nt lt rlxl. i^Jllcn you Ilr.ít¡: tt/o Lccps yorl w1ll

know th¿rt yotr wI 1l rìot rccelve fec,rtback. lt i.s import¿nt fhat you (lo rìot

move around dLrrlng this pí.¡rt of the expcrinent,

Thc tonc' yorr wtll ìrc¡r lro¡n tltc spr,,irkcr in f ront nf you, durii)g tlìe



learnfng perlod, wl]1 provlde you wlth feedback, The presence and volume

of the tone fridlc¿ltes that the partlcular clcslrcd bra.f nçave patter¡l Is

occurrlng. The tone will go on or off, ancl gct Louder an<l softer In

response to that brainwave. 'rlhen the tone goes off <ìuríng the feedback

trials, it means that the partlcular bralnwave pattern has stopped occur_

ing. Llhen the tone is soft it neans that you are producing only a small

arnount of the braÍnwave activlty, When i¡ is loud it means you are pro_

ducing a great dêal- of the brai¡rwave pattern. your task will be to keep

the tone on and as lorrd as posstble. Do noL worry if at flrsc you can_

not keep the tone on. Thfs should be possible with practfce. Àre rherc

any ques t lons ?

Becausc Èhe records of brainwaves are very sensitive to novenents,

durlng the tlure I an nronltoring your brainwavcrs I would Iike you to sit
as quietly âs possible, keep your eyes open, and look straight ahead,

If you must arijrrst your position, please clo so during the tjme when you

know tlìat you r.r.ill noL bt rec:clvlng fcr..clblrck. Rc.rììcnÌber, tlìc only way Lo

keep the tone on is with your brainwaves. To sumrnarize, there are two

Parts to this cxpcrinìc¡lt -- an adaptatlon part, and tr l.earning part. Drrr_

lng the adapt;rtion p¡rt, yorrr t¿sk is to sit quictly. The lcarnlng part

is broken intù crials, ¡r feedback tr1al s.ignalled by one beep, and a non_

fcedback Lriirl slgniìtlccl by two bccps. Dtrring the fecclback trlal ),our

task Js to ¡(('('p thrr fccLlback Lorìe on ¡n<r ¡s r.r¡<J as possJ.brc. Dr¡ring rrìe

ruon-[cccll¡acl< trIal, your Lask 1s to sj.t qu1et1y. Do you have any (luestlons?

Thc. i ¡tcrcout coûnects thls roon with rhr: next room. If you neecl to

speak to mc, {)¡i 1f yorr fcel titât you cannoL (:o¡ltlnue ln Lhc projcct, slmply

call out.
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Cognitlve Strateg ies ()rresl ionnaire

To what cxtent would you say your strirtegy for Lurning on the

tone ínvolved tire following kinds of thoughrs?

Pfcase circfe the numbeÌ: ¡¿h1ch best represents your degree of

lnvolvement witll each of the f ollor^ring six thought categories:

1- not at all, 2 - sltghtly, 3 - Iess rt¡an half the ríme,

4 - half tìre tlnte, 5 - s.Itghtly nore than half the Clrne,

6 - more than half the tine, 7 - alrnost excluslvely,

(a) verbal (e.g,, ralking ro yourself)

(b) numcrical (arfthmetlc, colrntlrrg, etc. )

(c) visual (e.g., images)

(d) muslca.l (e.g. , tunes)

(e) emotional (e,g,, feeJ.ings of anger,
happiness, etc. )

(f) tlìinÌ(ing norhing (c,g., btank mind)

L234567

r214567

7234567

r234567

t234567
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Analyels of varla¡rcc on c-Latera.lrty sc.rc'.q: contrngency EffccL r)urrng

Peedback Trl al s

Source Sun of Scluares
Dcgrees o l-

Freedom (a) Mean Square

Mean

c

Error

s

sc

Er ror

B

BC

Er ro r
SB

SBC

Erro r
T

TC

Error

sTc

Error
BT

BTC

Errrtr

SBT

SB T(]

Ilrro r:

I
1

28

I
1

2t)

3 (r)
3 (1)

B4 ( 28)

3 (r)
3 ( 1)

84 ( 28)

3 (1)

3 ( 1)

r22 (28)

3 (1)

3 (1)

89 ( 28)

e (r)
e (r)

2s2 (28)

e0)
e ( 1)

252 (28)

4727.65625

547 52.99219

1403.I5059

175.83984

169.60t.56

347 .38'J7 9

238.59114

19 29 . 34 106

I93.trî298

.1.53.4218r1

44 . 584 63

227.39597

30,90625

13 5 ,64844

119.56157

I8 .22I3!l

19r.77083

91.23088

94 .22119

87.09547

89. 84 785

L55.73697

57.55554

83. 751 i 0

3.37

39 .00**i

0. 51

0.49

9,97**

o .67

0. 20

0 .26

1.13

0 . 2{.)

2 .10

l .05

0.97

1.86

0.69

47 2t .65625

547 52.992\9

39307.8203r

175.83984

169 . 60156

97 26 ,t 4 609

7r5.17344

5788.02344

r6249.27094

4 60 ,26563

133 . i 5391

I9I0L,26172

92.7787 5

406.94531

10043.17188

54 .66406

57 5.31250

7 663.39453

841.99609

783.85938

226tt 1.6 6016

14 01 . 63 281

518. 00000

2ir.06. 7 8906

( ¡) ..Nunbers fn pare¡.rthesis indicate the degrees of freeCon ønpì.oye<ithc conscrvrtivc F-tcst.
C = Cön t in g(ìncy
S = S css ions
B = Blocks
I = I rlol s

* P < .05
** ¡r < .01

*fi:r p < .00I

for
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Á.nalys ls of Varíance on C-Laterallty Scores: ContÍngency Effect During

Nonf eedbacl< lri ¿rl ¡;

Source Sun of Squar e-s
Dcsrcc " f
Frãed.,m (a) Mean squarc

Moan

c

Error

s

sc

Erro r
T

T(i

E!:ror

JI

src

Erro r

}.It62,9257I

1732.05078

66220 .53 516

19 8. 1.01 56

t1.05469

4s93.65625

359 . 33 203

436.96484

16467.26172

151.00781

J¿II,LJõIZ

11735.66016

1

1

1

I

4 (1)

4 (1)

LrZ (28)

4 (1)

4 (1)

112 ( 28)

LI62 .9 257I

Ll32.05010

222.).6196

198.10156

11 .054 69

164 .05914

89 . 833 01

I09.241.2L

147.O29Ll

31 .7 5r9 5

86.78418

104,78267

5 .23

7.80**

I .21

0.07

0.6r

0.74

0.3 6

0.83

Numl¡errs ln parcnfheses indicate the
the conserv¡t fivc I¡-tÒs t-.

C = Cor'ì I Iug cncy
S = Sessions
T = lrials
*p < .05

't,tp < .01

clegrees of frecdom enployed for
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Analysls of Varlance olì ll-1.¡L(ìr¿tl lty S((Jr(,s: Ilcm ls¡rlrcríc lì(..r(:t ¡vity
gffect Durlng [ecdback TrlaIs¡

Source Sum of Squares Degrees of
F::eedorn (a) ì4ean Sq ua re

lle an

it

Erro r
s

stt

Error

B

BH

!,rror
sil

sIJH

Error

1

TH

Error

sï
SlH

Drror

IJT

uTH

lirror
sllT

SI]TH

Ërror

I
1

?8

1

I
28

3 (1)

3 (1)

84 (28)

3 (1)

3 (1)

84 (28)

3 (l )

3 (t)
B4 (2ri)

3 (r)
3 (1)

84 (28)

e (1)

e (l)
252 (28)

e (r )

e (1)

252 (28)

54753.00391

4721 .66016

39307.99609

169.6015ó

l i5.83984

9726.7539I

5 7BB.03125

115.t7344

16249 . 19922

133 . 75391

460 ,26563

19I0I.26L72

406.94922

92 ,7 r87 5

10043.)6791

5 75.31250

54.66010

7663.390063

783.86328

848.00000

2?64r .6s23A

5,18.0039r

r401..63281

2LI06 .7 8906

54 75 3 . 00391. 39 . 00

4124.660t6 3.3h

1403.85693

169.60156 0.49

1.t5.8J984 0.51

347 .38403

1929,34375 9.97**
2 38 . 59114 r .23

r93.4428¿l

44.58463 0.20

151.42188 0.67

227 .39597

r35 .64913 t.13
30.9062 5 0 .26

t L9 .56152

191.77081 2.10

Ì8.22005 0 .20

91.23083

B7 .09592 0.97

94 .2222I r .05

89.84782

57.55598 0.69

155.73697 r.86
83. 75 710

freeclom employed for'*'Nurnbers irì piìrc¡lLlresls indlc¿ìte the <ìcgrces of
the conservatlve F-Èest.

H = llemlsplìcre Tra inccì
S = Sessions
ll = ßlocks
'l' - Trlal s
*P < '05

.r *l) < .0.1
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Analysls of Varlance on H-Lâterallty Scores: i.lernlspherlc ActlviLy

liffecc Durlng Nonfcedb¡ck Triais

Source Sun ol- Squares
Decrccs of
¡ reedonì (a)

Mean

H

Er¡or

s

stt

Error

T

TH

Error

ST

>Ìtl

Èrror

r732 .05078

1162.92188

6220.53516

11.05469

198. 10156

4593.65234

436.96484

359.33203

16¿)67 .25391

347.L3672

151.00781

Lt.7 35 . 66016

1

1

28

1

1

4 (1)

4 (1)

r12 (28)

4 (1)

4 (r )

1r2 (28)

1732.05078 7 .80

tL62.92188 5.23*

2?.2 . t6L96

1r.05469 0.07

198.101-56 r.2l

164.05901

L09.2412L 0.74

89.8330r. 0.6t

141 .02905

86.7841 8 0. ijl

37 .7 5195 0 . 36

r04.78267

\"/Nu¡¡¡bc rs ln jrJr(,nLIìesis lndicaLe
servatlve Iì-tcs t ,

LI = llen)1splìere T ralned
S = Ses s ions
1= Trl a ls
*p < .05

thc (ìcgrees of freedom for Ëlle con-
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Anal.ysls of VârfB.nce on Alphå Tlme

Feedback Trfals fo¡ Left Contlngent

r12

Scores: Contlngency Effect Durlng

and Left i,loncontlngent HemlsplÌere

Source Sum of S quares Deerees of- ì.1ô.,-.
I reeoolr (a) Square

Mean

c

Error

s

)L

Error
B

BC

Error

sBc

Error
T

TC

Error

STC

Èrror

BT

IJTC

lìrror
SBT

sBtc

lrror

r43703,50000

2622.6328r

45526.03906

2553,77734

181 .87r09

4rr5.26563

I346.59351

28.96197

3453,92993

53.04004

134 .03931

27 84 .67 432

I85 . 432t"3

20 .1"667 5

7 42 .60864
'¿4.49585

38.38452

522.57 446

14.07690

38. r8823

1852.98755

49. 70 850

46 .2429 ¿

.t897.68384

I
l

28

L

I
28

3 (1)t
3 (r )

B4 (28)

3 (1)

3 (1)

84 (28)

3 (1)

3 (r)
84 (28)

3 (1)

.t (1)

84 (28)

e (1)

e (r.)
252 (28)

e (t )

e (1)

252 (28)

143703.5rJ000 88. 38

2622.63281. r .6.1.

1625.92993

Z5r3 .t1734 17 .38*)4

I U t. 87t09 1.24

146,97377

448.86450 10.92**

9.65391 0.23

41.It821"

17 . 68001 0. 53

44.67976 1. 35

33.15080

61 . 810 70 6.99*
6 .7 2225 0 .76

8.84051.

8.1.6528 l 31

12.19484 2.06

6 .22rL2

1.56410 0. 21

4 ,2431¿t 0. 58

7 .35312

5 .52311 0.7'J

5.13810 0.68

'_t':-i1
(a)' 'i\iunl)ers 1n parenthcsls indicate tl.ìe degrees of freedom ernployecl forthe conserviÌtlve F-Èest.
C. Corì t 1n goìì c y
S = S es s lorìs
IJ = IJIocks
T = Trfals
*p < ,05

,t*p < .01
*r.'t¡.' < .001
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Analysls of Varlance on Alpha îinie Scores: Contlngency Effect During

Feedback Trfals for Rlght Contingent and IìIght Noncontingent Hemlspheræ

Source Surn of S quares Degrees of
Freedorn (a) Mean Square

Mean

c

Erro r
s

Error

B

BC

Error

SB

sBc

Erl:or

T

IL

Error

STC

Error
BT

BTC

Error

SBT

sÌlllc

Drror

r50730.12500

9 .00391

43916.53906

2248.7224I

5.66406

3790.6682r

1095 .9 7 87 6

ì39 
" 59302

'J459 .29468

93.29492

17I.7890ó

2799.67480

225 .III82
r7 .327 39

905.70581

38.44385

27.92657

786 .93896

48.8.t.763

30 .7 7 7LO

2224.09619

51.00879

r 26.25000

:¿51ri.06128

I
I

28

I
l

28

3 (r) t

3 (t)
84 (2rj)

3 (1)

3 (r)
84 (2 8)

3 (t)
3 (r)

84 (2 8)

3 (1)

3 (1)

89 (28)

e (r )

e (1)

'¿52 (28)

e (1)

9 (1)

252 (28\

r50730.12500 96.10

9.00391 0.0r
t568.44775

2248 '7224r lr)'61:'r*tr

5.66406 0.04

135.38100

365 .32617 8.87**
46.53101 r.13
4t . 18207

31.09830 0.93
57 .26302 t.72
33.32945

75.03126 6,96r,

5. 7 7580 0 .54

I0 .78227

12.81462 1 .37

9.30884 0.99

9.36832

5.42418 0.61

3.41968 0.39

I .8257 I
5.66764 0 .51

14.02778 1.40

9.98¿t31

(r)..
r\umD(j rs ln pirrcntllesls lndicate thc (legrecs offor tlte conservatlve F_test,

S * S cs s ions
ts = Blocks
r = I Ilals
C = Con tlngen{.1

*p < .05
**p < .01**'tÞ < . o01

freedo¡n enrployecl for
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Analysls of Varlance on AlplÌ¿r Tlnre Scores:

Nonfeedback 1r1als for Left Contfngent iìurl

t16

Contlngency Effcct Du r fng

Lt]ft Noncont ingcnt Ilemisplìcres

Source S unr of S qua res Degrees of
Freedom (a) Mean S qua re

2 i052.4 J',J59 95. t2

485.70703 2.00

242.35629

160.29224 4 .7r.A

39.44995 r .16

34.04094

4.ûtI3s 0 .43

L.40C)7 0 0. .15

9.40525

10.01.219 l 45

8.00592 1.1.6

6.g',¿56I

Ilcan

c

Drror

sc

Error

T

TC

Err:or

ìirror

I

1

28

I

l

2'8

4 (r)

4 (r)

rr2 (28)

4 (t )

4 (1)

rt2 (28)

'23052 .43359

485. 70703

67 85 .9t 656

160.29224

39.44995

935.14648

16.2854A

5 .60270

r053,38770

40 .04956

32.02368

7 75.66846

'*'Nunrbcrs .i.n p.rr.enclresIs
tl'ìe conscrvâ t.[ve ¡.-tes t

C = Con t l ngcncy
S = Sessiolìs
T = Trlals
*P < .05

lndlcaLe the dcgrccs of freetlcr¡ employed for
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Analysls of Varlance on Alpha Tlrne Scores: Contlngency Effect Durlng

Nonfeedback Trlals for the Rlght Contigcnt arìd llj-ght NorìcooLingcot Ilcmis¡r¡eres

Source Sum of Square s
Deqrees of
Frãedom (a) Mean square

Mcan

c

nrror

s

Error

T

IL

Irror

ST

stc

Irror

23886 .99219

267.4rr094

6538.6 71BB

172.50464

33.56665

688.81665

7.99414

t-0.59 766

r,076.06763

31.38110

26.9829r

829 . t2207

I

I

28

l

I

28

4 (t)

4 (1)

rr2 (28)

4 (1)

4 (r)

LLz (28)

'23886 .99 ¿r9

267 . 46A9 4

233 .52399

17 2 .50464

33.56665

24 .60059

t. .99854

2.64941

9 .6077 5

7 .84528

6.74513

7 .40287

7.0I**

1.36

r02 .29

t. t5

0.21

0.28

l .06

0.91

(¡)' ' j\rrmbers in I)¿ìr(,r)ritusts lnrlil'a¿e tllr.
for the coDservati\¡e F-test.

C = Cot¡t l[ì¡jc'ncv
S = Ses s lons
T = IÌ'1als
*P < .05

;t *p < .00J.

(l(.grùcs oI f rec dom c¡nploycd


