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_are due :to factors ~other than_ the use of feedback
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There has been . considetable Specnlation that' the et

biofeedback trained enhancenent of electro-encephalographlc

(EEG) ,alpha rhythn (8 - 13 &z) nnqht pnove to he a. useful

v.! "‘ ‘..l ' '... ‘
tooL in relaxation therapy ror stress—related *disorders AE‘- -f;ys€
. '”j )

cr

vell as a means of personal grouth and altered ccnscionsne

~train1ng. : !et several researchers have recently suggested

[

Amithat alpha 1ncreases observed durlng b1ofeedback traaning .,1;,

information. As well, there has been no experi-ental

confirnafion. of the learned ahxlity to !lscrilinate levels :

- of alpha in the ongoing ERG. Thus, even an understandlng of

T, .

basic alpha enhancement is 'currently 'lacking in'f~the.-
. R . ) . ‘ & ..“

. psychological literature.

°

The. rresent research was designed to study. the

_enhancenent and'self-regulation of an alpha EEG response.,

It“vas speczfically aimed at ansuerang four basic questions: .

(1) Do persons producang increased ‘alpha durlng blofeedback L

A

‘training do so by usang the nonentary informational ,conten€

of the feedback stinnlus? (2) Do alpha biofeedkack trainees

develOp an’ internal feedhack loof durlng tra1n1ng, enahllng

then to produce enhanced alpha vithout feedhack? (3) 'l;)o_,3

alphav biofeedback tralnees learn to dlscrlnnnape hlgh fran: o
9 R '.:&,;

low alpha content in thelr EEGS? ,and (u) Would a tralnlng&«

. ; . . *Q“,. )
. ' C o ‘ Ry
] ' . o . ‘ C . " v ‘ : o ’ S . . .
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'fProgtan SPGCifica
'lenhanced alpha levels actnally have that efrect? ”‘;.V

,right heﬁf’ﬁie;e’ alphar : Thtee one—hour traznlng se551ons

i;ancluded feedback t;{als altecnating with probe tasks, uhich.-
71 were de51qned to ptevide i_ nndepstanding of'é alpha :
A‘<enhancelent.‘ -Tﬁe' ptobes ‘vere an akpha tracking task,.an 7

_akpha practlce‘ task, and a control task, &11 "ithouth

Sesslon prov1ded trainees uith exthez addltional feedback. .

.
-
-

‘y designed to increese the persistence ot-c

,"; N K3 : , . . L lp

“tuelve, vplunteers uere psovided uith a. continuous_

‘ffeedback tone-thosa patch uas aodnlated by the aaplztude of

-

\« . - g

"fEedback, ,and delayed feedback probe taSk.-‘A fourth’v‘ L

Jkralning only or - in cohbinatidn v1qp delayed.feedback. The 91
'fpersistence 6f alpha uas evalnaxed in flfth 'sessxon.
. A *

':,.Alpha activity,_n s‘ 1ntegrated and ‘standardized uighxn-l

T e

se551ons by average'baselxne alpha levels.,

. v M
' N e

RS ‘Resulﬁs 1ed'to the following conclusions~ (1) Trainees

ot

“can. enhance alpha by usxng ‘the xlledfate 1nfornat1dn content

* nr

ﬁgof the ﬁeedhack st1lu1us.~ Alternat1ve explanatlons were
.7e1111nated by ns;ng a_ uithln-snhjects COntrol procedure

fcjln'OlVIHQ 'tﬁe ansignalled applxcatzon of delayed feedback.

(2) Traznees develop an endofeedback reference alloving

- "/ : _
fenhanced alpha prodnctzon 1n the absence of feedback. _(3),

-

.fTrainees learn to dlsctlnlnate hagh fron rou alpha-.strength:
'kln /fhexr BEGs. ',Ahd{ () the perszstence over tine of ‘the

-,trelned“ alpha response _lay be greatly 1ncreased by a

o
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training procedure uhich inclhdes ‘both ilnediate and delayed
N 3
feedhack trials, as , conpared vith standard training

AN

A involving only in-ediate feedbnck. .

-

. whiie the presént_reSearohpdoes;‘not: oddress colorful

" issues, 'such as the relation~betveqn alpha enhancement and

therapeutlc effect or change of oonSciousness, it ‘does

‘proylde support for the valxdity of the blofeedback trained

: alpha“ enhancelent phenosenon itself. | Such def1n1t1ve

Do

support for. and understandlng,of has1c alpha enhancelent has

been laqklng, and is, certalnly a necescary precutsor to tqe .

sany interestlng appllcatxons which have been proposed.

vii
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Introduction

y

ln.recent years therc has been :onsidetaﬁle interest in
the use of tiofeedback prccedures to eﬁhance the alpﬁa
rhYthml (8413‘ Hz) in human electroencephalographic (EEG)
activity. "In 1962 Joe Kamiya presented'a laadaark papér in.
which he stated that pergons could léarn to dlscrlnlnate the,
presence and absence of alpha in ongoing EEG. Several years
later, several ’investigators completed studies (Kamiya,
1968, 1969; Béoun,‘ 1570; Nowlis & Kaniya; -1970) -which
Aindicatedt that ﬁersohs presented with external feedback of
| their alpha, rhythm could learn to réculate' the anount» of
alpha they produced,,- Blofeedback vas. becoalng a rapidly-
growing 'novenent in psychology and health dlsc1p11nes,
offering neu technlqué$ for the exploratlon of psychologlcal
process . 'ahd mind-body relatlonshlps and proaising
‘ 51gn1f1cant therapeutic beneflt for a wide range of sonatic'
and pSychologlcal disorders. Perhaps dug‘to the postulated.
similarities Letween states of consciousness !producedl by
;alpha biofeedback tcaining and various meditative anad
conteaplatiVe disciplines, alpha biotecdbaCk has ridden the
' crést - of vthe wave of <controversy vwhich ghas ehgulfea’

" biofeedback since its beginnings.

= Part of this controversy has centered on alpha as a

learned response; it .has even been suggested'that alpha

3
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increases ogferved during feedback are not the result of

learning (Lynch & Paskewitz, 1971). .Afso,»there.has»beén no
validation or replication of Kamiya's observations of alpha
discrimination. Thﬁs, even an understanding of tasic alpha

enhancement is. hot agreed upon in the literature. The

. present research was designed to study the “ehhancenent and

self—regulatién..of an alpha EEG response. It was aimed at

providing  satisfactory dnSwers to the followingﬂ' four

toe

questions: (1) Do persons produqing increased alpha iﬁ the
biéfeedback training'sithation do so by using the moment-to-
nonent’infériation available in the feedback stimulus? (2)
Do alpha biofeedback trainees learn during their enhancement

training to wﬁjSCtilinate' high from 1low alrha content in

their EEGs? (3) Do alpha biofeedback trainees ghevelop ‘an

' internal bfeedback lobp during training which wopld allow

them to extend their ‘alpha increases beyond the point"at'

‘which feedtack is ~withdrawn? and (4) Would a specific

training prcgran, designed to‘inqrease the petsisténce ‘of_
the . trainéd' alpha respoanse actually have that effect? The

‘concepts and empirical findings relevant to each of #$hese

*

four issues will be reviewed, establishing a context for the

/

ptesent_research undertaking.

o~

D e e . T e e ——— i

There are Some basic experimental conditions which,
affect the definition of the alpha responsé~0r'the”nature df>



the enhanceasent . task.. 'Some -of these basic issnes are

?;‘ o eledtrode..placement,mmeyefLinstructions,_”quantificatioanf”luh
ﬁ : S alpha, experimental environment, ' type of feedback, and
% S ' arrangement of training ﬁridﬁs. These issues are of

%. . importance in anmy alphafbiéfeédback research. The fact that

% B researchers have selected a variety of conhinations of

R M

experinental cohditions uakes it very difficult to

neanxngfully ‘compare the results of thelr studies vith each

‘ other. Since these issues are inportant, but the presqnt

;, S research does not .deal with them experinentalli, a
r' - discussion of thes is included in the,Appendir.

. The early literérure was crgticized by Lynch and
éaskeuifz (1971) for‘;' lack of. experinental ccntrol 'ror
varioﬁs extraneous experimental and ‘narﬁral effects.
‘Pactors named by ithel‘ and dthers as ‘cenfounding 'the

interpretatibn of alpha biefeedback research include.
.enhanced alpha due to: (a) natyrally rising‘;baseline,' (b)

evocative effects of the s 'sitwation, (c)

instructional effects, and notivationalArievel' and

subject-experimenter interattioms. - These factors will be

discussed in crder.

'“Rising haseline‘alpha activity, that is, [progressively ~

P T Y AN 1w o S0 %, B8 G R e e tir te e ot T

increased ancunts 'g\alpha\nanlfestlng durlng rest perlods »
- . . between feedhack tralnlng trlals, plagued early alpha
researchers. ‘Kallya (1969) obtalned restlng alpha levels

A
Al
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.nearly 1dentical to the: enhanced 1evels with feedback. ~and

"5'1nterpreted th1s~-as ev1dence that suhjects preferred thelr
.neuly—acqulred elevated levels of alpha. Hart (1968). also

'noted that subjects not prov1ded vith direct feedback

produced progressxvely 1ncreased alpha durlng sessxons.

Lynch and Paskevltz (1971) suggested that any 1n1t1a1 alpha

hase11ne uould llkely be depressed by ‘apptehensxons abqut

the  novel s;tuatlon, and would recover vith hab1tuat10n to“

fthe.Setting. Thus, unless haselxne is recorded at least at

the beg1nn1ng and at‘the end of a ses51on, there is no way

.to separate ‘the possxble effects of genulnely learned alpha

enhancement from risipg hasellne actlvlty. '

ynCh- and Paskeuitz (1971) have suggested that alpha -
1ncreases observed during blofeedback tralnlng vere the

result of d1s1nh1b1t10n of those 1nf1uences thCh block the

normal production of;alpha. optanal basellne, alpha 1eve1,~

.

recorded with 'eyes closéd in the dark,_is depressed when a

person attends to-his surrounds; the‘ biofeedback trainee

does - nothingo more than :becole4 less attentive» to his

”envlronnent as he adjusts to the novel situation. In a

later stndy, Lynch, Paskeultz, and Orne (1974) found thatv

there vas no dlfference in alpha generated over . trials for
‘\

subjects rece1v1ng contlngent versus noncontlngent feedback
s{gnals. ‘Both ~groups ,denonstrated sxgnlflcant llneara

" jncreases over trials, and the patterns appear 'alnost

[N ‘ . v
identical, as noted by the authors. - They remarked that

¥
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“alpha densxtles observed in . the feedbgck sltuatlon have

lless toldn Hltb feedback per se or a learﬂing processr thanilb

’ Hlth " the sxtuatlon and Ss'— own" natural alpha denslt;es"

o

'enhancenent as the effect of learhlng due

Tt was_postulated that the disinhibition “of |

(p. 399). 1hus, the sttalghtforuatd interp etat1on of alpha

tofllnformatlon

present in’ the feedback stllulus was serxou:ly queStloned.

‘ factors‘ that

block alpha could, accqunt{ fof.biofeedbacklgfcduced alpha

enhancelent and for the similar . enhancelent pfoduced by

subjects rece1V1ng no or noncont1ngent feedbackf

Hhile. attentional factors are 'uSuallyfthcught‘ef.as

being capabie of'blockinge alpha a ctivity;i-uotrell. (1966) o

vldentified 51tuat10ns~ in ubich ‘alpha could be 1nduced by

stllulus 51tuations. uulholland and Evans> (1966) provxded B

ev1dence for the anolvenent of tbe oculonotor systeu in
e11c1t1ng d1fferential alounts of alpba.r Ev;dence that the'¢
feedback tone 1tse1f can evoke 1ncreased alounts of alpha
was glven hy Selzer and Pebnl (1975), who vere successful in

drlvxng alpha with rhythnic audltory 51gnals nesenbllngr

.

'gfeedback.‘~ Hhile this result has not been substantlated for

'fbaCtual ?feedhack"s1gnals:bthelselves, even. slight 'alpha-

 increases’ produced in this. ianner 'conld’*lead' to alpha

-

strength reachlnq and celalnlng at laxinun level;' thrduéb'

dthe. operatlon of‘xa posxtxve feedback systel.‘ Additiona1[

- _ev1dence suggest;ng a’ 39551ble evocatlve effect of feedbaCK

luas provaded by Travls, §ondo, and Knott' (1974a), vho found'

e
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that yoked contro Subjects receiving feedback‘generatedﬁtbyi.

palred experlleptal subjects*r-increased~m~theirA alphai
sxgn1f1cant1y sore than a group not recexvxng <feedback atl
all, but less than the experlnental subjects. .A~readj
1nterpretatxon ls that the enhancenent produced by the yoked_
subjects_iwa -_due. to evocatlve and other' uncontrolled
effects,l | uhilel .additional | enhancelent .produced by
experllental subjects vas’ due to- learnlng.._The_ enhancement
shown .by . the Lynch ‘et. al. - (197&) subjects -receiving
‘fnoncontlngent,feedback could be 1nterpreted as being due. to
evocative effects ash, uell ‘as dlSlﬂhlbltlon. - Thus, the
feedback sxgnal itself and perhaps other conponents of the,‘
-experlnental settxng . may be capable of leadlng to enhanced
alpha act1v1ty uhlch could be sistaken for learnlng._ This
_possiblllty 'iust be controlled for if one v1shes to claln'
that learnlng has occurred 1n the\ blofeedback 51tuat;on'

'that is,” that enhancelent is due to the subjects' use of

1nfornatlcnal content of ‘the feedback 51gna1.

A thlrd and very sensitlve 1ssue in alpha research has
L beena the effect 'of lnstructional set upon nhancenent K
o perfornance. Beatty (1972) prgvxded subjects 'Hlth elther

ufeedback alone. lnstructlons‘ alone, or both‘feedback~and'

';instructlons.: He found that all three‘ groups 'did-'equally B

© o well at enhanc1ng alpha, and dld s1gn1ficantly better than”,
' : '. P . — ’
. control groupsv rece;vlng no-feedback 'or . 1nappropr1ateh

i[instructions;" “In. a :lore conprehens1ve study, Plotkln b



(1976a)‘found that oculonotor instr tions - e-phusizing a
-‘biurring “of. focus couid :produce siguifioantly iucreased
‘alpha strength, and that subjects receivlng both cculonotor
. instructions and proportional feedback showed the greatest
'enhancelent.‘ Rouse, Peterson, and Shapiro (1975), 1like
Beatty, “found that the effects ~of short;tern feedback
depeuded completely upon ihstructional set. Thus, it
appears that at least a 51gn1f1c;nt part of the enhancement

produced.hy subjects 1n soné‘blofeedback training situations

'may be due to the nature of the 1nstruct10ns.

-

In most  human perfornance research, including
biofeedback, the interaction between the subjects and the
experimeuter and motivational levelo of the‘subjects must be
considered. The suhject-experinenter interaction ha; been
thoroughly revelved by ' Rosenthal. and' his colleugues
(Roseuthal & Rosnou; 1969). Ilportant components of this
' xnterpersonal interactlon include the subjectts desires to
_please the experxlenter, to be judged pos;tlvely, to. conflrl
or disconfira experllental hypotheses, and to ccoperate or
:‘resist. Experimenter behaV1ors,‘ and launer, subject
sophistication -‘in psychology, 1 ahd‘a consequenceé of
part1c1pat10n‘ can al uffect notivatioual and cognitive
conponents of the experllental part1c1pat10n. "ﬂhen these
"effects are collectlvely consxdered, the ulportance of
s experlnental control through double—bllnd a551gnnent of

]subjects to- groups or through ulthln—suhject procedures lust



become a strong consideration.

There is soae evidence from biofeedback experiments

estab11sh1ng the importance of motivational level for
performance. , Kohdo, ~ Travis, and Knott (1975) have

delonstrated that paid research ‘subjects given ‘a five or ten

4

‘dollar bonus for a. certain_.level> of alpha enhancenentg

produced more alpha during feedback training than did i

1shbjeots.receiving no bonus. llso, Valle and Levine (1975)

have conducted research in which subjects vwere infqrned'that
they * would be rncreasing or decreasing~théir'alpha,levels.

The subjects wvere then given feedback for either increased

or decreased alpha (a 2'x 2 design) . Subjects who had been

led to believe that they would be increasing alpha dia

better . at both inorease and‘decreqse tasks, which may be

interpreted as an increased motivational effect on

'perforlance faor subjects . %ho believed they: would be
increasing alpha (desirable task).  Thus, - Hotivational

‘effects cah be potentiéted eirher .by diréctlyvproviding

»

extrinsic  reinforcers, or by creating expectancies’

concerning positively-valenced tasks.

The most solid _support for the effectiveness of the

_lnﬁornatlonal content of the feedhack stimulus in 1ead1ng to

'enhanced alpha comes froa studles by Travis' et al. (1974a)
and Plotkin (1976a).“ Travis and hlS colleagues investzgated.

ejesropen alpha enhancelent,. elploylng ~an experllentall

#



'group, a yoked—control group,‘ and ‘a‘ no;feedback Acontrol
ljgroup. Subjects recelved six ten-minute practice sessions
on each ofstuo days, the exper;nental and yoked subijects
belng paxred and run sxlultaneously. Alpha was measured as
per—cent time above a non—arbitrary, 1nd1v1dually deternined
_threshhold, and feedback vas provided by the binary state
.(off/on) of._a lamp. Results from Day 1 indicated that the
experilental group.euitted more criterion alpha than either
control ’group} and that the yoked—control group produced'

pore alpha than the no—feedhack group. on Day 2 of the‘,
.experlnent,- the . prev1ously yoked subjects recelved genulne

'feedback,. and perfbrlance reached - the level of" the
experimental gtoup.. Oone disturbing result uanthat.the
a-ount of alpha increase over trials appears *to have been
ndapproxlnately. equal for the experimental. and yoked control
groups.’ The difference ‘between experllental ‘and control
subjects! 1enhancenent as confounded hy differences ‘in'
vinitial hasellne. A follow-up 1nvolJ§:% seueral addltlonai
“subjects ‘revealed a difference 1ndependent (most likely) of
'Lorlginal haseline, hut the differencev hetueen experimental
.:and ’yoked ‘groups ‘was due to the first tvo or three minutes
of training trlals. thle this does not negate the results,_
the authors thelselves noted that "the performance curves do
| not reselhle " typical . acguls1txon ‘curves found in the5
._developnent of' conditloned‘-responSes“ vlp. 173) . ‘Oother

et

,vstudies_(Cleeland,ABooker, & Hosokawa,'1971; Strayer, 1970)



~with .less adequate”'-ethedoloqies- than the Travis et’al.‘

. study enployed control subjects yoked in an off 11ne‘ nanner

LN

(recexving feedback taped froa experllental subjects),’and

: reported no 51gniflcant differences betueen exper1lental and_‘-

'control subjects.

| f Plotkin's (1976a) study.cf alpha enhanceuent provided
subjects' uith ‘either feedback ;or no ’feedback plus
OCuIeloter, cognitive, or no dnstructions. .,Subjects“ vere .
runT in sessions' with both 1i§hts “on ,and ofﬁvréﬁﬂ'hadv
enhance, suppress, and rest trials vithin.~sessionsur ”Tbef~

chxef result of 1nterest here is that subjects rece1v1ng

- feedback d1d sxgnxficantly better than those rece1v1ng no

feedback, and ‘this -result vas strongest for the llghts-on

‘sessions. _Also, only -subjects recexvxng feedhack shoved

‘_ trial- to-tr1a1 increases in alpha. 0cu101otor 1nstruct10ns‘

]uere superzor to cognltlve 1nstruct10ns, but only vith the
llghts en,“ and oculolotoru 1nstruct10ns‘}alone - (but not
:cognltzve xnstructlons) were 'egual to "feedback alone. in
efproduc1ng enhanced alpha. ‘ The feedback-7p1us cculenotor

1nstruct10ns prcduced the greatest alpha enhancenent.

:'1:
f_Plctkin's ‘study reasonablj vell denqnstrateS's’the-
: effectiveness of l.the. feedback stinulus in producing
1ncreased alpba.k That ‘it\f” thev infernatienai“ contentli
rather: tban' ther evocatlve effects could be supported -ore:

o

Strongly iffthere had been a group of subjects rece1v1ngn"



noncontingent feedback,, in addition to a no-feedback
-control. Also of concern is that the alount of enhancelent‘
. igs K’notl‘ uery - large.. The feedback. plus oculomotor’
1nstructions group, producing the most enhancelent, had ‘a
'}gnean ‘alpha strength of 2u 9% greater than base11ne level.

Hardt and Kanlya (1976b) attrlbuted the low enhancenent
v'_levels to. the ~'nature of the e?hq\Open plus lighted roon _‘

'.conditdons, vhich  vere said to insure that Plotkln uould be‘

s studyxng the recowery of ~alpha to normal haselxne level

"rather than learnlng per se.; There is ‘as yet no strong‘_
A 2 .

evxdence ccncerning what paﬁt learnlng, that 1s, the use of .

feedback 1nfor-atlon, plays in alpha enhaqcenpnt produced‘

during non-extens1ve.~(less' than tuo hours)’ bzofeedhACkfffzq

V

training. Vl"gﬁ"‘jdf S C o T.li

~ The present study.  is concerned with assessing  the

- effect:‘ of . the'“ipforuational ‘content of ‘the .feedbackﬁf‘f;

, L . S . DL
stinulus,. apart from. all other .factors, in producing. . -

enhanced alpha “during hlofeedhack training. - A uithiné?;"*

subjects control prochufe is. enployed, thch lininatee-f'J'

.

1effects of r151ng basellne and dls1nh1b1t10n, alpha evokedﬂ::”:

by exper;aental condltlons, dlfferentlal 1nstructlons,"andf"
f-otlvatlonal andf socmal . psychologzcal variables.'
'experllental 51tuatlon. The technlgue elployed\1nVOlves the"

I emlie
-1nsertzon 9f tralnlng trlals v1th a. feedhack 51%na1 delay of

,1anine seconds betqeen regular blofeedback tra1n1ng trlals-

’;Delayed feedhack trlals are not detected as heing dlfferent :

N 0

- k '\7.



. by subjects (as dxscovered durlng pilot research),~ vThey,

2 rresenble regular llnedlate feedback conpletel) ‘except for
| '1the tenporal correspondence betveen EEG and feedback slqnal‘ f
hus, 1f subjects uho show alpha enhanceaent during regulat,
'feedback suffer.la 51gn1f1cad¢ ﬂ%op in perforlance dur,ing
;:delayed feedhack,‘and then recover to foraer levels of
enhanced alpha durlng subsequent regular feedback trlals,
.;“Sev1dence 1s provided for the effect of inforlatlcnal content
L:of the feedhack, apart fron otherv ‘factors, in produc1ng
:_alpha_enhancelent. u o
& ) Alﬂ_hﬂ Dl§g§;§;ngt;0n

»

) Althoubh research in the self-regulatlon'of alpha vas
-"»_5d£n‘ largely froms Kaalya s (1962) study .of: alpha
‘descrillnatlon, the llterature Stlll contalns no controlled
‘1jstudy verlfylng the alpha dlscrlnxnatlon phenonenon. Yet it
1.715 often_ acsuled that learned control of ph151ologlca1
fact1v1ty is based upon successfully dlscrlllnating dlfferent
:dilevelsi of he relevant act1v1ty. Kanlya (197“) squested
.izakthat "suhjects should be trazned to a hlgh degree of coutrol '
Jlfﬁffofﬁafthe : phys1ologlca1 leaSure { to B strengthep thexr
h;idiscrllxnatave grasp of the ablllty involved" (p.v 36).

4l1f28udzynsk1 (1973) fhcluﬂed 1ncreased. "auareness . 6fj'

'-phq51ologlcal actlvaty, as distlnct frOl'controI of, it, as a -

ffgoal of blofeedback tralnlng in therapy. This aSsuaption of .

',dlscr;lrnatave . ablllty ' certalnly -follous' in . a
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‘phenomenon, it

13

stralghtforuard manner from learnlng theory; control 1np11es

dlscrlmlnatlon because a correct response must be based upon

S

correct dlscrlmlnatlon ‘of the valternatrves. If, however,

'alpha increases ;durlng blofeedback training were, as

suggested by Lynch, et“al. (1974), - not due to learning,

apparent ccntrol ~of 'physiolodical activity might manifest

,ulthout dlscr1m1nat1ve ahlllty._HOr pbssibly} as they report
: T a

: \
in their research, perfect d1fferent1a1 control, uhlch they

accept as"evidence . for gdiscrinination ability, ‘would be

-

evidenced ~at  the Sutset of training, rather than  be

gradually "acquired ‘as is usual in discrimination learning.

Thus, whlle a demonstration that perSons uho‘rlearn  to

controi" their alpha also gain discriminative ability

gradually wculd gft prove that alpha control was a learned
would sake that interpretation considerably

more’plausitle.

vKamiya;s’(1962)ediscrimination research vas based . upon
a' 51nple discrinination iearning  design-.’-subjects‘were ’
connected to EEG monltorlng equlpnent (occipitaln.monopoiar;
placement),., and’_tﬁex EEG tracing wast‘ObServed ny the -
experlmenter, who rang a bell durlng 'randonized ralpha ;and;«j‘

nofalpha perlods 1n the EEG. The subjects called out thelr

',guesSes;(A or B) , 'and were then glvenv verbal. feedback

(correct or 1ncorrect). Perfornagce on thlS task progressed
from essentlally chance 1evels durlng the f1rSt hour to atir

least 80% correct for all subjects after 50 to 500 trlals,‘ ;~



(=4

Some subjects achieved 100% scores. These results are
certainly iampressive, but must renain suggestive due to only
minimal controls. 1Interactions betveen the experlnenter and

the subjects, selectlon of alpha and no- alpha perlods, and

.timing of B%ll -rings mlght have contrlbuted in some way to

the obtained results.

4

Legewie (1975)  attempted to verify Kamiya's alpha

‘discrimination results, and used a similar discrete-trials

. discrimination - learning paradignm - plus rigorous

methodological controls to rule out potential extraneous

factors. A lab computer selected brief intervals from

on901ngv EEG and ‘presented an audible tone to the subject,

" who was then to estimate his' EEG activity preceeding the

toné.. In one part of the study the subjects responded by,
adjusting the position 'of a 1lighted cross im a two-

dimensional computer display screen. The response was

followed_by a dot plotted by‘the computer>“fepresenting the

actual 'EEG activity. The two axes represented period and’

amplicu:e of the EEG. Duration of the criterionlEEG periods
and amount and séecing of fraining trials was varied among
six subjects, each of whom was considered ~a separate
experiment. Subjects received‘between 150 and 800 trials,
all with feedhack. Results 1nd1cated that no discriminative
ablllty was galned durlng the tralnlng, even after- tralnlng,

there vas ho‘ better than chance association betveen

estimated and actual EEG states.
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In. order to confora with Kamiya's binary choice task as

.
[

afmeasure of and technique for “training d1scr1n1nat10h,
Legewie simplified the task for three additional subjects,
requirlug a %1nary button—push to indicate alpha and no-
alpha. Tuo‘ of the subjects, re691v1ng 400 and 800 trials,
respectively achleved 51gn1flcant hit rates of 58% ‘and 55%.
There was, however, no significant increase in accuracy over
trials (trend analysis), suggestlng that "a discrinination
wvas not learned over tralnlng. A further study reported in
the Saue paper conflrned the results and also evidencqg no
_pifference. in discrimination ability between subjects who
had‘ received genuine VvVersus random feedback. Legewie
suggested that~ the negotive findings may have been due to
‘ his arbitrarjl experimental conditions, such as having
selected  brief  EEG intervéls as the ooject of
disorimination; and havihg selected eyes—closed occipital
. EEG. It is possible, as notedtby Legewie, that experiﬂsntel
'condltlons precluded obtaining positive results. If it is
true that substantlal cognltlve ‘states are asscciated with
changes in. alpha act1v1ty (Broun, 1971;: Kamiya, 1974), then
the two to four second criterion perlod may have been .t
brlef to allow for the necessary dlscrlnlnatlon. ‘

' (1975a) suggested that the essential difference ‘between

Kaniya's and Legeuie's results was ~ due to Kamiya's warm
‘personal approdch versus Legéuie's impersonal computer;

Ka-iya's ‘approach may have allowed subjects to‘produce nore
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. variability in their alpha patterns, thereby making the

discrimination task an easier omne.

Another possible explanation for Légevie's failure to
obtain  algha discrimination is  that the simple
discrimination task is wmore conmplex, "from the subject's .

point of viev, than it seems. 'First there is a signal-to-

'respond, to which the subject -must orient. This orienting

may be evident .cognitively as well “as in physiological

reactivity,‘inéluding transient EEG response. The orienting

_fesponse lay' change (habituate) = over trials. Next, the

: sﬁbject pust recall his activity fpreceeding thé signal-to-~

respond. It is certalnly possible that the or1ent1ng and/or
the storage. requlred in the discrete-trials d15cr1m1nat10n
learning paradignm might interfere with the delicate task

itself, either by 11n1t1ng the variability of the paraneter,

as suggested by Hardt (1975a), or by requ1r1ng a level of

information processing which is incompatible vlth

discrimination ability itself. Addifionally, vhen the test

trials are not ‘distinct"from the trainipg trials;, the
processing‘of thé‘post-trials feedback light also complicate
the task. This analy51s applies to ‘both Légevie's and
Kamiya's resegrch, but may have operated d1fferent1a11y fo
have allowed less restricted variability of EEG and less

interference due to timing of triais and duration of

.criterion 1ntervals in Kanlya's uork. This analysis must

_remain speculative, but would suggest that some wethod other



than a discrete-trials training approach for testing or
training algha discrimination night have a better likelihood

of obtaining successful discrinination.

The term "alpha discrimination" has been used to denote
something other_than the recognition of’alpﬁa in the EEG, as
in the research of Kamiya and Leéévie. Brown (1970) used
the term to. refer to the diﬁference “between alpha abundance
during enhancement’ training trials (with feedback) maad
adjacént rest trials (no feedback). Plotkin's -(1966a)
discrimination score wvas based on‘a'@ifference between alpha
during eahaaceléﬁt ‘and subpressionv trials,'.both with
feedback. - Poth Brown's aad Plotkin's definitions' oﬁ' alpha
discrimination are operationally based 1hpon' ﬁerforiance
during‘feedtack’trials._-Such an intérpretatiOn, therefcre,:
leaves no clear distiaction .between ‘discrimination and
control of aipha. '~ Since the tuo\ can be.-.separated
itheoretically - and exéerilehtally, there"is a definite gain
in  limiting the defining. circumstances for tﬁe
'discrinination of a physiological activity.to experinental.
situations allov1ng for the recognition of the thSIOlOglcal
activity without the presence' cf an e;ternal (feedback)
signal providing inforiation‘ ﬁpon .waich ‘a éuccessful
'discrinination could be nade (that is, by discriminating
levelsv of the feedback signal rather than the phy51olog1cal’
activity itself). This allows for a test of the. common

assumpticn ‘that control implies digcrimination. That is,
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suh@ects could be trained .to: control a ‘physiologiCal
paranetér, and then be required to make discriﬁihatiCns. It
such . diScrilination vas not obtained, with alpha for
example, then there vodld be‘strong‘reason to suspect that
there vas no true 1earn1ng occurrlngw and that perhaps, as
suggested by Lynch et al. h(1974), there was 51lp1y a
disinhibiticn of adtivity'which blocks alpha. ‘This is what

makes the ahsence'fr01"the literature of ﬁeli-cOntrolled

successful alpha discrimination somewhat disconcerting.

''Because there is little research pertaining to alpha
discrin%hation,‘,discrdninatioh' research employing " other
éhysiologicalh paraseters’ ytll be sonlarized; vThe evidehce
for learned heart'rate (HRj dlscrlmlnatlon, and for the
relationship betveen dlscrlnlnatlon and HR control; is more\'
A_deflnltlve than for any other phys;ologlcal act1v1ty. Early..
research attenpted to relate» autoncmic -perceptlon; as a
deflned by scores obtained on the .Autononic Perception.-
questlonnalre (APQ), to HR control Partlal Supgport of such
a relatlon uas reported by Berglan and Johnson (1971), vho'
found that the best control wvas obtalned by subjects who had
-1nteraed1ate ‘scores on the APQ, Tuo subseguent studies
'\(éergman.é JohnSOh; 59724 Bianchard, Young, & HcLeod,' 1972)
‘failed to confirm a relatlonshlp betveen APQ and HR control
scores; ‘The latter studles used ;nstrunented, (blofeedback)
HR'icohtr01? training, ~while the forner assessed untrained

-control ability.
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4

since it should be' important that successful control be
acco-panled by gxscrlllnatlon abllxty (Brener, 1974a), a
more valid begav1oral measure of HR dlscrrnlnation‘uas
' sought. Brener and Joues “(197“} presented ;subjects vith
brief vibratory stimulus trains whiph were eifhep_contingent,'
or noneontingent on.heart beetée"SubjeCts who had‘Feceived'
"accurate information &s to the correctness of their ’choices
improved -sighificantly from :pre— to post-training, while
control"grcups did 'not. Addltlonal evidenee_ that HR
| discr1.1nat1on could be tralned was provided by Epsteln ‘and
Steln (197“), uho found that subjects could be tralned‘ to
discrlnlnate betveen hea;tm :ates higher .end lover than
:prev1ously acsessed ~ mean a levels. Purthermore, - some
‘dlscrlnlnatlve ablllty greater than pretralnlng basellne vas:

freta;ned after feedback _had " been u;thdraun only in the

% . . . .
experimental group. v

Heart rate discrimination'was relaied to learned ‘self-
'regulation ‘in stud1es by McFarland (1975), Brener (197Ub),'
fand Clemens end uacDonald (1975). : ucFarland requlred
subjects to- attenpt to track their- HBs by button pre551ng
for -each percelved beat.. ‘The tracklng test, vithout
feedbaek;‘ was folloued by feedback—acs1sted 1ncrease and
dearease HR trials. Results- revealed that suhjects 'vho'
achieved _h1gh tracklng scores. also. 1ncreased 'ﬁﬁ

significantly better than others} 4vhi1ee\there Iﬁas ‘no .



20

difference on the HR decrease task. Breuer found that
subjects-frained first to discriminate HR did better in HR
control than d1d ‘subjects . not glven dxscrlnlnatlcn tralnlng.
Clemens and . HacDonald found that prlor HR dlscrlmlnatlon
.
trainiug facilitated ' feedback—a551sted but,; not non-
'inStruneuted HR‘ iuc:ease .perfcrmance. Thug, there exists
sufficient evidence liukiHQ'HR disctihination. and ccntrol

abilities.

‘With the exception of HR, there is no Dbody 6f‘
literature"upich reasonably explores discrimination cf
" physiological .actiuity. :Thefe afe some reports wvorthy of
mention. 'Lovibonu‘aud Caddy (;970) and Silverscein, Nathan,
and Taylor (197“) have fuund'thet petsous could be ctrained
to dlscr1-1nate dlfferent levels of alcohol concentratlon in
the - blood; Stern‘ (1972) found that subjects could detect.
spontaneous changes in the GSR, but Dlekhoff (1976) ;has
questloned the 1nterpretatxon of. such results. Staudennafer
and Klnsnan (1976a) prov1ded ev1dence suggestlng that
perscns rece1v1ng frontalls muscle ENG feedback tra1n1ng are
better able to make accurate post—tr ial blnary assessnents
.of thelr EuG 1eve1 dur1ng the trlal. Sluce feedback was
present dutlng the trlals, hovever, 1t is unclear vhether

subjects vere ba51ng thelr judguents'vupon perceived EMG

"levels or the amount and level Qf feedbackvreCeived.j

fhile it may be informative to study the literature

\

N
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relating to discrimination of activity other.than EEG alpha,
the results from . these studies are only;suggestive with
respect tc -alpha. Heart rate,is a clearly more familiar and
more connonly dxscrlnlnable event than is alpha for most
. people. Everyone is familiar with the feeling of the heart
beat, as detected by a hand on' the chest or a  stethescope.
Also, many 'peoplev are familiar with an 1ncreased HR. which
acconpanies an overall ergotropic resgonse in the body
preparlng to meet reai or perceived danger. . Such
vfanlllarlty with EEG responses wculd be alnost universally
denied. Alpha remains. an .e1u51ve response, and it see- =
reasonahle to assule;that traininc for‘lits‘ discriminaticn

would start essentially from scratch.

The present , research is de51gned to study the
performance of subjects on an alpha dlscrlllnatlon task‘at a
,serles of 1ntervals over alpha biofeedback training. “In
order' to e11n1nate the probleas which lay be 1nherent in a
discrete—trials_ discr1n1nat10n learning or assessment
approach, a 'binary'tracking task.will be used as a measure
of discriaination. -Subjects will not receive feedback * for

 their disCrininatioh ”perfor-ance; instead, it is expected
that the training ih'self—regulation of alpha will provide
the ability to progressively 'iacrease discrilination

_~~"ability.
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Endofeedback Loop

it isbusually assumed that biofeedback tifaining imparts
a skill, than of self—regulation of an internal variable.
The subject nlght flrst attend to the feedback stlnulus and
pbecome aware of some internal state uhlch exists vhen the -
feedback indicates the approprlate change in the cr1t1ca1
variable. The trainee might then try to 'control ,the

 feedback 'signal, and hence his phy51ologY. by recapt@rlng»

" - that internal state. Hhether the internal state is 1tse1f

direct experience of the crltlcal variable or is cortelated
uith’it or‘a.nediator of it 1is an interesting gquestion
.befbnd the focus of the present discussion. A simple
description, houever, of biofeedback tnainees' abiiity to
produce alpha independent_ of the presence of the feedbackb
signal, in that this uquld' require. the presence "of an

"internal feference signal, is a useful validation of the

notion of endofeedback loop-

Evidence that persons trained to enhance alpha could
subsequently do .sach lndependent of the feedback signal was
prov1ded ty Travis, et al. (1974a), who 1nc1uded a ten-
ainute no—feedback trial 1lnedlately after five’ ten—ninute
training trials on each of ‘tvo days. They found that
. subjects aid -not shov. performance reductions with the
vithdrawal of feedback, though wvith per-cent ti.é .neasures

of alpha, it is not possible to exaninegpossible amplitude:
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changes. Subjects informed that feedback vas being
withdrawn produced significantly more alpha without feedback

than did uninfcrmed subjects.

) in a study comparing continuous biofeedbéck to discrete
;erbal feedbaék "in frontalis muscle ENG training, Kinsaan,
O'Banion, Rcbinson, and Staudenlayer (1975).found that while
both forms cf feedback facilitated muscle relaxation, onl;
continuous biofeedﬁack tkansferred  control to no-feedback
trials. In a recent étudy,ISLgudenlayer‘énd Kinsman (1976b)
found that szjects given_BuG.biofeedback training were more
accurately able to identifj levels of EMG activity in the
absence of feedback. These studieé ptovide.evidénce for an
internal feedback nechanisn,-invoiving the avareness of some
inierpal‘stinulus or event which allows one to recognize and

produce different levels of EHG.activity"in the frontalis.

muscle.
A}

‘The pteﬁent research charts the development of the
ability to produce élpha in a no—feedhack conditibh‘inserted‘
at a number of points during,biofeedbéck 'traihing. It - is
expected that alpha strength in thé no-feedtack condition

vill increase progressively with biofeedback training.

Persistence

Persistence may be'generally defined as the laintegance‘

over time of a previously trained response. 1In ~kiofeedback
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research, persistence aight be assessed by having t?alnees
return to the lab at a fixed time(s) after the termination
of tra1n1ng, and asklng that they ‘prodUCe' the trained
responsé without feedback. There is certainly an assuaption

made by biofeedback researchers and therapists ‘that a

'trained response Will likely persist over some period of

tiwe. The issue of response laintenance over time is,

g

houever, dealt 91th in conjunctlon Hlth the related 1ssue of

‘ transfer of control to Seﬁflngs other than the 1ab or c11n1cf

(generalization). Thus, Budzynski (1973) has requlred

biofeedback clients tg . engage ' in hone. practice sessiOns_
either nith‘VPortable biofeedback monitors ~or with non-
instrunented relaxation technigues, ~such as progressive
relaxation. Green,- Green, and Walters (1970y have coined

the phrase "Autogenlc Feedkack Tralnlng" to refer “io their

-

' combination of blofeedback and Antogenlc tra1n1ng (Schultz &

'Luthe, 1959). .Bé%ides enhancing the therapeutlc efflcacy'of

the: blofeedhac;\tralnlng, the conblned tra1n1ng was said to
essist_thentransfer of ccntrol. other than having been
recognized',asl_a'genuine'issue in‘hioteedback traininga the .
problen‘ of tramsfer of: control, both persistence ;hdxg
generalization of the response, has not . been'serionsiy

investigated (ticara, 1975).

Several blofeedback studies whlch have 'included‘ sbmee

' measure of persistence should be mentionled. Pirst, the

previous section concerned with the internal | feedback loop
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de*elopnent is - certalnly relevant. _ Persistence of 'rhe

~ response vas, houever. assessed inledlately after tralnlng.
rather than at sqme .more d;stant time. Certainly the

-mechanism which night be said to acconnt for p sistence

over _time uould be the intérnal feedback loop establlshed :

during tralnlng. Staudennayer, Kinsman, and Yaroush (1976)
_1nvest19ated the transfer of a tralned EMG frontalis muscle
response over one day, ;by alternating feedback ‘and no-

feedback sessions on consecutive'days..'They found that only

subjeets. . who could‘ successfully dlSCtlnlnate EHG had

significant transfer; Lelbrecht, Lloyd, and Pounder ({%13)

reported that although EHG ‘blofeedback vas tetter han,a N

non—lnstrunented technlque for learning ,slngle notor unif““*

-control both groupsv showed equal lack bf transfer over a
tuo week perlod. Such studles as- these uere not 'prlnarlly
desxgned rt’ focus upon per51stence, and hence prov1de only

"1ncidenta1 evxdence concernlng the 1ssue.

- Persastence has been nore thdrenghly 1nvestrgated 1n '

-1tﬁe, general learnlng llterature.‘ A hrlef revzeu of some of

e

the flndlngs w111 be helpful 1n generatlng 1deas Vappllcableb

..

;6' blofeedback. 3 Sklnner (1938) vstated that 1ﬂa§;:5ed
pal

're51stance jjgo extlnctxfn”';i’ provided y“,-

relnforcenent uhep conpared to cont;nuouﬁ relnforcelent.‘ﬁﬂeuf;:

- \
- further renarked

experlnental ccndltlans,f behaulor 'uould not ,'need-u to~_”

extingulsh at a11 uhen ré1nforcenent 15 u1thdrawn._ Ev;dence

t

1alv4a

'(Sklnner,'i 1950) that'fglven ptopet L



26

‘that partial :elnforcenent leads to anreased resistance to
extlnctLOn vas rev1eved by Jenkens and Stanley (1950), and
was delonstrated for hunan 'slot machine playing by Lewls and
puncan (1956). Thls lncreased resistance to extlnction, or
béhavxoral per51stence, can bhe obtalned by -eans other than
partial relnforcelenzi' partial delay of~ reyard {Donin,
nsurridge, GIA-sei, 1967) or;continuohs delay .of reward or .
doﬁnShift‘ in 1ts nagnitude (Shanab & Ferrell, 1975) can all

'ebe effectlve in leadlng to 1ncreased response per51stence._

Most f the per51sterce research vinvolved noh«hunans,
'.ehd: it is llkely that the results generalxze to huymans only
:pnder certalu condxt;ons. The human. SklllS acqulsxtxon
v llterature contaxns several relevant\exalples. Eilodeau and
Bilodeau (1958) vlnvestlgated ‘the effects of de;ayed
knovledge of respohse (KR) on acquisxtlon,f and..fodnd .theﬁ

}'fiv /-effect depends: upon what subjects are requxred to do’

'f'durlng the delay. 1nterval. , Brackblll (196&) studled the

'effects of delayed KR geh dlscrlllnation‘ 1earn1ng in’
>chlldren, a:; found that delayed rexnforcenent (and thus K
led to 1n;roved perfornance. Brackbxll and _Kappy (1962)
‘ptOV1ded chlldren Ulth tokens zero, fxve, or tenfseconds 

iafter correct responses dlscrlnlnatlon proble-s,‘,and'
'.found that on'a one~dayvretent10n test, chlldren in the-ten\f
:second group scored hetter than chlldren 1n the: flve,\second
..

gronp, vho 1n turn did hetter than chlldren in the 1nnedlate'

group, Froam thls work and fron the study (part of a serles)'
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by Lewis - and Duncan (1956), it appears reasonable to
conclude that partial and delayed relnforcement cr KR. Hlll,
under certa;n ccndltlons, 1ead to 1ncreased per51stence of a

behaVLor or retentlon of knowledge.

Amsel (1972) offered his general theory of persistence,
based mostly upon resistance to extlnctlon research in the
animal‘learning_llterature. Based upon ithe prlncxple of

counterconditioning, his theory proposed that per51stence

develops. whenever an ‘organism learns “to ma1nta1n an
instrumental response . under ‘conditions uhich normally
interfere with the learned response. such interfering

conditions might be the product ofhinternal trustration

.respOnses due to delay of, downshift in.the"nagnitude of, o

partlal relnforcement Ev1dence has also been prov1ded that
persrstence can transfer fron cne klnd of- aver51ve 51tuat10n

~to another (Shanab 8 Ferrell, 1975). j Thus, carrylng this

/

analy51s 1nto the b;ofeedback context (whlch 1s admlttedly a

"long dlstance), 1t is concelvable that 1f relnforcement (the'

%' feedback stxnuius contalnlng KR) were delayed or arranged to.

’:‘1 v .t . . .
be o&Iy; paqtlal,fflugreased perslstence overvtlme nlght be

s B
Y [

obtained. - SO e
: G o e SO T,

T - " The problem of response malntenance has been of recentv
f Py )
.concern in the token economy llterature. Kazdln and Polster

. .

4

e (1973) ’%ave .~noted that token relnforcement .programs

generally/zre effectlve 1n malntalnlng behavxor only nhile

e
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C

N

they are still in operation, except where specific speps are
taken to substitute _naiurally occurring conditioned
reinforcers or to vary 'he parameters of reinforcement
during acquisitidn. It has been found that both partial
reinforcement (Kazdin & Polster, 1973) and delay of Dbackup
reinforeement at the token exchange (Jones & Kazdin, 1975)
have been effective in increasing response maintenahce after
the wvithdrawal of the token program. This has been a
different approach than that taken ;n biofeedback research,
uhefe clinicians and researchers have opted to. augment the
therapy. prcgram rather‘than experiment with thé parameters

of reinforcement to increase persistence.

Biofeedback may be‘sonevhatjdiffefent from cther areas
of performance, in that altered reinforcement contingencies
might conflict with the postulated internal feedback, which
'Qould be immune from experimental influence. Thﬁs,'_a
feedback stimulus prov1d1ng altered KR might be expected tq
conflict with the KR which an 1nd1v1dua1 Hould receive from
inside his.body. In most cases. the 1nternal feedback. is
1n1t1ally very veak, lf present at all, and ﬁould likeiy not
conflict with ‘altered"gR fron external feedback. 1t is
‘interesﬁing to ask whetherl'internal Or‘ external feedback
vould domlnate, and'for how lcng. . In other a;eae of study
thlS probles wvould be unllkely to arise;-'because‘ external
-feedback uould be the only scnrce of KR or reward. Fitts

’and Posner (1967) have rev1eved ‘some perceptual-motor skills

‘
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‘aEQuisition literatd;e, where intrinsic kinesfhetic'feedback
’cbmpeted‘with distorted external feédback.' They noted that
under such ccnditions, practice usually led to improvement,
much as in learﬁihg an eﬂtirely' new skill. It migﬁt,
therefore, be 'reasonable to expect improvement with

distorted feedback in bipfeedback research.

The p:esent ‘reséaich employs - periods in which the
feedback signal is delayed, embedded within @ standard
bioieedback_tréining seSsidns. It ié expected that subjects
iréceiving a coqbinatioh of the delayed and immediate
feedback conditions will 'éiSplay BOre- §1pha response
' persistenceithan SUbjecté receiviﬁg»just‘immeditat feedback. .
It is also éxpecfea that ,pérformance will progféssively
increase during the deléyed feedback trials, as individuals

learn to :elf increaSingly upon endofeedback references

which differ from the distorted external feedback.
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Research Participants

Students were solicited from undergraduate psychology
courses to volunteer as -trainees in‘a wbrainwave biofeedback
experlnent. They were tcld that they would have the
opportunlty to learn to controi their braiﬁwave éatterns,
:.and that their learning p;ocesses would be studied. All
persons who reported intérest-uere informed that they would

.
.receive a cne-hour feedback éeséion,. and that if they .
diSplaied a céttain pattern oanctivify, they would be asked
to complete four additional séssions at scheduled times
during a six-week period. Pafticipanté- were unpaid, and

.regeived‘no course credit or extrimsic reward.

Tuéivé partlclpants vere requlred for 1nc1u51on in the
various‘experlnenﬁql condltlons. " Pilot tesear?h done by the
author revealed Sonsiderable 1ntersubject variability of
training time peqqired tc produce con51stent1y enhanced.
alpha during feedhack sessions. In order to avoid a
training-to-criterion approach and to reduce héterogeneity
of alpha enhancement 'scoreé, it was decided that only
"volunteers  who | produced,; betveen 20$ and 150% alpha
enhancement, in baseline units, during at least twp of thé‘
pine minutes of the first feedback (ACQ) trial ’ouldvbg

accepted as trainees for the present research. The 20%
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pminimum’ figure was one suggested by pilof data; it appeared
that persons denonstrating thaf‘ much enhancesent for“two
minutes would ﬂot simply be flucthatihg around a baseline
figure. It was hoped that any person producing this minimunm
would, therefore, continue to consistently enhance their
alpha levels during the training sesSioﬁs. The 150% maximunm
enhancement =~ figure was expected to ekclude subjects
beginning with ‘a very low baseline activity; for whom small
changes 1in algha strengfh'fron trial to trial would result
in considerable variability in the alpha strength ‘scores
standardized .by baseline. Such variability would not
~reflect neaningful'psychological, or behavioral- activity.

The seiécti;n ériteria vere designed, therefore, td‘naxinize
the  likelihood  that selected subjects  would produce
con51stent alphav enhancement; and that snall between4
sessions varlatlon in baseline alpha would not unduly affect
the enhahcement Scores. Subjects vere also screened for
history of severe -or regular headaches, epilepsy. head
injury. énd diagnostic EEG. Omne subject reporting epilepsy

vas excluded during this screening.

-~

In order to secure the twelve required participants{
gighfeen vclunteers vere screened as eiplained ébove. The
six volunteets who did not satisfy the criteria of 1nc1us1on'
_were given standard biofeedback training for the renalnder
of their hour sessions. - They were then told that they did

not show the pattern reguired in the present research, and



32

A

treated so as to minimize the possibility of perceived
»fadlure. '~ One subject «who was accepted as' a research -
participant and who co-pleted' one session as such uas
disqualified .due to .extended illness uhich prevented

'scheduled participation.

Apparatus

The EEG was recorded using Beckman m}niature
silrer/silver chloride skin electrcdes attached to the‘right
occipital and right frontal scalp areas (02 and F4 in the
-Internatlonal 10-20 system) referenced to the rlght mastoid.
The electrodes were filled with Redux crese and held in
place by an 'elastic ’band to maintain stable interface
charaCteristics. Resistance' in- aLl cases was_neasured ai
less than 12K ohas just after electrode placenent- spot
checks of re51stances at the end of some sessions shoved no
substant1a1 change except for a p0551b1e slight decrease
durlngy se551ons. Care .uas taken to ihSure that ;he
re51stancec between each of the blpolar electrodes_ and :rhe
ground electrode were apprq;1nate1y equal. |

‘ » R |

' The EEG signal_vas‘preamplified,'anplified,‘filtered,
"and used to lodqiate the frequency of a conriqhous feedback
tone by a Narco EEG Biofeedhack System, which allows forv

,artifact ellnlnatlon and independent settings of threshhold

and . slope of the EEG- feedback relation. The artifact

[

- : j .'»-)
) '{-‘,-r_-‘. '
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elimination operated on the feedback signai nby cauSing a
‘discontlnulty vhen the maximum threshhold vas exceeded the’
artifact inhibit setting did’ pot influence the recorded -
aipha' strength. The feedback parameters WwerLe€ adjusted
individually for each subject end each session, aliowindgfor
a high information content to be maintained during the:

biofeedhadk training.

The input charactetlstlcs of the preanpllfler include
impedence of greater than 50 negohms and conmon mode
rejection of greater than 120 4B at dc and 100 4B at 60 ‘Hz.
AThe“?filtering provides essentially flat response within the
selectable passband of 8-13 Hz. . The s1gna1_;s attenuated by
46 4B uithin the first octave outside the passband and 30 dB

per octave thereafter.

Piltered alpha vas monitored from the Narco System and
uas guantified by a custom built resetting integratort The
monitored alpha wvas unaffected by'settings of threshhold and
" feedback parameters, and vas thus comparable over sessions
even when these parameters were altered. The integrator was
reset by a 4nonostable pulse .when 'its capacitor voltage
vexceeded a level set by ‘an adjustahle ccnparator. 1The reset
pulses were recorded, along with filtered EEG analog signal
and ‘time in 'seconds, by‘ a Grass. Instrunents Model SD
s'poiygraph. The nulber of resets is linear with vcltage in

the alphat band, and is sensitive to both anplltude and 
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abundance' characteristics of alrpha.

The flltered alpha 51gnal was file—average ‘integrated
(time constant of one, second) and used to»nodulate the
frequency of a feedback tone. This was accomplished 5y‘ a
Naréo Audic .Hodule‘ NB-1u1 which ~provided a smoothly-
changlng feedback 51gna1 contingent ufon alphé _auplitude.
Théw tone 'ﬁasv dlsplayed to the trainee by a Flsher speaker

system, located sxx feet fron and directly facing the seated‘

tralnee.

Procedure

Design §§migrj. Volunteers part1c1pated in  four
' training and'ione folloy-ﬁp session. All sess1ons‘uere one
ﬁdur; except for the fourtﬁ,lﬁhigh lasted tyo--hours. Bach
0£ -the tweliezparﬁicipants ias randomly assigned to one of
:th;ee experimental groups (ﬁFB, TRA, & CONMW ALl groups
“récéived three ‘feedback training (ACQ) tfials'per seséion
:fdr‘thrée sessions. Groups. vere ,distinguish%d by tésks
'whlch vere: a551gned to .be'.done during probe-intervals‘.
,1mled1ate1y folloulng the ACQ trials. .Feedback vas"nOt

given for ‘probe task perfoinange, but data were recorded.
“ 0ne group,.NFB, was instrucfed to practice thé response that

p;odhCed the feedback; a second grQup, TRA, was instructed

to attend to and track the response that produced the

feedback; and the third group, CON, was instructed to relax
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by 1looking at scenic landscapes in " a book. A slight
departure from this design for the NFB group will be
explained in a later section. ~Subjects in the three groups

each  session ccnsisting of

,,,,,,,

uere,ruﬂ for'three sessions,
three ACQ. and three proﬁé trials. These three sessions
completed the first part of the feseatch study, iaking
possible the analysis of performance during the frobe tasks
and a ccnparisoﬂ :across groups éfv ehnancement during

feedback training.

After the third session, trainees were matched and
aséigned‘to eitheﬁ;the persistence training groug (PER)‘ or
ihe éontrol ‘group (PCON). . The cdntrql ’group received
cbnsiderable feédback training. (ACQ) mixed with several
intervals - cf NFB tri&is. The PER grouplreceived identical
.training, except that about half of - the ACQ training was
replaced 'by feedback training in which the contingent
feedbdck;signal Qas délayed fof nine seconds (CFB). This
arrangement would allow for an evaluaticn of the effect of
the combined ACQ and.DFB.training ("persiétence training") .
versus the standard ACQ 't;ain'Pg. This evaluation was
accomplished Ly exalining the respgnse persisténce, that is,
the‘ébility to 'genérate; enhanceé “alpha witnout feedback

present, 'in a session (Session 5) two veeks after the

“training.

Preljiminary .Proce§u£g§= Volunteers entered the
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laboratory at appointed times and were seated across’ a table
from the researcher. The 5creeﬁing ‘questions nentioneq
_previously wvere asked, and subjects were asked to read and
sign a consent fora. Subjects werée then 1led to the
experimental rcom, a 10 x 12 foot sound-attenuated,
electrically-shielded chamber, and seated in an upright
padded chair.v All sessions were run in this chanber. The
electrodes  were attached, and an explanation ;f the
operation of the electrodes‘;nd the biofeedbéék equipment

was given. The only equipment'present in the experimental
room was the Narco preanplifié:; a small signal generator,
and ‘the feedback speaker. Two tables-and a clinical couch
were also breseut in the otherwvise bare room, The subject
sat faéing a half-silvered glass vindow, tﬁ*ough which gross
physicél mcvement could be visually monitored froa the
adjacent equipment. roomn. A ceiling-sounted recesséd
fixture, 1oéated directly over the subject chair, provided a
constant dilllevel of 1ighting, which measured a maximum of
1.8 foot-candles of illuiinance fron hegﬂ lével directly

under the light and a minimum of 0.2 foot-candles from other

head—lével locations in the chamber.

After the basic operation of the biofeedback eguipment
~ was explained, the researcher gave the feedback and then the
probe task instructions. These vere followed Ly baseline

E&nstructions, in which the subjects vere told tc Yrest, be:
¥, -

'still, and do nct do anything related to any other tasks of
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this experinment. Keep your eyes open." (These baseline
instructions were repeated again at the end of each session,

via intercom, for a second baseline recording at that time.)
»

After giving the = baseline '~ instructions, the
experinentei retired to the equipmept rooa for the remainder
of the session, ﬁntil it was time to diséonnect the subject.
Further conmu@ication during the sessions was by intercon.
Oon two occasions it was necessary .to reenter the

experimental room in order to examine electrode ccamections.

Peedtack Instructions. After the electrodes vere

— o e s i i e et

placed, verktal instructions for the feedtack training vere

given. 'Patticipants were told (1) that the feedback tone

*varied in pitch as their brainwvave pattern varied, (2) that

‘their task was to "do what you will to raise the pitch of

the tone, and keep it :aised-as much of the time as you - are
able", (3) to avoid using physical movenment, especially of
the face or eyes, as a method of controlling the tone, -(u)
to keep the eyés open during all sessions, and (S) that they
could ask isportant questions at’ any  time via the open -

N

intercon. It was also. suggested that Fersons who

- successfully control the tone” often report that they begin

" by not trying too hard, but instead begin by (1) observing

the variability of the tone, (2) attending to experience and

feeiin§ during the high-pitched tone, and (3)'cohtrolling'

feelings and experience to control- the tone. A small signal
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generator, Set‘ at iO Hz, wvas then connected to  the
preamplifier and varled nanually between 0 and 80 llcrovolts
in order to denonstrate the variability of the tone.

Instructions given to subjects iu sessione ‘other than the
first verhally~reinforced'tbese nore‘extensive instructions
giren during Sessiop 1. The feedback instructions vere
given to ail subjects, and applY'to‘thedACQ and DFB tasks.

Subjects also receivedb 1nstruct10ns' eppropriaxe tov the

assigned probe task; these lnstructlons are grfen below.

NFB g;gég; Subjects assigned to NFB grcup were told:
"During some fparts of your tralnlng, there wlll be no. tone,
Use this time to practice what you have-learned. do what you
would to raise the pitch of the toue, as though it were

preSent. Keep your eyes open."

The first probe trial of Sebsion 1 for NFB trainees,
instead of teing an NFB probe, vas a delayed feedback (DFB)
trlal. Thls Was a departure fron ‘the procedure nentloned in
the De51gn Summary, allowing for a test of the sub]ects' use
of the 1nfornatlona1 content of the feedback sxgnal. The

NFB group trainees, therefore, received eight .NFB probe

trials preceeded by one DFE probe trial.

DFB Proke. As DFB probe trlals vere a contlnuatlon of

ACQ trials, with feedback present in both trial types, there*
'Here,no separate instructlons for DFB. The delayed feedback'

was produced by routing the feedback signmal through two
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consecutive tape recorders on-line. The tape ran from the

feed reel on recorder 1;‘throughfthe tape heads cf recorder .

1, then through—the tape heads of recorder 2, and finally,to

the take-up ‘reel of recorder 2. The feedback;signal was

monitored‘fron the spedker output of the Narco unit and  fed
to the auxiliary input ot recorder ‘1, vhich vas in record

lode'of operation, amd was 'reproduced by reccrder 2 in

speaker output of recorder 2; and used to act1Vate the

speaker in the experlnental- room. It was rossible to‘_
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-playback mode. The de?ayed signal was monltored frol the

achieve a wide range of delay tlpes by varying tape speed

'perlod vas used throughout ‘the. present research.g

PR /

-~ TRA° Probe. In the tracking task, the traimee held a
response button in each hand. " The pregsing of a ‘button

light, v151h1e to the experlnenter. The. onset~ ofL:a'ilightj'

. was used ' as a 51gnal for the operatlon of an: event marker on

them polygraph .record., The =~ TRA subjects uere 1nstructed

’

L

each arm of the chalr).v Bold this one in’ your rlght hand,~
ethe tone,[ were 1t present wculd be hlgher than average in

half the‘subjects) hand. If you belleve that the “tone, uere"

and the dlstance betveen the recorders. A nlne second delayv

: closed‘ a circuit which,-inoluded either-a red or a green-

L

’."Durlng some parts of your tralnlng, there Hlll be no- tOne.-‘

You are to use’ the e two response buttcns (one hung ‘over'
,and the other ohe 1n your left hand. If fYo'- belleve- that'

A pltch, press and hold the button in . your rlght (1eft for

<\\ "
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it ‘preSent, uould he‘louer than average in pitch, press and
hold the button in your left (rlght) hand. nYoﬁ vill always
he’ pre551ng ‘one button or the other, but not- both -at once.

' Keep your eyes open.v %ou understand’" - The tralnees“
responses vere recorded afbn951de the records of inteactated
alpha strength and flltered~ane;og EEG, vh;ch allqged for a
comparison of alpha strendehA hnder the tuvc tracking

responses. o

ggg'g;gpg; vTraineeslin-ethisfrgrdup; were- ihstructed;
hnurieg sore:parts'of your rrairipﬁ;lfhere will be no tome.
Durlng thOSe"tiies;v:YOq 'are; ro‘ brouSe;threugh the book
-laying on the table to your left: :(a_“Sierrav’Club hook of
attractlve landscapes). 'Ybu'rareiftof:reet, -1 doe't:dd'

©

anythlng related to the other tasks of the experlnent.1lKeep

vyour»eyes open."»

i
-

CON Tralnl_g “The training received under

condltlons -was composed: of‘ feedbackﬁvtrials and
eenbedded NFB practrce trlals.L PCON tralnzng »conSisted of
Aalternatlng ACQ ahd vﬁFB trlals,, vhlle PER tra1n1ng Was
1dent1¢al except that - about half the ACQ trlals -vere.

c

”replaced ty Dfﬁwtr;als.

Hav1ng explalned the tra1n1ng and 1nstructlcns recelved

for the' dlfferent tr1a1 types in this research, 1tvls tlme

to consxder the arrangenent of tra1n1ng and prohe trxals tofv

'y
conpose the se551ons.j Data recordlng in each se551on began -

w -



4 ‘ .

. with''a three-minute ("minute" refers to a fifty-second

perlod throughout this research in order to facilitate |data
tabulatlon) baseline recording trial. The first tra&glng

traal,; tlng nlne mlnuteq, followed baseline, and was ;Led

a5 the“$creen1ng trial during the first session. (The AC(Q

S

,tria} qu fgllawed by the first probe trial, and ~then

o O
S an

immediately by the second ACQ. Each of the first three

'.ses§}ons‘céntained three ACQ and three probe trials, plus

initial.and final bageline. During Secsion 1, the first two
ACQ tria%g were nine wminutes, the first two probe trials
were five mlnutes, the third ACQ-trial was five mindtes, and
the thlrd‘probe vas three minutes. The second ~and third
sessions contained three  nine-minute ACQ trials, each

follOHedlby a three-minute probe trial.

There was a total of nine ACQ trials for each subjeét.

bThere were nine TRA and CON prote trials, and eight NFB

ptob@ trials.. The latter is due to the replacenent of one

 NFB trial ty a DFB trial, as deséribed above. The ordering

. f
of tasks within the first three sessions is displayed in

.Table'1. Trainees in all groups received the same amount of

ACQ trials, the only ‘difference being the types of probe

trials assigned.

Follouing the third session, subjects within the three
groups were matched on the basis of bheir ACQ -performéhte

durlng_ Session 3, and then assigned to groups PER and PCON



SESSION

4 (PCON)

- Baseline trial
- ACQ trial

~ NFPB trial during Sessions 4 & 5
- DFB trial during Sessions 4 & 5

E
A
E - Probe trial
N
D
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TASKx BAPAPAPSB
TINME 39595533
TASKx= B APAPAPTEB
TIME 39393933
TASKx% : B N; ADADNA ATEN A DN A
TIME 3955555555565 53
. TASK=* B N; A N A N A
CTIME 39 205 105 10
TASK % B N B
TIME 39 3
+TASKS

Table 1. Arrangement' of trials within sessions. The trial

"length,

-beneath each corresponding task.

in minutes (50-second periods), is given

directly



for the remainder of the experiment. As six of the
participants begawm Session 1 during the same week, and the

other six/aﬁ d léter time, there uere'initiaily tvo subjects
from ea¢ﬁ‘of the three origimal groups. These Fairs vefe
split, with omne going to PER and the other to ECON.. When
the final group of'six‘subjects finished Session 3} they
were split in the o;posi£e ’qy; ihe subject with the gfeater
alpha enhancement level during Session 3 ACQ was assigned to
the same group as'}he subject from the fifst pair with the
:snaller alpha enhancement level. Groups PER and PCON, then,
each contained two trainees from éach of the three initial,

groups,' roughly matched on ‘the basis of previous alpha

enhancement.

o

Two weeks aftéf the completion of the third session,
the trainees reported to the lab for the fourth session.
Session U4 Ltegan with a baséline recording, »followed
immedia£ely ‘by a nine nminute NFB probe task, in order to
determine the amount of q}ppa persistence, withou; feedback
but vi£h instfuctions to respond( over the two week period.
'Botﬁ groups (PER and PCON) received additional ‘training with
contingent immediate feédback ‘(ACQ), but ‘for PER group
subj;cfs; the second half of each ACQ trial was replaced by
. DFB trialé " without warning or differentially instrucfing
subjects. Eoth groups also received NPB trials alternating
with the dthers» so that they might gain practice with the

_criterion measure of persistence.. The ordering of tasks



within Session 4 is contained in Table 1.

Two weeks after completing Sessidn 4, trainees reported
to the lab for Session 5. .The pufpose of this session was
to evaluéte the persistenCe of alpha due to the training of
Session 4, and consisted of a nine-minﬁte NFB .trial

preceeded and followed by Fkaseline recording.



All aiphé strength scores, measured by' the number of
integrator reset pulses, vere standardized by dividing then
by the average baséline score for the same session. There
uefe two three-minute baseline trials in eac session, one
at the start and another at the end of the sessicn. It had
been obServéd during - pilot research that baseline alpha,
measured every ten minutes; had‘ been gquite stable within
sessions. Thus, in the present research, the two baseline
trials per session should be representative df baseline
activity during‘the session. Baseline alpha, averaged over
subjects for the first three sessions, vas calculated and

& .
found to vary by less than fdive percent. This is a markedly

different rpattern from the rising baseline observed during

eyes-closed ‘alpha enhancement training.

o

é} Por each subject in .each session, the average alpha
strength for the two baseline trials wvas computed. .Then the
alpha strength score for each fgedback and prote trial wvas
divided hf "the mean baseline score, Yyielding an alpha
strength score in percent béseline/units. A score of 100
would always mean that the alpha strength uash‘eqqal to

‘ﬁhseline activity; a score 6f 150 would mean that the alpha

strength was cne and one-half times that of baseline, and so



on. Scores below 100 indicate alpha strength less than

taseline level.

Delayed Feedback Control

Thé .effect' of ihmediate informational content of the
feedback on alpha strength was examined im a  subjects x
trials design with four subjects ‘and eight trials. The
first two ACQ trials for NFB group, with the intervening DFB"
probe trial, were blocked into thrée—minﬁte segments, so
that there vere thfee three-minute t;ials in each ACQ
period. Since'DFB was five minutes in length, the ‘third
minute vas inciuded twice, as the last ninuté‘ofAthe first
three-minute segment and as the figst minute of fhe second
three-minute segment. Thus, there were'three.ACQ triais

followed by two DFB trials followed by three AC¢ trials, for

a total of eight trials.

The results of the analysis indicate a significant
trials main effect (F(7,21) = 9.59, p<.01, MSe = 191.43).
More inportant, however, are the cubic and .linearv trends,
wvhich _ve;e' calcﬁlated using orthogonal polynomials applied
to trialg cell means. A significant cubic trend (F(1,21) =
. 9.20, p{.01) verifies the statistical_éignificance of the
behavioral reversal effect~evide;t in Pigure 1. | Trainees

showed enhancement above baseline (100) during the three

segments of the first ACQ trial, then performed at
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approxilateiy kaseline. level during the delayed feedback
Qrobe. Data from the second ACQ period reveal rhat rhe
reinstatenent ‘of immediate feedback led to the recoverx‘and
further,enhencement of alpha strength. A significant’linear
trend"(F(1,21) = 22.31, p< 01) indicates that there was an
overall increaSe in performance over trials, 1nd1cat1ve of
‘learning. This 1etter statement can be made more positively
than in most preyious research, in that the reversal during
DFB rules. out spurious effects ‘in accounting for the

performance increase.

since an operant reversal (A - B - A) design is often
’applied to individual ;ubjects; vthe. data from the NFB
trainees 1is presented in Figure 2. It can be seen thar all
'_subjects | folloved the - reversal and recovery pattern

denonstrated in the group data.

Alpha Discrimination

‘The ebility'to discriminare high from lov alpha content
in the EEG was tested by examining the lineer trend of
performance of the TRA group on their tracklng task. First,
the data were transforned to a d1scr1n1nat10n score for each
'probe, trial for each of the four subjects. This wvas
aeconplished’ by first totalling the accumulated alpha
strengths fer the,vhigh tone and low tone buttcn presées

separately, and dividing each by‘thevtotal'nunber~of seconds:



for the reﬁpective button preéses- This operation provided
the average alpha strengths for both button presses. Néxt,
the mean alpha strength for the low tone was subtracted from
the mean alpha strength for the higﬁ‘ tone, yielding the
discrimination score. Such a scoré was calculated for each

three-minute TRA probe trial for all subjects.

The discrimination scores were subjected tc a subjects
x trials analysis ofAvarianée, with four subjects and nine
. trials. The results of the analysis indicate that trainees

learned to discriminate' high from 1low alpha strength in

t

their ongoing EEGs. An examination‘of Figure 3 reveals that
the tracking began in Session 1 at approximately chance

level, and imfroved somewhat over the course of training.

The significant linear trend (F(1,24) =) 7.66, p<.02, MSe =

.0026) is more interesting than the simple _facé‘ that
subjects discriminated in the right‘d{réction, in .that’ it
indiéates that discrimination ability is acquired durinq the
,training‘ sessions. This finding rules out the possibility
that subjects make the teieVaﬁt.discrimination inﬁediately,'

but then take time to learn to,proﬁuce alpha in incréasing

quantities.

.

Though the nethop oﬁﬁ'computing discrimination scores

. I . R :
contrblled for . performance based solely upon raising or
‘lowering the amount of alpha during the tracking task, it is

still possible that during more successful | tracking
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sessioﬁs, subjects produced an overall elevated dr deprassed
alpha level. This possibility vas examined by copputing thé
éearson product-moment correlatiqn between discfinination
~  scores and alpha strengths for all 36 tracking t;ials (nine
trials for each of four subjects). The correlation:
" coefficient of +.32 fails to achieve significance at the .Qé

level (t(34) = 1.97, .05<p<.1), but might be considered as

marginally indicative of positive relationship between o

tracking performance and alpha strength during the tracking.
The scattergram of TRA performance and ~alpha strength is

‘presen‘hd in Pigure 4.

Endofeedback Loop Development

performance on - the NFB4pr6be taskvvas intétpretedjés an
ihdicaﬁor . of the development of anvinternél feedbaék_ioop.
This performance Qas examined ih a subjects x tfials desigﬁ
vith four subjects and eight thrée-minute trials. The final
tuo. minutes of. the five—ninuteiprobe triais of Session 1
uergfg;OPPed‘for the analysis; thgj had been given simply to
‘allow.f%; more practice on the probe tasks. Tﬁére was a
signifi;ant trials sain effect (F(7,21) = 3.97, p<;01, MSe =
, 1i51.31), and‘ more inporténtly, a significant iinear trend
over trials (F(1,21) = 17.66, p<.01). CON group‘,showed no
_such increase . in performance duriné ‘their probe tasks;’

ruling out a fpossible carry-over effect interpretation of

the NFB rperformance. The NFB data are fpresented in
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Figure 5.

pffect of Probe Task on Enhancement -
. . . [

o B

The -effect of what subjects did Dbetween feedback

| training 'trlals .on alpha enhancement during the feedback
. (ACQ) trlals uas.exanlned in a groups ‘X sessions X ‘trials
'analysds of varlance, vith subjects within groups. 'Thefe
vas a 51gn1f1cant main effect for groups (F (2, 81) = 5.26,
: p< 01 UHSe = - 1346. 1),“u51ng a pooled within- groups error
term. Group neans were 170.24, 153. 96, and. 1u2.33 for NFB,.
TRA, and CON groups cespectlvely. Ind1v1dua1 conparlsons
.enploying crthogonal polynoulal cceff1c1ents reveal a
significant dlfferencev for NFB versus the other two groups
(t = 2.96,  p<.01, SD = 7.48), which"d;d not differ
'significantlyiﬁpon each Othen (t"§'1;35;.b},i, sp = 8;65)a
A significent groups X friais interaction (F(4,18) =
4.83, p<.01, MSe = 357.68) is pictnred in Figure 6, ;vhich‘
. shows that the NFB group had evhigher‘rane of”enﬁancement

over trials than the other grcoups. “Thus, 'NFB subjects
}
produced the€mokt alpha durlng tralnlng, and this effect was

due to a more rap;d rate of enhancenent over trlals.
. »

other results of the - analysis- include an obvious

_significant trials main affecw (F(2,18) = 55. 27, £<. 01, Hse

=g'357.68), a significant sessions main effect (F(2,18) =
. ' o ‘ R 4

5.20, p<.02, MSe =:2320.41), and a significant Sessions X

!

3

o o
. - L - ”'. M
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trials interaction (F(4,36) = 3.71, p<.02, MSe = 363.49).

The session means were 134.37, 165.67, and 166.49 for the
three sessionsvin order. The sessions x triais interaction,
which <can be examined iﬁ Pigure 7, reveals that Sessions 2

and 3 had nearly identical alpha perfcrmance for all three

. trials. Alpha strength increased more rapidly cve trials

“/during Sessions <2 and 3.£han_during Session 1.

U 9y
o o B,

_——_—ar e

Delayed Fegdback Perforimance During PER Group Training
‘ “ . w I .

The, perchhance of PER group trainees during the
Session 4 dgldyed-feedback task wvas examined in a subjects x

trials design with six subjects and four trials. It had

s

~been hypathesized that the béréistence training would

operate - by weakening the dependence of alpha enhancement

performante uron the external feedback signal. If this were

the case, then as trainees vere to rely decreasingly upon

the éxternal feedbac)\ (and, perhaps, progressively mcre hpon

endofeedback mechanisms), pérformance during the DFB tmials

o

should imgrcve. ‘ ///

Thé data are displayed in Figure 8, which depicts aﬁ

apparently linear 4increasing relatio@_of alpha "strength over.

’

DFB trials.. There was 'a significant t;ialé main effect
(F(3,15). = 17.74, p<i01, MSe = 195.44) and a significant
linear trend (F(1,15) = 53.00, p<.01). |

The -enhancement data during the. last two ACC trials of
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Session u‘fot PER and PCON were also yexanined. Since the
ACQ trials " for the PCCN group were %en minutes in length
rather than five, only the first five minutes of the trials
were included. A  t-test oh the means of the twelve total
trials per group indicated that the enhanéement daté do not
support a conclusion that the two groups showed different
levels of acquisition (t(22) = 0.813, p>.4, SD = 21.23). 1In
fact, the PCON group showed more enhancement than the PER

group (means of 205.14 and 187.87).

- persistence 7Training

» In qrder to evaluatév thé. effect.of the persistence
training a gfoups'(PER and PCON) x initial grougs (NFB, TR},
\ and CON) x +trials analysis was cargied out. ,The data
analyzed were persistenge gains due to Session i training.

At the conclusidn of Session 3,>subjegts had been matched on
enhancement during Session 3 ACQ;, tM §effects of assigning
these matched trainees to the tﬁo érzhps was evident in the -
NFB persistence trlakyat the beglnnlng of Session 4. thé‘
mean per51§tence for the PER group vas 126,05, and for the
PCON groupvwés 131.10. Using the persistence gains, a
measure derived from percénf baseline scores by subtracting
the persistence level at the beginning .of Session 4  from

that of Session 5, wvas an additional--control against

possible experimenter bias. .



u

The pé[sistence performance for the two groups across
trials is displayed in Figure 9, which also includes the
Session 4 persistence test. There was a significant groups'
wain  effect (F(1,6) = 32.97, p<.01, MSe = 860.73)
demonstrating that PER subjects, who received the DFB as
part of their tralnlng in Session 4, produced higher alpha»
<.cength levels in Session 5 than did PCON subjects. The
mean persistence " gain for PER was 45.74 baseline units and
for PCON was %0.&1 units. Total persisfence during Session 
5, ‘which cqnsiSts' of the gain added 'to the Session 4 pre-
training persistence levels, was 171.79 andv 130.69 percent

baseline units for PER and ECON respecti#ely.
ar "

In order fo discover whether or not the persistence
group naln seffect was con51stently obtained across the three
1nlt1a1 groups, the groupswx‘lnltlal groups interaction was
computed and found to be significant (F(2,18) = 6.38, p<.05,
MSe = 412.28). Figure 10 shows the ivteraction._ Although
sg;ongest for th@ CON group, it can be seen that PERM
subjects demcnstrated more persistence'than PCON for all‘the
1n1t1al groucts, underscorlng the strength of the per51stence
training inaln effect. The error term used in testing the

interaction ccnsisted of two within-subjects error term

X ' o }
components pcoled to increase degrees of freedon.
o

ES
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Alpba Enhancenent

One of the most potent criticisms of tﬁe alphé
enhancement researéh, espécially relevant tc eyes-open
alpha, 1is that observed alpha increases in the presence of
‘feedback are not a resuit of learning, but insteéd a
recovery to natural alpha levels through disiﬁhibition of
factors that block alpha (Lynch and Paskewitz, 1971); This

may be manifest as a rising baseline (Kamiya, 1969; Hart,

1968) or as similar alpha increases in subjects receiving

contingeng -and nongontingeﬂt feedback (Lynch, e; al., 1974;
Cleeland, efval., 1971) - The delayed feedback ffobe given
to NFB grcup'traihees controlled for this as well as other
sources of inflgénce on (enhancement, leaving just the
informational contentv of the feedbacklstimulus to account

N

for the difference between the ACQ and DFB trials.

In the present study, the disinhibition hypothesis
would predict'~tha£ ‘disinhibition would begin:in the first
ACQ trial, and continue(}hrough the DFB, since pérformance
shogid not dépend uP;h informational relevance of the
feedback.  Hardt amd  amiya  (1976b)  argued  that
disinhibiticn was very likely in Plotkin's (1976a) research

due to pctentiation by the eyes—open and lights-on

conditions. Since the present research used experimental
2



‘h

conditions similar to Pl n's, a ince algha i}rength
decreased to approximadely baseline level durihg the DFB
probe, the disinhibition h}potheéis did not receive support.
Supported by this research is the hypothesis that -alpha
increases during biofeedhéck training wunder the present
experimental conditions are due to learning. The fact that
all subjects showed tﬁe same pattern of algha streng?h in

this portion of the research'denonstrates that the learning

hypothesis in tenable across subjects.

The motivational and instructional effects as well as
the experimenter-subject interactions which can all plaque

‘between-subjects designs are . also eliminated in within-

1,
by

subjetts control ptocedures.‘ There were no differential

instructions for the ACQ and DFE pep:xoas, thus eiimin. ing

"any kind of igasing of the rgsults. Additionall
single subjec£ control does not havé the disadvantagé’of a
yoked subjécts control. Church (1964) has pointed out that
‘when subjects of different reactivities are paired in a
yoked desfgn, there is a ‘builtj}h bias in favor of the
experimental ' gLDQs,- :Hhose : re&ct;vity detefmines
reinforceuené 1ev§l. <Alspie1iminated by the DFB control
‘procedure 1is the potential evocative effect of the feedback
stimulus (Selzer and Fehnmni, 1975) or Lothér environmental'
factors. subjects receive feedback dufiqg the entire

procedure, and there is no reason to expect that delayed and

impediate feédhack would entail different evocative effects.



¢ v

It -would be interesting to. compare the effects of
delayed with noncontingent feedbaEk: Delayed feedback is a
sllghtly better ccntrol procedure in the present researeh,
'since overall amount of feedback is still contingent on the
subject's alpha activity, preserving  the information
cdncerning - how well a subjecf does over a period of time.
That is, the immediate information ie separated_ from the
cumdla%&ve information which is similar to that grovided by
a digital score at fixed intetvals throughout training.
over a trial, a subject could still form an impression oﬁ/
how much alpha he produced fron the delayed feedback. This
is not the case with noncontingent feedback. toth . Jayed
and noncontingent feedbaek.are like partia :einfotcement,»
in that sometimes the aipha activity a. - feedba  h will
coincide. ﬁhen they do'not; however, th subject receives
misinformarion. Only with delayed teedback, however, does
the level cf immediate correspondence befween the feedback
and( alpha activity depend ‘upon actual amount_;of,alpha
produced, its variability, the transfer function'SEtveen the
alpha strength and’ the feedback tone, and the psychophy51cal

function relating the tone and subjective 1mpre551on of the

tone.

The delayed feedbaék' control technique could become

‘very useful in both experimental and clinical biofeedback
‘trainifig programs. The DFB probe can be inserted at any



time5in"on~liné fashion in order to assess the effect of the
feedback separate froa all other factoas. 2+ This téchnique y
does no€ interfe;e uiyh the traininq‘regime,'and,can be" ﬁ}nﬁ
leaningfully‘intefpreted for - individuals. Cften . in ‘he
clinic, an.active placebo environment is_iaintained, ;o that

aall factors which might contribute-to therapeutic effect are
included. ~ Such envirdnlé%tal and inter?eréonal shppOrt may
contribute to the overall level of physiologica’ cntrol.
The delayed feedback” technique could be used to <:parate the

'»éffect of fanors such as thesé .frou t.at of‘feedbacﬁ
information use.

14

Alphg_giscggglnatlon

The disctinination score subjected to analysis uas. the,
.differenéé- betveen average ialpBa strengths for the "high. '\
;@ne" and "lou tone" button preséeé._ As a separate score
r ‘_ﬁé§7 conputed for each trial, subjects could not manipulate
thelr scores hy employlng a strategy of. overall increase or
-decreaSe of 'alpha strength within trlals. In order toaﬁ
achleve a pos1t1v -écore within any trial, a suybject must
show actual dlscrlnlnatlon wlthln that trlal. Haile there
is na actual eVLGence that subﬁects vere dlscrlmlnatlng f
alpha :1tself rather than a corrélate or nedlator of alpha,
*such a dlstlnctlon could not llkely be made with :currentj

egperinentalmtechnlques.
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It is reasonable that léubjects could increase their

probabilities of ‘success at the tracking task'bi in?reasiﬂg
" the variabilities of their alpha strengths durlng the TRA
probes. ‘Hardt (1975a) speculated that thlS ‘explanation
might have accounted for Légeuie's (1975) failure to
"replicate Kamiya's (1962) discrimination results. 1+
.subjects in the présent study inéréased their EEG
vapiabilities, it is almost certain that most of the
increased variability wouid have be=n p;oduced\by raising
overall algha ctrengths during the TRA trials. This is due
“to the eyes—open experlmental condltlon, which allows for

51er increase than decrease in alpha, plus the 'nature og

the training given. ' Sub]ects did not receive any alpha

suppression trials, and would 11ke1y keep Hithln the 1limits

of the tralnlng ' to increase varlablllty. IncreaSed alpha
! a

" strength on ahy trial, then, would’ " lead to an easier

discrimigation problem on that ~trial. - A signpificant
positive  correlation _between  -alpha strength ~ and
S . ,

_discriminmation scoréss on”the same TRA ‘trials wculd:support

" the notion that subjeets used- increaSedi alpha strength

| N .

variability to assist in the discriamination task. fThe mild

corre@atlcn of +. 32 just failed to achleve »ignificancé at

;A
a
"

the 105 level, K provxdlng narglnal’ suppo;t‘ for the

a

e i

hypothesxs. While it must remaln equlvocal asf to vhether
subjects succeeded ‘at- dlscrluinatlng hlgh frcm 10v alpha'

g.strengthJ by increasing variabiiity, fhis method ' would‘ in .

.

-'¥

.5;\
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;%Eelf not provide an explanation , ot successful
discrimination:; subjects would still need to discriminate

betueen‘high and low alpha in the now-more-variable EEG.

The fact that alpha discrimination was learned during

the alpha self-requlation training supports the view that

discrimination is . part .of the ‘learning activity. _ The.

current research provided .subjects with no feedback for
their tracking performance, which served only as@ﬁ test of
their abilities. The fact that the first:. two trials (Figure

3) were at approximately chance level supports the notion

~that #alpha discrimination was progressively acquired during

the biofeedktack training. The significant ear trend.

contrasts with * Legewie's (1975), result o - acreased
< : @ , : ’

performance Qver trials. ‘
. . ) AR Y W2

»

The\;heart_ rate discrimination research «éhoij that
discrimination ability is related to, HR; ccntrol  with
: [ LT v . .
feedback (McFarland, 1912i\’8rener; /1974b;  Clemens and
. N e t) ot . g L - .
, a0 .

Macboénald, 1975) and 'transfgﬁﬁbof' centrol to no-feedback

trials (Clemens, 1976). &R' is _intefesti@g. to speculate

L8

’ B = . .b - . . 3 - *
about whether direct alpha dls%rlmlnatlon tftaining via a

traCkiné"task with feeaback would 1ldad to Letter alpha
S .

I

enhancement . orr(%ransfer of control. It seems likely that

such would te th% case; besides the heart tate studies,.
4

- there is evidences that successful discrimination of ENG

frontalis activity  predicts transfer’ -cf <ontrol
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(Staudenmayer, et. -al., 1976). For alpha, the feedback
from the tracking task night be the frequendy "of a tone
modulated Ly ‘the difference 1in alpha stfength between

cortical activity and® that represented by the subject's

e

‘res\ponse h - con.inuously-variable 1ever. Therg 1is
= Lo e .

. L A
ptobably now for a t:!o d1mensxonal display {frequency

“ah d amplltude)v as results from this study and others

indfcate .+that alpha strength is a »measuﬂﬁlyuith which

'1'1 S . ) . .

tralnees“‘ n wWwork successfully.. 1t ws protably also
4 'S .

inportant that a tracking task be used as .the discrete,

trlals approach requlres both Oleﬂt&&;Cﬂ tovard the sggnal—
. N ‘ (,& “.j'l'« W A 4\' .

to—nespond and memory. ﬁ& t‘%«nw‘ S
The results from . the di}crlmlnat nﬁ test, when

i

ycbnsidered fogether Qith the resu;ts frcm® the; DfE and NFB

. 8 J o
. €. . & v
srobes, very- strongly support 'am1interpretati%g,that the
Ry v
=

’ eyes open alpha enhancement is due to leannlng.: The subject

' 9 4 :‘ ’/ .
& 1s u51ng the. 1nformat10nal contentwaﬂvthe feedback etimulus,‘

TN

”an&e to dlscrlmlnate at 1east tJOJikyéls of dthe act1v1ty,

and able to produce 1t in the absence of external feedback.

N

. Endofeedback Loof

The significant performance increase iﬁhringlthe’NFB

-

probe trials suggeéts‘ that subjects }earned to frodnce
enhanced levels of alpha by manipulating an internal’

i ‘ , X
variable or state. The gradual increase in adpha during NKFB °

L™
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AN
within sessions, and the pattern of decrements tetween the
last trial of ‘one session and the first trial of the next,

My

‘is consis\ent vi-th what would be expected for the
. ’ ,

-

dé@elopment;of a ne® behavior. .

4 Peper : (1970}, origina;ly used the phrase "internal
feedback lcop" to explain how subjects could alter‘%&heir@

alpha perfcrmance by differentially attending .to visual
; 9

stimuli. Endofeedback 106@ is used here in.a brcader .sense..

’ T

It implies the .establlshment of an 1nterna1‘ reference

v
signal, which can he compared .x gqug EEGS to generate

: ifies the ongoing EEG

an grron ‘signaly

activity - (negat;ve feedback to the %nput of a ccmpara¥or) . éﬁﬁ'

L H - /'

Vlgwed in ﬁmls ‘vay, ‘an endofg@dqmgk lcop can acccunt for the

selﬁcrgguldtlcn of alpha In the absence of @eedback.

) he results of t&e persrstence tra1n1ng vere dramatlc.

The control -group (PCON). did :notﬁln persistc—nqe due to
Ses.ion | “&alnlng, while the @ fpe'riue‘n’tal group gained

W%o .
extens;vely...The control group vas an/actlve cne, . 1in the.y
-
: . | - b ’ N >
sense that vhrle PER received the TLFB trafning, PCON
- received additional ACQ trials, which vere expected to be
. /] S . .

. - - oty
beneficial. ‘ ' N
: \ N - v
”

T W The first DFB trial of the Bersistence training had the
' B . : 3

' ~
same effect as the DFB probe inserted after the first ACQ .
A . .

A

PN ; @
| ' E ag ' &*! A
Alghak__;_lstengg %ag Delaved Feedbgck Performance. . 4 PO
Te . . - Yo Wi{?

-
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i trial of Session 13 it led to a depredsion of performance to

. N N ,)
approximately ba~eling¢ level. Performance on subcequent'bFE

trials, however, progressively increased. This increase wvas

hypothesized to be predictive of increased alpha persistence

indegpencence of

P

i" the futu . Persistencé 1is reg

or ‘very Trecen

-

external .edrack; it 1s a reliance upon internal cues.
&

the beh~v- © from imledfateiyﬁ'-‘

puring the ' DFB . trials, the subjects have two sources of

s , - ~ )
feedback, ane of thenm external and the other internal.
Their training had been to rely upon the external‘feedback,
but it was demonstrated here and by Travis, et al. (197ua)

that an endofeedktack reference “was belng strengthened by the

. Aot

feedback tralnlng. The external *fee back during DFB is’

jo ]

contingent hpon the sub]ect's'alpha, bﬁt not suhstantiali§?’

useful as an information source capable of leading to
kv ’ no

learned %e;f-reghlétion. It does offer a conflidt, hovever,

“between iﬁternafwand external sources of information. The '

I

sucé%ssfdl resolvtion of the conflict is a shift in

vy ¥
oW

dependence (or stimulus control) from the external to the
‘ , 0 _

internal™ scurce of fgedback. This shbft leaves the trainee

o - . A L~ -
more ﬁndependent of the external feedback, and manifests\*as

-

perslstence. It 1is 'reasonable to hypothesize that the

t

pétsgﬁtence@lralq}ng procedure voulad also lead to Dbetter

-«

generallzatlon of the t{alned response teq s{ressful.
. ) K} .

' ,‘/ . [ a .
environmenaﬁ, where spccessful self-regulaticn means

L.

attending to afppropriate “internal cues in the face of



¢ ) PO R
external and %@&ernal nolse. -

An additional point of importance is that it seems
insufficient to establish an internal feedback lccp in order
to learn persistence. Both groups showed about equal

N

-

performance on the NFB task ,of session ' 4. As well, the

persistence gain was independent of <the algha strength

pfoddced duridg ACQ trials, with PCCN showina slightly
greateér ;.enhanCement in * Session &u. Thus, eventual
peLsiStq?ce was predicted only 57 the DFB trials and
performance, and not by dhy other aspects of performance
dufing,Session 4. It is llkedy, then, that rerformance

during a DFB trial or sequence would. be the best predictor

of subseguent perSLStence.’ Work 1is Fplanned which woulad
w

{

S%yﬂi;ew the experlmenterlxo make quantitative predictions of

bq}h informational ®&e .ofgggtha; feedback = stjisulus and

e 5
persistence of the response. Y A TR . .
. ya ) . [ . K a
Two alternative explanations for the .persistence

"y

results should be considered. Firsf: it is” pessible “that

the' DFB trlals glven to the’PER group in Se551on 4 allowed

Q&g a dlfferent klnd ‘of feedback relnforcement of alpha

act1v1ty. “It has- been prev1ously mentloned that delayed
feedback yill, at nah§» péint in, the;-rva;y in ‘accuracy

(immediafe relevance) depeqding7 upon the‘variability and

- a

alpha to the feedba

|'-" & . . .
""“ \1/ Fer LT s e X ¢

tone.lgmhis'Qariable accuracy>in the

 amount of alpha and -the psychophysical fuﬁcticn’ relating
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feedback could'operate differentially to provide reiatively
more reinforcement for long trains of high alpha activity:

For,example, wvhen high alpha content is maintained for the
full delay interval, the delayed feedback would be relevant
to thehourrent alpha activity... In order,to decide between
this possibility an%% the endofeedback alternative in
accountlng for the persistence ‘results, DFB training {gi‘
Session. 4 «cculd be compared to random, non-contingent
feedback. The endofeedback hypothesis would preQiq}'s&milar
results for the two conditions (DFB' versus non;oontingent'
feedback probe trials), vﬁile the difge;entiai reinfOrcement’
hypothesis wculd predict thaﬁﬂ'the subjects rece1v1ng DFB

would shdk’ mcre ?ersiste&éendue”to the réinforcement value

of DFB. - .

.

¢

& ) o « ) . . : R .
.~ A second possi@,_.explanation for the rpersistence

results As that the PCON groug, QF?KQhA received more ACQ
J.' . . .

-

trials thanﬂ the PER group, was subjected to overlearnlng.

Overlearning can  have the eftect of 1eading to faster

v
extinction of a learned response, particularly in
discrimination reversal probiens; In the_present research,
v.\the. overlearning explanaticn would 'suggest. that _the
, persisteﬁce of the §EON>group vas sdppressed relatiVe‘to'the'
.PER.group, 1ead1ng to the obtalned results. Cverlearning,
'hoyever, 'alsc leads to increased- retpntlon over t1me of'l
1eérned response, and- the per51stence“fest employed in - the

present research-. bears closer reselblance tc a retentlon“~

Tea o ‘ . ﬁf “‘ﬁ
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test than to(.extinction trials. while. the overlearning
hypothesis could be tested by,beginning persistence training
much sooner ‘(before the 1levelling off of algha strength
evident in a.,comparisOn ‘wtween> Sessions 2 and 3 ACQ
trlals), :it éppears, Jue v the litefature relating
overlearnlng to .§ncréasea 1etention, to be an unlikely

explanation .of the present results.

It would be’ ihtéréét?né‘ts di%cover whether subjects

“ ! y A&
recétV1ng the DFB trlals durlng persxstence training gain in

dlscrlnlnatlve ab111ty-_tclemens (J$76 ) ands.staudenmayer,

. . ¢
et al.j ~(1976) showed that suybjects uhoscoula respectively

-

5
R

,dnSCrlminate heart rate and ENG would show’trahsfe%.to a no-

c,

Ha@* condltlon.“‘A sinple test of the hypcth951s could

maaeA by kanludi!g ?%A probes yamong the per51stence

LY

training trials, to see 1f sub]ects Hlth 1nc1uded DFE trials

“ w Y
" A

1earned’ betteﬁ dlscrlmlnatxon.: 9051t1ve results would

Support the notion that PER~tta1ned subjects learned to pay

more attentlon to 1nternal ‘¢ues, thus allov1ng for better

ey

)

dlsdfﬁmlnatlon. v . S W r}“

The persistence " training was begun at a rather

h/d . o

arb;trary tlme, according to the Dbest predictions which

could be wsade from pllot data. It would be 1nt\¥est1ng to

-

design a study 1n whlch ongfgroup receives alternatlng ACQ,

DFB, and NFE trlals from the start and another ACQ and NFB,

5uith,/PFB> introduced dlater as in the present research.
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Persistence training was 1initiated with ,already trained

~ﬁ*9§ubjects ’En the present spgsy‘Becapse it wag believed tha$h

- ) -
subjects already having established endofeedback referenc%g(

-
and discrilinative.hbilities would be more able to trﬂnsfer
dependency frcm the e;ternai feedback source to an internal
one. This could be tested by making the above comparison,

and testing for persistence. Y

Persistence training is a laboratory training method

for increasing the maintenance of a trained response over

.time.‘ It contragﬁs qifh the approach taken by other

increasingly complex stimulus situations could become a part

researchers interested: in transfer of contrcl, as their
procedures involve collateral outside-the-lat practice
(Budzynski, 1973; Green, et. - 1970).  While it is
p0551b1e that PER tra1§’Qg facilitates generallzatlon of the

+

rosponse, specific o

developed to focus oﬁ‘

s ¢

‘of the training emvironment, after some initial enhanceaent

had - been deucnstrated; This is not necessarily afbetter
training apgroach for <clinical populations  thanm home

practice, ~but-might be used in conjunctlon with 1t. It is,
’ S ‘

like per51stence ‘ralnlng ;n the laboratory, uorthy ,of

e
furth;’- lnvestlgatlon, 1nclud1ng p0551b1e appllcatlons in

gy, -
the clinic for alpha and other physiological act1v1tles. To

the‘extent that.therapeutlc benefit fis‘ based_ upoh actual
changés in“the trained physiological‘functiqns, exﬁecged

r )

Jory- hased procedures might fbe‘

rned generalization. For example,



benefits for persistence,and generalization training might
\}
‘. include more efficient and effective therapy, with reduced

. frequency cf fcllcw-up appointments.

a
Little attention is ordinarily paid to ‘the periods
between training trials, which\!gre often Iused as rest
periods. In the present research, j evidence was presented
- that betueen-trials probe activity could affect the amount

of enhancement during feedback training. ‘ Subjects wemﬁ%‘J
required tc (a) " practice the alpha response, (L) maintaln
awarenese of the alpha response, or (c) -~ "rest" by lobking
rnrongh ‘a bcok of attrac%&ve landscapes. The resting task
may be functionally different froe a nonstructured rest as
“ used by Kamiya (1969), in that it lessens the 1ikelihoqd
’rhat subjeCts could attend to or practice al&?a. The fact
that subjects who practiced tbz,ceéponse did better.on the
feedback training ACQ task than other subjects, uho were not

51gn1flcant1y dlfferent from each other, suggests that ‘the
conventional wisdom of the betueen~ rlals reet perlod may be
'questionable.' ‘It would be, interestlng to ccmp. lthe
énhancement data from t;o grouéS’of trainees, one of dhiCh
would receive alternatlng ACQ and NFB trlals, and. the other
continuous ACQ. It would also be wise to '1nc1ude a group

whiolh rpcexvedjalternatlng ACQ and rest perlods, in order to

replicate the' findings of the present study. It is’



conceivable that the subjeets who are required tc do the NFB.

task would show greater enhancenment than the subjects in the

other groups, as they :pprformed 'so qm&l in the present

v i
[
| A

tJ“ : The' present research yielded enhancement across groups
of 34.4% for Session 1, 65.7% for Session é, and 66.5% for
;Sessiop 3. Since baseline scores varied by less than five
percent acrgss sessioas, the enhancement differeﬁces reflect
alpha streﬁégh during feedback.rather‘than vaiiable baseline
‘gcfivity. The scores for the final two sessions uere almost

equal, suggesting either that subjects reached w®waximum oOf

that they had achieved a plateau level in their training. A

plateau might be achieved as a natdral aspect of alpha

training. Hardt (1975b) noted a similar‘effecf occurring at
. ' J

several pcints during traiasing, the irst instance of which

corresponds fairly well u" ﬁthe.am' of ‘training received
) s . LN 1')%0 ‘I o~
in the present study.

A 2
might be avcided or minimized by employing optimum traifing

nethodologies. Length of trials and sessions, experimental
conditions, eye instructions, and traasfer function relating
cortical activity to feedback might optimally require
altera n as the subject rfprogresses in-@lpha training.
pion se the s e iy i estnin
Reither the-present‘research nor Hardt's was designed ~ to

speak directly to this poSsibility.
¢ . _

[

. A

) -~ vt
. F -
"

A
»s

ib é;so pdésible‘that plateans

An examinéfion' of other /é}esfbpen_alpha enhancement

O
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: " _ J
results reported using integrated alpha as a dependent

measure reveals uaximﬁm enhancenent of 25% (Plcotkin, 1976a)
and ap! {estisate of 20% (Travis, "et'al., 1974b).  These
gzi:egvﬁare considerably less than‘the eﬁ%ancement obtained
in the present research. Plotkin prov;ded only <ix three-
minute enhancement triale uitﬁ lights on (and eyes open).
These trials were partly randomized aﬁong an equal number of
suppression and rest tfiais. Subjects wvere ' required,
L:iherefore, tc 1learn two operations (enhance and suppress),

with very trief trials totalling only eighteen minutes.

These conditions would reasonably predict -lesser

enhancement, as the subjects in the ' present "research were

given eight nine-minute and one five-mindte enhancement

trials, vith no suppression tgﬁzﬁing ‘ (posSible
interference); Also, subjects who had a’" est" period (CON
gqpup) bet;een tqpining }riﬂﬁ?_shoued lesggégr ncemen!. than
the other subjects. _;i 'q".

Ly

It is difficult to assess the anount cf enhancement

shown by %¥he Travis et al. subjects, .as wmeans are not

reported. There were ten five-minute. tralnlndggkgals, and'

) ) L-‘,)
subjects were requested to rest betwveen ttlals. Data were

reported as "changei)scores", which were based ufpon the
number of integrator resets, as'in theggsygent study. . The
authors do not, however, state to which activit@ the change

is relative. Assuming that the changes were ‘relative to

eyes—open “taselin®, the results become comparable to those



Conclusions

&

- were different.

with the standard biofeedback trials. E L

v

of the present study. Scores relative to aseline

however, very subject to influence by bPaseline recordlnq ’

technlques, parcticularly the instructions given to subjec(s
and the timing of the baselines. Such scores are helpful in
1iniring the ‘heterogeneity of performance ievels, -~ thus
making for simpler and more meaningful statistical analyses.

Plotkin (1976a) has made a similar point. It is Fpossible

that the . Laseline techniques used in the present research -,

S S N .
and those used by Travis, et al., who did not regport theirs,

- From the present research emerges a view ‘of eyes-open

’

alpha enhancement in wvhich trainees uﬁb;the feedback signall

to produce increaSed'alpha strehgths,‘ and_ alsc ”learn to

: S VU .
dlscrlmlnate‘ high fron low amcunts o? alpha in 'the on901ngl

EEG. Trainees ‘also develop the ability to produce 1ncreased

alpha 1ndependent from the.preseuce of external f%deack. \“‘

Y

Persistence of the tralned response over time could be

greatly enhanced by a spec1f1c' ("persié*ence training")

procedure ‘which includes coambining delayed feedbaCk triale

~

-

Whlle the present research does not address some of the.

1Y

. \
issues, "such -as therapeutlc  value > and’ experiential

correlates of alpha, which have lég.to the pqpularity and



been the core of ;the - controversy surrounding alpha
‘biofeedback, it does provide strong evidence ‘that alpha

enhancement can be learned through biofeedback training, .
that trainees can continué to enhance altgha uithout

feedback, and that -the Qatametets of the feedback situation

can be  manipulated to provide different . levels of

enhancement and persistence after the termination of

training. These findings provide a substantial foundation
1 ‘ ' ] ) .. . ) . .
upon‘mhichJan,investigAtion of the applications of alpha

training can Le built. : ' - X
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. . Appendix n
‘The urpose of this section is - to provide a’ brief S
- review . soue basic experllentAI condltions uhich need to

'bé understpcd 1n order to neanzngfully 1nterpret and conpare

. . the results\of ‘alpha biofeedback research. ..The deflnltlon
of - the res;cnse 1s~affected by‘phe electrode confxguratlon,
eye instructlons,'and quantxflcatxon of the response. The
nature of\-the selt-regulatlcn task. ie ffected by the o
‘ erperieeqﬁal enyirbnneht;\Ehe_type of feedbagk provided, and
. the arrahgerent of training lsessione and trials uirhip

sessions.

‘Tvo iiportant' issues in  the discussion of electrode
placenent are the number of electrodes -employed -and. their

}locations cn . the ealp. Most e}pha’ researeh’has named . —

"Qccygital alpha" as the response'. of inte ¢« but -

i

_reSearcﬁeré have defined - this ferent ways. Perhaps

most co-nonvhae.hee s;ngle eidlire occipital ‘placelent A
.~(nenepo' refe’ ed to onme ~.or both ears or laStoids as
4greunqe other researchers have taken occ1p1tal to frontal
-bipolar factivity (Noulis & Kaliya} 1970; Plotk1n;-j967a) or
occipltal tc’ parletal hlpolar ’actiiitye }uelheiland, 1973;

v
Walsh, 197u). Hardt /;;3\§raulya (1976b) haw i

ﬂkestated that the "occlpltal al ha" design ~ior should be

reqsonabl?

- . 4 . '..L.v"‘ .
reserved for Jﬁxc1051ve1y occ1p1t aceaments.  Thus,’

. , , o B
- )



v

—— ' .
. ¢

bipdlar plac;)ents with one occipital and one ncn-occipital

b4 . . ’ .
A placement could logically be named just as vell by the non- ‘.

OCClpltal locatlon. .As alphg is usually seen most strdngly

’

in the" ocelpltal regions, it may dominate the alpha from
'anotngr”fegion ’in €%e EQG reCOrd. - Nothing is gaine@.
hbﬁever, in applying the 6ccipi£a1' alpha ‘labei to,EEGs
recorded fron ncn- ocqépltal locations.  The élpiricali

. ’ slgnificance of eleqtrode placement and conflguratiOn for

biofeedbadk'quining of alpha enhancement- has ‘not bee
v . i ] ' _"1. '
systematically investigated, and -there is no reason to
o . assume thé&”résults of research usiqu different recording 9 

»

techniques would be'cbnparable in all respects.

.
' a3 " *
P .

- . ‘ ‘ R - . . . [
The present research .monitors alpha from “bipolar
. ~ R
occ1p1tal tc frontal right henlsphere placenents, the same

configuration used by NOHllS and Kanlya (1970) and Plotk1n
(1976a). While Hardt and Kamiya (1976b) are of the opinion
- that the ‘frontal plngenent might be <enpject. to eye
lovelents; Piotkin'(3976b) srated thet "thequ’placenent “is
suf£1c1ent1y far back on the SCaip to avoid the large eye

éitlfacts that Hardt and Kanlya mentioned™ (p 11uy.
L] / A -

- - : - - J . .
'

Eye_ inst?ﬁctions are. important in .alpha._presearch
because eyes-Open and eyes—closed alpha . may ‘be two
. o . ,‘ 4 .

L ’ ‘ A
/( funct onally flfferent responseg vhose separate acqulsltlons

1‘e unrelated (Tfhv1s, et .al.,- 197ub). slnce eyes-open @
Agcalpha usually shovs -ore' rapld enhancenent and elso o
a S o S ’
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mjinimizes the poséibilit’ of drowsiness, it was judged to be

.more suitable for the present research. It should be ' noted

' that results wamight mot generalize to -the eyes-closed

4

response, - though the . methodology gsed ‘here. vould be

‘excellent for a .separate investigation of the eyes-closed

response.

Most of the eafly alpha research quantified alpha as a

percent time measure. Some arbitrary threshhold, ‘or one .

related to the subject's resting level of alpha, wvas

o

selected, and alpha ias measured by the percenmtage of time

it, exceeded phisuthréshhold. 'If the threshhold were fifteen

: o n : :
- microvolts, then alpha of twenty microvolts and alpha of one

13

hundred microvolts would be scored the same - both as alpha
present. This measure, also called criterion alpha, is

bounded below by 0% and above by 100%.

Recent reseérch (Hardt & Kamiya, 1976a) ; Travis, et
al., '197ub)' ha;i established that an iptegrgfed'alplitude
measure, that'is, the area under the voltage curve, is' ?
more adeéuate measure of alpha for fesearch purgoses. This .
lat ér_leasure is referred to as ‘"alpha sfcength“, ﬁnd
unlike ‘thé perceht; tile‘asure, “has no uppef bolu,.,d. Thg
present research guantifies alpha by integrating the entire

alpha band (8-13 Hz) with no threshhold of minisusm activitj.

-~ Most alrpha hiofeedback.research is conducted in a quiet

llahrototy environment, shielded from electrical interference

(3
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1 ‘ s
and noise. vIn the prg#ent research, (this semi sensory -
deprivation type envir§n-ent is established, with: ‘the‘
part1c1pants- seated in ‘a ébnfoflable padded chair. It ;é
llkely that the s;lpllcity of the environnentn is’/;;re
impottant in eyes- open than in eyes-closed conditions, due
to the possibility 'that subjécts. cah control alpha by
foéusing “and defocusing: (Hulhollahd; 1973) . While the
%solat{oh cbanbet .igytingv Qeyeloped as a, part eT_ the
standard tiofeedback’  procedure largely. due Lﬂ{;\,fif
environmental insulation requiréd. by' older equipnént, it
quite likeifl _contributes 5£0»~ the phencmenon uwdér
investigation ‘(partibulatly e;perieqtial oi therapéutic

correiates of ccantrol) .

LS -

é’ feeﬁback signal can be elther discrete or continuous
.and e;ther proportional or blnary. A cont1nuous feedback
Qigﬁal is alvays preséut, and changes in intensity or
frequency-u1th changlng alpha activity. .This hoidé for’
A v1sua1, v1brotact11e, and aud;tory feedback; Discrete
feedback is not always available; but is givgn periodically,
_‘perhaps as a digital counter readout or verbél -pbst—trial
score. Binary' feédback can-;signal only two levels of
 .activitYo such as present/absent or . high/lov, wh11e
proport10na1 feedback prov1des a 51gna1 which reflects nan{
levels of the monitored activity. The present research

employs a cohtinuous,,proportional feedback tone. There is

-nA on/off of the feedback to require orientation, abd the



-analpg signal contains more information than a binaf?ﬁone.
T
There has béen' no ' research vhich systénatical@}<i
T

conpares different arrangenants of tralnlng periods, either. M
/

over 'separate sess;ons -or dazf or over trials 1th1n1*m
v . N . N e S

sessions. Bardt"(1975f presented.evidence that the;)flrstf

stage of alpha feedback training, " aﬁ?ﬁaﬂapiﬁﬁhg Aana y
habltuatlon gphase lastlng about two h?ur of tQ#Q %ﬁg t,'j

ié qualltatlvely different frcm 4sub3%guent '%&hﬁyi alpha‘.

enhanéenent. The majority of reseaifh, Ah weven, prov1des

only for trief (less than two hours) tra1 ing, with trials

spread over sessions or all within a single session. Often
“ ’ ' . : c -
se5510ns 'include rest periods or suppression trainming, as

uell as alpha éhhahcement traiqﬂ%g. There -has been 'ho

enplrlcal ev1dencg favorlng any partlcular arrangenent of

tralnlng ‘trials, bpt as Hardt and Kallya (1976b) state, it
ety :

is likely (hat very short trials uould not be con@uc1ve to

biof€edback assisted learning. T fA‘ I
- - R gt
S ’ ’ aVal 4

The present ' research spread training sessicns over -

»~

several days, and eaployed trials of.fmoderate length

separated hy other 1nstructed<r}sks without feedback. "






