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Abstract

An important debate in visceral learnirot 1.$ -.:hether "a""arcness"

of the response is necessary for learning to occur. Traciti0nal ~odels

of \"isc~':"al lear:lin.;; such as operant condi tionin b consider a ....arcncss C'f

the response unnecessary whereas more recent models such 3S idco~otor

theory, ~tor skills and problem solvin& consider it essential. Early
,

research concerning this issue supported the vie .... that a....areness of the

response was not necessary." However, more recent research has been

unable to find instances of heart-rate learning; in the absence of

accurate self-report. This discrepancy would appear to be due to either

inadequate assessment of learning and awareness in the early heart-rate

studies, or to procedural differences between early and recent research

that affected ho" or what subjects learned.

Three experiments were conducted to e¥aluate these t~o

possibilities. Each experiment employed the more thoroubh assess~ent

methods of the recent research _hile examinin£ a procedural difference

betwe~n the early and recent research. In Experiment 1 a group received

feedback for increases in heart rate, another group received feedback

for decreases in heart rate, and a third group. received feedback for

both increases and decreases (bidirectional training). Follo_ing

trainir.g, all subjects provided wri tten reports of _hat they did to

produce the response. Average heart rate was found to differ

significantly between increase and decrease training conditions and was

acco~panied by ",itten reports whose contents also differed
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sig.ni'fic.antl)~ between these training conditions. Furthennore, there was

a si&~ificant positive ~elationship between magnitude of bidirectiQnal

c.or:.ct'cl and veridicality of the reports. No differences 101ere found

between the groups trained to produce the response in one direction as

co~?arcd to the bidirect::'0nal group. In Experiment 2 subjects ..... c':"c

tr~incd either to increase or decrease heart rate. and were or ~cre not

forc~arned they ~ould eventually have to produce the response without

the aid of feedback ("t-:ansfer"). No ...significant differences ",'ere

o~taincd between the forewarned and the not-fore .....arned groups. However.

th~ relation of response awareness and success at learning was well

preserved in both fore~arnin& conditions. In Experiment 3, subjects

~ere trained to produce either increases or decreases in heart rate, but

~ere prohibited fro~ usins respir~tory or sornatornotor activity to solve

the feedback problems .
•

In addition, half the subjects ~ere encouraged

through instructions and electrode placement to use mental means to

influence the feedback. Significantly poorer control and less accurate

-:c?orts ~cre obtained in the increase ~roup given men.tal inst:-uctions

co~pared to the inc:-easc £roup given the stancard instructions.

Ho.·ever, significant :-elationships between self-report and bidi:..ec.tional

control ~ere obtained in all groups.

These experi::1cnts demonstrate that the positive relatlo':"l.ship

between heart-rate learning and accurate self-report is a robust

associatio:1 not dependent upon bidirectional tr-aining, fore .... arning of

tra:1sfer, constrai':1ts on behaviour, or a ::1entalistic task o:-ientation.

This result indicates that the discrepancy between the early reses-:ch

and recent research ~s likely due to inadequate methods of assessing
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learning and awareness in the early studies. These results also

indicate tha: cognitive considerations are important determinants of

visceral learning, and ap?roaches that assi~n a ro~e to p~oble~-solvinb

activities in learning arc appropriate frameworks for st~dy of the

visceral learnin~ pro~css.
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CHAPTER 1: INTRODUCTION

In a typical visceral learning or "biofeedbac~" experiment, a

subject i$ seated in a ch~ir and has electrodes attached to his body

that measure one or more autonomic responses such as heart rate,

electrodermal activity or blood pressure. Response activity is recorded

by a polygraph and then transferred to a computer that provides the

subject with on-line exteroceptive feedback proportional to changes in a

particular autonomic response. For example, variations in heart rate

might be depicted as changes in the position of a cursor on a visual

display or as changes in auditory frequency or loudness. The subject

has usually been instructed that his task is to gain consistent control

over the autonomic response by developing control over the feedback.

The total training session usually lasts about one hour, but may be

repeated o~~r a period of several days.

It is no",- well established that subjcc~s acquire the ability to

control thei~ physiological responding as a consequence of such training

. (Miller, 1975). However, the process by ,,"'ich this control develops is

unclear. At least four different oodels or :rame~orks for understanding

visceral learning exist. The earliest conceptualization of viscer~~

learning, and the model to be presented first. is operant conditioning_

MODELS OF VISCER~L LEAR~I~G

Operant condi~ionin~

Explanation of lea~cC control froo the perspective of operant

1
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conditioning is straightforward. The principle of operant conditioning

states that any response that is followed by a rewarding or

"reinforcing" event is more likely to' recut' in the future. Thus, if the

situation has been arranged such that the occurrence of a particular

autonomic event such as an increase in heart rate is consistently

followed b)· rc\oo'a·rd, heart-rate increases ...·ill occur more often, which

will result in more frequent pairings with reward, which will eventually

produce a consistently ~igh heart rate. Responses that tend to co-occur

with initial heart-rate changes (e.g. muscle tension) will also increase

in fr~quency due to their occasional pairings ~ith re~ard, but because

"they are ~ as :onsistently r~arded, their association with heart-rate

changes will gradually lessen. The presence of such a,

response-reinforcer contingency is said to be the only necessary and

sufficient condition to establish visceral control. The psychological

and/o~ physiological mechanisms of this process are left unspecified and

are not thought to be essential to an understanding, of hoy,; learning

takes place (Black, Cott & Pavloski. 1977).

The development of associations bet.ee~ environmental stimuli

and behavioural responses through re~ard would appear to be an important

capability of all organisms y,;ith the ability to learn. The explanatory

po.er of operant conditioning is evident in such fields as animal

learning (MacKintosh. 1974). But vhereaa the aaaociative effect of

reinforcement is an important featute of learning, it is not the only

feature. The parsimony of a strict operant account neglects some

determinants of learning that question the adequacy of this model in

explaining the development of human autonomic control.
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One of these determinants' concerns biological constraints.

Because the autonomic nervous system serves a homeostatic role,

autonomic responses are highly integrated with each other and with other

systems. As a result, it is very difficult to achieve highly specific

changes in visceral responding through feedback methods, although

operant accounts predict otherwise (Kimmel, 1982; Marlin,"1984; Miller,

1978; Miller & Dworkin, 1974). Furthermore, not all responses are

equally amenable to control as operant conditioning implies. Yates'

(1980) review of the literature indicates that for the large majority of

autonomic responses, changes are more readily produced in one direction

(either increases or decreases) over the other. Another determinant of

learning that is overlooked by a framework consisting ,of general

principles is that of individual ~ifferences, a number of which exist in

visceral learning (Katkin, MoreU, Goldband, Bernstein & \lise, 1982;

Lang, 1975; Levenson & Ditto, 19S1; Miller, 1978; Qualls & Sheehan,

'.19S 1) .

The generality of operant conditioning creates other problems.

Because no limits are set on operant conditioning's bou~?s of

application, it is able to provide explanations for a wide range of

phenomena. Some of these explanations do not appear very compelling,

however. This is most apparent in the human caS'C:. Although at one

level of analysis it' is possible to conceptualize human biofeedback l."

training in terms of visceral operants shaped by the rewarding'

consequences of the feedback, some have suggested that this ,is not the

level tr~t provides the most meaningful or convincing explanation. This

description may have legitimacy in the case in which the feedback the
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subject receives has some natural reinforcing value or biological

significance (e~g. shack avoidance, noise terminationt. association with

monetary gain) (Hatch & Gatchel, 1981; Kimmel, 1982), but it is less

satisfactoD' in the more common situation where the reinforcing nature

of the feedback is not obvious or very indirect (e.g. visual -or auditory

signals) and learning still occurs. It seems more plausible here to

suggest that feedback serves an informational rather than rewarding

role. A more general point concerns the assumption of automaticity that

is" implicit in operant conditioning. The statement that the presence of

a response-reinforcer contingency is the only necessary and sufficient

condition for learning implies that the cognitive activities of the

SUbject are peripheral to the learning mechanism. Empirical evidence

relevant to this issue will be discussed in greater detail later.

Suffice to say at this point that the adequacy of operant conditioning

is strained by what we know about the influence of verbal instructions

and subject expectancies upon learning across groups with identie-al

feedback contingencies (Bell & Schwartz. 1973; Blanchard, Scott, Young &

Edmundson, 1974; Brener, 19748; Lacroix & Roberts, 1978; Lang, Sroufe &

Has tings, 196 7).

In an attempt to incorporate some of these above mentioned

phenomena, alternate conceptualizations of the visceral learning process

have been proposed.

Mo tor ski lIs

The first is the motor skills analogy. It has been suggested by

a number of investigators (Brener, 1974a; Johnston & Lethem, 1981; Lang,

1974; Schw"rtz, 1974) that "the acquisition of. voluntary control over a
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viscus is a skill ••..•• it requires an organized sequence of activities,

movements, and symbolic information such as those required to play darts

or hit a tennis ball (Lang; 1975, p. 173)". A problem with this

approach is that it is no, totally clear what the implications of this

orientation are or how they differ from operant ~onditioning (Hatch &

Gatchel, 1981). There have been some suggestions that it implies that

1) kno,dedge of results is vital to learning; 2) control improv",", with

training; 3) the more information provided by the feedback the better

is learning; and 4) control becomes more specific with training (from

Johnston, 1977). But if this is so, then the evidence does not appear

to strongly support such an orientation (Johnston, 1977; cf. Schwartz,

Young & Volger, 1976; Williamson & Blanchard, 1979).

Nevertheless, animpcrtant advantage of a motor skills approach

.to visceral learning is the emphasis it gives to important features of

visceral control. Rather than focusing on simple stimulus-response

contingencies, this approach emphasizes how a response to a particular

situation involves a complex integration of information from sensory

sources, memory, and context interacting with the functional

capabilities of the organism. There is a flexibility of response

depending on circumstance because the unit of performance involves

larger organizations of activity such as' strategies. or procedures. The

eventual end product in the development of a motor/visceral skill is not

an isolated behaviour closely controlled by the presel'ce of a particular

stimulus, but an organiz:d program t~at ;ncorporates economy in
..

performance and flexibility i~ response.
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Ideomotor theory

A third model of visceral learning is Brener's (1974a; 1974b)

adaptation of William James (1890) "ideomotor" theory of voluntary

action. Brener proposed that providing a subject with exteroceptive

feedback for a normally undetectable autonomic 'activity (e.g.. heart-rat'"

chanbes) allows that subject to detect and recognice affer~tation

arisinl; f"om the occt;nence of that activity' (e.l;. pe'riphe~al auditory
....

and pressure pulsations, respiratory afferentation,... muscular

kinesthesia). Thro.ugh a process s-alled "ca librationll
, exteroceptive

feedback (or verbal labels designatinl; such feedback) acquires the

ability to elicit a memory of this afferentation, which in turn

automatically leads to the performance of the response represented by

these sensations. Termination of the act is'dependent upon the matching

of the afferentation pr9duced by the elicited response with the original

afferent pattern. Adjustments are made until differences no longer

exist.

Brener's ~odel has had a major impact upon research in visceral

lea"rning. This is partly because its incorporation of autonomic control

¥within a lIYoluntaryl1 framework better explained instructional infl~ences

on autonomic control, and partly 'because'the testable implications of

this model were fairly clear and appeared to conflict with operant

p,:,edictions. Unlike operant conditioning and motor skills "'hich made no·

a ttcmpt to provide a mechanism fe'r visceral con trol, ideomotor theory

was very explicit. The feature of this mechanisn that has received the

most attention is the p,:,ediction that "awareness" of the response (as

measu"ed by the subject's ability to discriminate its occurrence from

its nonoccurrence) is a by-product of learned control of the "esponse,
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and therefore, .substantial relationships should exist between the two

phenomena (Brener. 1974b). Evidence concerning this prediction will be

reviewed in Chapter 2.

Problem solving

A f ou rth approac h tha t has been more recen tly propo sed for' the

study of-visceral lea.rning, is that of problem solving (Roberts, Marlin,

Keleher & \o,'illiams, 1952).' :this is an orientation that also

acknowledges flexibilLty 'and the potential contribution of the sUbject's

knowledge to the "learning process .. Successful production of a

particular re~ponse in.a biofeedback situatiop is seen as a problem

posed by the experimenter which the subject actively attempts to solve.

It is recognized that there may not be a direct mapping between the
.

problem as presented by the experimenter ('task statement'), arid the

subject's conceptualization of thep?:oblem ('problem space') (Simon,

1978). The problem space can be influenced by variables such as

electrode placements. verbal instructions, feedback procedures,

familiarity with similar tasks, ph:otsical arrangement of the trainiIl&

situation, and the sUbject's expectancies, in ""'ays ...·hieh the

experimenter might or might not have anticipated.. The problem space

will also include, in some form or another, an appreciation of task

objectives, legal means by which to accomplish them, and constraints on

behaviour. All of these determine the program or strategy that is used

by the subject to solve the task. The strategy the subject uses often

will be. of an analytic nature involving the formulation and testing of

hypotheses about the response. Although some activities will be

produced fairly haphazardly rather than as a result of a more' conscious
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deliberation, the primary intent of a problem-solving orientation is to

suggest that the subject's conceptualization of the task, and the

analytic processes he brings to it, are important and often overlooked

de~~rminants of visceral control.

OVERVIE~ OF THESIS

All four of these models, operant conditioning, motor learning,

ideomotor theory, and problem solving, offer qUi;e different

descriptions of the learning process. Unfortunately, this does not

translate into very many explicit predictive differences. However, one

area in which differences do exist conce~$ the need for, and r~lc of,

awareness of the response in autC?nomic learning.,
The assumption of operant conditioning has been that the

necessary and sufficient condition required for learning is the simple

presence of a response-reinforcer contingency. Awareness of this

contingency or of ~haviour on ....hich reward is condi tion"a.l .is not

thought to be necessary for learning to.occur. The view that success at

feedback control is associated with awareness of the response has been

termed by one researcher working within an operant Jramew'ork as "at best

a speculative hypothesis without much empirical support (Black, Cott, &

Pavloski, 1977, p. 123)". The motor skills approach believes awareness

of the response to have a· greater role. It is implicated in the

proposi tions that knowled~ of resul ts is vi tal to learning and the more

information provided by knowledge of results the better is learning

(Bilodeau & Bilodeau, 1958; Gill, 1975). It is the 'refinement,

reorganization and execution of the developed skill in the later stages

-
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of learning that may not involve awareness to the same extent. Fitts &

Posner (1967) in their summary of motor skill.s research up to 1967,

characterize the later phases of skill development as involving a

gradual reduction of conscious mediation (see also Harvey & Greer,

1980). Ideomotor theory, as stated earlier, sees response awareness as

a necessary by-product of control. In order for control to develop, the

internal sensations consequent upon visceral changes have to form an

association with some contingent external event. Awareness of' these

sensations is a by-product of the formation of this association.

However, ideomotor theory does not explain why awareness is a

concomitant of learning. The problem-solving approach also leads one to

expect stiong relationships between measures of awareness and control.

Because most biofeedback'problems hav~ the potential of being ea,icy

solved by the use of conscious processes (Roberts et a1., 1982), a close

as~ociation between knowledge and control is to be expected. ,Unlike

Brener's model, however, the mean~ by which control develops, and its

expression is not as deterministic. Rather than learnin~ beit'lg 2.

process of associa~ive ~alibration, a problem-solving approach gives a

more important rare in learning to the analytic behaviour of the subject.. .
~ his choice -of, strateg.~es to use, 'and their -evaluation based }.lp,on

. manipulation ,of tbe feedback. And rather than the expression-of a

learned response being closely under stimulus control, there is greater

flexibili ty of re,sponse. -,

Because the presence of response awareness is an issue that

differentiates models of the visceral reaming process, the relationship

between response awareness and response learning has become an












































































































































































































































































































