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Abstract

An important debate in visceral learning is whether "awareness"

f the tesponse is necessary for learning to occur. Traditional models

TS

of visceral learning such as operant conditioning coﬁsider AWaTeness o
the Tesponse unnecessary whereas more recent modelg such as ideomotor
theory, motor skills and broblem solving consider it essential. Early
. B L4
research concemning this Ilssue suppor;ed the view that awareness of the
Tesponse 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 heartt-rate
studies, or to pfocedural differences between eariy and Tecent research
that gffected how or what subjects learned. ) '

Three experiments were conducted to evaluate these two
possibilities. Each experiment employed the more thorough assessment
methods of the recent research while examining a procedural difference
betwecn the early and recent research. Im Experiment 1 a group received
feedback f;r increases in heart rate, another group received Ifeedback
for decreases in heart rate, and a third'group_received feedback for
both increases and decreases (bidirectionmal training). Following
training, all subjects provided written reports of what they did to
produce the response. Average heart rate was found to differ
significantly between increase and decrease training éonditions and was

accompanied by written reports whose contents also differed

(141)
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significantly between these training conditions. Furthemmore, there was

a significant positive relationship between magﬁitude of bidirectional
conzrol and veridicality of the reports.- No differences were found
between the groups trained to produce the response in one direction as
compared to the bidirectionmal group. In Experiment 2 subjects were
trained either to increase or decrease heart rtate, and were or were not
forewarned they would eventually have to produce the response without
the aid of feedback ("transfer’). No significant differences were
obrained between the forewarned and thé not-forewarned groups. However,

tha relation of response awareness and success at learning was well

preserved in both forewarning conditions. In Experiment 3, subjects

i

were trained to produce either increases or decreases in heart rste, but
were prohibited from using respiruiory or somatomotor activity to solve
the feedback‘Problems. In addition, half the subjects were encouraged
through instructions and electrode placement 2o use mental means %o
influence the feedback. S$ignificantly poorer control and less accurate
Teports were obtained in the increase group given menkal instructions
compared to the increase group given the standard iastructions.
However, significant velationships between selfi-report and bidirectiocnal
control were obtained in all groups..

These experiments demonstrate that the positive telationship

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

association not dependent upon bidirectional training, forewarning of
transfer, constraints on behaviouy, or & mentalistic task orientation.

-]

his resul:r indicates tha:t the discrepancy between the early research

and recent research is likely due to inadequate methods of assessing

(iv)



learning and awareness in the early studies. These results also
indicate that cognitive considerations are important determinants of
visceral learning, and approaches that assign a role to problem-solving

learning are appropriate frameworks for stﬁdy of the

"
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visceral learning provess.
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CHAPTER 1: INTRODUCTION

In a tvpical visceral learning or "biofeeﬁback" experiment, a
subject is seated in a chair and has electrodes attached to his body
that measurec one or more autonomic responses such as heart rate,
electrodermal activity or blood p:éssure. ‘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 comtrol
over the autonomic rTesponse by developing control over the feedback.

The total training session usuallf lasts about one hout, but may be
repeated over a perioed of several days.

It is now well established that subjects acquirte the abilitv to
control their physiological responding as a consequence of such training
(Miller, 1978). However, the process by which this control develops is
unclear. At least four different models or frameworks for understanding
visceral learning exist. The earliest conceptualization of visceral

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

MODELS OF VISCERAL LEARNING

Cperant conditioning

Explanation of leammed control from the perspective of operant



conditipning is straighcforward. The principlé‘of operant conditioning
states that any response that is followed by a fewarding or
"reinforcing” event is more likely to recur in the future. Thus, if the
situation has been ar;anged such that the occurrence of a particular
autonomic event such as an increase in heart rate is consistently
followed by reward, heart-rate increases will occur more often, which
will resul: in more frequent pairings with reward, which will eventually
produce a consistently high heart rate. Responses that tend to co-occur
with initial heart-tate changes (e.g. muscle temsion) will also increase
in frequency due to their occasional pairings with teward, but because
‘they are mo& as :::onsistlenltly rexarded, 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 te establish visceral control. The psychological
and/or phyvsiological mechanisms of this process are left unspecified and
are not thought to be essential to an understanding of how learning
takes place (Black, Cott & Pavloski, 1977).

The development of associations between environmental stimuli
and behavioural respounses through reward would appeat" to be an important
capability of all organisms with the ability to learan. The explanatory
power of operant conditioning is evident in such fields as animal
learning {(MacKintosh, 1974). But whereas the associative effect of
réinforcement is an important feature of learming, it is not the only
feature. The parsimony of a strict operacnt accant neglects some
determinants of learning that question the adequacy of this model in &

explaicing the development of human autonomic control.



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, 197&5. Furthermore, not all responses a?e
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 differences, ; number of which exist in
visceral learning (Katkin, Morell, Goldband, Bernstein & Wise, 1982;
Lang, 1975; Levenson & Ditto, 1981; Miltler, 1978; Qualls & Sheehan,
1981). ;

‘The generality of operant conditioning creates other problems.
Because no limits are set on operant conditioning's bouq@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 case. Although at one
level of analysis it'is.gossible to conceptualize human biofeedback

training in terms of visceral operants shaped by the rewarding:

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

level that provides the most meanipgful or convincing explanation. This

description may have legitimacy in the case in which the feedback the



subject receives has some natural reinforcing value or biological
significance (e.g.‘Shcck avoidance, noise termination, association with
monetary gain) (Hatch & Gatchel, 1981; Kimmel, 19B2), but it is 1es;
satisfactory in the more common situatipn where the reinforc;ng nature
of the feedback is not cbvious or very indirect (e.g. visual ot 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 peint concerns the assumption of automaticity that
is implicit in operant comditioning. The statement that the presence of
g Tesponse-Teinforcer ceontingency is the only necessary and sﬁff;cient
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 greate? detail later.
Suffice to say at this péint that the adequacy of operant conditioning
is—strainea by what we know about the influence oé verbal instructions
and subject expectancies upon learning across groups with identical
feedback contiagencies {Bell & Schwartz, 1%73; Blanchard, Scott, Young &
Edmundson, 1974; Brener, 1974a; Lacroix & Roberts, 1978; Lang, Sroufe &
Hastings, 1967).

In an‘attempt to incorporate some of these above mentioned
phenomena, alternate conceptualizations of the visceral learning process

have been proposed.

Motor skills

The first is the motor skills anazlogy. It has been suggested by
a number of investigators {(Bremer, 1974a; Johnston & Lethem, 1981; Lang,

1974; Schwortz, 1974) that "the aéquisition of voluntary control over a

.



viscus is a skill......it requires.an organizea sequence of activities,
movements, and symbolic information such as those required to play Qarts
or hit a tennis ball (Lang, 1975, p. 173)". A problem with this
approach is that‘ic is not totally clear what the implications of this’
orientation are or how they differ from operant conditioning (Hatch &
Gatchel, 1981).. There have been some suggestions that it implies that
1) knowledge of results ;s vital to learning; 2) control improveﬁ\with
training; 3) the more information provided by the feedback the better
is leatning; and &) control becomes more specific with tréining {from
Johnston, 1977). But if this is so, then the evidencé does not appear
to strongly support such an orientation (Johnstomn, 1977; cf. Séhwartz,
Young & Volger,-i976; Hilliamgon & Blanchard, 1979).
Nevertheless, an important advantage of & motor skills approach
.to visceral learning is the emphasis it gives to important features éf
visceral control. Rather than éocusing 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
ca§abilities of the organism. Thexve 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 5 ﬁotor/visceral skill is.nop
an isolated behaviour closely controlled by the presemce of a particular
stimulus, but an organizgd program that incorporates economy in

performance and flexibility in response.



Ideomotor theory

A third model of visceral learning is Brener's‘(197Aa; 1974b)
adaptation of William James (1890) "ideomotor' theory of voluntary

action. Bremer proposed that providing a subject with exteroceptive

- o
'

Zeedback for a normally undetectable autonomic activity (e.z. Reart-rate
changeg) allows that subject to detect and recognize afferentation
arising from the occqrrénce of ﬁﬁaé activity-(elé. periphetgl auditory
v
an¢ pressure pulsations, respiratory afferentation, muscular
kinesthesia). Through a process called "calibration", exteroceptive
feedback (or verbal labels designating such feedback) acquires the
ability to elicit a memory of this affefentation, which in turn

automatically leads to the performance of the response represented by

these sensations. Termination of ﬁhé act-is'dependent upon the matching
of the afferentation produced by the elicited response with the original
afférent pattern. Adjustments are made until differences no longer
exist.

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

learning. This Is partly because its incorporation of autonomic éontrol
within a "voluntary"” framework better explained instructional inflyences
on autonemic contrel, and partly because 'the test;ble implications of
this model were fairly clear and appea;ed t; coﬁflict with operant
predictions. Unlike operant conditioniég and motor skills which made 0o
attempt to provide a mechanism for viscéral control, ideom;tor theory
was very explicit. The fezture of this mechanism that has.receiQQd the
most attention is the p:edictisn that "awareness” of the response (as

measured by the subject's ability to discriminate its occurrence from

its nonoccurrence) is a by-product of learned control of the response,



and therefore, substantial relationships should exist between the two
phenomena (Bgener. 1974b). Evidence concerning this prediction will bg
reviewed in Chapter 2.

Problem solving ] .

-

A fourth approach that has been more recently proposed for the

study of-visceral learning, is that of problem solving (Roberts, Marlin,

Keleher & Williams, 1952). This is an orientation that also
acknowledges flexibiliry éﬁd the potential contribution of the subject's
knowledge to the }earning process.__Successful production of a
particular re§pohse in a biofeedback situation is seen as a problem
posed by the experimenter which the sugjec: actively attempts to solve.
It is recognized that there may not be a direct mapping between Ehe
problem as presented by the experimenfer ('task'statement'), and the
subject's conceptualization of the problem ('problem space') {(Simon,
1978). The problem space can be influenced by variables such as
electrode placements, verbal instructions, feedback procedufes,

. familiarity with similar tasks, physical arrangement of the trainipg
situation, and the sébject's expectancies, in ways which th;
experimenter might or might not ha;e anticipated.  The problem space
will also include, in some form or another, an appreéiation of task
objectives, legal means by which to accomplish them, and constréints on
behaviour. All of these determine the progfam or strategy that is used
by the subject to solve the task. The strategy the subject u;es of ten
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



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

determinants of wvisceral comntrol.

OVERVIEW OF THESIS
All four of these models, operant conditioning, motor learming,
ideomotor theory, and problem solving, offer quite different
descriptions of the learning process. Unfortunately, this does not

translate inte very many explicit predictive differenﬁes: However, one
area in uhicﬁ differences do exist concerns tﬁe need for, and rol; of,
awareness of the respouse in autonomic learning.
; ‘ :

The assumption of operant conditioning has been that the
" necessary and sufficient condition requireé for learning s the simpfe
Ipresence of a response-reinforcer contingency. Awareness of this
contingency or of géhaviour on which reward is conditioﬁallis not
thouéht to be necessary for learning to .occur. The view that success at
feedback control is gssociated with awareness éf the response has been
termed by oﬁe researcher working within an operant framework 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 Tole. It is implicated in the
propesitions that knowledgs of fesults is vital to learning and the more
information provided by knowledge of :esglts the better is learning

(Bilodeau & Bilodeau, 19358; Gill, 1975). It is the refinement,

reorganization and execution of the developed skill in the later stages



of learning that mhy not involvg awareness to the same e%tent. Fitts &
Posner (1967} in their summary of motor skills research up to 1567,
characterize the later phases of skill defélopment as involving a
gradual reduction of conscious mediation (see also Harvey & Greer,
1980). Ideomotor tﬁeory, as statea 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 awaremess is a

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

expect strong relationships between measures ¢f awareness and control.

Because most hlofeedback problems have the potential of being easily

1)

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

.

association between knowledge and control is to be expected. .Unlike
Brener's model, however, the means by which control develops, and its
expression {s not as deterministic. Rather than iearning being =
process of associative calibration, a problem-solving approach gives a
more important :olé in learning to the anglytic behaviour of the subject
% nis choice'of,strateg%es to use, agd-their-evaluation based upon
manipulation of the feedback. And rather than the expression-of a
learned response being closely under stimulus control, there is greater
flexibility of response. =

Because the presence of response awareness is an issue that

differentiates models of the visceral Yearning process, the relstionship.

. . .
s

between response awareness and response learning has become an



extensively studied empirical issue. A review of this evidence in the
next chépter shows early tesgarch suppartedﬂthe view that visceral
1earning occurred in the absence of response-awareness. However, more’
recent research shows a strong association between response awareness
and response learﬁing.. In light of these conflicting results, this’
thesis reports the fihdings of three experiments designed to more
adeﬁuately address this question and to investigate the basis for this
discrepancy. An additional concern of these studies was to assess'tﬁe
impact of certain procedurﬁl variables that might affect learni;g and
. -

awareness. The choice of procedural variables.wgs guided. by a review of
these earlier studies as well as by a problem-solving approach, to

-visceral learning.



"CHAPTER 2:  EVIDENCE FOR RESPONSE AWARENESS ) -
. Before the evideace for response awareness is reviewed, a

definition of -this term is requirea. The minimal requirement for -

response awareness, as it relates to models of visceral learning, is { o
’-—".'""- \.’. .
that the subject be reliably able to recogmnize the occurrence of the ~—

response, or to accurately indicate activities that contrlbute to its
_occurrence. Response awareness does not require that the subject also
be ahle to describe the purpose of the experimedt, the exberimenter's
contingqnéy, oT tﬁé exact identity of Phe Tesponse.

‘ There are two bodigs of evidence diréctly relevant to éhe issue
of whether learning can occur witﬂqut response“éwareness. —One is the
discrimination literatire, which consists of studies that havé exanined
the ability to reliably discriminate between times when the respounse is

_occurring and times when it is not. The second bdbody of evideﬂﬁe
consists of studles in which awareness of the response has been assessed

by verbal report. Discrimination studies will be discussed first.

DISCRIMINATION
An example of a discrimination procedure. is as foilows.
Subjects are periodically presented with a brief tone that is either
coincident with a pha;ic increase in heart rate or a phasic decrease in
the response. When the subject hears the tone, his task is to indicate
Qhether the tone was coincident with a heart-rate increase or a

. heart-rate decrease. The subject's discrimination ability or "respomnse

: o i
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awareness' is megsufed.by the percentage of his choices that are correct
és.compared to chance accuracy. This ability is typically assessed
prior to feedback training and then again following feedback training,
to determine whether successful visceral control is accoﬁpanied by a
subsequent ability to successfully discriminate the response (see
Brener, Ross, Baker & Clemens (1979) for a discussion of this and other
methods)}.

Most discrimination studies héve reported that feedback training
for a visceral response §s subsequently accompanied by a superior
ability to discriminate that response (electrodermal respomse; Keleher
& Roberts, 1980; Lacreoix, 1977; Lacreix & Gowen{ 1981; Stermn, 1972;
heart rate: Brener, 1977b;, Mar'shall & Epstein, 1978). In those
instances in whl@h there have not been significant improvements in
discrimination ability after feeéback training (e.g. Lacroix & Gowen,

1981), discrimination of the response has still been significantly

greater than chance. There is only one report of significant, group

" control not being accompanied by significant group discrimination

{Clemens, 1976).

However, this group performance is misleading. When
\ , Y
correlations between individual response control and discrimination have

been calculated they have usually been nonsignificant or have occurred

only for certain training conditions on certain days {electrodermal

response: Keleher & .Roberts, 1980; Lacroix & Gowen, 1981; heart rate:
Clemens, 1976; Clemens & McDonald, 1976; Dale & Anderson, 1978; Lacroix
& Gowen, 1981; McFarland, 1975; Whitehead, Drescher; Heiman & Blackwell,

1977; Whitehead & Drescher, 1980; gastrointestinal activity:



: . 13
Whitehead & Drescher, 1580). Cott, Pavloski & Black (1981) and Kelehgr
(i981) reported several cases in which subjects who succeeded at control
of target responding were unable to discriminate instances of the
response for which feedback had been given. These findings conflict
with theories that maintain that awareness of the response is a
necessary by-ﬁroduct of visceral learning (Brener, 1974), or tha:
conscious processing of feedback behaviour is the basis of such learning
(Roberts et al., 1982). On the basis of these findings some
linvestigato:s have argued that awareness is not reguired for learning at
all (Cott et al., 1981). Other investigators, however, have argued that
methodological complexities in the discrimination procedure may be
tesponsible for Q.failure to observe rtelations between control and
awareness at the between-subject level (Bremer, 1982; Roberts, 1977;
Roberts, Williams, Marlin, Farrell & Imiolo, 19§ii. Some of these
complexities can be illustrated by a further discussion of some
discrimination procedures and their pitfalls.

The discrimination methed used by McFarland (1975) and McFarland
& Campbell (1975) requires the subject to press 2 bétton in svnchrony
with individual heart beats during the testing interval. Discrimination
scores are calculated by taking the difference in the number of actual
beats and the number of button presses. The problem with this-
procedure, however, is that good discrimination scoves can b oﬁtained
simply be pressing at a rate that is known to be close to the average
heart rate. Information about the appropriate rate of button-pressing
is, provided when subjects are told after each discrimination trial how

successful they have been. The problex of spurious discrimination is

\, -
—



likely to be serious as well in similar procedures that simply require

-

subjects to verbally report their heart rate (e.g. Dale & Andersom,

1978).. ‘ -
Another common discrimination procedure (Keleher & RoSerts.

T
1980; Sterm, 1972) is for an experirenter, monitoring autonomic changes,
to periodically present a signal and ask the subject whether the signal
was associated with the occurrence or nonoccurrence of the response.
The problem here is that certain trial parameters such as intertrial
interval are not independent of the trial type. For, example, a
nonoccurTence trial.requi:es a certain period of inactivity; This
creatés a situation where the subject may base his éhqice of response
occurrence of nonoccurrence, not 6ﬁu:esponsé awareness, but on the
observation that nonoccurtence trials tend to occur after long

' i
intertrial intervals. Again, information on possible trisl dependencies
of this tvpe is made available when subjects ate tol@ of the correctness
of their choices after each discrimimation :risl. Ancther problem is
that random trial seﬁucncing is difficule :orachieve when the tesponse
continually occurs at a very high rate or a very low rate. Efforts by
the experimenter tc compensate for this nonrandommess (e.g. never give

move than thre of the same trial im a row), or to entrain

]
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theit allocation of trials to perceived dependencies in the subject's
choice behaviour (Keleher, 1981), mav also produce consistencies that
can provide a basis for the subject's discrimination performance.

The adove examples point to how reports of discrimination

ability might be spurious. Spurious discrimination could be expected o
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cor_within subjects. But this relation can be disturbed by other
factors. tco. For exampie, Cott et al., (19B81) reported that learned
control of occipital alpha wag not accompanied by successful
discrimination of this response. However, in this study subjects

received continuous feedback for alpha trains of up to two minutes in
duration du;ing training., whereas 0.5 second epochs of this respgnse
were sufficient to trigger discrimination probes on the discrimination
test[ Furthermore, during discrimination, subjects were not allowed to
use activities that.might have been associated with alpha during
feedback training (e.g. blurring of vision, Mulholland & Peper, 1971).
Thus, it is possible‘tﬁét failure at discrimination in this study was
due £o the discrimination procedure not identifying the aspects of the
response subjects became aware of during training (Plotkin, 1981;
Roberts, 1977). A similar explanation has been suggested by Brener
{(1982) for the dissociation between heart-rate control and heart-beat
discrimination obtained by Whitehe€ad et al. (1977). The responsé events
téat serve as a basis for heart-bea:”detection (pulsatile sensations'
deriving from the mechanical consequences of ventricular contraction)
may not bé the samé things subjects learn aﬁout when given feedback
training for changes in heart rate {somatomotor and respiratory
maneuvers). -

In conclusion, 2ll of these considerations make discrimination a
very problematic procedure for assessing the relationship between
Tesponse ewarveness and control. There are significant limitations

associated with each particular method and correlations between the

methods have been poor (Ross & Bremer, 1981; Jones, 0'Leary & Fipkinm,

r
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1?84). Although ne# discrimination procedureskare being attempted to
answer some of these problems (Asﬁtén. White & Hodgson, 1979; Katkin,
Morell, Goldband, Bernstein & Wise, 1982), it appears unlikely that .
there will be a quick or simple resolutiom of these issues. In view ;f-
these difficulties, Roberts & Marlin (1979) have suggested that the
issue of response awareness might be better addressed by the andlysis of
subjects’ vg;bal reports of what they did to produce feedback events.
The next Sectioﬁ reviews studies that have empl;yed the verbal rbpprt as
the measure‘of-response awareness.

VERBAL REPORTStf

Studies that have- employed the verbaf report can be divided into
two groups: early studies and recent research.
Early studies . .

The term "early studie;" refers to experiments conducted between
1962-1973 that assessed response awareness by asking the subject about
the response following successful biofeedback training. In scme of
these studies the purpose of the experiment was concealed to determine
whether autonomic changes could be conditioned without subjects being
aware they were undergeing cond;tioning, or being able to‘repprt a
relationship between occurrence of the reinforcer and changes in their
behaviour. A lack of awaTeness was reported in the majority of these
studies (electrodermal respomse: Crider, Shapiro & Tursky: 1966; Fowler
& Kimmel, 1962: Gavalas, 1967; Greene & Sutor, 1971 Johnson & Schwart:

(Group NI), 1967; Kimmel & Kimmel, 1963; Okita, 1971; Rice, 1966; Schell

& Grings, 1970; Schwartz & Johnson; 1969) (heart rate: Brener, 1966;

s
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Frazier, 1966). -In other studies, subjects Qere.made aware they were
pndergoing conditioning but were not told the identity of the response
being trained. "These studies also found Subjects unablé to accurately
describe what activities werte related to presentation of the feedback or
reinforcement (electrodermal response: Johnson & Schwartz (Group I),
1967; Shapiro & Watanabe, 1971 ; Shean, 1970) (heart rate: Brener &
Hothersall, 1966; Cokhen, 1973; Engel & Chism, 1967; Engel & Hagsen,
19663 Finley, 1970; Levene, Engel & Pearson,.1968; Shapiro, Tursky &
Schwartz, %970) (blood pressure: Sh;piro, Schwartz & Tursky, 1972;
Shapifo, Tursky, Gershon & Stern, 1969; Shapiro, Tursky & Schwartz,
1970) (pupillary change: Prather & Berry, 1973). Table 1 lists all
studies reporting autonomic control in unaware ;ubjects (see Table 1).
Statements made by several researchers during this early period

reflect the prevailing view. For example, Engel (1972) summarized his
experience as follows.

"1 began this research about 1962, and I have asked every

subject whom I ever tested the same question: "What did you

do?™ “How did vou do it?" And after ten years of this

nonsense I %inally recognized this year how silly these

- questions are......... if learned cardiac control is a form of

motor learning as I believe is the case, then why should

someone be able to describe the details of his performance

during the early stages of learning?.......... It is a small | -

wonder that I have not been able to find any consistency among

the stories the subjetts have told me. I am certain that they

do not know what they are doing, and that they are just making

*
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Table 1a: ' Studies reporting increase and/or decrease heart-rate control in "unaware' subjects

Tratoing , [Forevarning _ A T
Condition |of Transfer c Task a
STUDY or <nnvo_u Coostrafints Orlentation Awareness ) - -

1 b L/D Raports

_

. -unclear ‘iThe goal of cundltioning without
Frazievr (1966} ' X no none -diatractor avarencss appeaced to.be mat,
task There vas do evidence that any 5
becane avate of the...contlngency”
- -unclear "In no case d41d & § report that the
Bransr (1%66) X X no none -ofeleading c..stinul!l vare corralatad with
fnetructians any aspect of her behavior...[or]
., ...her pulse."”
-control “no S discoveread HR to be the
Brenar & Hothersall X no -aovenent response reaponse and only 1/% ahowed
{1966) \\) -nlsleadling evidence of veridical knowledge
) instvuctions
-contrel “feported that although sone
Eugel & Hansen(1966) X ne -reaplr. reaponae exparimautal $'¢ correctly guessed
4 -pnislending the response &for reportad
Instructlons veridlical strategies, thias pattern
~control was also observed for yoked
Engal & Chism{1%67b} X no -respir. response control §'a -also notsd that S'a
. -nisleading who d4d guess thea corract vesponse

B fnstructions tended to be the poover learnerd

~only one § guassed HR snd anathar

Lavens, Engel & X no -povenant -control guessed "blood flow'" -theaa two P
Peaxaocn (1968) b -resplr. responee: were the poorest decreasas leagners
-5's unavare of breathling changes
-movenant ~no coonalatsnt varbal rsport,
) Shapitro, Turaky & X X no -tesplr., -control differencen botuesn the tuo groups
Schuartz (1970) -n. tension]| response -note, however, sone tandency to
. _curreetly gueas group {up vs down}
-novenent : Thone of the 208 S's was avare that
Finlay {1970) x | yes -resplr. -control cardisc sctivity was involved lu
: -m. tension| responae any vay" '

- - no conalstent verbal repott

Cohan (1973) X % no none -control dlffarences between the two groups
’ ragponse -however, a« few Lucrease S's thought

respiration was belng tralned




Table 1b:
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Studies repbrting increase and/or decrease eléctrodermal control in "unaware' subjects

L]
Training |Forevarning _ T
Conditlon of Tranafer _ Tank d
5TUDY or <nncp—v Constrvafnts'Orlentation Avarencss
1 D I/D Reporta . :
-novenent . -3/40 S"s vere elininated froa the
Fowley & Kianel X no -resplr. -unclear analysala because they reported that the
{(19612) ‘ -a. tenslon . llght nay have been corralated with sone
! aspect of thelc behaviour B .
-novenent ~Lhe poatexpesrinental intorview cifninated
Kiansl &°'Kimmal X no -respir. -unelaax | any S wvho was able to "verballze avarencass
(19613) . -n. tension ' uf the contingency of reinforcenent upon
T . sunethlog they nlght have done" o
Crider, Shapiro & -unclaar “we have baen unable to separate 53's {uto
Tursky N—ovov X . ne -noyenent ~oleleading contingent and nuncontingeut groups on
(experiment #4) ) t instructivas) the basis of pontuexperinmental lutervieua”
Mlintred postexperineutal questloning T
Rica (1966) X no -resplr. ~unclear falled to find anyone who could state an
-n. Lenslon avareness of the relnfarcenent -
cuntingency"
: J . -unclear Yhone of the 5's reported any kunowledge of
Gavalas (1967) X no -ooyeaent -dlatractor the purpose of the experioent or bhelleved
(axpavimant #2) task that they could predlct ot control
vecurrence of the reinforcer”
Johnaon &4 Schuarts: I -control ~only 10732 5%s tndicated that thelr
(1967) X no -novenen't response ¢ bxhaviour may have fnfluenced the
{(Groups I and HI} n.instruct.] vccurrence of the reinforcar ~ul these
: HI -unclear 5's half were 1u Lthe noncontingent group
. ' -unclesrc -1;i0 S'a in the contlugent group and 2/iU
Schuartd & Johnson X no fHone -aialeaading %'s Lo the noncontingent group Indicated
(1969) ' ftonstructlons] thelr behaviour nay have influenced the
i uccurtence of the reinforcer
"no § In elither group stated that there
Schell & Gringa X no -pnoveaent ~unclaar was any neans by which he seened to be
{1970) -resplr., able to prevent the ahock"
!
. -ouveoent -control -17/14 §57a showed veridlical knowledge -11/14
Sheano (1570) ' X yea sresplr. responsc §'s Incorrectly belleved that that the
~n, tenslon|-distractor shock was related to sone feature of the
task words Ln & concurrent verbal task
-unclear -1/8 S's tndicated that breathing aight
Greene & Sutor(1%71) X no -novenent -nlsleading have influenced the reinforcer "all other
tostructinous| S's gave no indication that they ulght
hove fnfluenced thely GSR fo any nanner” -
M{fon the analysls of the queatlonnaire, )
Tokita {(1971) X no -moveoent ~unclear ft vas shown that the 5's had noet become
: aware of the avoldance precedure"”
. *|-noveaent “the relatlonships betvoen the verbal
Shapiro & VWatanabe X . no ~-respir. ~unclear reports and the specific patierns of SPR
(1971) ' ~a. tension activity vwere net consistent frun 5 to §
ur scsolon tu messton”
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Table 1lc: Studies reporting increase and/or decrease blood-pressure control in "unaware'

subjects

- Training a FocewaTning _
Conditlon |of Tranafgqr - Tash )
STUDY ) or Yerbal |Constralnts;Orleantatlion Awarteuess
. e by ) .
1 D L/ Reports .
Shaplro, Tursky, ’ -novenent "ultih one or twu exceptions, 5's said
Gershon & Stwern % X . no -respir. -control they lLisd no vontrol over the [Vightl
(1969) -n, tenslon| respounse and nu knowledge of what specltic...
i fun, tion we wete Lrying to vonditio B
. -sovement | "verbal repurta of -ww STy wete -
Shaplro, Tursky & X X X ne -reaplr. —cunitial Calatlar tu theae vbtalned Lo pulu .
Schwartz (1970) . -n. tenslon| response “tesearch and wvere not cansfatently 7
N . related tu experlcental condltion’
. - -novenent Ton a varlety of questions un D
Shapiro, Schwartz &) X X nu ~ceaplr, -contrul conslatent ditterences In teports ut
Tursky {1972) - -p. tenalon| rasponse subjectlive vr physical state were
found bstwaen...condltiona”

in "unaware)' subjects -

Table 1d: Studies reporting increase and/or decrease pupillary size

Tralning  {Forsvarning _ _
Condition |of Transfar 5 : Task §
STUDY . ot Verb —_ Constraints Orientation Awaraness

1 v /D Raports . .
Prather & Barzy B I no -n. tenslon|-control “how did you produce the ratnforcer?
(1973} -bilok ratal responas t=did not know, 3J=sunething to do

. ) with the sye, l=sonething tu do
with the tonas, lmconcentratling hard

B tai{ncreasse training, D=decreasa -n-—r_:n. I/D=incresse and decreane training

vn-on- to whether the subject was euceuraged Lo develop an objective appreciation uf the Inportant
components of his response state by such things as laformlng hia that he would eventually be anked
to transfer or provide & verbal ceport - '

€yefars to inastructed and/or enforced constralnts on bahavicur (novement, reepiraticn, nusclae .
an-nupnnv
refeare to whether subjecte wera inforned that.the experlipent reyuired them to control an unnaned .

responsse, or vhether the nature of the experinent was unclesr andfor diagulsed by
mislaading Instructions or a dlstractor task
-



up stories to please me (Engel, 1972, pp.207-208)."
Yates, in a comprehensive textbook on biofeedback published in 1980,
of fered a siﬁ?laﬂ description of biofeedback learning based on this
early re;earch. He wrote:
"When the biofeedback research worker or clinician conducts an
experiment or carries out ﬁ:eatment using biofeedback
displays, it is commonly observed by the experimenter or
clinician that he is umable to provide the subject or patient
with precise instructions as to how control may be achieved
over the function that is being studied. Following the
completion of the experiment or treatment, and assuming some
success in obtaiming control over the function, it is eqpally
. commonly observed by the subjects or patients that they are
unable to describe Qhat they did to achieve contrel (Yates,
1980, p.3§3)". )
Similar viewpoints have been expressed by Kimmel (1974, p. 329) and
Blanchard & Epstein (19738, pp.37-38), among others.

Reasons to questien this view that léarning occurs without
awareness can be found in the early literature, however. A minority of
sdbjects in the studies by Kimmel were eliminated because they had
become awaTte of the response-reinforcer contingency (Kimmel, 1%974).
ﬁurray & Katkin (1968) reanzlysed the verbal reports in the experiments
by Engel & Chism (1967) and Engel & Hansen (1966) and found a greater
degree of differential report than Engel acknowledged. Berger (1973)

found no evidence of heart-rate control "without awareness of some

relevant contingency". Shapiro, Tursky & Schwartz (1970) reported a
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tendency for subjects receiving heart-rate feedback to correctly guess
whether they were in the increase or decrease group. Schwartz, Shapiro

& Tursky (1971) noted that subjects traineﬁ to éihultaneously increase

blood pressure and heart rate reported "more active mental and task

involvement"” than subjects trained to simultaneously decrease these

activities (although this observation was qualified by noting that these
data are too variable to warrant firm comclusions). Schwartz (1972)
reporte& that a group trained to produce lowered blood pressure and

.

heart rate reported more things associated with relaxation than the

other threz conditioms. Finally, in a‘study in which heart rate was
trained, Blanchard,, Scott, Young & Edmundson (1974) observed reports of
relaxation for heart-rate decreases and reports of fear, anxiety, anger,
aggression, arousal, sex, temsion and excitement for heart-rate-
increases, in groups that were nét told that heart rate was the target
resbqpse. Nevertheless, Blanchard later stated that "we tend to agree
with Engel (}972) that it is futile to_ésk subjects how.they do it

>

(Blanchard & Epstein, 1978, p.38J".

-

Studies purporting to show learning without awareness have also
been criti;ized onn a number of methodological grounds by several
researchers (Brewer, 1974; Dulany, 1962; E;icsson & Simon, 1980C; Roberts
& Marlin, 1979; Spielberger & DelNike, 1966{.

One issue concerns the actual method of assessment. The
administration and evaluation of verbal reports has generally been
haphaéard and unsystematic. As David Shapi%o describgs it "Many

investigators have collected data about cognitive factors in biofeedback

studies. Most have been skeptical about the value of subjective
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reports. We usually file such data away along with other physiological
measures that we t;ke out of habit dbut don't zhalyze very
carefully....(Shapiro, 1977, p.222)". The evaluation of these reports
has rarel} been well controlled or involved any sort of statistical
assessment. More typically, the experimenter will have judged that
awareness was oT was not present using his or her owth”subjective criteriz
N ]

as Tauble } describes. More importantly, however, thi= lack of
duantification does not permit correlations to be computed that would
examine the unanswered question of whether there is a relationship
between self-report and control on an individual b;sis. A failure td
obtain group difgerences in aw%reness does not necessarily mean that
there is no relationship within each group between magnitude of control
and the presence of awareness. h

Another issue is £he reséiictive criteria by which awareness was
assessed. A common measure of awareness in the early studies was
whether subjects were able to s?gpify the autonomic response being
trained, and to state the precise relation of this response to feedback
events. ansiaering that some subjects may never have even heard of the
response being trained, this does not seem tofbe a reasonable criterion.
Another obje;tion, however, is that there are a number of salient,
respiratory, somatomotor and cognitive co}relétes of visceral activities
that have been widely reported in studies of biofeedback and are known

to contribute to the occurrence of the response (Marlin, 198%; McCanne &

Iennarella, 1980; Newlin & Levenson, 1978; Qbrist, 1981; Obrist, Galosy,

&
—r

Lawler, Gaebelein, Howard &’Shanks; 1975; Yates, 1980). It seems

inappropriate to call someone unaware when he can correctly report
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concomitants of the response that are systematically related to
presentation or control of the reinforcement/{eedback. Knowledge of

s s s > .
these concomitant activities was not commonly examined in these early

studies (Table 1). Assessments of awareness that have required

knowledge of only one pan&icular concomitant that may or may not have

7
been emploved, (e.g. Crider et al., 1966), are too restrictive for this

same reasom.

Another problem concerns respornse bias in the verbal report. .
For example, as indicated in Tabl; i, it was a common practise to
instruct subjects to avoid moving around, fensing muscles or to alter
breathing. Thi; was done to control for the possibility that autonomic
("involuntary™) activity was being mediated by sométomotor ot
respiratory (‘'voluntary') behaviour. The frequent use of cryptic
experimental procedures was similarly intended to cogtrol for cogn;tive
and somatomotor mediation. As will be argued later in Chapter 5, ihe
effectiveness of-these procedures in controlling for respiratory,
somatomotor and cognitive behaviour is suspect, as it is now well
established that most autonomic activities are subject fo very little
aiteration in the absence of such concomitant changes for the short
training periods common in these studies arlin, 1984; Obrist,

1 | )

1981). T@e peint here ig that instructions prohibitiang the use of
activities that prove to be effective in attaining control ére likely to
discourage subjects ff;m reporting these activities even when they were
used. Another procedure likely to bias the subject's report is

providing misinformation about the nature of the response or the

experiment. Examples of this are informing subjects that the response
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is not fqlated—to breathing (Engell& Chism, 1?67; Engel & Hansen, 1966}
and thkt the purpose of the experimenﬁ is to determine how much shock
can be tolerat?d {Shean, 1970). Stuéies thég include prominent but |

irrelevant concurrernt tasks, such as reading a list of nonsense
s;llables {Gavalas, 1967), are likely to promote nonveridical reporting
for the -same reascons {(for other examples of this see Breqer, 1966;
Frazier, 1966; and Johnson & Schwartz, 1967; °1969).

A final problem relevant to both the discrimination and verbal
report studies concerns the issue ol learning. Studies have reported

-

1e£rnipg without awareness often without demonstrating that the obtained
autonomic control represents leatmed control. For'iearning to have ]
occgr:ed: it is necessary to demonstrate that-information about the
response has been retained as a result of experience Qith the feedback.
There are at least two other ways in which autonomic changes can be
produced tﬁat do not involve learning. The first is where the
experimental procedures have biased the sufject‘§ approach to the task
in a way that prompts or elicits the appropriate autonomic changes. -“For
’ -
example, subjects insEFucted to produce heart-rate increases or
decreases will Fsually be able to do so in the absence of feedbaﬁk
trainiﬁg (e.g. Bergman & Johmsom, 1971). This is apparently because
these instructions elicit generalized behavioﬁral atousal or relaxation
. {Brener, 1974a; Lacroix & Roberts, 1978). This is a situation where-
appropriate autonomic changes have been immediately elicited as a
component of a global behavioural change, rather than as a product of

extended experience with the feedback or learning. Confounding of

feedback and increase and/or decrease instructions has occurred in most

w
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discrimination studies and 1t is possible that elicited rather than

learned effects were.responsible for some of the instances where control |

of the response was obtained without success at discrimination (Keleher,

19581).

Ed

In a similar manner, less obvious aspécts of the experimental
procedure may elicit the appropriate autonomic changes.wi;hQUt feedback
learning. For example, there is evidence that a feedback display that

“moves up for increase trials and down for decrease trials produces
Better cqntrol than_omne that goes down for increasés and up for
decreases (Reeves & Shapiro, 1982). Sigilarly, a feedback display that ‘
goes on for increase trials and off for Qecrease_trials produces better
control than a disélay that does the reverse (Bouehard & Corson, 1976}.
These displays apparentl&ﬂbias Ehe sﬁbjects toward activity or

inactivity, and this factor affects the magnitude of control observed
under feedback conditions. There are a number of discrimin;tion and
verbal report studies that stfer from these confounds (e.g. Bremer &"

Hothersall, 1966; Levene, Engel & Pearson, 196§; Shean, 1970; Whitehead

et al., 1977). Response learning cannot be infgerred in any study such

»
-

as thege that does not have identical instructions and feedback displays
for beth training conditiomns.

A second source of autonomic changes that do not involve
learning has been termed "autoregulatory', "cybernetic”, or
"stimulus-driven" effects (Roberts et al, 1984; Schwartz, 1979).
According to this approéch, contingent feedback provides information
that can automatically regulate the system without any conscious effort

on the part of the subject. The introduction of feedback creates a
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closed feedbﬁck‘loop which immediately and automaticaliy produce?%
autonomic changes, the direction of w££ch depends upon whether the
feedback is contingent upon increases or decreases. With the removal of
the feedback, the feedback loop is opened and tﬁg effect dissipates.

Examples of this phenomenon appear to have been veported for occipital

alpha (Mulholland, 1977), spontaneous clectrodermal responding (Roberts,

" Lacroix & Wright, 1974) and heart rate (Bason & Celler, 1972a,b). These

effects show that feedback from the response is influencing effector
activity, but—they do not require that information about the response
has been retained as a consequence of training experiehée. There is mno
evidence that experiénce with the feedback has enabled a performance
capability that was not present prior to feedback training.

The extent to which thesé autoregulatory or stimulus-driven
effects have occurréd in the early studies is unknown. One way to
distinguish agtqgggic changes that are due to learning and arte under the
sudject's contréi from the above effects is to assess the ability of the
subject to produce the Tesponse in the absence of feedback. OCmnly a
minority of the above mentioned studies have used this or other

procedures to assess a memory of the respoanse.

Recent research

Ali‘of these problems with studies employing verbal reports
provided sufficient justification to examine whether awareness of the
respounse could be obtained using a less :estrigtive criterion for
assessing awareness; more rigeorous assessment of learning; more neutral
experimental precedures; and a statistical analysis of the verbal

reports and their relationship to control that included correlations.

-
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Two experiments repor;ed by Roberts, Williams, Marlin, Farrell & Imiole
(1954) were condupcted for this purpose. The two experiments differed
only with regard to the visceral response that was trained {increases
and decreases in heart rate in Experiment !; lateralized changes in
palmar skin conductance in Experiment 2). Te illustrate the rationale
of these studies, the first experiment which dealt with heart r;tc will
be described.

Briefly, the procedure for feedback training of heart rate in
this study was as follqws. ‘Subjects were tolé that they would be
trained to produce "two physiolegical respomses that were not normally
thought of as being controlled voluatarily”. The responses were
identified only as "Respomse A" and "Respomse B", and the identity of
the responses was further obscured by placing electrodes on a number of
different locations on the body. - Twenty feedback trials, each 30
seconds long, were given during 8 single session of training. Half of
shese trials were designated as "A" trials on which Responsc i was to be
produced, and the Temainder were designated as '3 trials on which
Response B was to be produced. Trials were indicated to the subject by

presentation of a televised display containing the lett ;\A or B in the
§ -
upper tight hand guadrant plus a feedback dash that moved in a vertical
- N
n accordance with heart-rate changes. Subjects were instructed

e

plane
to use anv means they could to move the feedback dash in the direction
of the letter on-A and B trials. For some subjects, success feedback

was contingent upon the production of heart-rate incTeases on A trials

.ané heart-rate decreases on 3 trials, whereas for the rTemaining subjects

the relation of visceral target (increase or decrease heartt rate) to



trizl cue (the letter A or B) was reversed. lSuccessfhl production of
the required responses produced upward movements of the feedback dash on
both trial types. Feedbacg trials were;followed by‘a series of A and B
trials on which subjects were asked to prodgce ﬁhe Tequired ?esponses,

but exteroceptive -fecdback was removed (designated here as "transfer"

- -~

trials). Now, it will be appreciated that because A and B feedback
trials differed only with regard to the response for which feedback was
given (an increase or decrease in heart rate), a statistically

significant difference in heart rate on increase versus decrease trials

"

necessitates that response information identified by feedback

contributed to performance on the ‘task. Progressive development of

cardiac differentiation between trial type over the course of training
further implies thaé a memory for this res?onse information had
accumulated. Successful transfer following training indicates that
access to this memory was not feedback dependent.. In this way;
statistical comparison of performance on A and B trials permitted an

assessment of whether response learning had taken place. Decisions were

~

possible at the level of individual subjects, because each subject

»

experienced both A and B feedback (and transfer) trials.

Response awareness was assessed in the following manner. Upon

¥ O

completion of the final-hlock'bf transfer trials, subjects were asked to

ro

describe in open-ended written reperts what they did to produce Response’

A and Response B. These reports were subsequently given to ten judges
whose task was to decide, on the ‘basis of the activities the subjects
mentioned, whether the subject had been trained to increase heart-rate

on A trials and decrease it on B trials, or the reverse. Specifically,



judges were told that increases inm heart rate tend lo be associated with
increases in sématomotgr and respiratory activity, wherveas decreases in
heart tate tend to be associated with somatomotor quiescence and éloged
breathing (Obrist, Gdlosy, Lawler, Gaebelein, Howard & Shanks, 1975
Roberts, 1978). However, judges were not reéuired to‘use these rules if
they discerned gn alternative basis on which to assign verbal reports to
training condition. Now, it will be appreciated that assignmentrof the
rééorts to correct training condition at greater than chance levels
could only mean that-subjects were aware of and mentioned at least one
activity contributiﬁg to production of the respon;; in thei; verbal
reports, because iu the aﬁsence of this effect there was no way judges
‘could have correctly performed t?eir task.z The question was, could

the judges perform this task, and if so, how would the assigﬁment of
reports of individual subjects relate to their learning performance?

The results of the experiment were as follows. Significant
differentiation of the éegeénse between trial types &increase and
decrease) in both training and transfer was accompanied by open-ended
reports that were also significantly differentiable. I=n addition, there
was a significant positive correlation between the proportion of judges
who correctly assigned an individual subject's report to training
condition and the magnitﬁde of bidirectional'control {decrease
performance subtracted from -inczease performance) evidenced in both
traininé'and transfer. There was no subject in this experiment who
achieved sigﬁificant\bidirectional controi of the response iq the

absence of accurate self-report. This pattern of findings was the same

in the second study in which lateralized changes in skin conductance



were trained-instead of Increases and decreases in heart rate. Tius,
unlike early studies of response a;aréness in biofgedback, léarning.
wi thout aéareness was not observed.

The studies of Roberts et al.'(zgsa) provided the point of
departure f£or the present research. There is a discrepancy between the
results of earlier studies that reported no :elétionship between
respomzi awareness and autonomic comtrol aﬁd.this research which found
no evidence of leérning without awa;eness. Two possiﬁilities exist. .
-The first is tgat'rEsponse awareness was present{an§ related to learning

in these earlier studies, b;t the assessment procéaurés used to
determine this were inadequate. The second possibility is that under
certain circumstances learning caﬁ occur without awareness, and that
procedural differences betwe;;-the eariy studies and Roberts et al.
(1984) are responsible for discrepant results. There are many
differences between the procedures in the early studies and those used
by Roberts et al. &198&). However, some variablés ma; be more importani -
than others §ecauée of the possibility that they may influence the

subject's learning strategy and‘acquisition of knowledge. These

variables include:

aw,
Lt

whether subjects are trained to prodwce the response
in both directiens or only in one; whether subjects are given

- \‘
forewarning. and practise at transfer or not; whether constraints on
somatomotor and respiratory behaviour are included; and whether - )
instructions with regard to the utility of various response strategies
are neutral, or misleading. Table 1 lists these variables and indicates

for each earlier study how they were used.

The purpose of this thesis was to investigate the basis for



discrepant findings with Tespect to response awareness in visceral
learning. This was done by examining the impact of the above described
variables on learning and awareness in a series of three experiments.

The first two experiments looked.at variadbles that might have influenced

the subject’'s learning strategy, whereas the third experiment examined

@

response awareness in two task environments thaﬁ approximate those used
in the early research: . ?f, with tLe use of the more thorough assessment
procedures contained in Roberts et al. (198&), TeSpoTnSe awaTeness
occurred and wés-strongly related to control, it could be concluded that
assessment was inadequate in these earlier studies. If, however,
response awareness did not occur, it would suggest that learning without
awareness‘is poss;ble and that‘there arte important procedural variables
thatidetermiﬁé this result. The;focus of these threec experiments was
restricted Eo the heart-rate response because this is the regponse where
the stroungest statements céncerning‘lack of subject awareness have been
nmade, and because the behavioural concomitants of heart-rate changes are
better established (Marlin, 1984). ﬁethods for assessing response '

learmning and response awareness werc similar to those of Roberts et al.

(1984).



CHAPTER 3: EXPERIMENT 1

Experiment 1 had two objectives. The first was to replicate the
findings o% Roberts et al. (1584). The second objective was to
investigate whether the open-ended.reports would still-be'gqrrectly
assigned to training condition when subjects were trained on one
response alone. The majority of the earlier studies employed
unidirectional training, that is, training for increases in the response
or decreases In the response, but not both (Table 1). All subjects in
Roberts et al. (1984), on the other hand, were trained to produce the
response in both directions.

It is poss;ple.that the gontrast provided by training on two
.opposite and incompatible responses may facilitate learning in )
coﬁparison to groups trained on only one response. Thg behavioural

-~

strategy that a subject trained cn one respoﬁse uses to produce feedback

events may inciude a number of ineffective components among the
effective ones because the ineffective components do not interf;re with
the production of the desired visceral changes. Subjects training on
tqg'opposite requhses, on the other hand, will discover that certain
activities useful for omne response-@éke the feedback go in the wrong

o ) ° .
direction for the other respoause. 3By virtue of their influencé on both
respouses, these activities may be preferentially attended to and
utilized. Because activities with this fecature ar; more likely to be

useful and veridical than activities without this feature, both control

and veridical reporting may be facilitated.
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Examples of this type of phenomenon are found in various
literatures. In concept formation {Wells, 1957) And discrimination
learning (Rieber, 1966) simultaneous presentation of on; instance and
one noninstance of the concept produces faster learning ihan i
simultaneous presentation of two instances or two noninstances.. There
are also longer term effects of receiving training in contrast-1ike
situations. For .example, Duncan {1958} found that a lever-moving task

transferred to a slightly different context best when there was training

on a number of differeat lever-moving tasks rather than training ‘on just

the one that was tested. Nitsch (1977) similarly found that a concept

transferred to new-situations best when it was trained in a varied
context. The importance of varied context is invok;d in Gestaltist <
explanations of functional fixedness (Katoma, 1940); operant
explanations of the partial reinforcement effect and spontanecus
recovery (e.g. Estes, 1955); and current accounts of the "lag effect" in
recall of previouély présentéd items éMel;on, 1976; Hintzman, 1974).
Specifically, then,'Expe;iment 1 ;nvolved thrée groups equated
for total amount of feedback training for heart-rate changes. One group
was trained to’ increase heart Tate (INC); one group-was'trained to
decrease heart rate (DEC).aﬁd one group was trained to do both
(INC/DEC). 1If there are beneficisl effects of ‘receiving training on two
responses rtather thaﬁ one ‘response them they might be observed in any of
the following in Fhe INC/DEC gréup: greater magnitude of heart-rate
control in both training and tramsfer; more frequent report of veridical

strategies in the open-ended reports and other self-report measures; and

possibly stronger correlations betwéen heart-rate control and these
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measures of TEesSpoNlse aAwaTeness. L3 A

METHOD
Subjects
Forty-eight male volunteers from the McMaster University
community and local high schools, aged 15 to 39‘(ﬂ = 19,2}, re?eived
either $3.00 per hour or course credit for their participationm. ‘All o "
subjects were screened with a medical interview to exclude tho;e with
physiological disorders and those with previous training in biofeedbacg.

-

There were 12 fubjects in the INC group, 12 subjects in the DEC group

and 24 subjects in the INC/ﬁEC grToup.
Apparatus

‘Training was carried out in an electrically shielded, dimly lit,
sound deadened toom. A padded armch&ir was piaced in the centre of a 2m
x 3m carpetted enclosure formed 3y curtains suspeqded from the ceiling.
"The subject sat f&cing a Toshiba C990C colour monitor (screen size 30 em
x 40 ecm) situated 1.2m away at eve Tevel, upon which the feedback
display appeared.

The feedback display as shown in Figure 1 consisted of trial
cues (the letters A and B) that designated the current trial type, a
fixed horizental line that corresponded to the subject's interbeat
interval (IBI) just érior to presentation of the feédback, and a
vertical dash that moved in accordance with IBI changes from the
pretrial measure. The trial cues appeared on the upper rtight hand
quadrant of the screen, the horizontal line was situated just below the

centre of the screen, and the feedback dash moved in a wvertical plane



Figure 1. TFeedback Display. The horizontal line remained fixed in
plaée and represented the leve£ of the 1qst pretrial cardiac
measure p;ior to presentation of the feedback. The.vertical
dash moved up and down in accordance with cardiac chaﬁges
during the trial period. Trial type was designated by .the
alphabetic character (A orlg)'diﬁglgyed in the upper right-

- \

N L
hand quadrant of the screen. \
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Figure 1
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located slightly to the left of ihe trial cue. TFeedback was updated

with every heart beat.

-

Timing, trial sequencing and data recording were controlled
on-line by & PDP-11/03 computer. The feedback display was generated by
an Appie II computer in the high resolutien graphics mode.. Parameters
for the display were calculated by the PDP-11 and transmitted to the
Apple via an RS-232 serial interface. A Beckman Type R polygraph
operating at a chart speed‘of 1 mm/sec was used to monitor the subject’s
electrophysiological signals throughout the experiment. The polygraph
was comnected to the PDP-11 by means of an A/D converter. Sampling of
physioclogical cha?nels occurred every 125 msec with the exception of
skin conductance which was sampled at 250 msec Intervals.

Eleétrophysiological Recording

All e{ectrode sites were first cleaned with isopropyl alcohol
and rubﬁéd with electrode paste. The reference site for skin
conductance (SC) was lightly abraded with sandpaper to reduce epidermal
resistance. |

Cardiac activity was measured by twoe Beckman Ag/Agél surface
electrodes (15 mm.diémeter) filled wiéh Beckman Electrolytic paste and
placed over the sternum and lower left rib cage.v The R-wave of the
electr;cardiogram was .amplified §nd fed to a digital circuit which
discriminated the R-wave from occasional muscle and movement artifact.
Discrimination of the R-wave-§§tivated a Schmidt triggerlon the clock of
the PDP-11 which allowed for the ;ontinuous recording of successive
jntetrbeat intervals (IBI) te the nearest millisecond. 1Interbeat

intervals that were not within pre-estabiished parameters of 300 and.

-



1500 msecs were rejected by the éomputér'as artifact.
Forearm electroﬁyogrgphic activity (EMG) was recorded by means
.of two Beckman Ag/AgCl surface electrodes (15 mm diamete;) filled with
électrolytic-paste and placed over the ventral surface of the right
foream as descri?ed by Lippold (1967). Electrode sites were.chosen 50
\\\\\h_*““'ggq?a*ha_;snsitive to movements of the fingers.. The signai from ﬁhese
"electrodes was fed through a éeckman AC/DC coupler (9806A) setf?o‘aﬁ RC
constant oé .03 secs with an amplifier gain of 40 mv/em. Preamplifiér
- output was_amplified {x 50) and rectified-and sent to the A/D converter. -
Gross body movement (MVT) was recorded by means of an inflated
«  cushion concealed in the seat of the subject’s chair. The air valve of

the cushion was connected tc a Beckman 9853A pressufe coupler. The

cushion was inflated to 25 mm Hg and tﬁe'coppler calibrated to 1 mm

-

Hg/mv. Preamplifier output was aéplified (x 5) and rectified before
being sent to.the A/ﬁ converter.
~ Respiration was recorded by means of a mefcury filled strain -
gauge (Parks Electronicg Laboratory) encircling the subject's upper
torso. A Beckm;n mercur§ gaugelcoupler (98758) measured expans}on of
the gauge with each respiratory cycle. This signal was subject to
post—amplifibaéion (x 5 before.being sent to the A/D converter. Mean
respiratory amplitude (RA), frequency (RF), and volume (RV) (area under -
- the respiratory envelope) were calculated by the computer from this
signal using the methods ;f,ﬂarlin (198%).
Skin conductance FSC) was recorded from the hypothemar eminence

of both hands through Beckman Ag/AgCl surface electrodes (15 mm

- diameter). The reference sites were placed on’ the ventral surface of

]



. e )
each wrist. Active and reference electrodes were filled with a paste

-

containing .I1M NaCl mixed with Parke Davis Unibase in a ratio of 2.5 : 1

by-volume. Contact wi;% the skin was through an opening 10 mm in
diameter. Skin conductance was measured as the current gené:ated by a
500 mv DC souéce applied between the reference and éctiJ; sites through
a~serie§ resistance of ZK-ohmé. Recordings were taken through a Beckman
ACfﬁC.coupler (9806A) set in the DC mode. A calibrated zero-suppression
circuit was used ta suppress and retain the tonic level. This signal
was subject to post—amplificétion (x 5) before being sent to the A/d
converter.

) Inactive Beckman Ag/AgCl electrodes were attached to the
;ubject's upper left gﬁd.upper right forehead (10 mm’ diameter) and-to
the subject's left forearm (15 mm diameter). Iﬁ addition,_zan inactive
thermister (Yellow Springs model Y51A29)lwas taped to each palm.

. Procedure

Upon entering the reception area ‘the subject was told that-he

¢ L4

would be taught to contrel eithér one or two physiological'responses
tﬁat wére not norm;lly thought of as being controlled nguntarily. It
was stated that subjects would not be kold what the response(s) were
becausg we had reason to believe this might interfere with their
performance ‘(Lacroix & Roberts, 1978). General instructioms also

. * !
indicated that the procedures were painless but subjects were free to
withdraw at any time. Conversation past this point wés kept to a
minimum. A brief medical interview was then given {Appendix A) and

Tecording electrodes attached.

The subject was then taken to éﬁ'adjoiniﬁg experimental chamber



and seated in the chair facing the television écreéﬂ. Th; glectrodes
were plugged into connections located on soth sides of the‘chair and thel
physiological recordings were examined on Fhe polygraph located iﬁ thel
adjoining control room. To check for artifact and secure electrode
attachment, the subject waé asked to. ''make a fist with both hands, raise
your arms off the chair, and ghake them a little" and then to "closé-.
your eyes and shake your he;d a bit". (This procedure also permitted a
test of whether the EIMC and MVT channels were operating properly).
Electrodes were adjusﬁed or ;eappli;d if necessary. When recordings

- were satisfgctorx, the lights in the experimental chamber were qimmed
and the door waslclosed.. _ ‘ .

&

- At thigs point the subject was randomly assigned to a condition

-in which he would recei#e either training for increasés ié heart rate
(INC), decreases in heart rate (DECj or both (INC/DEC). Tape recorded -
instructions were plaved over the intercom {Appendix B). Instructiocns
for the INC and DEC groups informed the subject he would receive 2 scries
of trials in which his task would be to move the feedback darch as

far as possible in the direction of the letter A located at the top of
the screen. A simulated feedback display was provided to illustrate
this. He was also in;ormed that following training he would receive a
set of transfer trials in which he would be required to produce the
response without the aid of feedback. A sample transfer display
containing just the letter A was presented. Subjects in the INC/DEC‘
group werte similarly instructed but were also informed they would

receive treining on a second respoﬁse, designated by the letter B.

Simulated training and transfer displays with the letter B accompanied



this instruction. Finaliy,'all subjects were advised to use any method
they wished to produce the %esponse(s) as long as they did not "touch or
put §E&ssuf8\gpon the electrodes”. Subjects were also told that
successful performance would be rewarded with bonus money up to a
possible total of $2.00.

Each trige consisted of a thirty-seccnd‘pretrial pgriod during
which baseline responding was reco;ded but no visual display was

present. A thirty-second trial period thenfollowed and was designated
' \-’l

-

-

by pr;sentation of the feedback display (Figure 1). 'Change sco}es"
were calculated for each response by subtracting the pretrial mean from
trial means, except in the case of respiratory amplitude and volume
where trial means for these variables were divided by the corresponding

pretrial mesns.  Cardiac IBIs were averaged during pretrial and trial

periods and c;nverted to heart ratec to obtain heart-rate change scores.

Feedback was proportional to the difference between the most recent IBI
-

and the last IBI recorded during the pretrial period.

Because decreases in heart_rate are more diffiecult to produce
than increases {Yates, 1980}, the sensit;vity of the feedback display
during decrease-trials was twice ghat ¢f increase trials so that -
obtained excursions of the dash towa;d the top of the screen were
compatable. A 60 msec shortening of the IBI from the pretrial period
produced an upward excursion of ;he feedback dash of 2 cm on inecrease
trials; 'a 30 msec lengthening of the IBI from the pretrial referent
produced an upward excursion of 2 cm on decrease trials. Roberts et al.

(1984) found that this procedure equated the perceived difficulty of

heart-rate increase and decrease trials.
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For the INC and DEC groups training involved the initial
presentation of 4 transfer trials, 12 feedback trials, followed again by

3 transfer trials. Transfer trials were identical to feedback trials

except for the presence of feedback. Faur “blank trials” on which no
feedback‘or trial cues appeared but physiclogical recordings were still
taken, were randomly interspersed in training and two were intersperse&
in the second transfer‘bLock. "This made a total of 25'tr;als.§or the

INC and DEC groups. The INC/DEC group received a mixed series of &4
B N + L

transfer trials (2 increase and 2 decrease) followed by a. mixed series

- -

of 12 training trials (6 increase and 6 decréasg) followed by 6 transfer
trials (3 increase and 3 decrease). Four blank tiials were randomly

interspersed in traitding and three in transfer. This made a total of 29
; .

‘trials in the INC/DEC group. The entire session took approximately

seventy-five minutes.

Bost-training reports

wWhen the session was completed the subject was taken from the

-

experimental chamber, the electrodes were removed and two written

questicnnaireés were administered' (Appendix C).. The first recorded an

‘open ended reply to the question: "Describe what you did to make-the

dash move in the direction of the A on'A-trials'.  Subjects in the
INC/DEC group had an additiomal question that asked them to dggcribe
what they did on B-trials. When this first questionnaire was completed,
it was collectéa and a secénd.questionnaire was presented. The

secqnd questio;naire asked the su£jéct to rate on seven-point scales (1

= not at all; 7 = a great deal) the extent to which he employed the

following sctivities on A-trials (B-trials as well for two-target



subjects): tensed muscle;; relaxed muscles; sloﬁ breathing; vapid
breathing; moved around in the chair; kept very still; calming thouzhts;
anxibus thoughts; exciting thoughts; and blank mind. EP addition, to
ensure that the subjective diffjgeulty of increases and decreases were
comparable, all subjects were asked to rate 6n a separate seven-point
scale their degree of perceived success. The rtating scales are

'
reproduced in Appendix ¢. Upon compleﬁion of these questionnaires the

subject was debriefed and released.

Ter judges were recruited from graduaﬁe students and faculty in
_the'Psy;holqu Depar tment at McMaster. These judges, blind to target
condition, were given transcribed copies of the opén;ended TepoTts fo?
all three groups and instructions on-how to sort them (Appendix D).
These instructions asked judges_to decide, for the omne-response groups,
whether the report was from a subject trained to increase or decrease )
his heart rdte. For the two-respomse group 3 decision was to be made '™
whether the subject incregsed his heart rate omn A-tria}s and decreased
it on B-trials, or the reverse. Judges weré also asked to state the
confidence of their judgements and the reasons for their decisions.
Judges acted independently of ome another butrwere given some guidelines
to assist their task. They were told that reference to increased
somatomotor or respiratory- activity probablyrmeant an increase in heart
rate had been required, and that a decrease in these activities prodbably

indicated decreases in heart rate. These decision rules were based  upon

prior ‘evidence concerning heart-rate correlates (Obrist, Galosy, Lawler,

Gaebelein, Howard & Shanks, 1975; Obrist, 1981) and not upom the

-~

subjects’ measured response patterns. Measurement of these patterns,
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however, provided a partial check upon whether these rules were correct.

Data Reduction

‘Seven squécts were eliminated from the analysis beéausetof
equipment failure (n = 1), excessive artifact in ﬁheir physiologidall
recordings (n = 4), or a combination of "these problems {(n = 2). Five of
these subjects were in the INC/DEC group an§ one in ?ach‘of the
single-response groups. For the remaining 48 subjects, reéponse'

concomitants and/or trials were eliminated if the recordings contained

hd

- artifact or indicated improper functionming. In this manner

electromyographic activity was rejected for two subjects, skin
conductance for seven subjects and respiration for two subjects. Less
than 17. of all remaining trials were.eliminated because of artifact.

Data analysis

Heart-rate changes in thé'INC and DEC groups were aﬁalyzed by a
112 analysis of variamce (ANOVA) applied to Yeedbéck trials. The'
variates were target condition (increase or décrease heart.rate, a
between-subjects variable} and trial number (12, a within-subjects
variable). A separate 2x6 ANOVA was applied to feedback-trials for the
INC/DEC group. Heart-rate target (increase or decgease) and trial

number were the within-subject®variates. Comparisons between the single

target and two-target groups were made with two-tailed t-tests.

Transfer was analyzed separstely by ANOVAs patterned after those applied

-

to feedback trials.
To confirm that cardiac changes were accompanied by somatomotor
and/or respiratory changes, Pearson product-moment correlations between

changes in heart rate and changes in electromyographic activity, <



movement, respiration frequency and respiration volume over the course
of ;he session %ere caiculated for subjects in Fhe INC/DEC gro;p.
Re%piration ampl;tude is not reported because of its very high
correlation with respiration volume. Skin conductance is not reported
because it is not relevant to the issues addressed .in this thesis.
Evidence for resp&nse awareness in the Spenwended'reports was

sougﬁt by determining ghether the judges could assign the reports to
. FSrrect training cqn@ition'at a level exceeding ;hance, This was done
for the single-target groups by a two-sample, one-tailed'
Kolmogorov-émiruov test, ana £ r-Lhe INC/DEC group by & one-sample,

one-tailed Kolﬁogorov-Smirnov tedt. Evidence for response awareness in

the rating scales was sought by de

rmining whether the ratings differed
significantly between triél ;ypes. }or this purpose a two-sample,-
one-tailed Kolmogorov-Smirnov test was applied to the single-target
groups, and a one-tailed Wiléoxon test to the two-target group. In
addition, a composite score of the scale tatings was calculated by
summing ratiﬁgs given for increase compatible activities (gncieased
muscle tension, rapid breathing; movement, anxious thoughts, exciting
thoughts) and subtracting ratings given for decrease compatiSIQ

. -~ .
activities (relaxed muscles, slow breathing, keeping still, calming
thoughts). The composite scores wWere also cqmparea acrosshtrainiﬁg
conditions. Two-sample Kolmogorov-Smirnmov tests weTe used to determine

whether assignment of the open-ended reports or ratings on the scales

differed between the single and two-response groups.

-



RESULTS -

Heart-rate -control . .

Cﬁ?trol of heart rate during feedb;ck training and transfer is
sh;wn for all three groups in Fig&re 2. Each data point represents
heart-tate changes from the prezrial baseline. As expected, comtrol of

. the %egponse was not evident during the transfer block administered
p?ior to feedback trainiﬁg. Analysis of variance for the INC and DEC
gé‘pps in féedback training revealed an éffect of target, F(1,22) =
13.72, 25.05, and an interaction between target and triel aumber,
E(11,242) = 2.19, p<.05. This indicates that the gverage heart rate of
the INC group (20.0 bpm) was significantly higher than that of the DEC
group (2.0 bpm) and that group differentiation imprdved with training.
Significant group differentiation was again obtained in the transfer
block following traingng,_§(1,22) = 18.48, B<'05’ although in this case

-

there was no improvement over tridls. Average heart-rate change was
Zz.éibpm in the INC group and 2.2 bpm in the DEC group. A separate
AROVA fo% the INC/DEC group in training also revealed a main effect of
‘target,‘£(1,23) = 13.62, Ef.OS, and an' interaction between zarget and
trial number, F(5,115) =‘6.02, Bf.OS, indicating that fesﬁonse
differentiéﬁion had p&kurred and improved with training. The average
: N '
increase was 12.9 bpm ané the average decTease was 3.2 bpm. Similarly,
differentiation was evident in the transfer dlock following training,
F{1,23) = 11.35, £<.05, but did not improve over trials. Average .
increase performance was 12.4 bpm and average decrease performance was

1.4 bpm.

Inspection of Figure 2 reveals that subjects trained to produce



Figure 2. Heart-rate changes from pretrial baseline during

feedback trainiﬁé and transfer in Experiment l:
Inerease trials are represented by solid circles and
decrease trials are represented by open circles. The *
single-target groups are represehted by solid lines and

. the two-target group is represented by broken lines.

o
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A

increases in heart rate were successful, but decrease trailning was B

generally unsyccessful. This latter Tesult was confirmed by t-tests

that found no significant differénce between decrease trial perforﬁance

and blank trial p;rformancé'in either training or transfét for either

the DEC or the INC/DEC group. Despite this result, a Kolmogorov-Smirmov

tesf applied-to tatings of target difficulty did not differ-

sigrificantly between the INC and DEC group (EINC = 3'8;_§DEC -

3.1). Similarly, a Wilcoxon test found no sigmnificant diffeieﬁcessin

reported difficulty between the increase and decrease conditions within

tﬁe-iNb/DEC group (Einc = 3.5; Eﬁec = 2.4) (i.e. 1 = not very | '

successful; 7 = very successful). ‘
Comparisons of the magnitude of heart-rate control found X the

‘ single versus two target groups in training and trénsfer were made using

two-tailed t-tests. All comparisons proved nomsignificant.

Concomitant Responses

Table 2 lists within-subject product-moment correlations between
heart-rate changes and changes in electromyographic activity, gross body
movement, respiration frequency and respiration volume over the courtse
of the session for subjects in the INC/DEC géoup. The left-hand side of
the table lists correlations for subjects who achieved significant
heart-rate differentiation in training and the right-hand side of the
table lists correlations for subjects who failed to achieve significant
trai;ing differentiation. The underlined values indicate concomitants
that had significant .trial-type differentiation during transfer as
measured by a two independent sample t-test (one-tailed) that compaxred

changes on increase transfer trials to decrease transfer trials.
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Table 2% Within-subject correlations between heart-rate
changes and changes -in concomitant responses in

- Eerriment l

.

. .

DIFFEREKTIATORS NONDIFFERLUNTIATORS
a b e .4 . . ) .
Sudjec: EMC KvT Rr RY Subj~zt MG NVT RF RY
INC/DEC-10 .73» _BOw =_01 hhw INC/DEC-2 .35 D36 - 17 JL4Tw
INC/DEC-15 .83+ _9Q0% - 73% _LBw INC/DEC-8 51% . SBw - 50w _S4n
. INC/DEC-20 .32 JT2® -, 17 .67 INC/DEC-9 LABw .19 - 22 + 33
» IRC/DEC-23 .32 14 -.38% .01 INC/DEC-11 .Oke - 35 .03 -.351»
C INC/DEC-26 .89+ 31w -.10 .68 INC/DEC-11 -1 3 LAW0w 17 « 51w
N INC/DEC-2% .79* _4Bw .04 .82+ INC/DEC-16 .78 _[55* - 4l _ 64w
* IMC/DEC-31 ,BS® ,B2% < 45% _65% INC/DEC-15 .63% 34w -,10 LAO*
INC/DEC-37 .90w ,7Bw - 50« _S6w INC/DEC-35 .43+ _B4w - 05 63w
IKC/DEC-3% .2 Se8% - .13 67w INC/DEC-41 J6B* (54w -,19 .01
INC/DEC-55 =-.,11 JE9% - 55w 36w INC/DEC-44 .45+  _62% - 33+ 62w
L : . INC/DEC-45 .67w 73w ..61% 67w
INC/DEC=47 53 65w - 28 LG66w
b INC/DEC-50 .18 ZB1w -2 T
_INC/DEC-56 .2 L39% - 44w 4w
v F) i
—
¢ £ ’ -
N e (67%  _6Br -.31 . 58w M= Lu4Be 51w -.25 -
. .
Sote. Underlioed values indicate significant differentiation of thian
conconitant between increase and decrease trausfer tTials as mcasurcd
by a onec-talled t-test,
*rorearc clectroEYOgTAD :Body mevement 5Rclpiratory frequency
Reapiratory velume Not availabdle r to r traumsforamed
- 2(.05
“ .



Tablehz makes two points; The first is that there is a
sig£ificant aﬁsociagion between changes in heart rate and concomitant
changes in somaﬁomotor and respiratory activities as indicated by‘thé
mean correlation coefficients at the bottom. Furthermore, inspection of
individual performance indicates that there is no individual in this
experiment who achieved significént-heart—rate contrel without
~accompanying changes in ong or more:of the above concomitants.
Significant differéntiaiion of the concomitants between increase and
decreaée trials occurred in many cases. (Because heart rate is
influenced by many different response systems, heart-rate
differentiation can, and often will occur in the absence of any one
concomitant {Obrist, 1981)). The second point made by Table 2 is that

-

the response organization of subjecté'who achieved significant

-
-

heart-rate control was not significantly different from the response
. -

. ™
organization of those who failed to” achieve control. Significant
associations with somatomotor and respiratory activities existed for
both controllers and noncontrellers, but this relationship was

utilized to achieve heart-rate control only in the former gToup.

Post-training reports

-

Kolmogorov-$Smirnov tests were usad to assess Tresponse awareness
in the open-ended verbal reports. In the INC/DEC group, a one sample,
one-tailed Kolmogorov-Smitnov test was fpplied to determine whether the
distribution of the proportion of subjects correctly assigned by each
judge aiffered from the distribution that would be expected on.the basis

of chance. This procedure indicated that the obtained distribution

differed from chance, D(10) = 9.9, p<.05. The average judge assigned
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) 19.?/2& reports correctly, compared to a chance expectation of 12/24
reports.

For the singlé-targe;-grdups, a compafiéon was made between the
distribution of.the proportion of jﬁdges who assignea each open-ended
Teport :6 the inérease training.condition within the INC group as

.compared te the DEC group. A two-sample, one-tailed Kolm?gorov-Smirnov "
test showed that these disﬁribugioﬁs differed between the INC and DEC
groups, D(12) = 8, p<.05. The average proportion of judges assigning
repofts to the; increase training condition within the INC group was .84

{
{(i.e §.4/10 judges), and .27 within the DEC group.

Statistical comparisons between the scale ratings were also
undeFtaken. Cne-tailed Wilcoxon tests for the INC/DEC groué revealed
differences between increase and decrease trials for the following
.reported activities: tensed muscles (T(22) = 52.5, p<.05), relaxed
~muscles (T(21) = 42.5, E<'05)' calming thoughts (IkZl) = 34, E<'05)’
anxious thoughtg (T(20) = 50,_R<{05) and exciting thoughts (Iﬁl@) =
34.5, px.05). Co;Lpsi:g scores for each subject that summed ratings for
relevant increase activities (tensed muscles, rapid breathing, movement,
exciting thouéhts-and'anxious thoughts) and subtracted ratings for
decrease'activities (relaxed muscles, slow breathing, kept still,
calming thought;) proved to be significantly differe;t across'triay
type, T(24) = 63.5, E(.OSL

A two sample, one-tailed Kolmogorov-Smirnmov test was applied to
the scale ratings given by the single-target groups. _Subjects rated

tensing of the muscles more highly in the INC group, (D(12) = 9, p<.05),

and relaxing of the muscles more highly in the DEC group (D(12) = s,
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R<‘05)‘ However, ratings on the other individual scales were not
digﬁerent._ As was found in the INC/DEC group, the cshposite score
Hifferentiated between trial types, D(12) = 6, p<.05. ‘ )
-finaliy, cdmﬁarisons were made between the ohé §nd two-response
groups. Kblmogorov-Smirnov tests founé no sign}ficant differences
between proportion of correct assignment or between‘ratings on the

individual or composite rating scales.

Relationship between control and self-report
&

A final group of .analyses examined the relationship between the
magnitude of learning and the veridicality_of self-teport. Because-
learning on an individval basis can.be-inferred only with b{directional
performance, these analyses were restricted to the INC/DEC group.

| With the open—éndea repoéts, the proportion'of judges that
correctl} assigned an_individual's repo;t to'ifaining conditiodfwas .
found to be significantly correlated with magnitude Sf control, tho =
.58, 2<.05. Correlations §£th the quantitative scale  ratings revealed
s;gnificant relationships in the appropriate direction for tensed
musc les (Ehé = .4&{=E<.05), relaxed muscles (Ehg'= .43, B<.05), rapid
breathing (zho = .39, p<.0S), anxious thoughts (rho = .42, p<.05) and
exditing thoughts {(zho = .32, B<’05)’ The correlatiqn.with the
composite scores was also significa;t, rho = .66, E<'05'3

Although the general pattern of Tesuits indicates strong
rélationships between self-report and control, it is possible that there
are individual subjects who gave evidence of learning withoué.ﬂaving

accurate self-report. A final analysis attempted to determine if there

was any evidence of this. Subjects were classified as differentiators

%
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or nondifferestiators on the basis of a two independent sample t-test
(one-tailed) that compared each subject's increase performance on
fécdback-crials against his decrease performance-on feedback trials.

Subjects were further.dividcd into those showing evidence of accurate

.self-report and those not showing evidence of such report, on the basis

of whether at least nime out of the ten judgés correctly assigmed the
subject's report to training conaition. Of the ten subje;tsvwith
significant bidirectional training, all had thelr reports corfectly
assigned. to training conditiom by a minimum of 9 out of 10 judges on the-
sorting task, and all subjects had positive composite scores.

- A summary of the‘perfor¢ance of all indi;;duals is contgin;d in

-

Table 3.
DISCUSSION

lThe main finding of this experiment i{s that significant
heart-rate differentiation between the group trained to increase heart
rate gnd the group trained to decrease heart rate was accompanied by
reports of activities used to produce the response that were ;lsd -
significantly different. Hence, the relatlionship between accurate
self-report and visceral control that was reported by Roberts et al.
(1984) is not dependent ;n the bidirectional training procedure that was
used in that research. All comparisons between the single and
two-response groups proved nomsignificant in the present study,
indicating that this variable probadly cannot account for the
discrepancy of the Roberts et al. (1984) findings and the early studies

that reported lcérning without awareness.

ss



- Fable 3: Summarv of individual purformance in ixperiment 1.

-

\\\\\ IFFERENTIATORS NONDIFFERENTIATORS
Tralping Ttnnu!er. b e Training Transfer

Sudbject baz bpm PCA- COMP Subject bom bpm PCA  CUMP
INC/DEC-10 30.9w 25.6%w 1 1.0 45 INC/DEC-2 <14 .8 .9 s
INC/DEC-15 31.0 3z.ew 1.0 2 INC/DEC-8 1.0 10. 1% . 10
INC/DEC-20 6.8% 10.2+ .9 L7 INC/DEC-9 -7 7.3 .8 2
INC/DEC-23 - Il.2% 10.1 =+ 1.9 8 INC/DEC-11 1.3 .9 .8 -3
INC/DEC-26 29.2% 2. 1.0 10 INC/DEC-13 -1.% o Lh -4l

INC/DEC-29 29.0w 19,3 1.0 39 INC/DEC-16 =3.9 1.3 1.0 1.
INC/DEC-31 36.5% 4B 6w 1.0 32 INC/DEC-1% 5.4 6.2 1.0 42
INC/DEC-37 28.0w 45k 1.0 39 1NC/DEC-35 9.7 12, 7w R . 75
INC/DEC-38 13.7+ 10.8 .9 4t INC/DEC-41 .1 -2 .9 10
INC/DEC-5% 10.6% .8 1.0 a4 ING/DECmin .5 13,60 1.0 %2
INC/DEC-43 DS 10. 1w .6 :

INC/DEC-w™ =u.D 3.1 L2
. IKC/DEC-5C L% . .9 3
- INC/DEC-3e  -2.2 -1 s -2

7 ]
5

a z —

Average bidirecctional "(incresase minus dectease, change (n bealsz per

sinute during training’ and tranafer. Sigoniflicasce deteramited dy a t-test
{(one-tailed) that compazed in¢rease perfoTmagce veraus dectenase pErloImMAnCE.
Proportion of judges correctly assigoing a2 tndividual's cpen-ended

_teport to :ivaiuing conditien.

“Composite acore from the rating scales. Ratlings an at!l the rtelevant
increase activities are suybtracted Itom ratings on al!l the relevant decreass
activities. Posltive values indicmte o overall zating in the approprliate
diTectiocn.

= p<.0%

~
=Y



.Experiméht 1 also replicated the ‘results of Roberts et al..
{1984) with regafd to respdnse’awareness-during bidirecti®dnal heart-rate
traini;g. In the INC/DEC group, & significanticorrelation.bétween
bidirectional control on feedback trials and‘aésignment of the verbal
reports by ;ﬁe judges indicated that subjects with the largest
bidirectiongl heart-rate chénges‘iu the direction of training were mofe
likely to report veridical inform?tion than subjects with §mallér or
inappropriate heart-rate changes. Feedback differentiation without
correct a;sigdment of the reports to t}gining condition by atrigégt S of
10 judges was not observed in this study or in Experimeﬁt 1 of Roberts

- - <

et al. (1984) in which the same procedure was used.

Although there were mno subjects Qith significant bidirectional
training -without consistent assiénment of their reports in the present

study, there were three subjects who achieved significant bidirectional

transfer without having their repotrts consistently assigned (INC/DEC-B{

B .

INC/DEC-35; INC/DEC-45). Because a detef;ination of whether awareness is

present on an individual basis is not possible, these cases may be best

interpreted in their overall context. In;lgding.the present experiment
_there have now been 100 ;ﬁbjects trained with the bidirectional
heart-rate procedure in this laboratery (Roberts et al., 1984,
Experiments 1 & 4; Hughes & Roberts, 1985, Groups C & E)}._ Fifty-two of
-these 100 subjects failed to differentiate on training ﬁfials. If
transfer_were a random occurrence among these subjects, significant
transfer would be expected in two or three imnstances at a probabélity

level of .05. There are actually six times this many (18 in all), so it

would appear that some learning has occurred. However, in 16 of these



16 cases, proportion of cofrect assignment also exceeded a chance level
(mean Proportion of Correct Aséignment (PCA) = .82, 3<.01. sign test},
indicating the presence of accurate knowledge as well. )
"Of f£inal note is the fact that even though differentiators of
the bresent study showed consistent assignment of their verbal reports,
; number of nondifferentiators did so as well (e.g.-INC)DEC-Z;
iNC/DEc-le; INC/DEC-19; INC/DEC-41). Thus, even though reportable

information about the response bears a stromg association to control of

the response, it does mot ensure control of the respnnse.
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CHAPTER &4: - EXPERIMENT 2

The purpose of Experiment 2 was to assess the effect of

forewarning of transfer on response awarengss and control. ~Forewarning
of transfer was employed in Experiment 1-.-of this thesis and in Roberts

et al. (1984) but was an uncommon procedure in earlier studies

purperting to show-iearning without awareness (see. Teble 1). It is
conceivable that forewarning subjects the respomnse will éventually have
to be produced without feedback may cause them :6 encode Tespouse
information in a manner that allo;s'retrieval when feedback is mot
available to serve‘as a memory aid. Self-report, as well as contrel
{especially in transfer) may benefit from this orientation and may have
been partly responsible for the results obtained in Experiment 1.

Some evidencé of this type of effect has been demonstrated in
other litérétures; lRommetveit (1960;11965) found that suﬁjects
forewarned that 'they would eventually have to provide a vérbal.report of
their actions learned a concept faster than a group not foreﬁarned_of
this requirement. Bransford; Franks, Morris & Stein (1979) and Tulving
(1679) have demonstrated that various ty;es of cognitive learniné tasks
transfer best to a test situation when they are proceégéd_in a mannert
compatible with the demands of the testing situation.

Specificélly, then, the éresent experiment retained single
target heart-rate training to make comparisoms with the early studies

more direct. There were four groups altogether. Twe groups were

trained to produce heart-rate increases (INC) and two groups were
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trained to produce‘hea?t-rate decreases (DEC).  One of each of these
_groups was forewarned of transfer (FW) and the other éne was not
forewarned (NFW). The four conditiouns wefe-therefore designated INC-FW,
INC-¥FW, DEC-FW and DEC-NF. e

Another chanze from Experiment 1 was the additidn of a second
transfer test that, in addition to trials on which subjects were to
produce the response without feedback, iqcluded trials on which the
subject Qas to "make the response go the opﬁosite way": ‘The purpose of
“"Transfer 2" was to obtain a bidi;ectional measure of control that might
be taken to indicate response learning on an individual basig. For INC
subjects it should be moted that bidirectional differentiation during
Transfer 2 is not unambiguous as a measure of learning because

o . ) '

appropriate heart-rate differentiation may be elicited by the task
orientation rather than as a Tesult of.extended experience with the;
feedback. This is due to the fact that subjects are Tequired to move
the dash upwards on one trial type (i.e. which may prompt incfeases n
behaviour) and asked to make the response go in the oppgsite direction
on the othé; trial type (i.e. which may prompt behavioural decredses).
However, success at bidirectional control during Trangfer 2 can be taken
as evidence for fesponse_learning for subjects in the DEC groups. This

is because changes in heart rate elicited by task instruc tions can be

expected to subtract from changes due to learning in these groups.
~

METHOD
The method is the same as used in Experiment 1 except for the

following differeqces.a
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Subjects

Forty-four male volunteers from the McMaster Uniwersity
community -end local high schools, aged 15 to 48 (M = 20.5), received
$2.00 per hour for their participation. Eleven subjects were in each of

the four groups.

Apparacﬁs and Eiectrophysiological Recording.

A PDP-8/L computer controlled trial sequencing, data recordihg,
‘and the feedﬂéck digplay. Heart Tate and réspiration were sampled via
an A/D converter at 125 msec intervals and skin conductance at 250 msec
intervals as in Experiment 1, but electromypgraphic activity and movement
were sampled at 250 msec intervals. On the basis of these data, five
second averages were calculated by £he PDP-8/L for each measure during
both the pretrial and trial periéd&.

Heart rate was recorded in the fol{owing way. The raw
electrocardiogram was post-amplified and fed to a digital circuit which
discriminated the R-wave from muscie and movement artifact. The ocutput
of this circuit triggered a cardiotachometer (Beckman 9857B) with a
continuous analog ocutput of 30 bpm/v. This output was used by the
computer to drive the feedback display generated by a Tetromix 4501 scan
converter and a Computec C118 display interface. Feedback was given for
heart-rate chahges from the last five second pretrial average and
updated every 125 m#ec.. The display appeared on a Sony videomonitor
(Model 110) with a screen size of 18 cm x 23 cm.

Electfomyographic signals were rectifiéd'and integrated by a
Beckman 9873B coupler {2 mv/em; IC = 1; TMW = 3.0). fgzzgrator Tesets

were counted via digital input buffers on the PDP-8/L. Movement was



recorded in the same manner with the sensitiviiy of the coupler 'set to
50 mv/em.
Procedure

. Following the medical imterview and electrode attachment,
subjects were randomly assigned to one of the four experimental
conditions (INC-FW, INC-NFW, DEC-FW, DEC-NFW).

Tape recorded {nstructions (Appendix E) informed the subject
that he would be trained on a set of discrete trials in which his task
was to move the feedback dash as far as possible in the direction of the
letter A at the top of the screen. A sample feedback display was
provided (Figu?e 1). Subjects in the FW condition were further told
that they would be asked to produce the target response without feedback
when training was finished.é‘A sample display containing only the letter
A was provided to illustrate transfer trials. It was explained that
altho;gh transfef trials would not be.given until the end of training,
we wanted subjects to know now that productidn of the respomnse without
feedback would later be required. Reference to the transfer requirement .
was omitted altogethef for subjects in the NFW condition. Finally, all
subjects were advised that successful performance would be rewarded with
bonus money up to a pos#ible total of $1.00.

Training consisted of ten feedback trials and two blank trials,
one given at the end of training and the other randomly interspersed
amongst the feedback trials. The initial transfer block was omitted for
all groups.

Upon completion of training the experimenter reentered the

experimental chamber to administer the first questionnaire (Verbal
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Report 1) (Appendix F). This questionnaire asked subjects to describe
what they had dome to '"move the dash in the direction of the letter A"
_and to rate their degree of perceived success. Subjects remained in the

chair with the electrodes attached while filling out this report. TUpon

-

completion, the lights were dimmed in anticipation of the, resumption of

testing.
At this point tape recorded imstructious indicated to subjects

in all groups that production of the response without feedback would now

o

be required. A sample displdy containipg the letter A alone was given

to illustrate transfer trials. This phase in the experiment, des;gnated
hirein as Transfer 1, consisted of tﬁree transfer trials and two blank
trials éiven in a mixed sequence.

A second transfer test {(referred to herein as Transfer 2) was
given following Transfer 1. Tape recorded instructions informed the
subjects that, in addition.to further transfer ?rials designated by the
letter A, trials designated by the letter B would also appear. On .
B-trials their task was to "try to make the response go the oppesite
way......even though the feédbaék dash will not be available to tell you

how successful you have been". Transfer 2 consisted of. three A, three
B, and two %lank trials given in a mixed order.

Two questionnaires administered after Transfer 2 cempleted the
experiment. The first asked subjects ta describe in writing what they
had done to "produce the response on A-trials".énd what he had dome "om
B-trials to make the response go in fhe opposit; direction" (Verbal'

. Report 2) (Appendix F). The second asked subjects to rate, by ﬁeans of

quantitative scales, the extent to which he used certain activities

P



§
(same as used in Experiment 1). .

Post-training reports

Ten judges were given 44 sheets of paper containing transcribed
copies of Verbal Report 1 and Verbal Repotrt 2 and‘instructidns.on how to
sort them (Appendix G). These instructions asked the judges to make &
decisionjgs to whether the subject increased his heart Tate on A-trials.
and decreased it on B-trials; or the revérse. Guidelines for making

these decisions were the same as in the previous experiment.

Data ﬁeduction

N
-

“ Eleven subjects were eliminated from the analysis beaéuse of
equipment failure (n = 5), procedural inconsistencies (n = 2), excessive
artifact in their physiological recordings (n = 2), or a combination of
these problems Q& = 2). Four were in the INC-FW group, gnc in the
INC-NFW group, two in the DEC-FW group, and four in the DEC-NFW group.

For the remaining 44 subjects, electromyographic activity was rejected
- -

for two subjects and skin conductance for two .subjects. Technical
complications did not allow for the analysis of any of the respiration

data. Fewer than 1% of éll remaining trials were eliminated because of
artifact:‘ Relationships between heart rate and the concomitant
Tesponses were gxamined‘and'qund to be ;imilar to that obtained in
Experiment 1. For ease of presentationm, these data are contained in

Appendix I and will mot be described further. Group heart-rate changes

in Transfer 2 are contained in Appendix H for similar reasons.



RESULTS

- Heart-rate control

Control of heart raﬁe in beats per minute on feedback trials and
during Transfer 1 is shown for each group imn Figure 3. Analysis of
variance revealed a significant overall effe;t of target condition (INC
vs. DEC) in training, F(1,40) = il.1, p<.05, as well as during T{ansfer‘
1, g(1,a0) = 10.5, 2(.05. Avegage heart-rate change in training was 7.6
bpm for INC and .1 bpm for DEC. Average heart-tate change in Transfer 1
was l}:SPb@m for INC and .5 bpm for DEC. No interaction between target
condiﬁlbn and trial number was obtained in either training or Tranéfer
1, indicating that heart-rate changes on the initial trial did not
differ significantly from subsequent trials. Increase performance was
significantly greater than blank trial performance in both training and
Transfer 1 but decrease performance was not different in either. No
effect of fsrewarning was found in training or in Transfer 1.

Despite the greater ease with which subjects were able to
pfoduce increases in heart Tate over decreases, a Kolmeogorov-Smirnov
test determined that ratings of perceived success did not differ
significantly between the INC and DEC group within either the FW or NEW
conditions (M

SINC-FW .
= 4.6).

Z -
L.43

Movcenew = 403 Mppeopy < 4095 7

EDEC-NF‘\J

Post-training reports

The contents of the open-ended reports were analysed by means
of Nolmogorov-Smirnov tests that examined the distribution of the

proportion of judges who assigned each open-ended Teport to increase

!
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Heart-rate changes from pretrial baseline during
feedback training and Transfer 1 in Experiment 2.
Increase trials are represented Dy solid lines and
decrease trials are represented by broken lines. The
Forewarned groups are represented by solid circles
and the Not-Forewarned groups are represented by

open circles.
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training in the INC versus the DEC groups; This was done separately for
the FW and NFW cqnditiéns. withiq the FW condition, the opén-ended
reports of INC subjects were assigned significantly more fr;quently to
increase training tha ere the reports of DEC sﬁbje&ts, D(11) = 3,
3(.65. Within the gﬁw condition the same result waslobtained. D(11) =
6, £<;05. This samé result waﬁ\also obtained when the FW and NFW

conditions were com%ined, D{22) = 8,‘p<.05. The average proportion of
; . — N 2

) =

judges assigning -an individual repot{ to the increase training comdition
for each group was as follows: INC—FG\i\.VO {(i.e. 7/10 judges); DEC-FW
= .47; INC-NFW = .80; DEC-NFW = .40. N

-

The same statistical procedure was applied to the scale ratings.

Within the FW condition the reported use of the following activities

~

.differentiated bdetween the INC and DEC group: ten§ed muscles (D(11) =

1}

7, E<'05)’ relaxed musclgqr(gjll) 5, RF.OS), slow .breathing (2}11) =

[}

6, p<.05), rapid breathing (D(11) &, p<.05) and calming thoughts

\

(Qﬂll) ; 7, 25.05). The composite scale also differeptiatedlbetween the
INC and DEC groups, D{11) = 6, g<.05. This statistic%l procedure
applied to the NFW condition found the reported use of\the following
activities to be significantly different between the Iﬁc and DEC groups:

—— o ——

6, p<.05), relaxed muscles (2}11) = 7, p<.03),

tensed muscles (D(11)

slow breathing (D(11) 6, p(.bS), rapid breathing (gﬁll)\E\é, p<.05),

1

5, p<.05), kept still (D(11) = 5, p<.05), cq}ming
N
6, p<.05), anxious thoughts (D(11) = 7, E<.05} and

movement {(D(11)

thoughts (D(11)
exciting thoughts Qg(ll) = 5, p<.05). The composite scale was aiso
significant, D(11) = 7, p<.05.

‘A possible effect of forewarning on accurate self-report was



- 69
assessed/bj dctermiﬁing whether correct identifica;ion on the sorting
task or ratings cn the scales differed between the FW-#nd NFW groupér
within each taréet conhicion. NO'Qifferences attributable to this
varidbfe were -found.

_Relatibnéhiprbetween control and self-féport
. Correlations between self-report and bidirectional heart rate in

Transfer 2 were calculated to determine if ;herg_ffs any Felationship
between the veridicality of the information reported and contreol of the
G;eSponse. Proportion of correct assignment in the open-ended reports
was found to be significantly correlgtéd with magnituderof contrel in
thtee of the four groups: INC-?W, ztho = .89, p<.05; DEC-FW, rho = .85,
B(.OS; DEC-NFW, tho = .66, E(.OS. Only in the INC—NFW group did this
relationship fail to achie?e ;ignificance, tho = .49, B)LOS.

.

Scores on the rating gqales were correlated with bidirectional
control in Transfer 2. F;; the INC-?W group, scb;e; on all of the
individual scales were significantly co;related in the appropriate
direction, as was the composite score, tho = .91, E<'05' Similarly, all
scales were significantly related in the expécted direction for both the
DEC-FW (composite: rho = .85, Ef.OS) and the DEC-NFW group (composite:
rho = .89, E<'05)' On the other hand, nene of the scales were
significantly related to heart-rate control in the INC-NFW group.and a
few were in the wrong direction (composite: rho = .17, E}.OS).

All com%arisons between the correlation coefficients proved to

be nonsignificant.

.

A final analysis attempted to determinme if there was any

evidence of individual subjects having controlled the response without



ot

X

showing accurate self-report. Subjects were divided into
differentiators and noﬁdifferentiators on the bdasis of a one-tailed
t-test that combared each s%pject's increase performance with his
decrTease performance in Transfer 2. and into those ;howing evidence of

accurate self-report and t£ose ﬁot on the basis o{ whether at least‘nine
out of ten judges assigned the report to correct training condition. Of
the- sixteen subjects who controlled the response,.all bqt three had
their open-ended report consistently assigned to trainigg condition
{INC-NFW-28; INC-NFW-41; DEC-NFN-SS).S Howeu?f, nong/of these cases.

provides unambiguous evidence of learning witHBUf’g;arencss. Becau;e
two of these subjécts were in the INC condition, 'an elicited basis for
bidirectional controllcannot be ruled out. Subjects INC-NFW-28 and
DEC-NFW-33 did not haQe significant cog:r;l of heart rafte during
training. Finally, all three had high positive composite scores
sugpesting at. least recognition of veridical stratﬁgies.

A summary of the performance of all individuals In Experiment 2

is contained in Table 4.

DISCUSSION
The results of this experiment demonstrate thqﬁ accurate
self-report is not dependent upon forewarning subjects of transfer and
that this variable is not likely responsible for the discrepancy between’
recent studies of response awareness in biofeedback (Roberts et al.,
1984) and the early studies that reported learning wiihout awarceness.

yithin the NFW condition, significant heart-rate differentiation between

the group trained to increase heart rate and the group trained to

""‘-—.‘—\_.:‘--
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S
'I-‘a\blc 4t Summary of individual performance in Experiment 2
v
~ DIFFERENTIATORS HONDIFFERENTIATORS
' Sidires. bldirec.
. Training Traosfer . 4 Tralzoliag Tranafer
.. Subjiect -3--1 - ¥-1-1 PCA~ CONMP Subjec: bpm bpe PCA  COMP
INC-FV¥-10 18.6w w3, 3 2.0 49 INC-PVW-12 ~1.8 -2.8 .3 0
.. - 1NC-FW- 1B.9w 64 . 0% 1.0 44 INC-FW=212 2.6 .0 ) 24
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decrease heart rate was accompanied by significantly diffetent'reports
of activit}es.used t; produce the response, as measured by the
open-ended reports, the compoﬁite scores and'the‘majority‘of the
individual rating scales. The relationship between accurate self-repotrt

and bidirectional transfer was significant in the DEC-NFW group and

“approached significance in the INC-NFW group. Relations between

¢

-

self-report and response control did not differ between groups, either.
' -

On the other hand, it %igﬁt”bc-argued tHat foreuafning may have
assisted accurate self-report. Im particuiar, relationships between
self-report and control-wefe nonsignifiéant in the increase group éhen
forewarning was omitted {group INC-NFW), However, this evidence of an
effect of forewarning is not strgng. Furthermore, all tomparisons
between the %U and NFW groups in temms of control in training and
transfer, proportion of correct:5§§ignment, and scé:es on the rating

scales proved nonsignificant. If forewarning of transfer does exert an

influence on single-target training, it is a minor one.

.

Although the general trend of these data is condistent with a strong

relationship between accurate self-report and control, there
exceptloﬁs to this rule. One type of exception are subjects who show
evidence of accurate self-report without possessing control, suggesting

that possessing veridical knowledge does not ensure control. Host of

.~ )
e -

these subjects are found in the DEC groups_LﬁtC-Fw-la; DEC-FW-44;

DEC-NFW-3; DEC-NFW-8; DEC-NFW-30; DEC-NFW-34). Other cases of veridical

report without control occur ip the INC-NFW group (INC-NFW-2; INC-NFW-5; -
INC-NFW-19) and are partly'responsible for the overall lack of

significant relatiomships in this group. Because virtually all INC-NFW
~

/
. S
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subjects show some evidence of accurate self-report (i.e. only two +
subjects had their open-ended reports correctly assiguwed by f;wer than
8/10 judges,_and all subjects had a positive composite score), the
subjects with the largest bidirectional heart-rate changes were not
always the ones having the most veridic§1 TepPOTtsS. |

The more—importanc éxcepticn to this relationship between
accurate self-report and control concerns cases of control without

.accurate éelf-report. However, none of the thfee subjects with -
significant bidirectional transfer and inconsistent assignment of their
oper-cnded reports provides unambiguous evidence of learning without
awareness.

. Finally, comﬁé:isa; of Experiments 1 and 2 suggests that
inclusion of an initi;l transfef‘block preceeding training ma;
facilitate control. Increase training performance is significantly
higher in the INC group in Exp;riment i (with the initial transfer
block) over the INC-FW group in Ekperiment 2 (without the iniﬁial
transfer block), t(32) = 2.86, £<.05.l Howeﬁer, this‘difference is‘

confounded by the fact that subjects in Experiment 2 received slightly A

less monetary incentive.



CHAPTER 5: EXPERIMENT 3

Experiments 1 and 2 have demonstrated that the p;esence of
*
accurate self-report and its positive relationship te heart-ratc control
o .

are robust results not dependent upon bidirectional-training or
forewarning. of transfer. These finﬁings stand in contrast to previously
cited experimental work. Two possibilities exist. Either knowledge was
present in these earlier studies and gha:procgdures used for detecting
it were inadequate, or knowledge was indeed absent and there remains L
some important differences between the procedures employed in
Experiments 1 and 2 and the early-procedures that are responsible for
thi§ discrepancy. |

Two of the remaining differences are the use of behavioural
constraints and the presence of.misleading cues. It was a common
practise in the early studies to imstruct subjects mot to move around,
tense muscles or alter breathing (Table 1). This was dome to control
for the possibility that autonomic ("involuntary") activity was being
mediated by somatomotor or respiratory ("voluntary™) behaviour. As
pointed out in Chapter 2, the effectiveness of these procedures in

eliminating such’ behaviour is suspect, as current evidence indicates

most autonomic changes are subject to little alteration in the absence

-~ .

of suck concomitant activities for the short training pericds common in
bl : ’ N

these studies (Marlin, 1984; Obrist, 1981). An examination of the six

®arly heart-rate studies that employed behavioural constrdints shows

that attempts to verify compliance were limited to meapurement of

74
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respiration alone and/or the subject's own report. Téble 5 lists these,
six studies and details the training condition, the magnitugb of
controel, the nature of the constraint(s), and the way in which
compliance was verified. As can be seen, even with these minimal
measures of verification there is evidence of noncompliance {Table 5).
The problem with constraining behaviours that are effective in
producing autonomic control is thet it might produce no contrel at all,
or contrellers reluctant to admit.to havipg used these prohibited (but
veridical) 'activities. Another possibility, however, is that
.instructional constraints might discourage gross somatomotor and -
respiratory events, but mot subtler, less easily noticed alteratioms.
The use of less salient somatomotor and respiratory activities might not
have alloweé subjects to recognize subtle systematic changes in these
activities and therefore produced a genuine lack of awarenmess. Although
constraints, by themselves, might not produce nonveridical reports in
careful .observers, they might do so in combination w;th other}factors.
One such interacting factor concerns ;hc nature of the
experimental procedures. The procedures used in Experiments 1 and 2
were designed to reduce the potency of the task environment in
ov;:shadowing knowledge derivative from the feedback (i.e.
subject-experimenter interaction is minimized; multiple electrode
placements are used to avoid response cueing; and the response is only
~ o
defined in terms of the feedback). This was not a concern of the early
studies. In some sfudies the subject was given a distractor task to

disguise the fact that he was involved in an autonomic learming

experiment. In other cases subjects were deliberately misinformed about

' | o
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Table 5: List of heart-rate studies enploying behavioural
constraints and reporting learning without awareness
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1. Brener & 'Hor.h‘trull (1966)-: . INC/DEC (not Teportwd; astimated differesce betwsen INC aud DZC -

conditton of 9 bpu)® . —
constralint coaplisnce

"5's specifically told not to --ouly respiratioc measured’

engage in any bodlily movements "The groas differences iu Trespiratory patterns obsarved

in their attempts to comntrol between...[ivcreast]..and..[decrease] pariods supgest

the tones. Control was to be ‘ the definits possibility that the obsarvad HR

exercined by meatal processes coatrol was mediated by changes {n respiration”™.

ouly™. :

2. Eogel & Hamsem (1966): DEC (-1 bpa)”

. constraint compliance

"He waa told the corTest Tesponse --only respiration frequency measured

was not Telated to breathing. --a t-tast that compared breathing before tralalng to

He was also inatructed teo during training found oo significant differences
breathe normally because “Frog our obssrvations...it it oot possible for us,
"aboormal breathing will faul to infer acy sosatic medistors...the 5§ who thought about
up our ceasurementa™™. exciting things dnd the S who aligned holes {n the tilas

both ssemed to have idcressed their muscle tenaion...
wher#as the three other learners seesed to relax more™.

3. Pogel & Chfam (1967b): INC (+6 bpdd
o

conatraint i compllance
“He was told the corract Tespomae -=guly respiratios frequency measured
was not telsted to breathicg. -=2/% 5's found to have increased thelr resplration
He was alao fnstructed to - frequency .
breathe noTmally because “Our data do supgeat that some of the exparimental S's
“aboormal breathing will foul may bave used somatic responses to facilitate their
up our Eeasurensats™". performance™.

4. Levape, Engel & Pearsom (1968): INC/DEC (+5/-1 ‘bpn).-

constraiat compliance
"The imstructions were %o lie as --poly respiraticn measured
quietly as possible oo the bad "Ge are unable...to identify acy somstic mediators for the
and pot _to change bresathing comtrol of HR. We d1d sot ses any gross musculo- T
betause movement and abnormal skelats]l maneuveTs, and all S)s Teported they ware
breathiog would "foul up our able to cocperate with the lostructions oo this poln:.
acasurements”™". Although several S's showad ‘»'phallc changes in breathing,

we wete unable to duplicata .the HR changes by paced
breathing...” §i.e. duplicaziog the breathing pattarms
and observing tha HR changer]

. Shaplro, Turaky & Schwartz (1970): INC & DEC (+1 & -5 bpm)"

conatraiat compliance
"S's were askad to breathe --only reapiration measured
normally and to refrain from "As to yespiration, thers were oo consistwnt differences
fidgeting or teosing ousclea”™. io braathing pattercs ap a result of direction of
cecnditioning”. . -

6. Ploley {1970): DIC (-2 dpm)*

v

conatraint compliance
"5's...vatoed agaiuat attempta * --only respiratico amplitude and respiration frequency
te control by respiratory or measuroed
muscular changes. Tbey ware "partisl correlation snalysis of HR and respiratioo rate
told simply to breatbe in acd ravaaled nomsignificant covariation”
out and to xvold taking daep --they soggast that bacafise of a significant correlation
breaths, holding thelir breath, wvith skin conductance ™it is possible that the 5's fo
or breathing Io other pscutilar this study successfully decreased their HR by using sone
ways. They were [slso] sort of ralaxation strategy. However, this could oot
instructed mot to...sdjust ————e confirmed by post-experimental {nterviews”.
thelr posture or flex thair
nuacles™. | ~

--in additliom, HR chacges
accompanlied Ly respizatory
deviations weTe eliminated
fron the analysis

lnvcra;e“ch_nnce {n heart rate during tralining
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thelpurpose of the experiment or the uiility or nonutility of certain
activities. 1In the.same'maéner as behavioural constra?nts, a mislegding
task envirenment might bias the subject's report and dilute its
veridicality, or may disguise the processes actually invoived and
produce a genuinely nonveridical repert. This likelihood is increased
when the processes associated with autonomic change are not obvious, as
is perhaps the case for comstrained heart-rate subjecfs.

The intent of Experiment 3, then, was to provide a further
assessment of-the early studies that reported learﬁing without
awareness. This experiment looked at learning and self-report.in two
task environments similar to those of the early studies. In one,
instructions discouraged the use of somatomotor and resﬁiratory activity
(Neutral (NEU)). In the second, instrucﬁional constraints were coupled
with instructioné and a electrode configuration that encouraged mental
rather than somatic strategies (Mental (MEN)) (i.e. subjects were asked
to influence the feedback by "mental means" and had only head
electrodes).6 Within each of these task environments one group
received increase t}aining (INC) and one group received decrease
training (DEC). Subje;ts were not forewarned of transfer. '}f, with our
more thorough verbal rteporting procedures, accurate self-report is agéin

obtained, it suggests assessment of the subject's knowledge in these

earlier studies was inadequate. If accurate self-repert is not

. . . . . . . .. %,
obtained, or if there is unambiguous evidence of individual subjects

/ . .
controlling the Es;paﬁ%e without reporting veridical information, this

will support the contention that heart-rate control can proceed with

limited awareness and establish some boundary conditions for the results

.



and implications of Experiments 1 and 2.
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METHOD
The method was the same as used in Experimenﬁ 2 except for the

follouing‘differences.

-

Subjects

Fifty-two male volunteers from the McMaster University community
and surrounding high schools, aged 15 to 34 (M = 20.6), received $3.00
per hour for their participation. Thirteen subjects were in each’ of the

four groups.

Apparatus and Electrophysiological Recording '

All apparatus and.electrophysiological recofdings were the same
as in Experiment i:

Subjects in the NEU group received ;he usual electrode
placements but there were a number of changes for subjects Th the MEN

groups in order to eliminate body electrodes. In.the MEN groups,
5

measurement of heart rate was obtained by attaching a Hewlett—?ackérd
#780-16 ear plethysmograph to the pinna of the left ear. Changes in
blood density consequent upon each heart beat activated the Schmidt
tfigger on the cloeck of the PDP-11 which allowed for the continuous
recording of successive IBIs to tﬁe nearest millisecond. Feedback was

given for %hanges from the last recorded IBI during the pretrial period
(the procedure of Experiment 1). Electrodes for measuring. the
electrocardiogram, electromyogram, skin conductance and the inactive

themisters were omitted for all subjects iu the MEN group. Two inactive

Beckman electrodes (10 mm diameter) were attached to the lower left_and



lower right forehead for these subjects. These were 1naaddition to the

usual inactive electrodes attached to the upper left and upper right

1

foreheaa. "
Procedure

Subjects were randomly assigned to either the NEU or MEN
condition prior to their arrival so that they would receive the
apbropriate instructions during the reception procedure. Subjects in
the NEU condition received the standard recepﬁion procedure of
Experiments 1 and 2, which stated thét the purpose of the experiment was

_\ﬁfto teach you to control 8 response not normally thought of as being

controlled voluﬁtarily". Subjects in the MEN condition, however, were
told th;t "the experiment today attempts to teach you to control by
mental means a dash that will abpear on g television screen”.

During the electrode attachment all subjects were told by the

experimenter "These are very semsitive electrodes. It is very important

that you do not do anytging that will produce artifactual and erronegus
reco;dings. Therefore; do not move around, flex your muscles or breathe
abnormally, and do not ‘touch or put pressure on the electrodes”.’
Subjects were told the constraints on somatomotor and respirat&ry
activities were to avoid artifact, so .as not to suggest these activities

might be of potential use in producing the response. The electrode test

to check for artifact and the proper functioning of the electromyogram

- -

and movement was omitted for all subjects because of the incompatibility
of this test with the above instruction not to move around. Once proper

eléctrophysiological signals were obtained, subjects in both the NEU and

MEN groups were randomly assigned to either an INC or DEC training

o
-
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condition. "¢

Tape recorded instructions (Appendix J) for subjects in the NEU
groups were identical to those of the NFW condition imn Efperiment 2,
with the exception that during the first set of instructions they were
again asked to "remain still, breathe normally,.and avoid flexing your
muscles so as to avoid producing artifact in these sensitive '
recordings". Subjects in the MEN groups were told that the pufpose of
the experiment was to test theilr ability to menﬁally control the ~
movements of a dash on a television screen, and that they should use
mental means to moveléhe ddsh as far as possiﬁle in gée direction of tﬁe
letter A. Subjects in this group were similarly i%;f%uctedfno'remain
still, breathe normally and aveid flexing muscles. Instruqégégs for MEN
subjects in Transfer 1 asked thém to “continue to.do whatever you found
usefu% in mentally moving the dash up even though the dash will ﬁot be

available to tell you how.successful you have been'”. Transfer 2 -

instructions asked these subjects to "mentallv" move the dash in the
direction of the letter A as\in Transfer 1, but alse, on B-trials to
"mentally" move the dash in .t

e opposite direction.

Post-training reports

All subjects were given the written que;tionnai:es (Appendix K}
following-T:anﬁfer 2. The f{rst questionnaire asked subjects to )
describe what they did "to make the dash move in the direction of the
letter A on A-trials” and what they did on B-trials "to make the dash go
in the opposite direction". ‘The second questionnaire asked subjects to

rate, by means of quantitative scales, the extent to which he used

anxious thoughts, calming thoughtg, exciting thoughts and blank rmind in



g1

moving the dash. In addition to these questiomnaires (which were used
in Experiments 1 gnd 2), & third questiomnaire wﬁs given. [This
questionnaire asked subjects to indicate whether théy thought that
somatomotor ana respiratory. activities might have been usgful in moving

the dash, whether they used them or not. If they responded yes(fégthis

question, they were instructed to rate on quantitative scales the

potential or actual usefulness of the following specific activities:
tensing muscles, relaxing muscles, ‘rapid breathing, slow breathing,
moving around in the chair, and keeping very still. The third
questionnaire (and the wordiﬁg of the rating scales therein) was used to
allow for the possibility that ﬁailure to obtain veridical report on the
other questionmnaires might be due to a reluctance to report veridical
information, rather than a genuine lack of awareness.

The sortipg‘task for the open-ended reports was tﬁe same as- in
Experiment 2 and again employed ten judées. The instructions for the

T

judges is conﬁaineq in Appendix L.

Data Reduction

p . .

Seven subiects were eliminated from £he analysis because of
equipment failurc (E_é 3y, pfocedural inconsistencies (n'= 1) and
excessive-artifact in their physioiogiéal recordings (n = 3). Four of
th;;e subjects were ih the INC-MEN group, two in the DEC-NEU group and
one in the INC-NEU group. For the remaining 52 subjects respiration was
f;jected for sev;n subjects and sk%n conductance for three subjects.
Fewer than 17 of all remaining individual trials were eliminated becguse

of artifact. The relationship between heart rate and the concomitant

responses was examined and found to be similar to that obtained in

[y



Experiments 1 and 2. For ease of presentation.this data is presented in
Appehdix N rather than in the result sedtion. (roup heart-ratec changes

“in Transfer 2 are presented in Appendix M for the same reason.

RESULTS

Heart-rate control

Control of heart rate on_feedback trials and during Transfer 1 .

i
is shown for each group in ?igﬁre 4. Analysis of variance revealed a "
significant overall main effect of target conditiom (INC vs. DEC) in
training, F(1,48) = 5.28, B<'05' Avefage heart-rate change was 4.5 bpm
in the INC groups and .6 bmm in the DEC groups. An interaction between
instructional condition (NEU vs. MEN) and targeticondiﬁion, E(I,AB) =
7.39, E<'05’ revéaled that this difference was largely due to the
performance of the INC-NEU group. A Tukey test indicated that the
average increase in heart raté in the INC-NEU group (7.4 bpm) was
significantly higher than that of the INC-MEN group (1.5 bpm).

In Transfer 1 a main effect of target condition was again
obtained, F(1,48) = 4.58, p<.05. The average change .was 3.2 bpm in the
INC gfoups and -.& bpm in the DEC groups. The interaction between
target condition and instructional condition only approached
significance, F(1,45) = 3.31, E='07' No interac;ions'betyeen target
condition and trial numbgr were found in ei;her training or Transfer 1.
In addition, decrease performance did not differ from blank trial
performance in any group:

s

Kolmogorov-Smirnov tests found no significant differences in the

ratings of perceived success between the INC and DEC group within either
[
!
!

b
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Figure 4. Heart-rate changes from pretrial baseline during
feedback tréining and Transfér 1 in Experiment 3.
Increase trials are represente& by solid lines and
decrease trials are represented by broken lines™. The
Neutral groups are represenfed by solid circles and

the Mental groups ate represented by open circles.

SN
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NEG or MEN it = 2.5; 3 = 2.2;
the NEU ot MEN conditions (ﬁINC-NEU 53 M C-MEN :
h I I -
Ypcongy - 070 Horc-Mey 1.8).

Post-training Treports

A Kolmogorov-Smirnov test (one-tailed) found no difference
bc;uccn groups INC-NEU and DEC-NEU in the proportion of judges assigning
reports to increasc training conditﬁ%n, D(13) = 3, 2>.05. Similarly,
within the MEN condition, assignment of INC-MEN reports to thé increasc
condition was uot signifﬁgantiy different from the assignment of DEC-MEX
reports, D(13) = 2, p>.05. The average proportion of judges who
assigned a report to the inerease training condition within each group

was as follows: INC-NEU 74 (i.e. 7.4/10 judges); DEC-NEU = .0I;

=
INC-MEN = .75; DEC-MEN = .71.7

Ho#éver, the same statistical procecdure applied to the scale
_ratings within the NEU condition found the following scales to
differentiate between the INC and DEC groups: Telaxed ruscles (£K13) =
T 3(.05). rapid breathing (D(13) = 7, E(.OS) and slow breathing (D{13}
= T, p<.05). The compesite scale was also significantlv different,
§j13) = 6, E(.GS. within the HﬁN condition, however, ncne cf the
iadividual scale ratings were found to be significantly different
between the INC and DEC groups. The composite scale was alsc

e
£icant, D{13) = 2, H>.05.

™

uonsign
Comparisons betwecﬁ.the NEL and MEN cenditioms found o
diffevrences betwecn the DEC-NEU and DEC-MEN gToups in either the
open-ended¢ Teports or the scale ratings. TFor the INC groups, however,
the\éitua:ﬁon was different. Subjects in the INC-NEU gToup reported a

ceater use (or recognition of the otential use) of rapid breathin
P



(D(13) = 7,.p<.05) and slow breathing (D(13) = 6, p<.05). ~Llarger

overall composite scores were also obtained in the NEU group, 2(13) = 6,
X )

n<.05.

Relationshis between contrel and self-report \

Dezpite the failure of the open-ended reports to differentiate
wotween the INC and DEC groups, sisnificant correlations between
preportion oi correct'assignmcn: by the judges and magnitude of
hidirectional transfer werc obtained in three groups: INC-MEN, EEE.
=.75, p<.05; DEC-NEU, rho =.57, E<.OS; DEC-MEN, rho =.48, E<'05'
However, this correlation was not significant in group INC-NEY, zho = ..
.21, 2).05.

Scores on the rating scales were also correlated with
biditectional contrel in Transfer 2. For the INC-NEU group there werTe
significant ;elationships for the following: tensed muscles (tho = .56,
E(.OS), relaxed nmuscles (EEE = .71, £<.05), slow breathing (rho = .52,
£<'05)‘ exciting thoughts (zcho = '50’.E<'05)’ and the composite score,
tho = .52, 2<.05. In the INC-MEN group there were significant
relationships for tensed muscles (EES = ,59, £<.05). relaxed muscles
(zho = .58, p<.05), slow breathing (rho = .78, p<.05), rapid breathing
{zho = .56, 3(.05), keeping still (EEE_z .51, E<‘05)’ calming thoughts

(tho = .51, p<.05), anxious thoughts {(zho = .80, p<.03). and the

composite scere, rhe = .8C, p<.05. Im the DEC-NEU group there was a

1

significant relationship for anxious thoughts (zho .56 <.05) and the
(=4 b4 r

composite score, tho = .51, p<.05. In the DEC-MEN group there were

significant relationships with tapid breathing (tho = .50, p<.05),

movement (tho = .54, p<.05), and the composite score, tho = .51, p<.03.



A final analysis_attempted to determine if there was
cvidence of individual subjects having controlled the respoase without
sccurate self-report. Subjects were divided up imto differentiators and
nondiffc:cnﬁiators on the basis of their bidirectional transfer
perforpance, and into those showing evidence of accurate self-veport and
+hose not on the basis of whethey nine out of ten judmes correctly
assigned the subject's v;rbal repozrt to trzaining conditien. Qf the
cight subjects who controlled the response, all but INC-NEU-47 had their
open-ended Teporls consistcﬁt&y assigned to training candition. Becausc
this one exception is an INC subject, sn cticited basis for his
heart-rate performance cannot be ruled out. Also, a lack of veridical
content in the open-ecnded Teport might be due to a reluctance to Teport
somatomotor and respiratory activities. This subject has.u composite
score of 12 on the scales that ask about the potential usefulness of
these activities.

N .

A summary of the performance of all individuals in Experiment 3

is contained in Table ©.

DISCUSSION

Control of heart rate in the MEN conditiens of Experiment 3 was
significantly poorer.than the NEL conditions of this study. This effect
was largely confined to subjects trained to increase heart rate and was

~

evidenced by smaller heart rate increases in training and composite
scotes that were significantly lower in the MEN condition. This result
illustrates the importance o the subject's task cn%i:cnmen: in

oroducing heart-rate controi. Subjects in the MEN condition had

-
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Summary of individual performance.in Experiment 3

-

Table 6

8

NONDIFFERENTIATOR

DIFFERENTIATORS

bidir.

bidir.

4

e

>

Fia

E 4

o

(&)
oo

(5]

A
.

-
[+ 1]
. (n
[T <)
o]
-}
- B
- 0o
b L
b

-t

u

o

-

)

a

vy

"]

A

-~

>

b

[

=

o

o

v

-

(¥

By
Fe]
"
[ ]
4 0
M O
[

L]
[
- B
- 0O
[ -
-

")

u

[
=N

a

E

v

r o
1D
o
oo N
.o
[=B0 )
4.
Lal [}
[
[ B
P
e -
] ’
Lol R A
1
[o-= e |
kW
£ EZx
(U]
(VRS ]
T EE
oo
P ol ol o
’
= S B
Lt B
[= -]
LR
-
LI
- W O
L
- o
[ g 2]
LI
RN
o oo
L e
oo~
"on
L]
=l
SN
s xL
[
(G ]
iz
- e

L

4

8.0w
10.3w

INC-NEU-13

INC-KEU.22

r~

i

>

wd

o’

INC-NEU=-wd

*
a

e
Lal

hl

NCoNEU-%
INC-NEU-5¢@

re
X

P

X
“

Cal

re

(X}
~

[#3

CLuw

P

(3}

>

e

e

2

1,13

=NEU-wb

e

F

>

(1]

ot -5 ..

-2

L¥

L

[£]

s
-
[

Li
e

L=

PEZ-NEU-wr

Py

P

[¥]

4

I2]
Cal

DEC-NEU-

L

PRl

H
oy

]
(3]
-

(9
ki

[ =)

i

ox

r

[£3

>

s

2]

F

uy

»

Fe

s
4

-

-t

.

o~

CreaTr

3

k3
It

sren-c

tvidual

nd

ha

h*]
v
-
v

ineful

u

WET

tiviiies

ac



;

identical feedback contingencies to.subjects in the NEU condition, but a

—_

difference in electrode configuration and instructional orientation
—_ : _
produced a significant difference in control and self-report.

However, even though the mcngalistic task cnviromment interfered
with successful contrel of heart rate, con;:ol and IeSpOnNSC AWATCNCSS
were still related. Nomsignificant differentiatien of hecart rate

A
between the INC and DEC groups during training was accompanied by
nonsignificant differentiation of the open-ended reports, the composite
scale, and all of the individual rating scales. Despite the small
number of comtrollers within this condition, the relationship between
self-rebort and control was significant for the open-ended reports;
cémposite scale, and a number of inaividual scales for both the INC andg
DEC groups. The four individual learners in. this condition all had
their open-ended reports consistently assigned to the correct training
cendition, reportcd'that respiratory and/or somatromotoT activities were
relevant, and had large positive composite scores.

The results of the NEU condition support similar conclusiens
about the relationship between bidirectional control and accurate
self-report. In the DEC-NEU group, significant relationships between

self-report and control were obtained for both the open-ended reportls

and the composite scale, anrd the single subject in this group with

e

significant bidirecticnal control had his opcn-Ended Teport correctly
Aassigned by all ten judges and had a large positive composite scoOTe.
Tor the INC-NEU group the rela:ionsﬁip with the open-ended Teportis,
although in the correct irection, was ngnsign;fican:. Kowever, it is

possible the lack of veridical content in the open-eaded reports is due



to a,.reluctance to report respiratory and/or somatomotor strategies
because of the instructional constraints on these activities.' The
nonsigggficant differentiation of the open-ended reports between INC-NEU
. anq DEC-NEU despite significant heart-rale differentiation might also be
\ . .
duc)to this. The zating scales where subjects were asked to assess the
pdtential usefulness of specific veridical activities were significantly
-/ related to conirol and significantly differentiated between INC and DEC
U0 . .
training conditions. Three out of four INC-NEU subjects with
\\u_significant bidirectional contreol had their opern-ended reports
consistently assigned and all four had large positive composite scores.
Ia summary, the basic finding of this experiment is that even
when constraints and misleading cues are present and result in poorer
control (more in line with with heart-rate changes seen in the early

studies) and less frequent veridical knowledge, the positive

rt

relationship between self-teport and bidirecticnal tramsfer is still

maintained. Significant corrclations were obtainmed inm three of the four
groups for the open-ended reports and in all Zour groups for the
composite scales, and seven out of eight individual subjects with

bidirectional control evidenced accurate selfi-report by virtue of

consistent assignment of their reportis. -
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The question this thesis addresses is whether conscious
awarcness of respomse activities telated to variations in hcaft Tate is
nccessary for learned control of heart rate to occurt. Early zesearch
concerning this issue supported ; view that learning could occur without
awarencss (Eangel, [1972; Kimmcl,'l??é). However, vecent research using
more thorough methods of assessing learning and awareness has found
lcarning to be reliably rtelated to veridical self-report (Roberts et
al., 1984). 1t would appear this discrepancy is e{thcr due te

inadequate methods of assessment in the carly sfudies or to procedural

‘differences between the early and recent tesearch. .The inteat ¢f this

chesis was to evaluate these Zwo possidilitles. Three experiments were
conducted that utilized more thorough methods of assessment while
examining procedural differences between early and recent research that
might affect the relation between leamning and response awareness. The
third experiment used fwo task environments that app:oximéted the

procedures empleyed in the earlier studies. The tesults are as follows.

ffe

b

In Experiment 1, heart-rate & entiation between the INC and

(3]

DEC group during feedback.training and transfer was accompanied by
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cant d

=

signif ffpcentiation of both the open-ended verbal reporis and

tion befween the

b
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iffe

[+9)

the composite rating scale. Hearti-Tate

4]

ent

increasc target ané the decrease target within the INC/DEC group was
e .

‘.i‘ —
91



similarly a;companied by significant differentiation of both the
open-ended reports and the composite scale. The relatiounship between
sclf-report and the magnitude of bidirectional heart-rate contrel in
training in the INé)DEC nroup was significant for both the open-ended
reports and composite scale. There were ten subjects who achiceved
significant bidi:ectioﬁal comtrol in training in the INC/DEC group, and
all had their open-ended reports comsistently assigned to correct
training condition. The important finding of Experiment 1 is that ne
diffevences between the one and the two-Tesponse groups were obtained in
terms of magnitude of control or veridicality of the reportis, indicating
the procedural varisble of bidirectional versus unidizectional training
is not likely responsidle for the discrepancy with the early Tescarch.

In Experiment 2, heart-rate differentiation between the INC and
DEC groups within both the FW and NFW conditions was accompanied by

-
signi

X

icant differentiation of both the open-ended }epOrts and composite
scale. The relatioanship between accurate seli-veport and the mégnitude
of heart-tate control in bidirectional transfer was significant in three
of theflur g:oubs for both the open-ended reports and composite scale.
e
These relationships onlvy approached significance in the INC-NFW group.
0f the sixteen subjects with significant bidirectional transfer,
thirteen had their open-ended reports correctly assigned to training
condition bv at least nine out of ten judges. The important finding of
Ixperiment 2 is that no significant differences were obtained between
" the FW and NFW conditions in either comtrol or self-report, indicating
the procedural variable of forewarning or not forewarning subjects of

transfer is not likely responsible for the discrepancy with the early



In Experiment 3, two task environments weTe uscd that

———— -

approximated those used in the early tesearch. Subjects were trained on
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er, and were instructed
ant toouse somatomeror or respirateory activity te contrel the responsce
{zroups INC-NEU and DEC-NTUY. In addizion. half the subjects were

encouraged through verdal instructions and eclectrode placements Lo solve

the task by mental strategies (group NC-MEN and DEC-MEN).

©n
1

vondifferentiation of heart rate within the MEN condition was

(& H)

accompanied by nondifferentiation of the openm-ended reports and

qondifferentiation of the composite scores. In the NEU condition,

-

differentiastion of heart rate in training and transie

(4}

7

was accompanied
by nendifferentiation of the open-ended Teports bul differentiation of
the composite scores. The reyationships between bidirectional control
iq transfer andé the open-ended TepoTis were significant in all but the
INC-NEU group. The relatienships between widirectional contrel and the

compesite scores were significant in ail four gToups. Seven out of

eight subjects with signilicant bidirectional transfer hac their

43

xperiment 3 is that the mentalistic orientation of the MEN cendition
produced significantly poorer control and lower composite scores inm the
INC-MEX group as compared to the INC-NEU group. Despite this, the

relationship between self-rteport and contrel was maintained.

-~
T

These rTestlts indicate a strong relationship between learning as

onal comtrol and response awarcness as measured by

b

measured by bidirect

mn

accurate self-report. Significant T

lationships were cbtained between e



94
these two variables in the majority of the situations where it was
assessed. The larger the magnitude of control, the larger were the

scores on the rating scales, and the gTeater was the number~of judges

rt

who assigned the open-ended report to correct training cendition. of

the 34 subjects judzed to have controlled the rospomse in the three
- r

e

e
1)
¥
T
s |
[al
o]
(4]
L)
3]
L3
[
4
t

experiments, 30 had their open-ended reports a
g

training condition by at least aine out of ten judges and all 34 had

. . M 4 - - -
ositive composite scores. Furthermore, this relationship between,

e

self-report and control is not dependent upon bidirectioral traiming,
forewarning of transfer, behavioural constraints, oT 8 mentalistic
orientation. In task enviromments designed to approximate the carly
research, poorer control and less accurate Teports were produced, but
the relationship between these two variables was still maintained.

The implication of these findings is that, at least for
heart-rate leatming, the lack of awareness found in the carly studies is

ailure of these studies tc acdequately assess respouse

h

likely due te the

awareness tather than due teo procedural differences with recent research

that influeanced the presence of awareness.

TO MODELS QOF THE VISCERAL LEARNING PROCESS

23
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How do thes

]

results bear on the different models of the
visceral learning process? Concerning control pericermance, there are
several phenomena that are not well explained by 2 strict operant

-
1
-

account. or example, operan:t conditioning does not explain the fact

that subjects in these expeviments with identical feedback contingencies

ol.

L]

and reshonse organizations produce widely different heart-rate cont



Nor does it explain why some subjects receiving feedback for decreases
in heart Tate actually end up producing significant overall increascs.

Operant conditioning does not explain why decreases in heart ratc ave

consistently more difficult to produce, and it does not explain the lack

of acduisitio

A

SuTves fo:'any of the individual groups in Experiments 2
and 3. This latter tesult (which is consistent with most heari=-rate
studies that show very rapid or immediate acquisition (Yates, 1980}),
also provides difficulty for ideomotor theory which predicts progressive
"ealibration" and motor skills theery which predicts grqdual skill
development. On the other hand, if the biofcedback situation is
conceptualized as a prodlem to be solved, A; is the case with the
problem-solving f{ramewortk, instantancous changes are not unexpected.
Also important is operant conditioniﬁg's ihability to explain
why a consistently good predictor of this variability in control is the
subject's awareness of the response. Subjects who do not control
typically do mot give gecurate self-report and subjects who do contrel

tvpically do. This is a result mere compatible with models suchgs’

ideomotor theory, motor skills and problem solving that predict a close
association between response awareness and control. A problem for
ideomotor theory, however, is that it predicts a perfect association

between response awareness and control. 1t cannot explain sudbjects inm

these experiments who show evidence of accurate self-report but do not
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the rTespense.

Correlation does mot imply causation, and this close association
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Yerween veridical report and control does net necessatily mea

vezbal awareness of the Tesponse OTY conscious srocessing was involved in



the development of control as is implied by models such as motor skills
and problem solving. For example, a modified operant account might
suggest that accurate seli-Teport fol}owing successful visceral training
i: the result of the automatic accumulation of response meqar%es
ascnciated with reward. Another possibility is that,-whcn subjects who

leam to control thg response ate subsequently asked to report how they
achieved control, they proviae accurate report ei;hc: by a retrosp;ctive
aqalysis of their performance or by relyving on a priori theories about
how autonomic changes are produced (Nisbett & Wilson, 1977). However,
there are scveral points that argue against verbal awareness being
either 8 by-product of control or the result of retrospective deduction.
One is the scope of the subject's knowledge. The fact that
jects in these and other experiments (e.g. Roberts et al., 198&;
Hughes & Rodberts, 1985) commonly report tﬁings that do not work, in
addition to things that do ﬁo:k, rules out the possibility that accurate
Teport is p:od;ccd bv an accumulation of only success-related memories.
Furthermore, if verbal awarteness is peripheral to the cess
iavolved in the development of control, thea it is reasonable to expect
that ﬁanipulations designed to influence the subject's verbal awareness
or cognitive ovientatien should not affect contrel. There are several

ohenomena in the field of visceral learning that demenstrate just the

opposite. within the present series of experiments, the mentalistic

b

orientation used in Experiment 3 resulted in poorer heart-rate control

in the INC-MEN group as compated to the INC-NZU group that was nmol given

£
e

p—

sleading strategy suggestions. With one or two exceptions (Johnson &
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Schwartz, 1967; Lacroix & Roberts, 1978), previous skudies have shown
that misleading or inadequate instructions interfere with learni;5 {e.n.
3ell & Schwartz, 19733 Berger. 1973: Bergman & Johnson, 19713 Blanchard;
Scott. Young & Edmundsonm, 19743 Brener, 19743 Lang, Stoufe & Hastings,

1967). A related finding is that correct Tespense information usually 7

facilitates learning. For example. simply instructing subjects to.

-

produce heart-rate imcrcascs Or decreases without any expericnce at
feedback training sftcn produces heart-ratc control (ec.g. Bergman &
Johnson, 1971; 3lanchard, Young, Haynes & Scott, 1975; Blanchard, Young,
Scott & Havnes, 1974). Similarly, training subjects to discriminate the
response prior o fcedback training usualiy ;psul;s in improved
autonomic control Telative to prediscrimination control or to gTOUpS
that did mot receive discrimination training (Bremner, 197443 McFarland
1875; McFatland &lCampbell, 1975; Penzien & Appel, 1982).

4 final demonstraticn of the imporiance of the subject?s

cognitive orientatien in the development of comtrol i found in an

[

experiment by Hughes & Roberts (1685). These investiigaters found that
successful visceral contrel could be predicted by probding the subject's
conceptualization of the task (“"prodbles space’) prior to training.
Subjects trained in a similar mamner to the experimentis reported in this
thesis were asked prior to training "How do You plan tc ge about

contrelling the respensel”. The aumber of strategies a subject

reporteé, ané the extent o which it was judged that he had a well
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heart-rate control. Sudjects who achieved control, unlike subjects whe

ed to achieve control, typically hac 2 well formlated plan of



action and had a number of specific strategies they plamned on testing.

Thé above evidence suggests that the subject's verbal awareness
and cognitive orientation have a tole to play in the development of
visceral control and that the close associations between these two

R B h

things seen in the present experiments is not likely due to awareness
being an incidental by-product d? a retrospective deduction. This \
result and these phenomena encourage a view of the oréanism as a problem
solver that develops and evaluates strategies and whose
conceptualization of the task influences success.

Although a problem-solving orientation wouid appear to be an

N

appropriate framework to understand heart-rate learning, 3 few
qualifications need to be made. The first is that this result does not
~necessari1y apply to tasks other than heart-rate learning. A Tesponse
such as heart rate is influenced by a number of salient, easily
controlled and easily reported scmatomoteor and respiratory activities.
It is only a small minority of subjects in the present three experiments
{17/144) who report they succceded by 'increasing or decreasing their
heart rate". The rating scales that differentiated most frequently
between in;rease and decrease conditions were muscle tension, muscle
relaxation, rtapid breathing and sfow breathing. In retrospect it is not
suprising that when such salient activities that aTe commonly associated
with conscious;cognitivc initiation are emploved, they are also
mentioned in a verbal Teport, ané that subjects who fail to memtion them
have also failed to discover their utility and control the response. Cn
the other hand, it is conceivable that training on other phvsiological

responses without such salient concomitants such as IEG patterns oY



electrodermal activity may not produce such accurate reports. Here
again, however, the results of the few studies thuE have employed
thorough assessment procedures for these particular activities support

-4
tHe awarencss view (Roberts et al., 1684, Expt.2; Mandryk, 19585;
Dlotkin., 1979: Schwartz, Davidson & Pugash, 1979).

A sccond qualification is that these results do not necessarily
apply to long term training situations. In;tial stages of learning arve
believed to involve a high degree of conscious mediation whereas the
phenomenology of highly leamed motor (Fitts & Posner, 1967), social
(LangeT, 1978) and various types of cognitive skill ideGroot, 1965;
Anderson,.1982) is quite minimal. It is possible that heart-rate
training for considerably longer periods would produce more specific

—_
heart-rate control disseciated from somatomotoT and cognitive
concomitants. The evidence concerning specificity in long term
autonomic training is controversial {(Kimmel, 1982; Marlin, 1984; Mille;.

1078; Miller & Brucker, 19795 Yates, 1980).

&\

4 final qualification is that the importance of conscious
processing in heart-rate learning does ?ot negate the importance of
biological or motivational considerations. 1In this respect the
Yiofeedback situation is not much different from many other tasks humans
encounter. Knowing how to do something after a training experience docs

a0t mean that vou will do it or even that vou could do it if you wanted

ry
r

e

to. The fact that accurate seli-repo without control occurs mostly

ned on decreases illustTates bioclogical limitations.

B

for subjects tra

icult to produce because the subject 1is

tt
th

Decreases in heatt tate are di
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ysually trained in a nonactive situation where his heart is already in
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its resting state. He may quickly realize and be able to report the
incompatibility of activé movements and the compatidbility of relaxation
to success, but'be unable to produce a significant degree of
physiological qﬁiescence beyond what he is alrecady experiencing.
Subjects trained to produce increases. on the sther hand, once they
recognize (and can report) the importance of somatomotor and/or
respiratory events, usually have no difficuléy in producing significant

increases in heart rate.
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FOOTNOTES
1. Miller & Brucker (1979) have found some dissociation for much
longer training periods. Sce also Marlin‘gl?S&}, Millevr (1978), Kimmel
(19832) and Yates (1980) for summaries o& the evidence concerning
specificity of control.
2. This statement applies only to anél}ses (such as of central
L4

tendency or correlation) in which the group as a whole is considered.

In these analyses the presence of multiple independent subjects (minimum

n = 10) diminished the probability that the content of the report was

adventitiously associated with the ﬁroper trial cue. The veridicality
of individusl reports, on the other hand, is subject only to descriptive
interpretation because thé report could have been “attributable to
guessing.
3. A composite score is less legitimate-for the purposes of
correlation with centrol because it_implies that subjects who tensed +
moved + hyperventilated + used exciting thoughts shduld be the subjects
roducing the largest heart-rate increases. Alihough there may be some
truth to this, it is also true that very large and perhaps asymptotic
heart-rate changes can be acﬁieved using only one or two of these
strategies.
4. Expetriment 2 was actually zTun prior to Experiment 1. However,
the results.of the studies were such that the present ordering made a
more natural progression.

5. 'Roberts et ai. (1984) reported four subjects who controlled the



response withguf/bc{;g correctly assigned to training céndition by at

/
least 9/10\jﬁdges. The reason for this discrepancy is that the t-tests
used in this thésis to assess control assume unequal variance between
increase and decrease trials, whereas the t-tests employed by Roberts et
al. (1984) assume equal variance.
6. A mcntalistié orientation was used by some of the early studies
(Table 1) and it capitalizes on an already existing tendency for some
subjects te interpret the task as a telekinesis experiment requiring
them to will the dash up with their minds. Three subjects in Eigeriment
1 and tw§ subjects in Experiment 2 had open-ended Teports that contained
a single nonveridic;l strategy of "concentration on moving the dash" or
"willing the dash up". 'Up to this point, these subjects have failed to
demonstrate control of the response, or if they have, they report
veridical activities in the rating scales. Nevertheless, a purer case
of learning without awareness may be obtained if there are more subjects
oriented in this directiom.
7. The basis for nonsignificant differentiation of the open-eaded

N

reports rTesides with the DEC groups. Average proportion of assignment
te the increase trainiﬁg condition for the INC-NEU group (.74} is not
much different frpm that obtained with the INC-NFW group in Experiment 2
(.80). -On the other hand, average proportion of assigmment to the
increase condition for the DEC-NEU group (.62) is comsiderably higher
than that obtained for the DEC-NFW group (:aO).- This same phenomenon of
most DEC supjects.beéng assigned to the increase trgining eondition is
more pronounced in fhe DEC-MEN group (.71), and is significantly

. different from that of the DEC-NFW group in Experiment 2, D = .46,
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p<.05. This is puzzling since a total lack of veridical knowledge in
any group should theoretically produce an average proportion of correct
assignment approximating .30. The explanation is that 447 of subjects

in both the NEU and MEN conditions had open-ended reports containing a

-

single nonveridical mentalistic strategy of “"concentration on moving® the

dash" or "willing the dash up". (Tﬁis compares to 6% in Experiment 1
and 5% in Experiment 2). On the bagis of this  information 'alone, judges
assigning these reports to training conditiom preferentially chose the
increase condition (§_= .71). This inflated overall correct assignment
for INC subjects, but deflated overall-correct assignmcht for DEC |
subjects. )

é. The measure of awareness ideomoto; thgory is strictly concerﬁcd
with is the.ability to recognize the afferentation or internmal
sensations consequent upon behavioural chanée. The rélationship between
this type of awareness and the wverbal ;warenessdassessed in these
experiments is mot clear. If ideomotor éheory restricts itself %o

predicting relationships between afferentation recognition and control,

then accurate self-report without conmtrol is not mecessarily a'problem.
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APPENDIX A

Initial Interview Form (Confidential)

) Neurologicél exanination

NAME: - SEX:
TELEPHONE NUMBER:  ° AGE:
OCCUPATION: _ WEIGHT:
VITH WHICH HAND DO YOU WRITE: | | HELGHT:

Have you ever taken part in an experiment in which physiological recordings

. -were made? If so, give details. {If biofeedback, reject. Weze you trained

to control the response? Were you given feedback? If so, reject).

Have you smoked, had coffae or am alcoholic beverage in the last 1/2 hour?
(Note, if nicotine or caffeine. Reject, if alecohol)

ATe you presently taking auny nedications?
antibiotics? (o.k. but note)
antihistamines? (o.k. but note)
psychoactive drugs? (reject) .
other? (if psychoactive, reject) )

Have you had any respiratory disorders, e.g. asthma or bronchitis?

(1f current, reject) - o '

Have you had any skin conditiems, e.g.Aeczema, blistering?
(1f current and located oun g potential electrode site, reject)

Are you diabetic? (reject)
Are you epileptic? (reject)

Have you ever had any heart or cardiovascular problems?
arrhythmia or heart attack? (zeject) .
angina or murmur? (if current and physical activities restricted,  reject)
rheumatic fever? (reject) ,
ever had an electrocardiogram? (if for diagnostic purposes, reject)
high blood pressure? (reject)
Blood Pressure: SR . {Taken by experimenter with standard
blood pressure cuff, sphygomanometer and stethoscope) (if > 130/90, reject)

-

balance on one foot ]
with eyes closed and atm outstretched, touch index finger to nose
touch finger to location of tongue imside cheek

subject to any fainting spells or dizziness? {reject)

" Do you smoke? (note)

DatBeccearcossunsssannse

—— -
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APPENDIX B

Instructions for subjects in Experiment 1: INC end DEC groups

- In this experiment we are going to teach you to control a
physiological wesponse that {s not usually thought of as being
controlled voluntarily. For convenience we will call this response,
Response A. The training procedure will be as follows. '

Trom time to time a horizontal line and a small vertical dash will
appear in the center of the television screen in front of you. Above
the line and dash will appear the letter A. A typical display will look
like this (sample). The horizontal line represents your level of
physiological rsponding at the staxt of each trial. Movements of the .—
dash away from this horizontal line, on the other hand, will be produced
by the physiological response you areé to control. Your task.is to move
the dash as far as possible in the direction of the letter A. If
possible, do not allow the dash -to fall below the horizontal line after
the trial has begun. Instead, move it as far as you can in the
direction of the letter A. When there is no visual display on the
screen, vou should rest and wait for the nmext trial.

We are going to begin by giving you twelve trials on which you are
to move the dash -toward the A. However, in addition to these trials we
are going to give you some test trials on which the letter A will
appear, but the dash and horizontal line will not be presented. On test
trials the display will look like this (sample). You should attempt to
produce the required response as best you can on test trials, even
though the dash will not be available to tell you how successful you
have been. Test trials will be given at the beginning of the session
and again when the session is finished. You will of course be puzzled
as to what you should do on test trials given at the beginning of the
session since at this time you will not have had an opportunity to learn
about Response A from the feedback dash. We ask that you simply do the
best you can. Our purpese in giving you test trials at the outset is to
illustrate what will be required when the session is finished.

Feel free to use any method you wish to produce Response A but
please do not touch or put pressure on the electrodes we have attached
to your body. This will create artifact in our recordings.

To provide extra incentive we are going to pay you bonus money for
performing successfully. You could earn up to $2.00 in bonus money if
you do well. You will be told how much bonus money you have earned when
the session is finished. .

1f you would like these instructions repeated, please tell us now.
Otherwise, the experiment will begin in two or three minutes.
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Instructions for subjects in Experiment 1: INC/DEC group

In this experiment we are going to teach you to control two
physiological responses that are not usually thought of as being
controlled voluntarily. For convenience we will call one response,
Response A, and the other response, Response B. The training procedure
will be as follows.

From time to time a horizontal line and a small vertical dash will
appear in the center of the television screen in front of you. Above
the line and dash will appear the letter A or the letter B. These
letters indicate to vou which physiological response, Response A or
Response B, you are to control. A typical display will look like this
on A-trials (sample) and like this on B-trials (sample). The horizontal
line represents your level of physiological responding at the start of
each trial. Movements of the dash away from this horizontal line, on
the other hand, will be produced by the physioclogical response, Response
A on A-trials, or Response B on B-trials, that you are to control. Your
task is to move the dash as far as possible in the direction of the
letter A on A-trials and to move the dash as far as possible in the
direction of the letter B on B-trials. If possible, do not allow the
dash to fall below the horizontal line after the trial has begumn.
Instead, move it as far as you can in the direction of the letter A or
"the letter B. When there is no visual display on the screem, you should
rest and wait for the next trial.

_HWe are going to begin by giving you six trials on which you are to
move the dash toward the A and six trials on which you are to move the
dash toward the B. These trials will be given in an irregular order.
.However, in addition to these trials we are going to give you some test
trials on which the letter A or B will appeat, but the dash and
horizontal line will not be presented. On test trials the display will
look like this when Résponse A is to be produced (sample) or like this
when Response B is to be produced (sample). You should attempt to
produce the required response as best you can on test trials, even
though the dash will not be available to tell vou how successful. yvou
have been. Test trials will be given at the beginning of the session
and again when the session is finished. You will of course be puzzled
as to what you should do on test trials given at the beginning of the
session since at this time you will not have had an opportunity to learn
about Response A or Response B from the feedback dash. We ask that you
simply do the best you can. Our purpose in giving you test trials at
the outset is to illustrate what will be required when the session is
finished.

Teel free to use any method you wish to produce Respomnse A oT
Response B, but please do mot touch or put pressure on the electrodes we
have attached to your body. This will ecreate artifact in our
recordings.

To provide extra incentive we are going to pay you bonus money for
performing successfully. You could earn up to $2.00 in bonus money if
you do well. You will be told how much bonus money you have eatned when
the session is finished.

If you would like to have these inftructions repeated, please tell
us now. Otherwise, the experiment will begin in two or three minutes.



Name

1.

APPENDIX C

Open-ended report for INC and DEC subjects in Experiﬁent 1

- Late

Describe what you did to make the dash move in the

the A on A-trials:

direction of
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Rating scales for INC and DEC subjects in Experiment 1

Name Date

3. We would like to have you describe what you did on A-trials using
* the scales given below. On each scale place an "A™ in the box
that best describes what you did on A-trials. You may place
these letters in the same or different boxes on each scale, as
you see fit. Please place an "A" on every scale, even if you

find this difficulz.

a gEreat not at
deal ) all

tense muscles

telaxed nuscles

slow breathing

rapid breathing

_moved around in
the chair

kept very still

calzing thoughts

anxious thoughts 44]

exciting thoughts

ol

blank mind




4, Please tate the.degree of success you experienced in moving the

dash in the direction of the letter A

»

1 was
very
successful

on A-trials.

1 was not
successful
at all
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Open-ended report for INC/DEC subjects i{n Experiment 3

Name ~ B ) Date

1. Describe what you did to make the dash move in the direction of
the A on A-trials: ’

110
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Describe what you did to make the dash move in
‘the B on B-trials:

%

——

the direction of
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Name Date

" relaxed muscles

"kept very still ]

~

-

Rating scales for INC/DEC subjects in Experiment 1

using ‘the scales giveo below. On each scale place an "A"
box that best describes what you did on A-trials, and, on

Ve would like to have you describe what you did on A and B-trials

in the
the

same scale place a “B" in the box that best describes what you

did on B-trials. You may place these letters in the same

oT

different .boxes on ecach scale, as you see fit. Please place an
A" and a "B" on every scale, even—if you find this difficult.

a great
deal

anot at
all

tense muscles

slow breathiag .
5

rapid breathing

woved around iz

the chair =

calming thoughts

anxious thoughts ]

exciting thoughts ‘ ]

black micd
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4. Please rate the degree of success you experienced in moving- the
dash in the direction of the letter A on A-trials, and the '
letter B on B-trials. As before, you may place the letters At -
and "B" {n the same box or different boxes, as you 3ece fic.

I was I was not
very successful
successful : T at all




APPENDIX D

Instructions for judges in Experiment %

We are going to ask you to sort the verbal reports of subjects that
received V¥isual feedback training for increases and/or decreases in
heart rate. Subjects were not informed about the nature of the response
being trained or ziven any suggestions as to how it ‘might be controlled.
Qur purpose is to determine whether the reports of activit}es used om
increase trials are differentiable from the activities reported on
decrease trials.

' There are two sets of Teports. One is from a group of subjects
trained on both increases and degreases. For this group one type of
trial was designated by the letter "A" and the other trials type by the
letter "B". Some subjects received feedback for increases in heart rate
on A-trials and decreases in heart rate on B-trials. For the remainder
of the subjects this pattern was reversed. Feedback consisted of a
vertical dash that moved toward the trial cue A or B at the top of the
television screen when the response was successfully. being produced and
away from the top of the screen when it was not. Following the
completion of training subjects were given a questionnaire that asked
them to describe what they did to make the dash move in the diréction of
the letter A on A-trials and in the direction of the letter B on
B-trials. Your task is to read the entire set of reports to get an idea
of the range of activities reported and then, on an individual basis, to
decide for each subject whether he increased his heart rate on A- trials
and decreased it on B-trials, or " the reverse. In additiom, we would
like you to indicate the confidence of your Judgment and any reasons you
have for your choice. . .

The second set of reports are from subjects who were trained either
to increase or decrease their heart rate. Their procedure was identical”
except that_zﬁé response was always designated by the trial cue A. ~Your
task here is to decide whether the subject increased his heart rate on
A-trials or decreased his heart rate on A-trials. Confidence judgments
and teasons for your choice are again reguested.

You are probably wondering how your decisions are to be made. We -
cannot tell you exactly how to proceed, but we know-from previous
research that increases -in heart rate are likely to be associated witk
tensing of the muscles or taking deep fast breaths. Decreases in-heart
rate, on the other hand, tend to be associated with relaxation of the ’
muscles or reduced frequency of breathing. Consequently, you may wish
to look for these activities in the subject's report when deciding on
training condition. However, we cannot guarantee that this decision
rule will work in every case, owing to the possibility of idiosyncratic
strategies, so if you see an alternative basis on which to make a
decision feel free to use it. : . .

You should note that subjects were assigned to training condition
randomly and without restriction. This means the number of subjécts in
each condition may not be the same. Thus, we -suggest you make decisions
in each case individually, without attempting to assign each training
condition an edual number of times.
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APPENDIX E

Instructions for subjects in Experiment 2: FW groups

In this experiment we are going to teach you to comtrol a
physiological respohse that is mot usually thought of as being
controlled voluntarily. The training procedure will be as follows.

from time to time, 2 horizontal line and small vertical dash will
appear in the center of the television screen in front of you. = Above
the line and dash will appear the letter A. The display will look like
this (sample). The horizontal line represents your level of *
physiological responding at the start of each trial. Movements of thé
vertical dash, on the other hand, will be controlled by the
physiological response you are to produce. Your task is to move the
vertical dash as far as possible in the direction of the letter A. If
possible, do not allow the dash to fall below the horizontal line after
the trial has begun. Instead, move it as far as you can in the
direction of the letter A. In between trials, when there 'is no visual
display on the screen, you should rest and wait for the next trial.

We are going to begin by giving you & series of trials on which you
are'.to move the dash in the direction of the letter A, as we have just
explained. However, after this we.will give you some more trials on
which the letter A will appeaxr, but the dash and horizontal line will
not be presented. On these trials, the display will look 1like this
(sample).  When this display is presented, you should attempt to produce
the physiclogical vesponse we have taught you to control as best you
can, even though the dash will not be available to tell you how
successful you have been. This type of trial will not be given until
the end of training. Héwever, we- want you to know now that we will
later ask you to produce'the response with the dash removed. )

Feel free to use any method you wish to produce the response, but
please do not touch or put pressure upon the electrodes we have attached
to vour body. This will create artifact in our recordings. '

To provide extra incentive we are going to pay you bonus money for
performing successfully. You could earn as much as $1.00 in bonus money
if you do well. You will be told how much mcney you have earmed when
the session is finished.

If vou would like to have these instructions repeated please tell
us now. Otherwise the experiment will begin in 2 ot 3 minutes.

Verbal Report 1 .

The first phase of the experiment has been completed. We are now
going to bring in a short questionnaire which we would like to have you
£i11 out. Please do not get out of the chair or Temove the elecctrodes.

R ERN '

Transfer 1 X

In the next phase of the experiment, we are going to give you some
trials on whish the letter A will appear, but the dash and horizontal
line will not be presented. The display will look like this (sample}.
On these trials you should attempt Lo produce the Tesponse we have
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taught you to control as best you can, even though the dash will not be
available to tell you how successful you have been. As before, we will
"pav you bonus monev for performing successfully.

1f you would like to have these instructions repeated please say so
now. Otherwise the experiment will resume shortly.
Transfer 2 o

The second stage of the experiment has been completed. We are now
soing to zive you some move trials on which the letter A will appear
without the Zash and horizontal line, just like those you have just
received. On these trials, we would like you to produce the response,
as you did before. However, we are also going to give you some trials
on which the letter B will appear instead of the letter A. The display
for these trials will look like this (sample)}. On B-trials, your task
will be to try to make the response go the opposite way. We want you to
do this even though the dash will not be available to tell you how
successful you have been. In short, on A-tfials attempt to produce the
response; on B-trials try to make the response go in the other
direction. As before, we will pay you bonus money for performing
successfully.

Verbal Report 2

This phase of the experiment is now finished. We have one more
questionnaire we would like you to f£ill out. Please do not get up from
the chair or remove the electrodes. '




Instructions for subjects in Experiment 2: NFW groups

In this experiment we are going to teach you to control a
physiological response that is not usually thought of as being
controlled voluntarily. The training procedure’will be as follows.

From time to time, a horizontal line and small vertical dash will
appear in the center of the television screen in front of you. Above
the line and dash will appear the letzer A. The display will look like
this (sample). The horizontal line represents Yout level of
physiological responding at the start of each trial. Movements of the

_vertical dash, on the other hand, will be controlled by the

physiological respomse you are 1o produce. Your task is o move the
vertical dash as far as possible in’ the direction of the letter A. If
possible, do not allow the dash to fall below the horizontal line after
the trial has begun. Instead, move it as far as you can in the
direction of the letter A. 1In between trials, when there is mo visual
display on the screen, you should rest and wait for the next trial.

“Feel free to use any method you wish to produce the response, but
please do not touch or put pressuTe upon the electrodes we have attached
to your body. This will create artifact in our recordings.

To provide extra incentive we are going to pay you bonus money for
performing successfully. You could earn as much as $1.00 in bonus money
if you do well. You will be told how much money you have earned when
the session is finished.

If you would like to have these instructions repeated please tell
us now. Otherwise the experiment will begin in 2 orT 3 minutes.

Verbal Report 1

The first phase of the experiment has been completed. We are now
going to bring im a short gquestionnaire which we would like %' have you
£fill ocut. Please do not get out of the chair or remove the electrodes.

K4

Transfer 1

Iz the next phase of the experiment, we aTe going to give you some
trials on which the letter A will appear, but the dash and horizontal
line will not be presented. The display will look like this (sample).
On these trials vou should attempt to produce the response we have
raught vou to control as best you can, even though the dash will not be
available to tell you how successful you have been. As before, we will
pay vou bonus money for performing successfully.

If you would like to have these instructions repeated please say s
nows Otherwise the experiment will resume shortly.

]

~

Transfer 2 .

The second stage of the experiment h& been completed. We are now
going to give .you some moTe trials on which the letter A will appear
without the dash and horizontal lime, just like those you have just
received. On these trials, we would like you to produce the response,
as you did before. However, we are also going to give you some trials
on which the letter B will appeart instead of the letter A. The display
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for these trials will look like this (sample). On B-trials, your task
will be to try to make the response go the opposite way. We want you to
do this even though the dash will not be available to tell you how
successful you have been. In short, on A-trials attempt to produce the
Tesponse; on B-trials try to make the response go in the other
direction. As before, we Wwill pay you bonus money for performing
successfully.

Verbal Report 2
This phase ¢f the experiment is now finished. We have cne moTe

questionnaire we would like yvou to fill out. Please do not get up Ironm
the chair or remove the electrodes.
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APPENDIX F

Open-ended report for subjects in Experiment 2 (Verbal Report 1)

~
-

Date

Nane

1. Describe what vou did to make the dash move in the direction of
the A on A-trials:



2. Please rate the degree of success you experienced in moving the

dash in the direction of. the letter A on A-trials. ;

'("‘

—

I was I was not
very successful
successful at all

il



Open-ended report for subjects in Experiment 2 (Verbal Report 2)

Date

Hame

1. Describe what you did to produce the response on A-trials.

(24

2. Describe what you did om B-trials to ‘make the Tesponse go in the

opposite direction.



Name Date

N e
Rating ascales for subjects in Experiment 2

3. We would like to have you describe what you did on A and B-trials

using the scales given below. On each scale place an "A" in the
box that best describes what you did on A-trials, and, on the same
scale place a "B" in the box that best describes what you did on
B-trials. You may place these letters in the same or different:

. boxes on each scale, as you see fit. Please place an "A" and a "B"
oan every scale, even if you f£ind this difficult.

a great not at
deal all

anxious thoughts

calming thoughts

—exciting thoughts

blank mind T .-

tensed muscles

relaxed muscles

rapid breathing

slow breathing

moved around in ‘ . 1 1
the chair

kept very still . l
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4. What response do you think was being trained?



APPENDIX G

‘Instructions for judges in Experiment 2

We are going to ask you to sort the verbal reports of subjects that
participated in a visceral learning experiment. The response being
trained was efther an increase or decrease in heart rate. The procedure
for the experimen: was as follows.

Subjects received a series of feedback trials dcszbnated by the
presentation of the letter A in the upper Tighe- -hand quadrant of a
television screen. The feedback consisted of a vertical dash that moved
in thé direction of the A when the response was successfully produced
and away from the letter when it was not. Subjects were divided into
two groups. In both groups, subjects were told that their task was to
move the dash in the direction of the letter A whenever the feedback
display was presented. However, for one group imcreases in heart rate
moved the dash toward the letter A (Increase Group) whereas in the
second group decresses in heart rate moved the dash in this direction
(Decrease Group). Subjects were not informed about the response being
trained or given any suggestions as to how it might be controlled. They
were imply instructed to move the dash in the direction of the letter A
as best they could using any method they wished.

When feedback training was completed sudjects were given a
questionnaire that asked them to "describe what you did to make the dash

move in the direction of the A" We will refer to this report as Verbal
Report #1. #1.

Subjects next teceived s series of transfer trials on which the
letter A appeared without the feedback dash. Oz these trials they were
asked to produce- the response as best they could, even though there
would be no feedback available to tell them how successful they had
been. In addition, they received some trials, designated by the letter
8, on which they were asked to "make the response go in the other
direction', even though once again there would be no feedback present.

Following the transfer test, subjects were given a second
questiomnaire which asked them to describe what they did te "sroduce the
response on A-trials" and what they did "on B-trials to make the

response go in the other dzrectlon We will refer to this as Verbal
Regort #2.

“Attached to these instructioms are transcriptions of Verbal Reper
#1 and Verbal Report #2 for each subject. Your task is te examine the
reports of each subject and decide whether he increased his heart zate
on A-trials and decreased it om B- trials, or the reverse. Specifically,
we would like you to begin by -~ reading the entire set of protocols; this
will give vou an idea of the range of activities the subjects »~ported.
Then, we would like to have you do the following:
(1) Examine each subject's verbal reports
{2) On the basis of these reports assign the subject to
one training conditien (Increase on A and Decrease
on B or Increase on B and Decrease on A) using the
attached data sheet )




(3} Indicate the confidéﬁngof your judgment, using the
scale provided;
(4) State, if possidble, the reason you assigned each
_ subject to a particular training condition.

You are probably wondering how your decisions are to be made. We
cannot tell vou exactly how to proceed, but we know from previous
research that increases in heart rate are likely to be associated with
tensing of the muscles or taking decp, fast breaths. Decreases iu heart
rate, on the other hand, tend to be associsted with relaxation of the
muscles or reduced frequency of breathing. Consequently vou may wish to
look for these activities in.the subject's report when deciding on
training condition. However, we cannot guarantee that this decision
rule will work in every case, owing to the possibility of idiosyncratic
strategies, so if you sce an alternative basis on which to make a
decision feel free to use Iit.

You should mote that subjects were assigned to the two training
conditions (increase on A and decrease on 3, or the reverse) randomly,
without restriction. This means the number of subjects in each
condition may not bec the same. Thus we suggest you nake decisicons in
cach case individually, without attempting to assign ‘each training
condition an equal number Of times.

To repeat, we would like to have you begin by reviewing the cntire
set of protocols, then, make a decision in each individual case. You
may record your snswers-on the attached data sheet. Please call the
experimenter in the next room when vou have finished.

4 _ s
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- APPENDIX H ' N

°*csentat10n and aﬂal)SLS of heart-rate control in Transfer g'of

Exgcrxment 2

The average heart-rate change in beats per minute of each group
in Transfe' 2 in Experiment 2 is summarized below.

INC DEC

inc?ease decrease bidir. incrfease decrease bidir.
Fu' 13.0 =2.3 }5.3 4.5 -5 4.0
NFQ 10.2 . -3.6 13.7 | 6.3 2.2 4.0
Moo 2209 14.5 5.4 1.4 4.0

of trial type, F(Z 80) = 17.3, p<.05, indicated
that the average increase for all groups combined was Figher than the
average overall decrea An interaction between target condition and
~trial type indicated that this main effect was largely due to the
performance of the INC groups: increases in heart rate were found to be
significantly greater than decreases in heart rate in the INC condition
but not the DEC conditiom, F(2, 80) = 3.87, p<.05. Furthermore; the
average bidirectional difference of the INC “condition was significantly
higher than that of the DEC condition, t(42) = 2.17, p<.05. As was
found in training and Transfer 1, all comparisons between the FW and NFW
conditions were nonsignificant, and decrease performance did not differ
from blank trial performance inm any group.

An overall main eff

Ir
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Within-subiect correlactions between heart-rate changes and

concomitant response changces for subjects in nxperiment 2

Note. Underlined values indicate sigoificant ¢
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APPENDIX J

JInstructions for sitbjects in Experiment 3: NEU groups

) In this experiment we are going to teach you to contrel a
physiological response that is not usually thought of as being
controlled voluntarily. The training procedure will be as follows

From time to time, a horizontal line and small vertical dash k-ll
appear in the center of the television screen in front of vou. Above
the line and dash will appear the letter A. The display will look like
this (sample). The horizomtal line represents your level of
physiological responding at the start of each trial. Movements of the
vertical dash, on the other hand, will be tomtzolizd by the-
physiological response you are to produce. Your task is to move the
vertical dash as far as possible in the direction of the letter A. If
possible, do not allow the dash to fall below the horizontal line after
the trial has begun.. Instead, move it as far as you can in the
direction of the letter A. .In between trials, when:there is no wvisual
display on the screen, you should rest and wait for the mext trial.

To provide extra incentive we are going to pay you bonus money for
_perfoming successfully. You could earn up to $1.00 in bonus money it
you do- well. You will be told how much money you have earned when the
session is finished.

Feel free to use any method you wish to produce the response, but
please do not do anything that will create artifact in our recordings as
these are very sensitive. In this regard, it is very important that you
remain still, breathe normally, avoeid flexing your muscles, and that vou
do not touch or put pressure on the electrodes. -

If you would like to have these imstructions repeated please tell
us mow. Otherwise the experiment will begin in twe or three minutes.

Transfer 1 :

In the next phase of the experiment, we are going to give you some
trials on which the letter A will appear, but the dash and horizontal
line will not be presented. The display will look like this (sample). -
On these trials you should attempt to produce the response we have
taught you to control as best you can, even though the dash will mot be
available to tell you how successful you have been. As before, we will
pay you bonus money for performing successfully. g

1f you would like to have these 1nstruct10ns repeated please say S0
now. Otherwise the experiment will resume shortly.

Transfer 2 .

The second stage of the etperlment has been completed. We are now
going to give you some more trials on which the letter A will appear .
without the dash and horizontal lime, just like those you have just
received. On these trials, we would like you to produce the response,
as you did before. However, we aré dlso going to give you some trials
on which the letter B will appear instead of the letter A. The display
for thes trials will look like this (sample). On B-trials, your task



"
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will be to try to make the response go the opposite way. We want vou to
do this even though the dash will not be available to tell® you how
succ®bs ful you have been. In short, omn A-trials attempt td produce the
response; on B-trials try to make the response go in the other
direction. As before, we will pay you bonus money for performing -
successfully. : :

1f vou would like to have these instructions repcated please say so
now. Otherwise the experiment will resume shortliy.

Verbal Report -

This phase of the experiment is now finished. We are now going to
bring in a questionmaire we would like you to fill out. Please do not
get up from the chair or remove the electrodes. - )
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Instructions for subjects in Experiment 3: MEN groups

The purpose of this experiment is to test your ability to nentally
control the movements of a dash on a.television screen. To do this we
are going to give you a series of trials in which a horizontal line and
small vertical dash will appear 'in the center of the television screen
in front of voi. The display will look like this {sample). Your task,
simply stated, is to move the vertical dash up as far as possible in the
direction of the letter A and to avoid letting it fall below the
horizontal line. You are to use mental means to accomplish this. In
between trials, when there is no visual display on the screen you should
rest and wait for the next trial. In doing this task it is very
important that you do not do anything tha will créate artifact in our
recordings -as they are very sensitive. In this regard, you should:
remain still, breathe nomrmally, avoid flexing your muscles, and not’
touch or put pressure on the electrodes.

To provide extra incentive we are going to pay you bonus money for
performing. successfully. You could earn up to $l. 00 in bonus money if. .
you do well. You will be told how much money you have earned when the
session is finished.

If you would like to have these instructions repeated please tell
us now. Otherwise the experiment will begin in two or three minutes.

&

Transfer 1

The first phase of the experiment has been completed. In the next
phase of the experiment, we gre going to give you Some trials on which
the letter A will appear, but the dash and horizental line will mot be
presented. The display w1ll look like this (sample): On these trials
"you should continue to. do whatever you found useful in mentally moving
the dash up even though the dash will not be available to tell you how
successful you have been. As before, we will pay you bonus money for
- performing successfully. K

If you would like to have thes imstructions repeated pleae say so .
now. Otherwise the experiment will resume shortly.
Transfer 2.

, The second stage of the experiment has been completed. We arve now
going to give you some more trials on which the letter A will appear
without the dash and horizontal line, just like those you have just
received. On these trials, we would like you to again do whatever you _
found useful in mentally moving the dash up. However, we are also going
to.give you some trials on which the letter B will appear instead of the
letter A. The display for these trials will look like this (sample).

On B-trials, your task will be to try to move the dash in the opposite
direction. We want you to do this even though the dash will oot be
available to tell you how successful you have been. In short, on
A-trials attempt to move the dash in the direction of the A; on B-trials
try and make the dash go in the other direction. As before, we will pay
you bonus money for performing successfully.

If you would like to have these instructions repeated please say so
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now, otherwise the experiment will resume momentarily.

Verbal Report

This phase of the experiment is now finished. We arec now going to
bring in a questionnaire we would like you to £ill out. [Please do not"
‘get up from 'the chair or remove the electrodes. .
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APPENDIX K . -

Open-ended report for subjects in Experiment 3

Name - Date

1. Describe what you did to make the dash move in the direction of
the A on A-trials.

-

2. Describe what you did on B-trials to make the dash go in the
opposite directiom.

N



3. Please rate the degree of success you experienced in moving the

dash in the direction of the A.

box.

Place an "A" in the appropriate

/

/

-/

|

I was
very
successful

I was not
successful
et all

-~



Rating scales for subjects in Experiment 3

Name " Date

We would like to have you describe what you did on A and B-trials
using the scales given below. On each scaleplace an A" in the
box that best.describes what you did on A-trials, and, on the same
scale place a "B" in the box that best describes what you did on
B-trials. You may place these letters in the same or different
boxes on each scale, as you see fit. Please place an "A" and 2 "B
on every scale, even if you find this difficult. ’

a great not at
deal all.

/

anxious thoughts

calming thoughts — T

exciting thoughts

blaok mind

/,,f*;




) : ’ 135

5. Even though you may not have used these activities we would like
you to indicate how useful you think they may be in making the
dash move in the appropriate direction. Or, if you did use them,

" how useful you found them to be in making the dash move in the
appropriate direction. As before, place an "A" and a "B" on each

scale corresponding to trial type A and trial type B. Also note
the final question. ;

very . not at all
useful ] . useful

tensing muscles

relaxing muscles

tapid breathing

slow breathing

moving around :
in the chair ;

keeping very . ‘
still i J

-

Put a check mark in one of these boxes

noce of these — some of these
activities are activities are
useful for elther useful for ome or
trial type - both trial types
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APPENDIX L

Instructions for judges in Experiment 3

We are going to ask you to sort the verbal reports of subjects that
par:1c1pated {n a visceral learning experiment. The response being
trained was either an increase or decrease in heart rate. The procedure
for the experiment was as follows.

Subjects received a series of feedback trials designated by the
presentation of the letter A in the upper right-hand quadrant of a
television sereen. The feedback consisted of a vertical dash that moved
in the direction of the A when the response was successfully produced
and away from the letter when it was not. Subjects were divided into
two groups. ‘In both groups, subjects were told that their task was to,
.move the dash in the direction of the letter A whenever the feedback
display was presented. However, for one group increases in heart rate
moved the dash toward the letter A (Increase Group) whereas in the
second group decreases in heart rate moved the dash in this direction
(Decreese Group). Subjects were not informed about the response being.
trained or given any suggestioms as to how it might be controlled. They
were imply instructed to move the dash in the direction.of the letter A
as best they could using any method they wished.

Subjects next Teceived a series of transfer trials on which the
letter A appeared without the feedback dash. On these trials they were
asked to produce the respomse as best they could, even though thetre
would be mo feedback available to tell- them how successful they had
been. In addition, they received scme trials, désignated by the letter
B, on which they were asked to '"make the response go in the other
direction', even though omce again there would be no feedback present.

Attached to these instructions are tranmscriptions of each subject's
verbal report. Your task is to examine the reports of each subject and
decide whether he increased his heart rate on A-trials and decreased it
on B-trials, or the reverse. Specxflcally, we would like you to begln
by reading the entire set of protocols; this will give you an idea of
the range of activities the subjects reported. Then, we would like to
have you do the following: o

(1) Examine each subject’'s verbal reports

(2) On the basis of these reports assign the subject to
one training condition (Increase on A and Decrease
on B or Increase on B and Decrease on A) using the
attached data sheet

{3) Indicate the confidence of your judgment, using the
scale provided;

(4) State, if possible, the reason you assigned each
subject to a particular training condition.

You are probably wondering how your decisioms are to de made. We
camnot tell you exactly how to proceed, but we know from previous.
research that increases in heart rate are likely to be associated with
tensing of the muscles or taking deep, fast breaths. Decreases in heart
rate, on the other hand, tend to be associated with relaxatien of the

-
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muscles or reduced frequency ofhbreathing. Cotrisequently you may wish to
look for these activities in the subject's report when deciding on
training condition. However, we cannot guarantee that this decision
rule will work in every case, owing to the possibility of idiosyncratic
strategies, so if you see an alternative basis on which to make a
decision feel free to -use it.

You should note that subjects were assigned to the two training
conditions (increase on A and decrease on 3, orT the reverse) randomly,
without restriction. "This means the number of subjects in each
condition may + be the same. Thus we suggest you make decisions in
each case individually, without attempting to assign each training
condition an{equal number of times. _ .

To repeat, wé wouid like to have you begin by reviewing the entire
set of protec then, make a decision in each individual case. TYou -
may record your answels on the attached data sheet. Please call the
experimenter in the next room when you have finished.
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APPENDIX M

of heart-rate control in Transfer 2 of

Experiment 3 ;

Presentation and analysis

The average heart-rate change in beats per minute of each group
in Transfer 2 in Experiment 3 is summarized below.

INC ' i DEC
increase decrease bidir. increase decrecase Dbidir.
NEU 6.7 -3.5 10.3 -2.1 -1.3 -8
MEN 1.1 -5 1.6 -1.5 0 -1.5

M 3.9 -2.1 6.0 -1.8 -.7 -1.2

Average overall increase performance for all groups combined was found
to be significantly higher than average overall decrease performance -
F(1,48) = 4,15, p<.05. An interaction between target condition and’
trial type, F(1,48) = 8.99, p<.05, indicated that this effect was in
large part due to the performance of the INC conditiom: a Tukey test
determined that increases in heart rate in the INC condition were
significantly greater than the increases in the DEC condition. An
additional interaction between instructiomal conditionm and trial type,
F{1,48) = 3.99, p<.05, indicated that significant differentiation
between increases and decreases was confined to the NEU condition alome.
A three way interaction between target conditiom, instructional
condition and trial type did uot achieve significance. A comparison of
bidirectional scores showed that the bidirectional performance of the
INC-NEU group was significantly higher than the INC-MEN, t(2&) = 2.05,
p<.05 (one-tailed)}, and the DEC-NEU groups, £{(24) = 2.98, p<.05. 1Imn
addition, the overall bidirectional scores of subjects in the INC
condition were significantly higher than that of the DEC condition,
t(50) = 2.90, p<.05; and the bidirectional performance of the NEU
condition was superior to that of the MEN conditionm, t(50) = 1.81,
p<.05. -
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Within-subject correlations between heart-rate changes and
concomitant response changes for subjects in Experiment 3

DIFFERENTIATORS MONDIFFIRENTIATORS

sudbject Emc® wvr® k¢ eyl Subject  ENC  MVT Ry Ay
INC=NEU-32 -.24 L69% - 43w 07 INC-NEU-1 .24 60w .39 W)
INC-NEU-3% ,T1e ,Ta&w - 28 L33 INC-NEU-1 -.0b .3 LaTe L bbw
INC-NEUa-u™ 37w .B5% -_57«¢ "0 INC-NEU-Y .28 Llbw - .80 02
D INCeNEUI13  .0w Lbu*  na o
INC-NER-22 .1% “¥aw -.0% L3%.
IRC-NEUG2T -.26 L8Tw -, 18 J1he
INC-NEU-%2 19 L3z na tta
INCeNEV=dd L33w R ca na
INZ-NEL-33 .30 .19 L3 -1
ANC-NEU=5% .50+ .bow .13 L33s
INC-MEN-19 - 43w - 18 .23 INC-NER-10 -- L6B® L 3Tw 40w
INC-MEN-33 -- .11 L 4Be -, 07 INC-KEN-11 .- .61 .08 LT3
INC-NEN=50 -- .27 oa na INC-MEN-15 -- 61w - 04 Ladw
INC-NEK-37 - .04 —.36® -.04 INC-NIEN-23 --  =.20 13 -L1a
INC-MEN-3] .- 31 -.3m 63w
INC-NEN-)7 -- 36w - 03 Lhle
INC-MEN-38 - Llew - 27 T
INC-NEN-56 -- V29 -.12 ]
_INC.MEN-38 -y 89w <20 T
J
DEC-NEU-45 L% Labw « 43% 07 DEC-NEU-T .35« .35« .. 28 L14
’ DEC-NEU-& .32 .22 -.31 -.02
DEC-WEU-14 ..43% .33« 2 W52
DEC-NED-17 .B4* 83w -,09 37
. DEC-NED-23 .19 .01 na za
DEC-NEU-33 .23 .18 -.07 .10
DEC-NEU-34 .39 .79 =09 L33
DIC-REU-46 .12 . .3% =.06 L5
DEC-NEG-48 .22 LaTe L33 Lalw
DEC-KEU-%I .1% L62w -, 03 LaBe
DEC-NEU-%& =-.33« .69w - 28 La%e
DEC-NEU-53 2 L5Bw .29 .33
DEC-MEN-8 -- LE0® -, 73w .o@e
- DEC-NEZN.11 -- .23 -.32 -l dbw
DEL-MEK-10 - Q6 oa na
SEC-MEK-18 -- .e%% -, 20 _Tow
DEC-MER-212 -- .42 L38e .32
DEC-MEK-214 .- LT1W =, bav L12
DEC-MEN-29 - ca H -1 28
DEC-MEN-30 .- L36% - 34 L
DEC-MEN-Y4 .- .48® —.4z% .10
DEC-MEN-4D -- L33 .02 Ll
DEC-MEK-4l - .08 .03 .09
DEC-MEIN-4l .- Labe - 22 .28
~ DEC-MEIK-52 - -.01 na na
% = 35+ . SI% -.40e .06 M e .29 WTe .10 .%e
cate significant differentliatlion in the
§ Tramsfer 2. .
ﬂ: 1 - b - € 1 wgw € - o=
FoTeaTz e¢leciTOBYOLTAS ‘!udy soveoen?t kespiratory Jreqguency

Rezpiratory voluce r to z tranciovmed

- 2(.05



1 | u 140

~

" REFERENCES

Anderson, J.R. (1982). Acquisition of cognitive skill.

Psvchnlogical Review, 29, 369-406.

ashton, R., White, K.D. & Hodgson, G. (197%9). Sensitivity

tc heart rate: A psychophysical stud}. Psychophysiblogy,

16, 160-166.

Bason, P.T., & Celler, B.G. (1972a). Automatic control of heart

rate. Proceedings of the Imstitution of Radio and Electronics

Engineers Australia, 231-234.

Bason, P.T., & Celler, B.G. (1972b). Control of heart rate by

o

external stimuli. Nature, 238 , 279-280.

-

-~ *
¢

Bell, I.R. & Schwartz, G.E. (1973). Cognitive and somatic
'mechanisms.iﬁ’gbluptary control of heart rate. In D.
Shapiro,'T.X. Barber, L.V. DiCara, J. Kamiya, N.E. Miller,

& J. Stoyva (eds.), Biofeedback & Self-Control, 1972 (pp..-

50-3-504). Chicago: Adline. (abstract).‘-
" Berger, J.E. (1973). Regulatién pof heart rate: The roles of
awareness, external féedback, and individual differences in

the learning of heart rate deceleration and acceleration.

Dissertation Abstracts Intermatiomal, 34, 623138.

Bergman, J.S$. & Johmson, H.J. (1971). The effects of
instructional set and autonomic perception on cardiac

control. ‘quchophvgiology. 8, 180-190.




s

Bergman, J.S. & Johmson, H.J. (1972). Sources of information
which affect-traiqépg and raising of heart rate.

Psychophysiology, 9, 30-39.

¢

Bilodeau, E.A. & 8ilodeau, I.Q.D. (195é). Variable freguency of
knowledge of results and the lea:niﬁg of a-simple skill.

Journal of Experimental Psychology, 55, 603-611.

Black, A.H., Cott A., & Pavloski, R. (1977). The operant
learning theory approach to biofeedback training. In G.E.

Sehwartz & J. Beatty (eds.), Biofeedback: Theory and

research (89-127). San Francisco:- Academic Press.

Blancﬁgrd,-E.B. & Epstein, L.H. (1978); _ﬁ:biofeedback primer.
Reading, Mas;.:_ Aédison—Wesley.

Blanchard, E.B., Scott, R.W., Yoﬁng, L.D. & Edmundson, E.D.
(1974). Effect of knowledge of response on the self-control

of heart rate. Psychophysiology, 11, 251-264.

Blanchard, E.B., Young, L.D., Haynes, M.R., & Scott, R.w. (1975).

Long term instructiomal control of heart rate without

exteroceptive feedback. Jourmal of General Psychology, 92,
l291—292.
Blanchard, E.B., Young, L.D., Scott, R.W., & Haynes, M.R. (1%74).
Differentiai affects of feedback and reinforcement in

voluntary acceleration of human heart rate. Perceptual and

Motor Skills, 38, 683-691. N

Bouchard, C. & Corson, J.A. (1976). Heart Tate regulation with

-

success and failure signals. Psychophysiology, 13, 69-74.

aQ



‘Bransford, J.D.,'?ranks; J.J., Morris, C.D., & Stein, B.S..
(1979).. Some general constraints on learning and memory
research.. In Cermak, L.S. & Craik, F.I.M. (eds.), Levels

of processing in human mémoqz (pp. 331-354). Hillsdale,

N.J.: Erlbaum.

Brener, J. (1966). Heart tate as an avoidance response.
';o

Psychological Record, 16, 329-335. ‘

Brener, J. (1974a). A genefal model of voluntary control
applied to the phenomena of learned cardiovascular change.
In P.A. Obrist, A.H. Black, J. Brener, & L.V. DiCara

(eds.)}, Cardiovascular psychophysiology: Current issues

in response mechanisums, biofeedback and methodology {pp.

365-391). Chicago: Adline.
8rener, J. (1974b). Factors influencing the specificity of

voluntary cardiovascular control. In L.V. DiCara (ed.),

The limbic and automomic nervous systems: Advances in

research (pp. 147-180). New York: Plenum.
3rener, J. (1977b). Senmsory and perceptual determinants of
voluntary visceral control. 1In G.E. Schwartz & J. Beatty

(eds.), Biofeefiback: Theory and research (pp. 29-66).-

San Francisco: Academic Press.
Brener, J. (1982). ?sychobiological mechanisms in biofeedback.

In L. White & B. Tursky (eds.)}, Clinical biofeedback:

Efficacy and mechanisms (pp. 24-48). New York: Guilford.

f &3

[ 2%



1473 .

- . -

Brener, J. & Hothersall, D. (1966). Heart tate control under

conditions of augmented sensory'fee@béck.

Psychophysiology, 3, 23-23{

Brener, J., Ross, A., Baker, J., & Clemens, Ww.J. {1979). 0On the

-

relationship between cardiac discrimination and controi. In

N. Birbaumer & H.D. Kimmel (edé.), Biofeedback and self-

regulation (pp- 51-70). Hillsdale, WN.J.: Erlbaum.
3rewer, W.F. (1974). There is no convincing evidence for

operant or classical conditioning in adult humans. In W.B.

WQimq£¥§ D.S.'Pglermo.(eds.y,'Cognition and the'symbolic
processes (pp. 1-42). Hillsdale, N.J.: -Erlbaum.

Clemens, W.J. (1976, Harcﬁ). Heart beat discrimipation end the

learning and transfer of voluntary heart-rate control.

Paper presented at the Annuyal Meeting of the Southeastern

Psychological Association, New Orleans, Louisiana.

Llemens, W.J. & McDonald, D.F. (1976). Relationship between

1
heart beat discrimination and heart rate control.

Psychophysiology, 13, 176. (abstract).

~

Cohen, M.J. (1973). The relation between heart rate and
electromyographic activity in a discriminated escape-

avoidance paradigm. Psychophvsiology, 10, §-20. -

Cott, A., Pavloski, R.P. & Black, A.H. (1981). _Operant

conditioning and discrimination of alpha: Some methodological
limitations imherent in respomse-discrimination experiments.

Journal of Experimental Psychology, 110, 398-414.

B



Crider, A., Shapiro, D., & Tursky, B. (1966). Reinforcement of

spontanecus electrodermal activity. Journal of Comparative

and Physiological Psychology, 61, 20-27.

Dale, A. & Anderson, D. (1978); Information var;ables in

»

voluntary control and classical conditioming of heart rate:

Field dependence and heart-rate perception. Perceptual

and Motor Skills, 47, 79-85. i

deGroot, A.D. (1965). Thought and choice in chess. "The Hague:
Mouton. .

Dulany, D.E. (1962). Tﬁe place of hypotheses and intentions:
An analysis of verbal comtrol in verbal conditioning. in

C.W. Eriksen (ed.), Behavior and awareness (pp. 102-129).

4
Durham: Duke University Press.
Duncan, C.P. (1958), Transfer after training with single versus

multiple tasks. Journal of Experimental Psychology, 35,

. -

63-72.
Engel, B.T. (1972). Operant conditibningkof cardiac functidﬁ:

A status report. Psychophysiology, 3; 161-177.

- Engel, B.T. & Chism, R.A. (1967). Operant conditioning of heart

rate speeding. Psychophysiology, 4, 418-426.
Engel, B.T. & Hansen, S.P. (1966). Operant conditioning of

heart tate slowing. Psychophysiology, 3, 176-187.

Ericsson, K.A. & Simon, H.A. (1980). Verbal reports as data.

Psychological Review, 857, 215-251.

Estes, W.K. (1955). Statistical theory of spontaneous recovery

s

and regression. Psychological Review, 62, 145-154.




Finley, W.W. (1970). The effect of feedback on the control of

-

heart rate. Journal of Psycholomy, 77, 43-56. .

Fitts, P.M. & Posner, M.I. (1967). Human Performance. Belmont,
- California: Brooks-Cole. “

Fowler, R.L. & Kimmel, H.D. {1962}. Operant conditioning of the

GSR. Journmal of Experimental Psvchology, 63, 563-367.

frazier, T.W. (1966). Avoidance conditioning of heart rate in

humans. Psychophysiology, 3, 188-197.

Gavalas, R.J. (1967). Operant reinforcement of an autonomic

response: Two studies. ~Journal of the Experimental

Analysis of Behavior, 10, 119-130.

Gill, D.L. (1975). Knowledge of results, precision and motor

skill acquisition. Journal of Motor Behavior, 7, 191-198.

Greene, W.A. & Sutor, L.T. (1971). Stimulus control of skin
resistance responses on an escape-avoidance schedule.

Journal of the Experimental Analysis of Behavior, 16, 269-

274

Harvey, N. & Greer, K. (1980). Action: The mechanisms of motor

control. In G. Claxton (ed.), Cognitive psychology: New

Directions (pp. 65-111). London: Routledge & Kegan Paul.

Hatch, J.P. & Gatchel, R.J. (1981). The role of biofeedback in

-

+ the operant modification of human heart rate. Biofeedback s

and Self-Regulation, é; 139-163.



"Hintzman, D.L. (1974). Ebeoretical implications of the spacing

“effect. In R.L. Solso (ed.), Theories in cognitive

psvchology: The Lovola Symposium. Hillsdale, N.J.:
Erlbaum.

Hughes, D.E. & Roberts, L.E. (1985}. ;vidence of a rele for
response plans and self-monitoring in biofeedback.

Psychophvsiology, 22, 427-439.

James, W. (1890). Principles of psychology. New York: Holt.

Johnson, H.J. & Schwartz, G.E. (1967). Suppression of GSR
activity through operant reinforcement. Journal of

¢
Experimental Psychology, 75, 307-312.

Johnston, D.W. (1977). Biofeedback, verbal instructions and the
motor-skills anmalogy.  In J. Beatty & H. Legewie (eds.),

Biofeedback and behavior (pp. 341-342). New York: Plenum.

. : . [
Johnston, D.W. & Lethem, J. (1981). The production of speciiic
decreases in interbeat interval and the motor skills

analogy. Psychophysiology, 18, 288-300.

Jones, G.E., 0'Leary, R.T. & Pipkin, B.L. (1984). <Comparison

of the Brener-Jones and Whitehead preocedures for assessing

cardiac awareness. Psychophysiology, 21, 143-148.
Katkin, E.S., Morell, M.A., Goldband, S., Bernstein, G.L. &
Wise, J.A. (1982). Individual differences in heart beat

discrimination: Psychophysiology, 19, 160-166.

Katona, G. {1940). Organizing and remembering. WNew York:

Columdbia University Press.



<§.

-

Keleher, B. (1981). Effects of feedback training and knowledge

of Tesults on discrimination of skin conductance responses.

Unpublished master's thesis, McMaster Univeréity. Hamilton,
Ontario.
Keleher, B. & Roberts, L.E. (1930). Effect of feedback training

and knowledge of results on discrimination of skin

conductance responses. Psychophysiology, 17, 289.

(absnraci).
Kimmel, H.D. (1974). Instrumental conditioning of autcnomically

mediated responses in human beings. American Psychologist,

29, 325-335.

Kimmel, H.D. (1982); The relevance of experimental studies to

clinical applications of biofeedback. In E. Richter-

»

Heinrich & N.E. Miller (eds.), Biofeedback: Basic

problems and clinical applications (pp. 19-26). New York:

North Holland.
Kimmel, E. & Kimmel, H.D. (1963). A replicatien of operant

conditioning of the GSR. Journal of Experimental

Psychology, 65, 212-213.

Lacroixy J.M. (1977). Effects of biofeedback on the

discrimination of electrodermal activity. Biofeedback and

gélf-Regulatioﬁ, EL 393-405.

Lacroix, J.M. & Gowen, A. {1981). The acquisition of autonomic
control through biofeedback: Some tests of discrimination

theory. Psychophysiology, 18, 559-572.




Lacreix, J.M. & Roberts, L.E. (1978). A comparison of the
mechanisms and some properties of instrthed sudomotor and

cardiac control. "Biofeedback and Self-Regulation, 3,

105-132.
Lang, P.J. (1974). Learned control of human heart rate in a
computer directed envirbhment. in P. Obrist, A. Black, J.

Brener, & L.V. DiCara (eds.), Cardiovascular

psychophysiology: Current issues_ig response mechanisms,

biofeedback and methodology {(pp. 392-405)}. Chicago:

Adline.
Lang, P.J. (1975). Acgquisition of heart rate control: Method,
theory, and clinical implications. In D.C. Fowles (ed.),

Clinical applications of psychophysiology (pp. 167-191).

New York: Columbia University Press.
Lang, P.J., Sroufe, L.A., & Hastings, J.E. (1967). Effects of
feedback and instructional set on the control of cardiac

variability. Jourmal of Experimental Psychology, 75, 425-

431.
Langer, E.J. (1978). Rethinking the tole of thought in sccial
interaction. In J.H. Harvey, W.J. Ickes & R.F. Kidd (eds.),

New directions in attributional research (Volume 2).

" Hillsdale, N.J.: Erlbaum.
Levene, H.I., Engel, B.T. & Pearson, J.A. (1968). Differential

operant conditioning of heart rate. Psychosomatic
T

Medicine, 30, B837-845.




-r

Levenson, R.W. & Dizto, Ww.B. (1981). Individual differences in

ability to control heart rate: Personality, strategy,

physiological and other variables. Psychophysiology.'ls.

91-100.
Lippold, 0.C.J. (1967). £lectromyography. In Venables, P.H. &

Martin, I. (eds.), Manual of psychophysiological methods.

(ﬁp. 245-298). New York: Wiley.

HacKintésh, N.J. (1974). The psychology of animal learming. .
New York: Academic.

Mandryk, B. (1985). Evidence for response awaremness along two new

response continuua in-the biofeedback experiment.

Unpublished Honours bachelor's thesis, McMaster University,
Hamilton, Ontario.

Marlin, R.G. (1984). A dissociative analysis of sudomotor

response patterns. Unpublished doctoral dissertatiom,
McMaster University, Hamilton, Ontario.
Marshall, W.R. & Epstein, L.H. (1578). ‘Effect of heart rate

control training on heart rate discrimination. Perceptual

and Motor Skills, 47, &0-42.
Mccénne, T.R. & Iengarella, R.S. (1980). Cognitive and somatic
events associated with discriminative changes in heart rate. -

. Psychophysiology, 17, 18-28.

Hc?arfand, R.A. {(1975). Heart rate perception and heatrt rate

control. Psychophysiology, 12, 402-405.




150

McFarland, R.A. & Campbell, C. (1975). Precise heart rate

control and heart rvate perception. Perceptual and Motor
Skills, 11, 730.
Melton, A.W. (1970). The situation with respect to the spacing

of repetitions and memory. Journal of Verbal Learning and

Verbal Behavior, 9, 596-606.

Miller, N.E. (1978). Biofeedback and visceral learning. Annual

Review of Psychology, 29, 373-404..

Miller, N.E. & Brucker, B.S. (1979). A learned visceral response
apparently independent of skeletal omes iIn patients
paralyzed by spinal lesions. In N. Birbaumer & H.D. Kimmel

{eds.), Biofeedback and self-regulation (pp. 287-304). ' -

Hillsdalé, N.J.: Erlbaum.

Miller, N.E. & Dworkin, B.R. (1574). Visc%ral learning: Recent
difficulties with curarized rats and q}gnificéht problems ‘ -
for human research. In P.A. Obrist, A.H. Black, J.Breneé;

& L.V. DiCara keds.), Cardiovascular psvchophysiology.

Chicago: - Adline.’

Mullholland, T.B. (1977). . Biofeedback as scientific method. 1In

G.E. Schwartz & J. Beatty (eds.), Biofeedback: Theory and

research (pp- 9-28). New York: Academic Press.
Mullholland, T.B. & Peper, E. (1971). Occipital alpha and
accommodative convergence, pursuit tracking and fast eye

movements. Psychophysiology, §, 556-575.




Murray, E.N. & Katkin, E.S. (1968). Comment on two recent

reports of operant heart rate condi tioning.

Psvchophysiology, 5, 192-195.
Newlin, D.B. & Levenson, R.W. (1978). Efficacy of pattern

feedback for the dissociation of heart Tate and respiration

rate. Psychophysiology, 5. 192-195.
Nisbett, R.E. & Wilson, T.D. (1977). - Telling move than we can know:

Verbal reports on mental processes. Psychological Review,

" 84, 231-259.

Nitsch, K.E. (1977). Scructuriggrdecontextualized forms of

4
knowledge. Doctoral dissertation, Vanderbilt University.

Obrist, P.A. (1981). Cardiovascular Psychophysiology.

New York: Plenum. ~
Obrist, P.A., Galosy, R.A., Lawler, J.E., Gaebelein, C.J.,
Howard,AJ.L., & Shanks, E.M. (1975). Operant conditioning

of heart rate: Somatic correlates. Psychophysiology, 12,

445-455.
Okita, T. (1971). hvoidance conditioning of autonomic responses
] A

in man. Japanese Psychological Research, 13, 131-138.

Penzien, D.B. & Appel, M.A. (1982). Assessment of cardiac

perception. Psychophysioiong 19, 339. (Abstract).

Plotkin, W.B. (1976). On the self-regulation of the oceipital
alpha rthythm: Control strategies, states of conscilousness,
and the tole of physiological feedback. Journal of

Experimental Psychology: General, 105, 66-99.




4 .

Plotkin, W.B. (1981).” A rapprochement of ihe operant-conditioning

and awareness views of biofeedback training: The role of

diserimination in voluntary contrbl._ Journal of Experimental

Psychology: General, 110, 415-428..

Prather, D.C. & Berry, G.A. (1973). Differential reinforcement .

of the human pupillaty response. Behavioral Science, 18,

420-423.
Qualls, P.J. & Sheehan, P.W. (1981). Electromyographic
blofeedback as a relaxation techmique: A critical

appraisal and reassessment. Psychological Bulletin, 90,

21-42,

Reeves, J.L. & Shapiro, D. (1982). Heart rate biofeedback and

”éold pfessor pain. Psychophysiology, 19, 393-403.

Rice, D.G. (1966). Operant conditioning and associated

eléct%omyogram responses. Journmal of Experimental

Psychology, 71, 908-912.

Rieber, M. (1966). Role of stimulus comparison in children's

s

discrimination learning. Journal of Experimental

Psychology, 72, 263-270.

Roberts, L.E. (1977). The role of exteroceptive feedback in
learned electrodermal and cardiac control: Some
attractions of and problems with discriminaticn theory. In

J. Beatty & H. Legewie {eds.), Biofeedback and behavior

{pp. 261-280). New York: Plenum.



- : " 153

Roberts, L.E. {1978). Operant conditioning of autonomic responses:
One perspective on the curare experiments. In G.E. Schwartz &

D. Shapiro (eds.), Consciousness and self-regulation: Advances

in research andltheogx_(Volume 2), pp. 241-320. New York:
Plenum: | B |

Roberts, L.E., ﬁacroix, J.M:, & Wright, M. (1975). Comparative
studies of operant ele;trod;rmgl and heart rate éqndit;oning in

curarized rats. In P.A. Obrist, A.H. Black, J. Brener, & L.V.

DiCara, (eds.), Cardiovascular psychophysiology: Current issues

-~ in Xespomse mechanisms, biofeedback and methodology (pp. 332-
352). Chicago: Adline. ' ~

Roberts, L.E. & Marlin, R.G. (1979). Some comments on the self- -

: A _
description and discrimimatiom of visceral response states.

In N. Bifb%ume} & H.D. Kimmel (eds.), Biofeedback and self- -

reguiation (pp- 76-97). Hillsdale, N.J.: Erlbaum.
Roberts, L.E., Marlin, R.G., Keleher, B., & Williams, R.J.
(1982). Visceral learning as problem solving. In E. Richter-

Heiarich & N.E. Miller {eds.), Biofeedback: Basic problems

and clinical aéplications (pp- %;-L?). New Y;rk: Nor th
Holland. | ‘
Roberts, L.E., Williams, R.J., Farrell, v.T., Imiolo, D. &
Harlin, R.G. (198&)l Awareness of the Tesponse after
feedback training for changes in heart Tate and sudomotor

laterality. Journal of Experimental Psvchology, 113,

225-255.



-

o : -
Rommetveit, R. (19%0}. Stages in concept formation and levels

of cognitive functioning. Scandinavian Journal of
Psychology, 1, 115-124.
Romrmetveit, R. (1965). Stages of concept formation II: Effects

of cognitive functioming. Scandinavian Jourmal of

sychology, 6, 59-64.
Ross, A. & Brener, J. (1981). Two procedures for training
cardiac discrimination: A comparison of solutiomn

strategies and their relationship to heart rate control.

Psychophysiology, 18, 62-70.

Schell, A.M. & Grings, W.W. {(1970). Avoidance conditioming of

the GSR: Nature of the response. Psychophysiology, 7,

v

4

602-407.
Schwartz, G.E. (1972). Voluntary control of human
cardiovascular integration and differentiation through

feedback and reward. Science, 173, 90-93. -

Schwartz, G.E. (1974). 'Toward a theory of voluntary control of

response patterns in the cardiovascular system. In P.A.

Y

l/} Obrist, A.H. Black, J. Bremer, & L.V. DiCara (eds.),

‘Cardiovascular Psychophysiology (pp. 406-440). Chicago:
Adline.
Schwartz, G.E. (1979). Disregulation and systems theory: A

biobehavioral framework for biofeedback and behavioral

medicine. In N. Birbaumer & H.D. Kimmel (eds.)},

Biofcedback and self-regulation (pp. :9-48). Hillsdale,

(\
K.J.: ErlBaum. -

15



-

Schwartz, G.E., Davidson, R.J., & Pugash, E. (1976). Voluntary

control of patterns of EEG parietal asyﬁmetry: Cognitive

concomitants. Psvchophvsiologx£'13, 498504,

Schwartz, G.E. & Johnson, H.J. (1969). Affective visual stimuli

-

as operant veinforcers of the (SR. Journal of Experimental

Psychology, 50, 28-32.

" Schwartz, G.E., Shﬁpiro, D., & Tursky, B. {1971). - Learned-

control of cardiovascular integration in man through

operant conditioning.- Psychosomatic Medicine, 33, 57-62.
Schwartz, G.E., Young, L.D. & Volger, J. (1976). Heart rate

regulation as skill learning: Strength-endurance versus

cardiasc reaction time. Psychophysiology, 13, 4723478,

Shapiro, D. (1977). A monologue on biofeedback and

psychophysiology. Psychophysiolegy, 14, 213-2127.

Shapito, D., Schwartz, G.E., & Tursky, B. (1972). Control of
diastolic blood pressure in man by feedback and

reinforcement. Psvchophysiclogy, 3; 296-304,

e .
Shapiro, D., Tursky, 3., Gershom, E., & Stern, M. {1969).

Fffects of feedback and reinforcement on the control of

human systolic bloed pressure. Science, 163, 588-590.
Shapiro, D., Tursky, B., & Schwartz, G.E. (1970). Control of
blood pressure in man by operant conditioning. Circulation

Research, 27 (Supplement 1), 1-27 to I-32.

Shapiro, D. & Watanabe, T. (1971). Timing characteristics of

operant electrodermal modification: fixed interval effects.

Japanese Psychological Research, 13, 123-130.




Shean, G.D. (1970). Instrumental modification of the galvanic

skin response: conditioning or control? Journal.of

-

Psychosomatic Research, 14, 155-160.

Simen, H.A. (1978). Information-processing theory of human

problem solving. 1In W.K. Estes (ed.), Handbook of learming

and cognitive processes. Volume 5: Human infermation

processing. Hillsdale, N.J.: Erlbaum.
Spielberger, C.D. & DeNike, L.D. (1966). Descriptive:
behaviorism versus cognitive theory in verbal operant

conditioning. Psychological Review, 73, 306-326.

Stern, R.M. (f972). Detection of one's own spontaneous GSR's.

Psychonomic Science, 29, 354-356.

Tulving, E. (1979).  Relationship between encoding specificity
and levels.of processing. In L.S. Cermak & F.I.M. Craik

(eds.), Levels of processing in human memory (pp. 405-428).

Hillsdale, N.J.: Erlbaum.

1

Wells, H. (1967). Facilitation-of concept learning by a

simultaneous contrast procedure, Psychonomic Science, 12,
609-610. -

Whitehead, W.E. & Dresche?, V.M. (1980).l Perception of gastric
contractions and self-contrel of gastric motility.

-

Psychophysiology, 17, 552-558.

Whitehead, W.E., Drescher, V.M., Qeimah, P., & Blackwell, B.
(1877). Relation of heart rate control teo heart beat

perception. Biofeedback and Self-Regulation, 2, 371-392.




' i
Williamson, D.A. & Blanchard, E.B. (1979). Heart rate and blood
pressure biofeedback: A review and integration of recent

theoretical models. Biofeedback and Self-Regulation, 4,

35-50.

Yates, A.J. (1%30). Biofeedback and the modification of

-—

behavior. New York: Plenum.

157

LA





