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Abstraét
This thesis 1is concerned with the.nature of the response
pattefns that acc0mp;ny the learned control of autcnomic responding.
g;ecifically, the thesis examined thé role of respiratory adjustments in
learned increases in electrodermal responding. Experiment l'measured
the concom;!ants of learned electrodermal control in unconstrained

.

subjects, and employed correlationazjanalyses to examine relationships
between autonomic and concomitant activitiles. The results indicated

that even though several actjvities were altered during training, only

resplratory changes showed evidence of being functionally coupled to
electrodermal changes. Functional coupling refers te that class of .
relations in which performance of the concomltant directly contributes
to the autonomic change, presumably because of the neural organization

of the response systems involved.

-

)

Experiment 2 directly addressed the question of whether
respiratory alterations were nece;sary for the production of
electrodetrmal increases. Subjects were trained to alter both
electrodermal activity a;d respiration (integra;ion) and to.alter
electrodermal activity while maintaining a constant pattern of
respiration (dissociation). This procedure allowed for an assessment of
two questions. First, coula.significant electrodermal increases be
produced in the absence of respiratory change? Second,‘would the -
magnitude of electrodermal change on dissociation trials be comparable
to that seen on integration trials? An affir;;tive answer to the first
question would establish that respiratory changés are not required for
the production of learned increases in electrodermal activity. However,
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a negative answer to either question would suggest that respiratory
changes were functionally coupled to electrodermal performance.

It is.possible that dissogiation peyformance may be poor, not
because respiratory maneuvers contribute to electrodermal performance
thfough functional coupling, but beéause dissociation is a more
difficult task thaﬁ integration. The information—process}ng demaghs
aséotiated with learning to change two responses in different airectionqé
may be greater than the information-processing demands associated ‘with
changing two responses in the same direction. To assess this
possibility, a second group of subjects was employed substituting gross
body ﬁovement for resgiration- Gross body movement showed ﬁo evidence

~

of functional coupling to elect}QQermal change in the first expefiment,
and thus it was felt that this gréup would serve to estimate the extent
of any impairment of dissobiationfhﬂrformance due to task difficulcy.

The results of Experiment 2 demonstrated that respiratory
alterations were not necessary for electrodermal increases to occur.
Four of five subjects showed significant electrodermal increases on both
integration and dissociation trials by the end of 18 training sessions.
Furthermore, three of tﬂese four subjects produced changes of comparable
magnitude on the two trial types. However, subjects did not appear to
produce their electrodermal changes in isolation from other ongoing
behaviers. In particular, ménipulations of the volar surfaces.(fingers
and palms) ma& have contributed to electrodermal responding. -

The thesis concludes. with a discussion of the role of functionQI

coupling, and the learning process itself, in determiping the nature of

d
the response patterns accompanying learned autonomic control.
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CHAPTER ONE: GENERAL INTRODUCTION

Two procedures have been widely employed in recent years to

train subjects to control their autonomic responding. In one procedure, .

-

usually referred to as operant conditioning, subjects receive

exteroceptive "reinforcement” (for example, brief tones signalling

monetary reward) whenever the desired pattern of autonomic responding

—_—F
. o a
-Eiizp en produced. The development of learned control is assessed by

determining whether the frequency of the desired pattern increases over

that observed when reinforcement is given randomly or for a different

-

pattern of autonomic responding. The second procedure is usually

_ referred Lo as biofeedback training. 1In this procedure, subjects are
typically given continuous exteroceptive feedback conditional upon the
autonomic response that 1s to be altered. For example, the frequency of
a tone may be altered in accordance with beat- eat fluctuations in
heart rate? The task of the subject is to chéz::btﬁé\response in a .
specified manner (either increase or decrease the response) using
exteroceptive feedback as a guide to success. Learning is inferred from
progressive improvement in the ability of the subject to produce the

. required resgponses over the course of training-' Although operant .
condi, ioniné and biofeedback procedures have emerged from d%ﬁferent
traditions and differ in\:;§p{§l ways (Brener, 1974a), they are similar
in one basic respect. In each procedure a change in autonomic \\_
responding is sbught by providing subjects with exteroceptive

stimulétion (reinforcement or feedback) conditional upon thelr visceral
/

_—

_gperformance- &D
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The ability of both humans and other animals to learn to control
their autonomic responding through experience with reinforcement or
feedback is well established. The responses that have been studied to
date Iinclude electrodermal activity (Kimmel & Hill, 1960; Fowler &
Kimmel, 1962; Stern & Kaplan, 1967; Lacroix & Roberts, 1978);: heart rate
(Engel & Chism, 1967; Blanchard & Young, 1973; Lacroix & Roberts, 1978);
blood‘bressure (Shapiro, Tursky, Gershon & Shore, 1969; Schwartz, 1975,
1977); pulse transmit time (Steptoe, 1976; Steptoe & Johnson, 1976);
regional blood flow as measured by skin temperature (reviewed by Taub,
1977); rectal sphincter control (Engel, Nikoomaresh & Schuster, 1974);
penile tumescence (Barlow, Agvas, Abel; Blanchard & Young, 1975), and
gastric acid sécretions (Welgan, 1972). These techpiques have also been
extended to a ;;giety of’responses not under the direct control of the
autonomlc nervous system, such as electréencephalosraphic éctivity

(Beatty'ahd 0'Hanlon, 1979, Zeir and Kocher, 1979}, neuromuscular

resﬁonding (DeBacher and Basméjiaﬁ, 1977; Engel-Sittenfeld, 1977) and.
ocular-motor act}vity (Cornsweet & Cramne, 1975; Provine & Enoch, 1975).,
LIt.is the case, however, that the detailed nature of the
performance that is actﬁally produced by many of these training
procedures is not well dopumentedl 4 sizeablé-body of research hag
démonstfated that, in the normél‘biological context in which they are
found, specific changes In autonomic responses are well integrated
within the overall activity of the autonomic nervous system and with the

.

to&ality of the ongoing behavior of the organism (Canon, 1939; Obrist,
— ) -

198P; Roberts, 1974). However, congslderable debate has ensued in the

S

visceral learning area about whether or not the learned changes in
kS

‘
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visceral activity that are produced through biofeedback training also
occur In an integrated fashion with other autonomic and skeletal
responses, or whether these learned changes are ev{denced in relative
;isolation.

This debate focused iQ&srest on the patterns of responding that
are produced when feedback or reinforcement is provided for a given
autonomic change. The examination of response patterns was seen as
relevant to two general issues. The first was the question of
mediation. Were the autonomic changes merely secondary to the learned
control of more conventiongl activities such as somatomotor or
respiratdry changes (Katkin & Murray, %968; Crider, Schwartz & Shniﬁman,
1969)?7 1If so, then learned control éf gﬁtonomic responding was not a
new type of learning and, therefore, might noflbe of much Interest (see
Black, 1974; Roberts, 1978). The second and related issue was that of
plasticity. How malleable was the autonomic nervous system? What
degree of learned control was possible, and to whgt extent could
response patterns be manipulated (Roberts, 1378)? Some investigators
went so far as to suggest that operant conditioning of the internal
milieu might be a mechanism of homeostatic regulation (Miller, 1969;

"Miller & Dworkin, 1980).

At one point ab;ut ten years ago, a ﬁefinitive statement about
the potential for learning procedures to produce very specific autonomic
changes seemed to be ‘provided by the research of Neal Miller and his
colleagues (DiCara & Miller, 1969; Miller, 1969). Using the

neuromuscular blocking agent curare, in animals, these studles reported

the ability of operant contingencies to produce autonomic changes that
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were completely independent of other autonomic or skeletal changes.
There are however, two major difficulties with these dafa. First, a
number of individuals including the original investigators have been
unable to replicate the original findings (see Roberts, 1978 for a
review). Second, even if thé data were valld, a number of investigators
have pointed out that curare produces paralysis through competitive
blocking of the neuromuscular.junction. Motor actilvity could scill be
centrally integrated with iearned autonomlc changes (see Black, 1974;
Roberts, 1978). That is, the animals may have learned to emit a
response consisting of motor commands and visceral adjustments that are
organized centrélly. Theyactdon of curare merely prevented ghe
observation of the motor events at the periphery. -
The decade that hags followed has yet to elucidate the nature of
learned visceral performance. At the time the research for this thesis
w?s undertaken, relatively little had been doneAexcept to document the
//ﬂﬂ_g{esence of concomitant activities. A sizeable number of correlational
studies have indicated that learned autonomic changes tend not to be
specific (e.g. McCanne & Sandman, 1975; Lacroix & Rbberﬁs, 1978;
Obrist, 1982). The majority of such studies, however, d;d not address
whether the coﬁcomitant changes seen under these conditions contribute
in some way to the production of the target changes, or whether training
procedures requiring more specific autonomic changes might be
successful. Techniqués such as dissociative training are available to
address such questions, and their use has been urged by a number of
investigators (Black, 1974; Schwartz, 1974, 1975, 1976, 1977; Roberts,

1978). In spite of this, only a handful of studies have attempted to



systematically examine learned visceral performance through these

methods.

; This thesis begins an investigatqu\:jc;fi/nature of the
response patterns associated with the learne .ntrol of elecirodermal
responding in human subjects.l Electrodermal activity is usually
measured from the palmar or digital surface as either skin conductante,

S

—fﬁ\\_skin resistance, or skin potential. 1In all cases the electrigal chqﬁges

measured appear to reflect changes in the hydration of the skin caysed

J
! it
electrodermal responding was measured as changes in skin ¢dhductance.

24

Electrodermal activity is of interest for a nuyber of reasons.

by the activity of the sweat glands (Edelberg, 1972). }nGZ;} thesis
A

Historically it was one of the first autonomic respop$es to be
controlled through operant conditioning (Kimmel & Hill, 1960; Fowler &
Kimmel, 1962; Kimmel & Kimmel, 1963; Crider, Shapiro & Tursky, 1966).
It has been implicated'in a number of behavioral and psychological
processes including locomotion, tactile perception, digital
manipulation, "fight or flight” responding, orienting, emotional
arousal, deception, and a variety of psychopathologies (éee Edéiberg,
1972; Lykken, 1981; Kimmel, Van Olst & Orlebeke, 1979; Roberts, 1974).
The sweat glands appear to be innervated only by the sympathetic branch
of the autonomic nervous syskem (Wang, 1964; Edelberg, 1972), unlike
most cardiovascular measures which are influenced by both
parasympathe:I:\and sympathetic innervations. It remains to be seen if
this simplifies the relationships between electrodermal responding and

the rest of the organism's ongolng behavior. Finally, in spite of its

historical prominence and putative role In such a variety of behavioral



processes, the response patterns accompanying learned electrodermal
control have ;eceived even less attention than other autonomic
responses. L

Concomitant activities may accompany Yearned changes 1in
autonomie respondiﬁg for a pumber of reasons.’ It is possible to
divide such reasons into two classes. The first claés includes those
instances where a functional relationship or coupling exists between the
target éctivity and the concomitant. Such functional relations may take
a number of forms. It may be that a visceral response system is
organized within the nervous system so that a particular concomitant
activity 1s necessary for a change in the target to occur. An-'’
alternative functional relation is that a particular concomitant
contributes to the magnitude or ease of target changes, although target
change in the absence of the concomitant 1s possible. Several patterns
of neural organization that might produce functional\EQEpling between an
autonomic response and concomitant activities have been discussed by
Miller and Dworkin (1572). :

The sebord class of reasons concerns the nature of visceral
learning rat%er than funtional systemic relations. It is possible that
target changes can occur without concomitant activities. Howgver, when
a given training procedure is employed, the learning processes involved
may be unable to gailn control over such specific visceral responding.
The response pattern that emerges in such situations is determined by

properfies of the learning process as well as by functiomal

relationships involving visceral activity.



One goal of the present résearch was to/éxamine more fullp than
has previously been attempted the concomitants of learned changes 12/1~
electrodermal éctivity. A second goal was to determine whether selécted
concomitants are present because they actually contribute to target
change (functional coupling between' these concomitants and target
change). For reasons that will become apparent later, the focus of the
research was upon the role of functional coupling between sudomotor-
action and respliratory behavior. The possibility that selected
concomitants may occur because of the nature of the learning process was )

r

not gpecifically investigated In this thesis, although the results call
attention to this issue. i

There are obviously a variety of ways in which concomitant
acfivities may be functionally related to learned electrodermal change.
The nature of these possible relationships, and the procedure; designed

to discriminate between them, are discussed next.

The Investigation of Response Patterns

The st;dy of\response patterns may be conceptualized in three
stageg. First, it is necessary to measure concomitant behavier during
the developmené of learned contreol to determine which changes in
responding accompany changes in target activity. Concomitants that are
either necessary for, or contribute to, target.change may be expected to-
occur wirh the target response during the training procedure. Second,

-
relatiodghips between the concomitants and the target are assessed.
Some form of covariation 1s expected in the case where concomitant

change contributes to production of the target. On the other hand, the

absence of such relationships points to the necessity of some other

4



explanation for the presence of concomitant behavior. Finally,
experimental manipulation of the response pattern may be attempted to
order to.determine the necéssity of concomitant behavior for target
control. The firsg two steps were taken in Experiment 1 of this thesis,
which followed what will be termed herein a “correlatiomal” approach
(after Black, 1974; see also Schwartz, 1977; Fetz, 1974). The third
step of direct experimental manipulation was taken by Experiment 2 of
the thesis which analyzed sudomotor-respiratory c;upling through the
application of a dissociative feedback training prabedu;e.

Correlational Approaches

’
As Black (1972, 1974) has pointed out, a number of non-gpecific

factors may reliably vary- between periods when subjects are producing,
or attempting to produce, changes in target behayior and when they are
not.-~ Factors related to atteﬁtion, stimulus processing, and so forth
are examples of activities that may be required for learning and give
rise to concomitant actiong although tﬂese actions may not themselves be
coupled with changes in target behavior that occur. There are a number

Ty
of techniques for isolating such factors.

‘One 2f these 1s the bidiréctional conti'ol procedure. This
procédure; when employed in a within-éubjéct design, requires the
subject to increaﬁé the target activity on one type of trial and to
decrease it on another. Concomitant activities that fail to track the
direction of target change but instead show similar changes on both
types of trials are likely to reflect non-gpecific factors such as

attention or sensory processing and not specific mechanisms of target

change (Black, 1972; Fetz, 1974).

y T



Concomitant activities that do track the directlon of target
change however, may stili not contfibute to performance of the target.
It 1s possible that some concoPitants may be non-specific factors that
nonetheless are differentially active, dependent, for example, on the
trial cues employed. A common bilofeedback procedure is to instruct
subjects to increase the target response on soae trials and to decrease
it on‘;ther frials. Even though the exact physiological response may
not be mentioned, the instructions "increase” and "decrease"” are often
explicit. It is not unreasonable to supposerthat such instructions
theméelves elicit somewhat different activi;ies (see Brener, 1974) which
may or may not contributé to target change. At this point it is
necessary to examine the relationship of target behavior to concomL;g:t
activity within a specific trial type.

One approach to the study of within-trial relatlonships 1s to
examine the correlation between magnitude of target change and magnitude
of the concomitant (eg. Fetz, 1974). It is reasonable to suppose that
stronger functional relations between concomitant and target activities
should give rise to larger correlations. These should be assessed
within subjects, as a variety of factors including response lability,
initial baseline levels of responding, and differences in electrode
;lacement, may artifactually affect between—-subject analyses.

Experiment 1 examined within—-subject correlations on a trial—to-r
trial basis. That 1is, target change on trial n was correlated with
concomitant change on trial n. If a given concomitant, for example

respiration, is functionally coupled to the target autonomic dhange,

then one would anticipate that on those trials where the largest
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respiratory alterations occur the largest autonomie changes should also
ocfur, thus producing a sizeable within—subject, between~trial
correlation.

However, a cérrelation between target responding and a
.concomitant does‘not establish t@e role of the concomitant in the
performance of target change. For example, the presence of the
concomitant may not be necesgssary for target change to occur. Rather, it
may be the easlest means of producing target change, or it may be a
purely adventitious response whose magnitude 1s influenced in the same
fashion as {s the target response by some additional factor such as )

motivation or general effort. . Furthermore, such a correlation may not

be necessary under all conditions where functional coupling is
LY

important. For ‘example, it may be that a concomitant 1s necessary for
target change but that the magnitude of the concomitant, in excess of
some threshold value, is unrelated to the magnitude of the targeﬁ.
Within—sﬁbject coprelatioﬁs do, however, permit assessment of
the following. First, a fallure to observe significant within-subject
;orrelations excludes the simple case of functional coupling (or
"mediatiogﬁ) where there 13 an intimate relationéhip betwee?/both the
direction and magnitude of target and concomitant cﬁange. ?Second, e
péesence of within-subject correlations do permit an idéntification of
.those instances where a concomitant activity and an autonomic target
covary. Such concomitants are likely candidates to be involved in the
production of target change; This hguristic value ‘s considerable when
' ~

one contémplates the large number of potential concomitant responses

that might accompany learned autonomic control. It narrows the field

-t
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initially, so as to focus the application of more involved procedures
designed to directly assess the role of concomitant responding.

Schwartz (1977) has pointed out the complexity involved in multiple
responge analyses of the autonomic nervous system, and the need to avoid
the "shotgun” .approach.

The direct'manipulation of responge patterns.

Whi%g a correlational approach to the investigation of response
pgtterns is of heuristic value and a necessary-first step, a complete
analy;sis of the nature of learned visceral performance{:ust extend to
the” direct experimental manipulation of the relations evidenced between
the tdrget response-and concomitant activities. o

There are a variety of techuniques that experimentally attempt to
directly examine the target concomitant relation. One approach
suggested by Fetz (1974) 1s to reverse the training arrangement'so as to
make the concomitant the target. If production of the coqcomitant is a
sufficient condition for target change, then the changes seen in the
original target activity should persist. TIf they do not persist, then
we can conclude that production of the concomitant alone was not
sufficient to effect target change. However, the ;bsence of.original
target changes when the concomitant is brought under learned control
does not necessarily rule out a contribution of that concomitant to the
target change. The continued presence of target responding, however,
does suggest an ilmportant, although not necessarily invariant, link
between’ the tagget and that concomitant.

Let us examine respiration as a possible examplé% Suppose that

subjects adopt, under conditions of feedback for electrodermal
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1)

responding, a particular and somewhat complex pattern of breathing that
is gufficient for the production of electrodermal change. 1If, however,
feedback 1s provided directly for respiration, subiects may learn a
different pattern of breathing that alters regspiration feedback but is
not sufficient for altering electrodermal acti#iﬁy- In order to train
subjects to produce the particular respiratory pattern sufficlent to
alter electrodermal responding, it would be necessary to know the
requisite pattern in‘advanc < If this pattern were constant across
subjects, and 1f it could be measured so that feedback could be provided
for it, then its sufficiency éould be tested in this manner. However,

~
there would seem to be considerable room for experimental error in
Jeplicating the necessary pattern. '

A second approach suggeéted by Fetz (1974) 1is to train subjects
to produce a second, unrelated target response. The response patterns
generated by the two differént targets can then be compared. TIf all
other factors have been held constant, Eﬂﬁh differences in the
concomitants that are seen must reflect.differences in the organization
of vigceral performance. However, this situation is somewhat different
from the bidirectional procedure reviewed earlier. In the bldirectiomal
procedure where subjects are taught to change the same target response
in opposite directions, the two changes are considered to be mutually
exclusive. Any concomitants that are shared between the two conditions
can reasonably be attributed to non—specific factors such as perceptual
or attentional variables. This is not the case when two different
targets are used. Such targets may share certain components of their
response patterns because of functional coupling t; both responses and

L

\
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not because of attentional or perceptual factors. Thus, when two
different targets are employed.-differences mu;t reflect differences in
functional coupling but commonalities may reflect either non—specific
factors or common functional elements.

Perhaps the most powerful technique for directly examining the
strength of the relation between a target response and concomitant
activity is to directly attempt to dissociate the two (Black, 1972;
1974; Fetz, 1974). Dissociative training involves procedures designed
to alter the target responspjzgiie‘holding the concomitantlactivity
congtant. If a subject is able to dissociate a particulaé concomitant
from' the target, then it ig clear that the measurable occurrence of that
concomitant is not necessary for the production of target change.

~ The fécond experiment of this thesis was a study of this type.
Sﬁecifically, the goal was to determine whether subjects could be
trained to dissociate the learned control of electrodermal activity from
any changes in respiration. If subjects succeed then it is clear that
respiratory change is not ﬁecessary for learned electrodermal changes to
occur. However, if subjects are unable to produck target changes in the -
absence of the concomigént activity, it cannot be concluded that‘the
concomltant %s necegsgary for target change to occur. A number of
alternative‘;ossibilities neel| to be dealt with.

First, the information-processing demands of any multiple
response proceﬁuré, where the subject must pay attention not only to the
control of the target response but also to the concomitant activity, are

likely to be greater than the information—-processing demands of a

procedure in which subjects are trained to produce a single target

~
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response. Hence it must be shown that thgﬁlnability to disgoclate .the
two activities does not steh from the 1lncreased difficulty of the
digsociative task. One gtep towards addressing this issue is to compare
performance on "dissoq}ation trials” where the subject alters the target
while holding the concomitant constant to performance on "integration
trials” where the subject is altering both resp;nses in the same
direction. Since both trial ty%es now involve the simultaneous comtrol
of two responses, differences in target succegs between them would
appear to suggest funhgigpal coupling rather than a difficul;y factor.
However, even when digssociation performance i1s compared to
iﬁéegration‘performance, one must be careful about interpreting a
superiority of integration performance as evidence of functional

r

coupling. It may be that it is easier to alter any two responses in the
B a%y

same direction than in opposite or orthogonal directions. For example,

Hassett and Schwartz (1975) reported that it was easier to alter
electroencephalic activity and heart rate in the same rather thﬁn
obpbsite directions. They suggested that this provided evidence of
coupling between the two responses. An alternative explanation is one
of unequal task difficulty betweeﬂ integration and differentiation
conditions.

Additional steps are necessary to address this aspect of task
difficulty. Specifically, it must be shown that the inability to
dissoclate a particular concomitant from an autonomic target does not
stem from the increased difficulty of any dissociative task relative to
integration, but rather is attributable to functional coupling between

that particular concomitant and the target. One means of demonstrating
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this is to show that subjects are capable of dissocilating a second:
concomltant from the same auteonomic target. If subjecé§\succeed at that
dissociation, then failure of the first dissoclaticon must be due to the
ationship between target and concomitant. The second experiment of
\this thesls followed this approach. One group of subjects was tri ned

to dissociate increases in electrodermal responding from concomitant

e
r

changes in ;ggy&ggtory behavior. Respiration showed evidence of being

‘ “functionally related to electrodermal activity in the first experiment

[

and thus was expected to pose a difficult dissociation task. The second N
\

group 3?8 trained with gross body movement as the concomitant. This

concomitant_shoged no evidence of functional coupling®o electrodermal

actdyity 1ifi the first st;dyg agd therefore was expected to be E;hdily\vs
- dissoclated from electrodermai responding.

It is possible that neither complete dissociation nor a total
inability to produce éégéét change without concomitant vy id the
! ' . T ——

outcome of a dissociative experiment. TFetz (1974) has suggested that
+ the degree of difficulty of the dissociation may be an index of the

strength of the coupling between the targer and concomiéant. For

éxample, if the constraint of holdin respirftioﬁ constant reduces the

magnitude of eleccrodermél change but does”ﬁo;‘eliminate target change

L] B
completely, it can be argued that the production.of changes in

respiraﬁory activity contributes to the perfqrmghce of electrodermal

4 : L

changes but is not a necessary component. i
i
!

In summary, the ,investigation of responée patterns may begin .
with a correlational examination of potential concomitant activities.

It must however procede to the direct manipulation of response patterns
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/™,

-

in order to assess functional relationships between target autonomic
responses and concomltant activities? Dissociative training 1s perhaps

the most direct way to aﬁproach this-problem. Hoﬁever, it is important

to address the additional %ask demands of a-multiple target control

‘pfocedure.. Specifically, 1t must be shown théf poor performance on a

dissociative task ig due to a specific functional relationship between

the targets, rather EBQS the difficulty of altering any Ew@ regsponses,
simultanedusb?? in opposite directions. , .
v N

-~ r Plan of the Thesis

-

The next chapter of this thesis.reviews the literature
. - b L .
concerning the response patterns produced by operant conditioning or

biofeedback training for changes in electrodermal activity. The first
experiment, a correlational ana}ysis of electrodermal response patterns,

- o .
is iled in Chapter 3. The second and prineipal experimen%;yf the

“th sis, an attempted dissoc!EtiQn of electrodermal increases from

i

changes in respiration or gﬂﬁbs body movement, is presented in Chapter

o ol .
. Finé}l? Chapter 5-conStitutes a general discussion of the work to
) .

ate, ang_ nsexamination of the questions railsed by thesge data.
.

/? ' ' A | —



CHAPTER TWO: A REVIEW OF THE LITERATURE

This review 1s divided into four sections. The first summarizes
evidence concerning the functional organization of the electrodermal
system. It is intended to provide the background with which to épproach
the study of mechanisms involved in the performance of learned sudowmotor
control. The second section reviews the current state of knowledge with
respect to the concomitants of learned sudomotor control, and the
role(s) that such concomitants may play in the production of the learned
changes. .

The remaining two sectlons. parallel the first two except that
they deal with the cardiovascula? system, and learned heart.raté
control. This review 13 less detailed than the first sinée heart rate
control is not the major focus of the thesis. However, a brief raeview
is necessary because a group given feedback training for heart rate was
included in the first experiment so as to asslst identification of
concomitant pctivities related uniquely to electrodermal performance

(after Fetz, 1974).

The Organization of the Electrodermal System.

LS Electrodermal activity is commonly recorded from one of the
volar surfaces, typlcally the palm. An active recording electrode is
pléced over ghe desired site and a reference electrode is placed over an
abraded site, usually on the wrist. The reference site 1s abraded to
reduce epidermal resistance and thﬁs insure that recorded changes are

due to changes at the active site. * A small current, usually about 10

17 i
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ua/cmz, is then passed between the two electrodes and conductivity (or
its reciprocal, resistance), 1s measured. Alternatively, the endoéénous
skin potential may be recorded. This measure is normally about 10 to 20
mv negative at the surface of the active site for the typical subject
(Martin & Venables, 1980). TIn the alert consclous subject, skin
conductance and potential show highly correlatéa phasic fluctuations
which a;e superimposed upon a slow tonic component. Phagic responding
is highly synchronized across the volar surfaces. - Two examples of this
synchronization are shown in Figure 1, one taken from the palm and foot
of é human subject éEdelberg, 1973) and the other from the limbs of a
curarized raé {Roberts, 1970, unpublished observations{.

Changes in electrodermal activity are produced by the activity
of the sweat glands. Phasic responding appears to represent active
secretlion, while the tonic level corresponds to the state of hydration
of the .epidermis (Edelberg, 1974). The sweat glands are innervated only
by the sympathetic branch of the autonomic nervous system. However, the
post=ganglionic neurotransmitter is acgfylgholine. Conseéuentl&, the
sweat glands do not respond directly to the release of epilnephrine and
norepinephrine by the adrenal medulla. Sudorific changes are also
digsociable from adrenergically mediated changes in vascular activity in
‘the palm, which have been found to have little effect upon skin
conductance or potential (Lader & Montagu, 1962). Volar sweating,
untlike sweating on the other areas of the body, contribq&es very little
to thermoregulation (Kuno, 1956; Wilcott, 1963).

+ .
Qur understanding of the neural organization of the -

a.

electrodermal system comes primarily from the study of the cat (Wang,



_—

Figure 1.

19

The synchronization of electrodermal responding as
evidenced by recording from two'limbsroéua human
subject in the upper panel (from Edelberg, 1973) and
from the four limbs (LF, left front; RF, right front;
LR left rear; RR right rear) of a curarized rat.
Point A indicates where the record was electronically

limited. (from Roberts, 1970, unpublished observations).

e
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1964). However, data available from humans are consistent with that
found in this species (Edelberg, 1974). Briefly, five excitatory areas
have been ifdentified in the central nervous system. These include areas
in the sensorimotor cortex, in the anterioclimbic and infralimbic areas
of thelgortex, a region in the dor§al thalamus, in the hypothalamus, and
in the lateral region of reticular formation. A numﬂer of inhibitory
centres have also been located including areas in the frontal lobe, the
hippocampus, the caudate nucleus, the cerebellum and in the ventromedial
portion of the reticular activity system.- Wang (1964) also refers to an
area of the striopallidum which acts direccly_ﬁpon both inhibitory and
ex;itatory areas In the CNS. Ablation of this "regulatory” center
desynchronizes electrodermal activity acr;ss the four volar surfaces.
There 1g also a considerable body of research examining the role
of electrodermal responding in ongoing behaviour. For convenience these
studies may be divided into two broad groups. The first group consists
of studies that have explored relationships between electrodermal
activation and striate muscular activity (Roberts, 1974). These studles

have shown that substantial increases in electrodermal activation are

" elicited by cues that set the occasion for subsequent somatomotor acts.

The fact that the electrodermal "change frequently anticipates
somatomotor responding suggests control of the sudomotor system by
mechanisms concerned with the potentiation and preparation of motor
behaviour rather than by mechanisms responsible for the exécution of
such behévioF. Control by guch mechanisms may explain electrodermal
changes that occur under conditions of threat which appear to bear

little relation to ongoing or subsequent somatomotor action (Roberts &



Young, 1971). However, effects of motor execution also appear
demonstrable in the electrodermal system. Epr example, localized
movement of a limb elicits greater electrodermal responding at recording
sites ipsilateral to the movement than ;:e seen at contralateral
locations (Culp & Edelberg, 1966; Roberts, 1978). Lateralized tactile
stimulation without lat?ralized movement, however, does not have this
effect (Edelberg and Beaver, 1972).

The second group of studies concerns the relationship of
electrodermal responding to arousal processes. Systematic changes in
the tonic level of skin conductance and potential and 1in the frequency
of phasgic regponding have been shown to covary with behavioral and
electrocortical activation over the course of 24 hours (Landis, 1932;
Edelberg, 1972). This pattern presumably reflects the influence of the
reticular activating system on these functions. More recently,
electrodermal activity has been shown to respond to differential
activafion of the two cerebral hemispheres (Lacroix & Comper, 1979;
Comper & Lacroix, 1980). 1In one experiment, subjects showed larger skin
conductance responses on the left hand than on the right, when
instructed to engage in a verbal task such as explalning a proverb
(e.g-, A bird in the hand is worth two in the bush). When subjects were
engaged In a gpatial task, for example, describing where Caléary is
relative to Toronto on the map of Canada, conductance increases on the
right hand were larger (Lacroilx & Comper, 1979).

Data on electrodermal-behavioural relations permit some

Y

tentative inferences regarding the adaptive significance of volar

sweating in performance. The significance of motor-related changes was
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discussed by Edelberg (1972), who presented evidence that intermediate
levels of hydration of the skin may improve the efficiency of behaviors
such as locomotion or grasping by enhancing contact with the
environment. On the other hand, the non-motor or arousal processes to
which electrodermal activation has been linked may play a role in
perception and defense. Edelberg (1%61l) provided evidence that tactile
perception and sensitivity are modulated by spontaneous changes in the

\\\ievel of hydration of volar skin. fully hydrated skin 1is also more
difficult to puncture or abrade, and more difficult for am opponent to
grasp (Edelberg, 1973). All of these functions would seem to be
facilitated by the tendency of electrodermal activation to occur iIn
anticipation of; as well as concurrently with, overt behavioural
respounding.

Of speclal interest in this thesis 1is the relationghip of
electrodermal activity to respiratory functioning (ie. Stern & Anschel,
1968). The fact that alterations 1in the pattern of breathing tend to
elicit phasic electrodermal responses has long been known (Landis,

. 1930). Hoéever, the neural basis and adaptive nature of this sudomotor-
respiratory relationship are not clear. Wang (1930) suggested that
respiratory-related electrodermal activation may be mediated through
motor mechanisms. “Thé galvanic skip responses caused by deep

breathing,” he wrote, ..."are evidently due to the stimulation of
propriocceptors in the muscles” (Wang, 1930, p. 25). Another suggestion _
.. 1s that the two may be somehow-linked neurally and adaptively by virtue

of the thermoregulatory system. Respiration may contribute to

evaporative cooling dependeht upon the ambient air temperature and
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hydration. However, Jarrett and Morimoto (1978) concluded tﬁat
regplratory cooiing does not significantly contrﬁpute to
thermoregulation in man. Furthermore, volar sweating does not appear to
contribute significantlyhto evaporative water loss except pefhaps in
extreme circumstances (Wilcott, 1963).

An alternative hypothesis 1is that the two responses may be
linked in the service of some form of aforementioned "arousal”
mechanism. Traditionally sudomotor actijity on the palmar and plantar
surféces has been considered emotional sweating (Kuno, 1956). Klinge
(1972) reportedjlhat instructions to "think emotional thoughts” resulted
in Iincreased electrodermal activity relative to instructions to think
relaxing thoughts. There 1s some suggestion that altered respiratory
activity might also be a component of such a aflight or fight" response.
Monnier (KiﬁS) reports that stimulation of the ventral posterior
hypothalamic area elicits an ergotropic reaction in which sympathetic
activity is increased and respiratory frequency and amplitude are
augmented. Willer (1980) reported that the anticipation of strong pain
produced significant increases in respiratory frequency and hea;t rate.
Unfortunately electrodermal activity was not measured.

Suess, Alexander, Smith, Sweeney and Marion (1980) measured
respiration while subjects were required to make difficult perceptual

Judgements under the threat of electric shock. They measured both

respiration rate and end-tidal CO2 {lowered end-tidal CO2 indicates

hyperventilation). Heart rate, but not electrodermal responding was
also measured for all subjects. They report that increased heart rate,

regpiration rate and lowered end-tidal CO, accompanied the lmposition of

2

-~
A
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stregssful conditions. Suess et al. (1980) also.reported that the three
measures were not always perfectly correlated. At times lowered end-
tidal CO2 was accompanied by Increased heart rate but not by Increased
respiration rate. They argued that respiration rate alone may not
always capture étress-induced chanées in respiratory behavior. They
suggested that the elevated heart rate reflected increased aﬁtonomic
responding, although the absence of electrodermal measures make it
impossible Eo definitively conclude that electrodermal reéponding wougd
also have been elevated. Levenson, Jaffe and MeFall (1980) reported
"—that heart rate and skin conductance exhibited significant increases in

subjects stressed by the anticipation of public speaking. However,
Le?enson et al. did not measure respiratory activity.

There would seem to be sufficlent converging evidence to, at the
‘very least, not rulé out the possibility that resPirétory.changes and
electrodermal increases may be linked through a common response to
aversive or stressful ;ituations. r

In summary,-there appears to be a considerable amount of
e@idence to support the view that the electrodermal system may be
involved Vith a number of different neurobehaviofal systems, and thus
electrodermal responding may be mulE}ply-determined-(Edelberg,'1973;
Roberts, 1974). Thus in the.context of the le;rned control of
electrodermal resPonding through bilofeedback, 1t may be possible to
anticipate aﬁy one or more of a variety of concomitant activities

accompanying electrodermal changes, or perhaps none at all.
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The Concomitants of Learned Electrodermal Control.

°The evidence reviewed to thils point gives reasoﬁ to expect that
learned changes 1in electrodermal responding are-likely to be associlated
with changes in other behaviour as well. This section reviews existing
evidence concerning the concomitants which occur when electrodermal
responding 1s controlled thréugh experience with feedback.
Specifically, do certain concomitants occur and contribute to
electrodermal control, and if so, which ones and what is their role in
sudomotor performance?

To assess exlsting evidence on these questions, it will be

helpful to organize the avallable operant conditioning and biofeedback .
literature into three relatively discrete categories. The first
category contalns experiments which have followed what I will call

cryptic operant conditioning procedures. Studies of this type employed

trajning conditions that were designed to conceal the presence of a
fesponse-reinforcement contingency. For example, subjects were misled
as to the purpose of the study or were teated under conditions of low
incentive that reduced the possibility that the response-reinforcement
contingency was detected. Hence there was little about the procedure or
the experimental'environmeﬂt in these studies to indicate that the
procedure was a learning experiment. Control of electrodermal
regponding was assesse& in these studies by comparing response rate
between response~contingent and explicitly unpaired groups. Although
the‘point-has been questioned (Roberté, Williams, Marlin, Farrell, and
Imilolo, iﬁ.press; Schwartz, 1979), a difference between chese.groups

was widely interpreted to indicate that learning had occurred.
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A second group of studies employed what T shall call

biofeedback or instructed operant procedures. Subjects in these

experiments were informed that their task was to produce a specific
regponse upon which exteroceptive feedback was conditional. Thus, the
procedure was defined as a learning experiment. In some studies the
feedback stimulus was given only when the desired pattern was produced
(an operant procedure) whéreas in others feedback was provided
continuously and subjects were instructed to produce a change in a
particular direction (traditional biofeedback training). In the
majority of studies in this group explici;fincentives such as monetary
bonuses were, K also provided to Increase the motivation to learn.
-Learning was inferred from differential performance-between groups given
feedback or reinforcement for different manipulations of the response.

The last group of experiments will be referred to as

intervention studies. In most Instances, the training conditions in

these studles were such as to give reasgn to believe that subjects were
aware of the opportunity to learn. However, explicit manipulations were
introduced in an effort to dissoclate cbanges in electrodermal
responding from concomitaﬁf changes in somatomotor and respiratory
behavior. The nature of these manipulations varied across the
experiments reviewed in this group. The major experiment of this '
thesis, Experiment 2, 1s an extension of this approach.

5]
r

Cryptic Operant Conditioning Studies l -

The earliest studies of operant conditioning of electrodermal
activity used cryptic procedures (Kimmel & Hill, 1960; Fowler & Kimmel,

1962; Kimmwel & Kimmel, 1963; Johnson & Schwartz, 1967). Subjects were
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not Informed that the experiment was a learning task. 1In addition, in.
the studies bfckimmel and his colleaguesi(Kimmel & Hill, 1960; Fowler-
Kimmel, 1962; Kimmel & Kimmel, 1963) subjects were eliminated from
analysis 1f, as a result of responses to reinforcement, they verbalized
an awareness of response-reinforcer contingencies. These stidies did
not measure any other autonomic or skeleﬁél reséonses and therefore
provide no information concerning the behaviours that may have
contributed to learned changes in electrodermal activity. Mandler,
Preven and Kuhlman (1962), on the other hand, measured respiration with
a pneumograph "to check unusual or abnormal breathing”. They in?icated‘
that "...the GSR and breathing did not appear correlated” (p. 317). No
mention was made of how the data were analysed to arrive a; this
conclusion.

Van Twyver and Kimmel (1966) subsequently employed a cryptic
conditioning paradigm, and compared the rate of electrodermal responses
bet;éen two groups of subjects receiving either response contingent or
noncontingent {explicitly unpaired) reilnforcement for electrodermal
responses. Respiration and forearm EMG were also recorded. .

Electrodermal responding was shown to diverge in the two groupa‘during'

training, while respiration rate and EMG activity did not. Van Twyver

and Kimmel concluded that operant conditioning of electrodermal activity

1y

had cccurred and was independent of respiration and EMG activity.
However, 1t is possible to question the adequacy of the measurement and
analysis of the concomitant measures in this experiment. While |
respiration was recorded with chest bellows, the only measure reported

was respiration rate. Changes in the depth or pattern of breathing ma§

,

O,

L5
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have gone unnoticed. Furthermore, the procedure of averaging

&
concomitants across subjects may have served to magk relationships that

_ 2 . ;

could -have been seen at the indi%13u§¥-@ubjéct level.

Schwartz and Johnson (f§69) also employed a proceduré that
\ -

appears to be closer-to . a cryptic operant conditioning approach than
instructed operant-learning. Slides of nude females were presented to
male undergraduates-eilther contingently upon the emission of

L3

electrodermal responsgs (Group C) or explic{tly unpalred with
electrodermal respo:;es (Group NC). Subjects were not told that the
task involved learning, but were instructed that the experimenters would
be recotding their phys%ological responses to pictu}es- Heart rate and
respiration were recorded as well as skin resistance. A significant
effegt of the contingency was seen for skin resistance but not for heart
rate or respiration rate. .Schwartz and Johnson concluded that they had
demonstrated operant conditioning of nlectrodermal responding, and that
this was indenendent qf regpiration rate and heart rate changes. Once

again only .respiration rate and not other panameﬁérs of respiration was
. analyzéd: Furthermore, changes were averaged across subjects possibly
_‘obscuriné individual relationships. Direct measures of somatomotor
regponding were not taken.

Although concoumltant measurement was not extensive in this group

- .

of studies, these findings suggest that ghanges in electrodermal -

1

responding observed during cryptic operant conditioning may be specifie
to this response. A reservation should be noted, however. The extent

to which the electrodermal phenomena revealed in these studies were a

product of learning can “be questioned. Roberts, Lacroix, and Wright
s n

o




(1974) presented evidence indicating that the electrodermal éystem may

be more readily activated'by stimulus evgn;a that occur during a

L
?? L
regponse than by events that occur at othet*'times \_If this is so, 1it. is
. L3

possible that the electrodermal changes observed during cryptic operant
- conditioning r;flected sfigulusTdriven activation of the electrodermal
wﬂ system by response-contingent tones rather than learning about this?

' ?égepnse. The faét that subjects 1in these studies typically denied
aétempting to control rejnforcement and were unaware that they were
altering their responding sugges?s that learning about the responsg may
not have taken place. Hence thé}bearing of these séudies on the

\
concomitants of learned electrodermal cogtrol is unclear.

Tustructed Operant and Biofeedback Procedures «
The procedures employed in experiments reviewed in this section

: .

were degcribed to the subjectsﬂfs learning problems. Measures of
\ . v

concomitant behavior were Included in all studies. /

——

Shapiro, Crider and Tursky (1964) examined the effects of <~

response-contingent reinforcement qg the rate‘&g emission of spontaneous
. ~ '
skin-potential responses This study is typlcal of studles employing

"instructed operant” procedures. Two groups of 9 subjects eafﬁ-jfre
L

— e

employed.  All subjects were told épat the purpose,of/phe-study was

. K — N -
"...to study the effectiveness of various devices for measuring thought

processes.” Tﬁey were asked to think actively about emotional

F
)

experlences and were told that they would hear a tone each time the

‘L - .
\:3 equipmeﬁt\dgteCEed\thet' otional thinking, and that the tonme signalled
— /JQ

a five cent reward. \\The experimental group received tonmes that were .

=
contingent upon eééf riterion skin-potential response. Control
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subjects were yoked to experiméntal subjects and received the same
number of tones. However, tones were not allowed to occur within ten
seconds of any skin-potential response. A fivé minute baseline period
was followed by thirty minutes of reinforcement and then by a ten minute
extinction period. The session was repe;ted several days later. Heart
rate and respiration were maasured concurrently with skin potential.
Shapiro et al. (1964) reported that the frequency of skin-
potential responding remained constant for the experimental group
throughout training and extinction. However, responding in the control
graup declined sharply through the reinforcement pe;iod, but then
recovered during the extinction phase. Shapliro et al. attributed
recovery of skin-potential respounding during extinction byrthsqyoked
group to orienting responses caused by omission of £he tone. They
reported thqt neilther heart rate nor resﬁiration rate showed this

-

pattern, but rather that both measures declined throughout the session.

Shapiro et al. concluded that .operant conditioning of the skin-potential
respbnse had occu%red, and that the operant electrodermal responses were
independent'of respiratory and cardiac concomitanés.

It is again possible to question the adequac} of the measurement

-

and analysis of the concomitant measures 1in th&grgarly study. Although'
the procedugés of Shapiro et al. (1964) were a.clear advance in that .
heart rate and respiration were recoFded, no meaéure of somatomotor
activity was takgn. As in the Van Twyver and Kimmel (1966) study,
respiration was recorded, but the only measure analysed was respiration

rate, and concomitant responses were averaged across subjects. Heart

rate was sampled only avery 20 seconds. Phasi anges 1n this
N

\‘ .

..
\
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response, which could have signified somatomotor or respiratory
manoeuvers assoclated with phasic skin-potential responses, might have
been missed. In this connection Shapiro et a%i (1964) acknowledged
that:

"There were slightly more skin responses assoclated

with breathing irregularities in the experimental
group than in the .control group” (p. 148).

However, théy noted that when such responses were eliminated,
statistically significant differences were still present. An
examination of Fheir data Cp; 148) also suggests that respiration
frequency tended to be faster in the exper;mental group on both days of
training- Shapiro et al. reported that this trend failed to reach -
significance. ' /f’)
Sheéﬁ (1969)‘employed a shock avoidance paradigm, with avoidance
contingent upon bildirectional changés In the frequency of electrodermal
responses. One group was explicitly instructed that a response-shock
contingency existed and that shocks coulé be avoided by "fear
responses.” *é second group was simply told that lights and shocks would
be presented. Siuce.only the first group showed evidence of operant
control, thias experiment is best considered in the preseat group of
studles rather than as a cryptic operant procedure. Shean recorded
resplration and forearm EMG as weil aé electrodermal gesponding. Shean
reportedAthat thé frequency 3f electrodermal responding was
appropriately increased and decreased in compliance with the
instrumental confingencies in the group Instructed that shocks could be

avolded. However, Shean reported that fespiration rate also changed

with the instrumental cdntingencies in those subjects. He concluded
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that electrodermal responding was affected by instrumental contingencies
only when re;piratory and "cognitive” medlators were present.

Klinge (1972) examined thé effects of Instructions to subjects
to "relax” or to "think emotional thoughts™. These instructions were
also combined with extergceptive feedback for electrodermal responding.
Electrodermal responding, heart rate and respiration were recorded from
all subjects. Klinge found significant differences in electrodermal
activity between "relax” and "think"” conditions. She also reported that
regspiration frequency and heart rate differed significantly.between
these conditions. However, when between—-subject correlations were
computed between electrodermal responding and the two concomitanL
measures, no significant correlations emerged. Klinge did not indicate
whether within-subject correlations were computed in order to exafiine

)

individual relationgships. Within-subject relationships may have existed
ﬁut varigd from subject to subject, thus obscuring-£etween—subject
correlations.

Lacrolx and Roberts (1978) compared the effect of verbal

instructions to produce bidirectional changes in either electrodermal

-activity or heart rate with the effect of similar instructions plus

feedback for the response. Those subjects recelving feedback were also X

tested for thelr ability to perfbrm in the absence of feedback.
Electrodermal activiti, heart rate, respiration frequency and amplitude,
body movement and eye movements were recorded from all subjects.
Subjects simply instructed to increase or decrease their "finger
sweating” showed no significant bidirectional difference in

electrodermal activity, but did show significant bidirectional
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differences in heart rate, body wmovement, and respiration amplitude.

o
However, the provision of exteroceptive feedback significantly augmented

the bidirectional change in electrodermal activity, but did not augment
~/
PR

\ . The failure of the concomitant responses to increase when
\
electréde:mal activity was augmented by feedback in the Lacroix and

any of the concomitant measures.

Roberts study suggests that the concomitant activities were not
important to the'production of learned-electrodexymal change. However,
it is not possible to completely rule cut their . involvement either. It
is possible that the procedure of averaging across subjects may have |
maéked some relationships between electrodermal responding and one or
more of the concomitant activities. Lacroix and Roberts (1978) also
acknowledged that "electrodermal activation may have been associated
with a localized augmentation of motor activity in the target limb that
failed to have significant lmpact on movement as it was recorded in this
study”. They also acknowledged that éubtle respiratory manoeuvers “"that
escaéed detection with the present methods cannot be ruled out™ (Lacroilx
and Roberts, 1978, p. 129).

Stern and Kaplan (1967) emploved a continuous feedback
procedure. Experimental subjects were allowed to watch the needle of an
ammeter which was wired in parallel te the dermohmeter measuring their
electrodermal activity. These subjects were instructed to move the
needle to the left as much as possible. They were Informed that the
meter measured "their reactiocns”. Control subjects were inforﬁ:a that
the electrodes that had been'attached measured their reactlons, and that

they should try and think of emotional events. However, feedback was
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not provided. All subjects were instructed to "aﬁoid unnecessary
movements and deep breaths”. Stern and Kaplan (1967) fOudglthat
experimental subjects who were provided with feedback produced
gsignificantly more responses during périods when they were instructeg to
"*regpond” than did control subjects who were instructed to think of
emotional events but were not provided with feedback. However, while
respiration was recorded, no results with regard to this measure were
reported.

Intervention Studiles

W;th the exception of Stern and Kaplan (1967), the studies
reviewed in thé previous section reported evidence of concomitant
behavior during learned ;lectrodermal control. Howeve;‘ the role of
these concomitants Iin performance was not clear. The studies reviewed
in this section were undertaken to address this problem more directly.

Birk, Crider, Shapiro and Tursky (1966) partially curarized a
human subject in an attempt to rule out somatomdtor responding. The
subject was exposed to a procedure similar to that used by Shapiro et
al. (1964). Unfortunately, as dLscribed earlier the use of a
neuromuscular blocking agent such as d-tubocurarine may only serve to
block the occurrence of motor responses that might otherwise occur
because of a central linkage between ;he motor and autonomic control
systems (see Black, 1967, 1974 and R%?erts %978 for a more complete
d}scussion). However, Birk et al. did measure heart rate and
respiratipn rate and found that both measures declined during operant
:;nditioning under curare. The electrodermal performance during-ﬁhe

curare session was compared to performance during a pre-curare session.
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.Response rate was slightly lower during the curare session, even though

the sessions had been matched for operant bagseline levels. Birk et al.
did not compare heart rate or respiration datga between sessions, nor did
they measure any other somatomoéor variables e:;n th;;gh they failed to
completely block the neuromuscular junction. ihdy acknowledgea that
deviation in respiratory pattern could not be ruled ocut. The subject «
was not so deeply curarized as to require mechanical respiration.

Rice (1966)%;ttempted to dissociate electrodermal responding
from forearm EMG in the following manuer. Four gfoups of subjects were
used. Electrodermal responding and EMG measurements sensitivﬁ to
movements of the hand and fingers were recorded from all subjects. Two
experimental groups, Group GSRE and Group’ESR—EMGE, recelved contingent
reinforcement for criterion electrodermal response. Subjects In Group
GSRE were reinforced for all spontaneous GSRs whereas subjects in Group
GSR-EMG_, were only reinforced for criterion eléttrodermal changes that

E

oécurred in t%e absence of any forearm EMG activiEy. Two control groups
(GSRC and GSR—EMGC) were yoked to the respective e*perimental groups.
Group GSRC recelved an equivalent number of reinforcements as Group
GSRE but only at times of no electrodermal responding. Group GSR—EMGC
received the same number of reinforcements as group GSRE but at times of
no electrodermal responding and no EMG activity (even 1if the EMG
activity was Qnaccompanied by an electrodermal response). Reinforcement
consisted of a one-second presentation of a light. Subjects were also
instructed to breathe in synchrony with a standardized tape of breathing-

sounds 1n an attempt to elimhnate respiratory irregularities.

Regspiration was not meagured, jhowever.
o

L .
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Rice (1966) found an effect of the reinforcement contingency in
subjects classified as having "high operant levels”™ in the GSR groups.
GSRE subjects showed higher response rates than GSRC subjects. In the
GSR~EMG grpupg the results were difficult to interpret. No significant
group effects wére found. However, a Duncan range test indicated that,
for the high(5§hrant level subjecté, the experimental group showed a
higher group mean than the control group. No significant effect was
seen in the low-operant level groups. Rice (1966) was cautious in
drawing conclusions from the data. He suggested that the failure to
demonstrate a clear contingency effect in the GSR-EMG groups may have
been due to the low overall rate of non-EMG related ;lectrodermai
responses when compared to the rate of all electrodermal responses.

On the other hand, it is not clear that Rice (1966) used an
optimal procedure to produce dissociatjon of electrodermal activity and
forearm EMG. Subjects were unaware of the nature of the responding that
was required. No shaping procedure was employed in an attempt to
augment the occurrence of electrodermal responses in the absence of EMG -
change. Fina%ly, the feedback provided to the subjects concerniné their

responding was quite limitqdﬁ,_ExngfimentaI subjects only received a

success gignal upon production of the criterion response. The extent to
iy . P

[}
which they attempted to learn is uncertain.
,
Finally, thLie are a number of studles whi:?/bear upon the

. nature of Flectrodermal concomitant relations in varieus indirect

[

fashions. Gavalas (1968) conducted a study in which subjects were
reinforced, by means of a light flash and the comment “"that's good”,
only for electrodermal responses that were elicited by deep’

-

s .
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respirvations. Non-specific electrodermal responses, those not following
a criterion deep ingpiration within a certain time window, were not
reinforced. Subjects were not told that the experiment involved a

léarning task; rather they were told that it was a study of the day to
Al

’day variation in a number of physiological wvariables. Subjects were

given a total of four and one-half segsions of contingent reinforcement

\

which were preceded by one session of baseline measurement and followed

by three sessions of extinction. Control subjects were matched to

experimfgtal subjects on ‘the basis of operant level and received yoked,

non—eontinéent presentations of the reinforcer.
Gavalas (1968) reported that the frequency of deep inspirationé
increased throughout training and continued to increase throughout

extinction in the experimental subjects but not the controls. The rate

of respiration-elicited electrodermal respbnseé, however, did not show
© g

the same pattern. These responses ociffred at about' the same absolute
rate throughout trainlng and extinction. It is not clear from the.
Gavalas data whether or not cJﬁtrol and experimental subjects differed
on-this measure. "

Gavalas (1968) argued that_the elecgrodermal regponses became
disiociated over the co;rse of training, since the proportion of deep

inspirations which elicited electrodermal responses declined from about

80% at the start of training to about 30% at the end.,',..}.i:e
A%besé data do sugéést that the electrodermal résponse to deep

inspirations may habituate in this experimental context. .Cohsequentl},

Gavalas (1968) suggested thag\deep greaths are not likely to servg'as

the basis‘for oPerantly conditioned increases in electrodermal activity
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¢
since this respiratory manecuver does not appear sufficient to sustain
responding. However; Gavalas felt that her data did not provide
conviacing evidence of learning because the reinforced response

(respiration elicited GSRs) did not increase in frequency. Her findings

do not rule out tWe possibility that subjects who do learn to control
electrodermal activity might employ respiratory change as part of the
performance mechanisms involved.

Edelman (1970) veinforced subjects for increasing the magnitude
of the eiectrodermal regponse to the presentation of electric shock.
Reinforcement consisted of a light flash and monetary reward.
Regpiration amplitude and rate and forearm EMG were recg}ded from all
subjects. Edelman included a contrcl group which received reinforcement
for criterion electrodermal responses only if no discernible change
occurred in the réspiration gnd EMG records. Edelman reports tha; only
fhe group reinforced for electrodermal responses irpgspective of
skeletal activity showed evidence of learning. These—subjects also
tended to evidence increased respiratory amplitﬁde and decregsgd

respiratory rate during reinforcemeﬁE’periods.’

While these data are suggestive of a respiratory involvement in

the performance of learned electrodermal change, the results mist be

interpreted with caution. The procedure of elicitiﬁg respongses with

electric shock and then reinforcing larger than average responses is not

- ~
a usual training procedure. Edelman (1970) reports that the best

conditioning was observed“in groups receiving relatively intense shock.

. Poorer conditioning was observed in subjects who only received threshold

{

‘¢
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level shocks. The extent to which these results can be generalized to
L

more usual learning procedures is by no means clear.

Summa \\

In summary, the avaiiaé}e literature concerning the performance
mechanisms involved in learned électrodermal control is not definitive.
Early studies employing cryptic conditioning procedures are suggestive
of response specificity. These studies, however, oﬁten measured onlf
one or two potential concomitants and usually provided incomplete or
unspecified analyses of the concomitant data. -ftrthermore, whether the
results were due to learning is unclear.

More recent studies utilizing instructed operant control or
continuous feedback provide more consistent evidence fof the presence of
concomitant acti@ities. However, these experiments do not provide clear
;nfbrmation with respect to the role of these activities in the
production of learned electrodermal change.

.The one. disgociative study that attempted to separate

electrodermal responding/ from forearm muscle activity produced equivocal

results (Rice; 1966). e procedures employed in this and other

intervention studies may not have been optimal for the production of

highly specific autonomic changes, however. Relatively brief training
durations (maximum of 5 days, usually 1-3) were employed, and often very
limited information about electrodermal performance was made évailable
to ;ubjects through feedback. Such studies ;ertainly do not Flose the
door on the possibility of producing learned autonomic specificity with

more powerful methods.

\
~J
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The Organization of the Cardiovascular System T

The cardiovascular sygstem includes the heart and all of the /ﬁ\_\\
blood vessels in the body. While a variety of psychophysiological
méasures éan be taken from the cardiovascular system, I éhall be
concernedrprimarily with geart rate, the siﬁplest to record and most
commonly used psychophysiological measure.

The overall functionfgf the cardiovascular system is to maintain
the flow of blood to body tissueé. This supplies oxygen and other
nutrients to ﬁhe tisgues and removes waste products. Cardiac output and
blood pressure are the primary detersminants of blood flow. Cardiac
output 18 a product of the stroke volume and heart rate. Variations in
heart rate play a major role in adjusting cardiac output to meet the

actual an

nticipated metabolic demands of the organism/(Obrist; 1981;
Schever & Tipton;-1977). |

The heart/receives a dual innervation from the sympathetic and
parasympathetl¢ branches of the autonomic nervous system. The
sympathetic input 1s adrenerglc in the post-ganglionic fibres but
cholinergic pre-ganélionically. Increases 1 ympathetic tone increase

both heart rate and contractile force. These increments may occur as a

" consequence of neurogenic control or as a consequence of the sacretion

of epinephrine by the adrenal medulla.
" The parasympathetic input originates in the vagus (10th cranial
nerve) and is cholinergic in both the pre- and post-ganglionic fibres.

Parasympathetic effects are antagonistic to sympathetic effects.

Increases in vagal tone decrease both contractile force and heart rate.



A

However the interaction between sympatheti% and parasympathetic
\ .

influences is not always a simple one (see Levy 1971, 1977). |

Control of cardiac function also occurs at the level of the
heart itself, where various intrinsic mechanisms alter the properties of
the heart musqle so as to maintain adequate sfroke volu?e (éee Berne and
Levy, 1977). 1In addition, baroreceptors and chemorecepforé respdnd'to
changes in blood pressure and blood gas tenslons, respectively, to
participate in cardiovascular regulation (Berne & Lgvy; 1977). Adrenal
c;techolamines can alter cardiac output through direct action on the
myocardium or indirectly through dilation and cbn;tricg;on:of the v
peripheral vasculature.

Finally, tﬁe activity of the heart 1s co-ordinated with the
‘ongoing behaviour of the organism. Obrist and his co—workers (Obrist,
1976, 1981; Obrist, Galosy, Howard, Lawler, & Gaebelin, 1975; Obrist,
Gaebelin, Shanks, Langer & Botticellil, 1976; Obristy Webb, Sutterer, &
Howard, 1970) have studied the relationship betfreen heart rate and e
ongoing somatic activity in a variety-of situations. Tﬁey reported that
in a diversity of experimental contexts, including various_clagsical
c;nditioning paradigms, reaction time tasks, and shock avoldance
procedures, heart rate and somatomotor activity remained very closely
linked. Only under conditiéns of considerable stress (Obrist, 1976,
1981) was heart rate found to vary independently of current somatic
activity. The close linkage of changes in heart rate to somatomotor
activation has been reported by many other investigators over a wide

range of species and experimental conditions (Black, 1959; Clifton,

1974; Elliott, 1974; Roberts & Young, 1971; Freyschuss, 1970).



( . _ 43
\ ‘ ‘\ '

o Obrist (1981) has summarized evidence indicating that

cardiosomatic relationships which are evident under nonstressful

conditions are medlated through parasympathetic centrol. In fact,
Obrist suggests that whenever parasympathetic control of heart rate is
dominant, a close covariation between heart rate and somatomotor
activity will eventuate. On the other hand, when sympathetic influences
of beta-adrenergic origin are potentiated by stress, the cardiac—somatic
relationship changes to one of relative independence (Obrist, Howard,
Smithson, Martin, & Manning, 1974). These sympathetic effects appear to
be predeminantly of neural origin, althdugh evidence for an adrenal

contribution under some conditions exists (Obrist, 1981; Steptoeﬁﬁ

L4
L4

1982).

,
i

-Brenej and his associates (Brener, 1974; Brener, Phillips, &

’

Connally, 1977) have also noted a close relationship between hearp rate
and somatomotb; activity. Brenﬁr et q;. {1977} meaéﬁred oxygen
consumption as an iﬁqex of the total motor outflow of the organism, and
found a very close relationship'between‘hearf rate and oxygen
consumption in rats trained to avoid shock by increasing orqhecreasing
heart rate. \ETanges in heart rate appear to be the major mecbanism by ™
which cardiac output.is altered to me he metabolic demands of . |
muscular activity. However;, Grignola, Light and Obrist (1981).showed
that cardiac oukput coula be made to exceed the metabolic (02) .
requirements of muscular activity of dogs exposed to strong electric
shocks during tread mill exercise. This effect was shown to be of beta-
adrenergic ingin- |

In summary, there is a considerable body of evidence suggesting
that a strong relationship exists between heart rate and ngoing somatic

. \

7




\\r’/‘ activay. However the relationship does nog,a}ways eveﬁtuate,
” -
—

especially if sympathetle influences are brought into play. Finally,
, the preceding studies have, for theAmost part, examined hdart-rate
/ghanges:éither in non—human specféé_é? utilizing a paradigm where oi;rt
-~ heart-rate control was not the behavioral goal of the subject. It is
possible t“pt a more flexible relationship might exist in circumstances
where human subjects are-overtly attempting to manipulate heart rate

~A N

through biofeedback or operant conditioning.

The Concomitangs of Leatned Heart—-Rate Control

s
There-- has been congﬁderably more research the concomitants of
learned hearL rate control than on the concomitants of learned
electrodernal control. Heart-rate studies can be classified into four

groups based upmn the appneﬂEE’;;;I;yed to understand the relationships

between the target®heart-rate changes and the concomitant activity. The

heart-rate training procedures discuﬁged here were presented to the

"'\\n
subjects as learning tasks.

The first group of procedures includes studies that have
bas&;;zz;\employed a correlational approach. These studies trained

spybjects to control heart rate, and examined what other alterations

\ )
occurrad in concurrently measured activities such as respiration or

motor activity. The maj;¥{if of gtudies fall into this category. A

lJ:ge number of studies have }epOEtég/;espiratory changes that

] .
agcompanied learned changes in heart rate (Shearn, 1962; Brener &

‘“////Whntherhsall, 1966, 1967; Brener, KléiéLan, & Goesling, 1969; Levenson,
1976, 1979; Lacroilx & Roberts,:1978; McCanne & Iennarella, 1980;
Levenson & Ditto, 1981). Similarly, various'%ématomotor changes have

¢

— (-

TN
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been associated with learned heart-rate changes in numerous studies
{(Obrist et al.,-1970, 1975; Brener, 1974; Lacroix & Roberts, 1978;
Levenson, 1979; Hatch & Gatchel, 1979; Levenson & Ditto, 1981).

A second élass of studies includes those that have attempted to
contrel one or more concomitant responses by restrie;ing subjects to a
constant level of that particular activity. This in;ludestuch
procedures as pacing the subject's respiration or having the subject
produce a constant level of motor activity and then attempting to train
changes in heart rate. For example, a widely-cited study by Obrist ét
al. (1975) imposed various lev‘&s of somatomotor and regpiratory
‘constraint on subjects by means of verbal instructions and respiration
pacing tech:}H;es. Obrist et al. found that the magnitude of heart-rate
changes evidenced by subjects varied inversely with the degree of
constraint impﬁsed- Magnusson (1976) reported similar findings when
comparing learned heart-rate increases with and without the addition of
somatomotor responding.

A different method of controlling somatomotor activity was used
by\EIEmng & Shattock (1979), who trained subjects to produce
bidirectional changes in heart rate . while simultaneously performing a
gstatic hand grip either 0%, 307 or 50% of maximal foree. They report
tﬁat subjects were able to achieve bidirectional changes in heart rate
while maintaining the constant motor output required by the hand grip
task.

Goldstein, Ross, and Brady (1977) trained subjects to decrease

: s

heart rate while performing a constant exercise of walking on a

treadmill at a rate of 2.5 mph on a GZ\ggade- They found ﬁhat subjects
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provided with feedback were able to lower thelr heart rate when compared
with subjects who received Instructions to lower heart rate but no
feedbackr

Perskl and Engel (1980) performed a similar experiment- to
Goldstein et al. (1977). Persﬁi and Engel (1980) found that subjects
were able to decrease their heart rate, relative to controls, during
exercise on a bicycle ergometer, when prqvided with heart-rate
feedback; i

While these three studies demonstrate that subjects can learn to
alter rate when also performing a constant motor task, they do not rule
out the possibility that other aspects of motor behavior have changed.
ft is conceivable that subjects are able to lower heart rate while
exercising at a constant level by eliminating motor activities that are
‘unnecesséry to the production of the exercise task. That is, the
subjects may simply be more efficient at the required exercise, and thus

redﬁ?e total motor outflow and therefdre metabolic demand and heart
rate. Subjects may also be altering some aspect of thelr gespiratory
behavior as well. None of these studles recorded respiration or any
reliab;é measure of total .somatic activity such as oxygen consumption.

Vandercar, Feldstein, and Solomon {1977) studied heart-rate
learnfﬁgﬁwhen respiratory changes were controlled. Vandercar et al.
(1977) first reinforced subjecis for bidirecti;EEI heart-rate changes
when respiration was unconstrained. Then subjects were forced to breath
at a constant rate by means of a respirator and were again reinforced

for heart-rate changes. They reported that the magnitude of heart-rate

control was attenuated when respiration frequency was controlled and



that what heart-rate changes were seen were associated with
manipulations of respiratory amplitude or volume. Vandercar et al.
(1977) interpreted their results as evidence for a functfonal'coupling
between heart-rate change and respiratory activity. UNo special

I
procedures ware-empisﬁed in an attempt to shape the desired pattern of

respondifg;/kshbjéhts were simply reinforced for heart-rate changes that
met.criE;ribn while respiration frequency was controlled.

A third type of study involves manipulating the concomitant‘
activity in order to assess the changes then produced in the heart rate

measure. For exémﬁle, Engel and Chism {1967) examined the effects of

20% increases and decreases in breathing rate on changes in heart rate.

)
A

They reported that average heart rate was not altered by such |
respiratory change, but that increases in respiration rate tended to
decrease the variance of heart rate and decreéses in respiration rate
tended to increase the variance in heart rate. ﬁouever, Stern and
Anschel (1968) reported that larger alterations in respiration rate.and
amplitude did produce significant changes in heart rate. Similarly,
Holmes,'Solomon, and Buchsbaum (1979) réported that subjects instructed
to "...breath rathef rapidly and fairly deeply” produced heart-rate
increases comparable to subjects given feedback for producing heart-rate

'increases- They also report that ilnstructions to "...breath rather
slowly and fairly shallowly” did not succeed Iin producing signficant
decreases in heart rate.-

These findings indicate that at least some alterations of

respiratory behavior alone are gufficient to produce significant

increases in heart rate.
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Lynch, Schuri and D'Agna (1976) and Clemens and Sﬁattock.(1979)
both demonstrated that static ilncreases in muscle tension reliably
elicited increases in heart rate. The exercise physiology literature
(e.g. Schever & Tipton, 1973) has provided ample evidence that hea;t
rate will vary directly with increasing levels of motor output.

The final type.of study involves the attémft to actually train
subjects to dissociate heart-rate change from one or more particular
coﬁcomitant responses, by providing information to the subject about
both activities. One of the earliest studies of thig type was that of
Scﬁwartz (1972). Schwartz attempted to dissoclate heart grate from
anofher.cardiovascular response, systolic blood pressure, rather than a
response of the striate or respiratory musculatﬁre. Schwartz refgrred
to his procedure as "pattern feedback”. TFour groups of subjects were
trained to produce one of the following response patterns: (1) increase
heart rate and systolic pressure; (2) decrease both heart rate and
systoliclﬁressure (Schwartz referred to these two groups as
"integration” conditions); (3) incr;ase heart rate and decrease systolic
pressure, and (4) decrease heart rate and increase‘systolié/;;zghure

L]
(the latter two were referred to as "differentiation” conditiomns).
Feedback was provided to the subject each time both responses changed in
the desired direction. No information was provided when either or both
responses failed to change in the prescribed direction.
\ka\s Schwartz (1972) reported that subjécts could alter heart rate
an ystolic blood pressure in opposite directions, although the |

‘ -

magnitude of the changes was smaller than those seén in the integration

conditions. Schwartz also _examined temporal correlations between these

e
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Z;o responses. This procedure was extended, with similar findings, to

diastolic pressuré and heart rate by Shapire, Schwartz and Tursky
(1972). While those data do not directly bear upon the relationship
. [

between heart rate and other non-cardiovascular behaviours,\ﬁehwartz
(1974, 1977) has since argued that such a paradigm can be extended to’
examining relaéionships betéeen various responses that may be )
functionally related. -

Levenson (1976) provided subjects with discrete feedback for _
both respiration rate and heart rate. Subjects were trained to produce
bidirectional changes in heart rate while they were instructed to
maintain a constant respiratioﬁ rate. Levenson found E t siénificant
changes in respiration—rate paralleled the heart-rate changes hié
subjects produced. He also reported that significant increases in
respiratory volume accompanied heart-rate Increases.

Thege data are supportive of the position that the Eﬁg;;:;::ry
changes seen by Levenson (1976) contributed to the product;on of the
térgeﬁrhéaf£4EéfE”EE;;ges- However, the data must be interpreted with

* . .
caution. Levenson points out that he found no evidence that learning

contributed to the heart—rate'cganges evidenced by his subjects.
Subjects provided with feedback for heart rate perforMed no better than
subjects simply instructed to alter their heart rates. It 1s possible
that had subjects de¥eloped their heart-rate Fontrol from the feedback
information ;hat was provided, a dissocilation Setween heart rate and
respiration m;gﬁt have been produced. Subjects only received a singgﬁ'/

- s
. . ) e
session of training. . . \\\-,f—\_//
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)7 | |
Newlin and Levenson (19?8) attempted to tralm subjects fo

dissoc%ate regpiration from h%;rt—rate changes using a fo;m of the

pattern feedback first employgd b& Schwartz (1972). Subjects were

presented with a success signal (a numerical display and a tone)

whenever the desired pattern of responding had been accompl}ghgd. For
A

example, if a subject’s tasg was to Ilncrease heart rate while decregsing

.

respiration rate, the feedback st&mulus was presented only. 1f both

regponse requirements {increased heart rate and decreased respiration

rate) were met

ke

ollowing patterns of heart rate and respiration-rate

. ' »
responding: \(l) increase heart rate and respiration rate; (2) increase
& ‘\ .

regpiration rate constant; (3) increase heart rate

ot

S, ,
and decrease regpiration rate; (4) decrease heart rate and respiration

rate; ecrease heart rate and hold respiration rate constant; é%gi\
N
]

(6) decrease heart rate and increase respiration rate. )5 jectsg/ \

received a totai of 11 trials, each trial being 80 heart beats i
’ RN ,‘)

duration. d

-

ﬁ Newlin and Levenson (1978) reported thaf only the/ﬁﬂgﬂgfoups

that weref required to hold respiratidn rate constant while either

increaging ov decreasing heart rate showed evidence of learning.
3

]
t-rate changes in the appropriate directiongbwere

A I Y -

Significant

» : oL
observed in bijth gfgaps. Respiration rate changed in the same direction

- b
,
asg, heart rate, but the respiration changes did not reach significance.
. P ‘. -

‘ - o
It should be noted that groups expressly reinforced for changing both

responses In the gsame direction were not successful. Newlin and

T L] =
Levenson (19 also re9§25534€i;t changes 1in heart rate when

t the -same time. Six groups of subjects were trained to

A

-~

/
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‘Levenson data suggest thig alternative. First, it is surprising that

. |
the same directlion. Second, subjects were not informed about the nature

v ’ \: .
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respiration rate was held constant were accompanied by eitfer changes in

respiratory ampfitude or somatomotor activity.
. The data of Newlin and Levenson (1978) are supportive-;f the
position that respiratory changes are Instrumental to the production of -

heart—rate changes. They do nbdt rule, out the possibility, hbweve’i‘X that (ﬁk\\
- L ’

- 5
extended tralning, or feedback procedures that provide more, or at least

different, information might ‘be more successful. It 1s also possible h‘\\\

»

that failure of dissociation may have derived in part from tdsk
difficulty rather than from a functionq},couﬁiing between respiratory

activity and heart-rate change. Several aspects of the Newlin and

subjects were unable to succeed when required to alter both res¥Wonses in

N : ‘
of the target reaponses, nor were they informed that feedback-depended
A \
upon two f&sponsgs
-
feelings, and internil state could activate the feedback display”

They were simply told that "...their thoughts,

{Newlin & Levenson; p-\279). These Instructional conditions, and the
: Ty

short trdT:;ng period p;Sbided, may have ﬁzde any dual response task too
. . _ ¢
difficult to maéégr even Iin the absence of a functional relationship
1
between the two responses involved. (“‘#‘ ~
. r
%

™~ .
' Chapter Summary - : - .

- S

The evidence reviewed in the preceding section suggests a strong
R ---J ° . ’
relationship between respiratory-somatic activities and heart-rate

change. These relationships haveAper§¥%ted desplte the use of training

procedures intended to dissociate the responses, although it 1s possible

that more powerfai methods might succeed where others have failed.

-~

.
b e
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On the other hand, the situation with regard to learned

ctrodermal control appears different. The presence of concomitant
étivtties has been demonstrated, particularly respiratory changes but

ilso somatomotor responding. This evidence comes primarily from studies

empiizing instructed operant or biofeedback procedures, or intervention
agthods-l/ﬂowever, two features of this evidence should be emphasized.
First, there 1s reason to question whether~the relation of these
acéivities to changes in electrodermal responding fs one of functional
coupling. For example, Gavalas (196é5 reported respiratory and
electrodermal responses becamé uncoupled over'trials, and Lacroix apd
Roberts found that concomitant behaviours were not augmented by feedback

training '‘as were sudomotor chénges. Second, the evidence with regard to

the role of concomitant activities in learned electrodermal control is

Fi ! -

not altogether adequate. The availéble evidence is 1dss extensive than

in the case of heart rate, the measurement and analysis of concomitant

activities has been less thorough, and the application of dissociéfive

\
procedures has been infrequent. 2

J

:

7
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to eliminate somatomotor concomitants by verbal instruction;ef

CHAPTER 3: AN EXAMINATION OF THE CORRELATES OF LEARNED ELECTRODERMAL

¥ AND HEART-RATE CONTROL

-

-

The previous cbapter reviewed evidence which suggests that
somatomotor and respiratory concomitants are observed when heart rate is
the target response, and that these activities occur at least in part

because of coupling between them and the cardiovascular system. Efforts

aa T

>

dissociative conditioning have met with little success. - There is also
evidence that“concomitant activities accompany learned sudomotor
control. However, the source of these:concomitants is legs clear.
Thefe are psychoph;siological data which suggest the possibility of
functional coupling with both respiratdry (Wﬁng, 1564) and somatomotor
(Edelberg, 1972) activity, ;;t the available evidence from feedback

studies questions whether concomitants arigse from this source. Instead

these concomitants may cccur because of the instructions given (see

-Brener, 1974) to the subject, or because of chance contiguous

occurrences of feedback and that actfﬁity.
The initial experiment of this thesis further examined the
concomitants that accompany the learned control of electrodermal

A
activity. One purpose was to examine within-subject correlations

.between changes in skin conductance and conc&qitant activities/that

el
might be functiounally coupled with and contribute to performance of this

response. While the presence'of withiﬁ:suﬁject correlations between
T~y ’ -

concomitant activities and target resﬁbnding does not rule out all

53| o
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Pal
-
explanations other than functional coupling, the absence of_such

correlations would certainly suggesf;a lack of coupling.
A second purpose was to compare the concomitants assoclated wi%h

-
learned sudomotor control with the concomitants of heart—-rate control.

For this purpose two groups of subjects were employed, onelgiven
feedback for changeg in skin conductance and the other for changes in

- = '
heart rate. Apart from the target response, all other aspects of the

[

training procedures were the same for each grouﬁ. Consequently
differences in the concomitants-pbserved over the course of training
could not_be accribﬁted to instructional effects or other procedupal
details common to the two gr&hps, but necessarily implied differdqces in
relationship of the concomitants tﬁxghe‘visceral targets. c'Goncomitant:s
thgf differentiateg between the target conditioqs were expected to show
differential within—subject relationships to skin conductance and heart
rate as well. Thus comparison of resgponse pitterps between the target

__groupé was expected to assist identification of concomitants that might

P

be functionally coupled with skin conductance (Fetz, 1974).
While_increases in electrodermal r:jlonding are readily trained,

decreases appear to be more difficult t? produce (Lacroix & Roberts,

1978). Subjects were trained bidirectionally but the concomitants were

analysed separately for the two types of trials. ' ° =

.

Method ' \*’:{\

. Twenty male students ranging Iin age from 16 to 26 years served

Subjects

as subjects. None had previously participated in any feedback £raining

experiment. Subjects were screened by means of a standardized interview
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to elimindfe any volunteer with a history of cardiovassular or major

regpiratory disorder. They received.$2.00 per hour for participating as

- well as a performance incentive of up toisl.OO per gession.

AEEaratus

The subjects were tested in an electriéally shiel&ed,
acoustically dawmpened room. A padded armchair was placed in the centre
of a 2m by'3m carpeted enclosure formed by curtains suspended from the

LN

. .
ceiling. The subject sat facing a Sony videomonitor (Model 110 - gcreen

size 18 cm x 23 cm) situated 1.2 m away at eye level.

}

! The feedback display (shown in Figure 2) consisted of a fixed

> hofizontal Iine of 8 cm in length presen&gd slightly below the center of

theé screen, and a vertical line of variable length which originated from
) .

the midpoint of the horizontal line. Increases in the target from the

pretrial baseline resulted in incregsés in the length of the vertical

line upwards towards the top of the screen. Decreases from baseline

resulted in the vertical ne increasing in length downwards from the

horizontal line. The lghgth of the verticaliline was proportional to
]

the magnitude of the tarpet change. The word "INCREASE" or "DECREASE"

5.
was algg.presented in the upper right hand corner of the screen to

indicate to the subject the desired directilon of change on a particular
<

trial.

The feedback display, trial sequencing and timing, and all oth¥r

. agpects of the<experimental procedure were contrclled on—-line by a PDP-

8/L coumputer. Five channels of electrophysiological data were sampled

at a fixed rate ﬁhrough the analog to digital converter on the PDP-8/L.
.

F [ \
VA :

e
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Figure ZQ{:A schematic representation of the feedback display
/ .
‘\j“ used in Experiment L. The horizontal line represents
ey |
\ the subject's starting point at tﬁ}ﬁt‘hnset- Changes
in the length and direction of the vertical line
correspond to changes In the visceral target.
. o
—_—
/



)

57

INCREASE




-

\ - <

4

v

These data were also monitored throughout the ¥ession with a Beckman

Type R polygraph operating as/é chart speed of 1 mm/sec. ) Abk

The feedback dispLaijas_genefated by a CQPpEFeEEEiIB deplay

finterface and a~Textronlx 4501 can converter. "

Electrophysiological Recordings

LY

Skin conductance was recorded from the hypothenar eminence of

each hand through Beckman Ag/AgCl surface electrodes 15 T? in diameter.

~ . 4 .
" Electrode sites were cleaned with alcohol prior\EngEﬁjépplication of
. A\

the electrodes. The reference sites, placed on the ventral surface of
each wrist, were abraded lightly with sanﬂﬁapér and rubbed with Beckman
Electrolytic pégte to reduce epidermal resistance. Active and reference
electrodes were filled with a paste containing .1M Nacl mixed with Parke

Davis Unibase in a ratio of 2.5:1 by volume. Contact with the skin was

through an opening 10 mm in diameter. Skin conductance was megi:iij/)s

Fhe current generated by a SOp mv DC source applied between the -
reference and active.sites through™a series resistance of 2K-ohms.
Recordings.;ere taken through a Beckman AC/DC coupler (9806A) set in the
DC mode. A calibrated zero—suppression circuit waé used to sufpress and
retain ﬁhe tonic level.

The eléﬁtrocardiogram was recorded with Beckamn—Ag/AgCl
electrodes élaced over the sternum and the lower left rib cage.
Electrode 'sites were cieaned with alcohol and rubbed with Beckman paste.
The electrode medium was‘also Beckman Electrolytic paste. A beat-by-
beat’measﬁre of heart rate was obtained by a Beckman 9857B

cardiotachometer. The analog output of this device was (lv/30 upmv)

amplified and fed to the PDP-8/L. The raw electrocardiogram was also

PN

-t
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recorded‘:;:gagﬁ“E“BéEkmaqhéchC coupler set to an RC comstant of .03

seconds. *

Regpiration was recorded by means of a mercury filled strain
gauge (Parks Electronles Laboratory) encircling the subject's upper
torso. A Beckman mercury gauge coupler (9875B) measured expansion of
the gauge with each respiratory cycle.

Forearm electromyographic activity (EMG) was recorded through
Beckman Ag/AgCl electrodes placed over the ventral gufface of the
forearm as described by Lippold (1967). Electrode sites were chosen to
be se;sitive to movements of the fingers (such movements are generated
by the forearm musculature). These sites were cleaned with alcohol,
abraded slightly and then rubbed with Beckman ﬁgste. The electrodes
were also filled with Beckman paste. The signal from these electrodes
was fed through a Beckman AC/DC coupler (9806A) set to an RC constant of

ﬁ/pfﬁihsecs,yith an amplifier gain of 40 mv/cm. Preamplifier output was
amplified (X 50) and rectified and integrated by a Beckman 9873B
integrator coupler (2 mv/cm; IC = 1; TMW = 3.0).

Gross body movement was recorded by means of an inflated cushion
concealed in the seat of the subject's chair. The aiﬁ_xalve of the
cushion was connécted to a Beckman 9853A pressure coupler. The cushion
was Inflated to 25 mm Hg and the coupler cal;brated to 1 mm Hg/mv.
Preamplifier output was amplified (X 5) and rectified for integratiom by
a2 Beckman 9873B integrator coupler (50 mv/cm; IC = 1; TMW = 3.0).

Palmar skin temperature was measured through two Yellow Springs

thermistors (model Y51429) placed immediately adjacent to the active



skin conductance electrodes. The thermistor signal was recorded through ’
a Beckman thermistor coupler (9858). =

, Beckman Ag/AgCl mini-electrodes were attached to the subject's
upper left and upper right forehead. Both sites were c¢cleaned with
alcohol and coated with Unibase. ‘No signals were reccrded from these
electrodes during the experimental session. | . //—ﬁ~

The following data were recorded on the polygraph during each
experimental session: bilateral skin conductance; heprt rate; the
electrocardiogram; respiration; gross body movement; gnd forearm
electromyographic activity and skin temperature from the target limb.
The target limb was selected on the first day and was the side which
provided the better skin conductance signal on that day. The target
limb then remained constant througﬁout all five days of training. (\\_q—f’;>
Measurements of skin conductance, heart rate, respiration, and skin
temperature were subject to post amplific;tio{;ifré) before beling e
transmitted to the analog to digital converter of the PDP%B/L computer.
Integrator resets for electromyographic activity and gross body movement
were counted via digital input buffers on the PDP-8/L.
Procedure |
Subjects were agsigned to target condition (skin conductance or

heart rate) randomly. One group received feedback contingent upon
changes in heart rate (HR target group), the other received feedback forﬂ‘F
changes in palmar skin conductance (5C target group). Subjects in both
groups were treated ldentically except for the response upon which the

feedback was contingent. The experimenter who instrumented with the
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subject was blind with respect to which of the two groups tﬁe subject
had been assigned.

Upon arrival in the flaboratory on the first day oﬁftrgin;ng all
subjects were administered a brief medical Enterview (see\ﬁPpendix A).
The recording electrodes were’then applied and the subject‘E;;Jseated in
the\Eiperimental roome. ‘ ‘

Tape-recorded instructions (for comp}ete text see Appendix B)
informed subjects that they were to lea;n to contrel a physiological
response that was not usually thought of as being contrélled
voluntafily. The nature of the feedback display was then explained.

-

The subject was also toid that he would be asked to c? trol the response
) NN

without feedback on some trials (refefred to herein aé\"transfer“
trials). The subject was instructed to "use any method you wish to
control the response but do not get out of the chair or touch the
electrodi%;- Finally, he was told that he would receive bonus money tg
a maximum of one dollar for successful performance.

Each experimental session consisted of 32 trials lasting 30 sec
each. Twenty of these trials were "training trials” during which both
visual analog feedback and an instruccion‘@ord (INCREASE or DECREASE)
were presented. Training trials were administered in a random sequence
of ten INCREASEs and ten DECREASEs. Preceding and follo#ing this block
of 20 tralning trials was a block of four "transfer" trials (2 INCREASE
and 2 DECREASE) on which .the instruction to iIncrease or decreage'was
presented but no feedback was available. Also included in each transfer
block were two “"blank” trials (extended inter—~trial intervals) during

" N
which neither an instruction word nor feedback was presented to the
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subject. The interval between trials witg variable and averaged. one
minute. Each trial was p;eceded by a éb seé p#etrial perige during
which neither feedback nor instruction words were presented. ALl
physiological data were monitored and recorded throughout the pretrial
and trial periods. )

Subjects received five such sessions usually once daily for five
consecutive days. UNo subject received mofé:than one session per day and
all subjects complete& the five sessions within seven days. Subjects
were reminded not to discusgﬁ tails of the study with others in case

they should be recruited as par¥icipants at a later date.

Data Reduction

- "\‘_-
All polygraph recordings were examined on a trial by trial basis

to eliminate trials with significant recording artifact, Two éybjects,

L
one in each target group, were excluded from further analysis because of

excegsive artifadt in the recovdings. A tgird subject,‘from the HR
target group, wa; dropped.krom analys{s due to a computer failure when
transferring his data to magnetic storage. This le%t nine subjects 1in
the SC target group and eight subjects in'thg HR target group. ébr
these subjects fewer than 5% of the trials were excluded dué to artifact
or equipment malfunction.

Bilateral conductance was sampled every 250 msec as was palmar
skin temperature from the target limb. These measurements were made
throughout the 30 sec trial period and for a 30 sec pretriaihperiod

imnediately preceding each trial. These data were used to compute
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S5-second averages for boEP measures throughout the pretrial and trial
periods. “Change scores”%@?ﬁfétigg performance on each\tnﬁal were
compuged by subtracting the pretrial mean from the-trial mean.

The analog output of the cardiotachometer was sampled every 125
msec to obtai; heart rate score:?wnﬁlye-second averages and change
scores were computed as above.

EﬁG and gross body movement were integrated and the number of
integraté} resets pef 125 msec period were counted via the digital inpuE
buffer of the PDP—B_ Five-second ave}ages and change scores\jiji/////
computed on the basis|{of these reset counts.

Regpiratory mo¥eme#ts werentgcorded by means' of the mercury
strain gauge fastened about the subjects' chest. The output of the

guage was sampled every 125 msec allowing for a reconstruoe}on of the

waveform of respiratory cycles. Mean amplitude and frequency were
calculated for both the pretrial and triallperiod. 1In addition a

measure of regplratory "volume” was calculat by integrhdting \the entire

regpiratory signal with respect to the pretrial pendix C \\

. for a description of the computer algorithm employed to do this).,
Change scores for fﬁsquency were calculated by subtracting mean quring
the pretrial period from the mean during the trial. Amplitude and
volume could not be calibrated across subjects, or even in‘e same
subject across days. Change scores for these measures were expreésed as
a proportion of t@g'trial mean to the pretrial mean rather than as. an

arithmetic difference.
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Statistical Apnalysis

A 2x2x5 analysis of variance was performed separately for each

response‘measure. Target (HR or SC), trial type (Increase or Decrease),

and days of training were variates. Blank trials were not included in

thls analysis. -

Within:igbgegt Pearson Product—Moment correlatigns were combuted
between changes in target responding and each concomitaht measure ac;osé
feedback trials in Group SC and Group HR. These correlations were
computed on each of the five days of training separately fér increase

and decrease feedback trials. The distribution of correlations for each

measure was compared agalinst the symmetrical distribution about zero

that would be expected 1f ne true relationship exlsted between the
concomitant activity and target responding. ' . - \\

It was often convenient in the following sections to dE8cribe
the effect of feedback training on a particular response by rglerring 2.
the aifference in performance ffgerved between increase and decreaae‘ﬁ

trials. Comparisons of this type will be described as "bidirectional”

in this thesis.

Results
The resu;ts will be presented in two sections. First, the
effg;;;\of feedback train{Bg on each of the response measures (targets
and concomitants) will be descri%;d. Second, the relationships

evidenced between target responding and the concomitant measures will be

examined by means of correlational analysis.
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b4 With the exception of the first transfer block given prior to
the first feedback session, responding did not differ between feedback

N

and transfer trials. In other words, transfer was complete. Therefore, \
, _

the following analyses are presented for training trials only because of

the larger data base offered by these trials. Table 1l summarizes the

results of analysis of variance apﬁlied to each response.

Effects of Trainin% on Target and Concomitant Responding

Heart Rate and Skin Conductance. Figure 3 depicts changeéwin

_both heart raté (upper panel) and skin conductance (lower panel) for
both target groups across the five days of training. Both groups showea
_significant cogéf 1 of both autonomic t;rgets as evidenced by
significant maiqégffects due to .trial type fog heart rate E&l,lS) =
67.58, p < .001, and skin conductance, F(1,15) = 47'42s_E_< .001 (see
Table 1). The two groups did not differ in heart-rate performance.
However, the SC target grOup.produced significantly larger changes in
conductance than did the HR target group, Eﬁf,16) = 6.24; p < -05.
Figure 3 suggests that thils difference was observed odhy on increase
trials. However, the group by trial type interaction failed to reach
significance.

"While a l;}ge degree of control was evident on th first day of
training, changes occurred across days. A trial type by d
interaction for the heart-fate measure lndicated that responding on
increase and decrease triais diverged across days, F(4,60) = 10.50,
p < .001. By day five there was some evidence of successful decrease
control of heart rate in the HR target group. Decrease heart-rate

performance on the final day of training was significantly lower than
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Table 1

14

7

Summary of F-statistics from Experiment 1
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Ef fect " Measure
{ sc HR ~  EMG MVT RA RV af
Cl‘oups 6'24* 008 024 006 l-3£| 53385 . 5009*
Trial Type 47 .42° 67.58° 19.12° 13.34° 30.08° 39,27° @ 2.75
(Fy1s) | |
Days 2.44 1.31 J.6T7k% 3.10% .27 1.71 45
LFa,60) -
Group x Trial Type 2.13 52 - .60 .03 4.24 5.78% A4
. .
Group x Days 13.08k* .16 235 .51 1.11 2.29 «33
(F4 60 ' 6
Trial Type x Nays 3.81%%  [0.50°  4.88% 2.47 .80 3.26% ell
(F[’,6()) ’
Group x Trial x Days 1.14 l.11 .36 .85 .51 .39 .12
(F4,60) |
* p < .05
** p ¢ 01
° p < .00l

Table l: Summary of F statistics from Analyses of Variance.
A2 x 2 x 5 anova (group x trial type x days) with
repeated neasures on the last two factors was
perforumed for each measure.

-

" L9
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blank trial performance, but oniy in Group HR, t(15) = 3.65, p < .0l.
The heart-rate decrements evidenced by these subjects were also
significantly lower than the decrements shown by subjects in Group SC,
t(15) = 2.57, p < .05.

-Analysis of skin-conductance performance revealed a significant
group by days interaction, F(4,60) = 13.08, p < .001, and trial type by
days interaction, F(4,60) = 3.81, p < .05. Examination of Figure 3 -
sifggests that these interactions are not simply interpreted. Decrease
trial and blank trial performance at no time differed from one another

on the conductance measure. No cledr trend is obvious across days.

Forearm EMG and Gross Body Movement. Figure 4 shows the changes

in forearm EMG “(upper panel) and gfoss body movement (lower panel),
acrosg the five days of tralning. EMG and movement showed significant
bidirectional‘differences in both target groups as evidenced by
significant main effects attributable to trial type [EMG: F(1,15) =
19.12, p < .00%; MVT: F(1,15) = 13.34, p < .001]. There was no
difference betwden groups for either varlable. :However, both variables
did show an effect of days [EMG: F(4,60) = 3.67, p <. .01l; MVT: F(4,60)
= 3.10, p < .05]. Figure 4 indicates that this was attributable to
larger changes on Increase trials as a function of continued training in
bqth target groups.

| Resgirafion. Figure 5 sh;ws the changes in the three
respiratory meaéures across days for both target groups. Respiration
amplitude, F(1,15) = 30.08, p < .01, and respiratory volume, F(1,15) =
39.27, p < .01, differed between increase and decreage trials.

Inspection of Figure 5 suggests that changes in thege two respiratory

I
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Mean changes from pretrial to trial performance in o

heart rate (upper panel) and skin conductance (lower
panel) on increase ‘training, decrease training and blapk
trials for group SC and HR. Blank trial performance did

not differ between the two target groups and thus was

averaged to simplify'the figure.
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Filgure 4 Meary changes from .pretrial to trial performance in
forearm EMG (upper panel) and gross body movement
b.‘ -
(lower panel) on increase and decrease training
trials aﬁd blank triels for groups SC and HR. Units
J" .
are arbitrary.
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measures were more pronounced in the SC group. Although neither
variable showed a significant‘main effect attributable to target
condition (HR Qr SC), a group by trial type interaction was . observed for
resPiratorﬁ volume, F(1,15) = 5.78, p < .05. Figure 5 suggests that
this effect was due to larger increases 1n‘zolume on increaSeltrials for
the SC target group, primarily on the last three days of training.
Respiratory frequency did not evidence a main effect of trial
type, suggesting there was no differenc; in,this meagsure between trial
types in eitherltarget group (ﬁR or SC). .There was, however, a
significant main effect of groups, F(1,16) = 5.09,.2 < .05. Figure 5
suggests that this effect may hgve been due to somewhat larger increases

in respiration frequency on increase trials in Group SC than in the HR

coundition.

Temperature. There were no consistent changes in palmar skin

temperature, assoclated with any trial type in either group.
In summary, both groups exhibited sizeable and significant
bidirectional control of the target responses, although only the HR

target group showed evidence of successful decrease performance.

-
Significantly larger changes in skin conductance were obtained under

conditions of skIﬁ\qggQgctance training than under conditioms of heart-

rate trQ}niﬁgx On the QEPe: hand, both target groups evidenced sizeable

changes in forearm\EMG:’Body movement, resplration amplitude, and
1!

respiration volume, particularly on increase trials. The only

difference in concomitant activities between the target groups was that
1 )
the SC target group showed somewhat greater manipulation of fespiration

no ably during the last three days «f training, although the exact

-~ " ~ ' »
'// ¢
—




Figure 5 ~

Mean changgizﬁfom pretrial to trial in respira;gry
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amplitude (upper panel), volume (middle panel), and
frequency (lower panel) on increase and decrease
training trials and blank trials for groups SC and HR.

Units are arbitrary.
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nature of these respiratory changes 1is not

Jear. "Augmentation of
regpiratory changes by conductance feedback 1s" su gestive of functional
coupling between these responses.

Within-Subject Correlational Analyses

-

Within-subject correlations were computed between the target
response and each remaining concomitant activity for Groups HR and SC.—Q'
. .
These correlations were computed separately for increase and decrease

trials on each day of tralning for individual subjects. Frequency
- -
distributions of these correlations were then compiled for each target

group. These distributions were tested using a sign test to determine
if significantly more than half of correlations fell on either side of

the zero point. This allowed an assesgsment of whether or not, as a

L.}

group, these correlations deviated from a random saﬁii}ng of zero
correlations. When the distribution ig statistically asymmetrical then
i; is clear that significant corrgiétfan exists. However, the
possibility exists that wi€n the di;tribution is not asymmetric

individual subjects might still have evidenced significant correlations
) By
between the autonomic target and‘a‘given concomitgat.
' #

The distributions for!the HR target group are presented in

Figute 6. Ehe correlations for increase trials between heart rate and
. . L I

the remaining concomitants are presented on the left side of the figure;

1

the comparable correlations for decrease trials are on the right-hand

* o
slde. On increase 5§i§ls heart-rate changes were pogltively correlated

\
with skin- conduétance, forﬁerm EMG, body movement, respiratory

//{2gplitude, and respiratory volume (maximum p < .05). On decrease trials

) !
-/ heart rate showed a strong tendency to be'glsitively“corrslated with

M‘ i

. BN



Figure 6

LY

Frequency distributions of within subject Pearson
product movement correlationsg between heart rate and

all other concomitant measures for the HR target group.
Correlations from increase trials are shown on the left;
correlations from decreas? trials are shown on the right.
Probabilities 'values represent the likelihood of each

distribution having been sampled from.a population of

coefficients symmetrical about zero.

L.
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e

gross movement and respiratory amplitude and volume\(gax}&um p < .01).

-

Heart rate also showed a positive correlation with skin conductance on

decrease trials (g < .05). ® »

‘Figure 7 presents the corre{;tion distributions for the‘skin
conductance target group, on ipcreasg trials. \Décrease trials are not
v o
included since no learned conductance changes occurfgd on those trials.
For thE/SC target group, heart rate and conductance were again
: ~

I3 ‘ . .
correlated- (p < .0l). Skin conductance increases were also —

significantly correlated with respiratory amplitude (p < .01). No other

" gignificant correlations were seen. ’ /

f
In summary, the distribution of within-subject correlations

shows that, while the two autonomic measures showed consistently

-

positive correlations with each other, heart-rate increases were

r

conslgstently correlated with increases in somatomotor and respiratory
activity in Group HR, whereas conductance increases were correlated only
with respiratory amplitude in the SC target group.

Discussion

.

+ The results obtained 1n‘this experiment for learned heart-rate

e
-

control are consistent with prewious research. Heart-rate increases
‘ . / .

were found only in the context of somatomotor and respiratory changes.
Furthermore, the ¢orrelational data suggest a functional coupl&ng,
bétween the heart-rate changes and the concomitant activities. Within
individual subjects, those trials upon which largest somatomotor changes
occurred also tended to be those trials upon which the largest changes
in heart rate occurred. Parallel, though not as pronounced, ‘esults

E g ’ :

were also observed with respira%ory activity. Within—éubject

- N N

~

-~



A [

/ 4
R\ |

., « -

Figyre 7 . Frequency distributions of within subject Pearson
product movement correlations between skin conductance
and all other concomitaants on lncrease trials for the

- SC target group. P values represent the likelihood
Epat each .distribution represents a sample drawn from

“a population of coefficients symmetrical about zero.
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*
correlational analyses also sugéésﬁed that these concomitants
¢
contributed to the heart-rate changes observed on decrease trials im
Group HR.

In the case -of skin—cénductance control, the patterm of
contributiag concomitants appeared to be different. Significantly
'larger increases 1n skin conductance were produced on increase trials by
subjects given feedback for skin conductandé/:;;n by subjects—given
feedback for heart rate. This facilitation oﬁ/z;nductance control by
conductance feedback was agsociated with larger changes in respiratory
volume in the coqdﬁéténce BTQYP> although this effect was only evident,
_on the final three days of training whereas the superiority of
conductance control appears to have been pres;ut.at the outset. At the
within-subject level, those trials on which the larger conductance
increases occurred appeared to be those trials on which large changes in
respiratbfy amplitude occurred. These data suggest a possible'coupling
between respiratory activity and conducténce responding. However, there
afe inconsistencies in the data. The withia-subject correlations were

~
evidenced with respiratory amplitude while the group differences were
seen in respiratory volume and frequency. This may indicate that the
resﬁiratory‘alterations used by subjects did not map easily on to one of
these respiratory dimensioné. The second experiment of -the thesis,
described in the next chapter, directly examined the nature of the
relationqhip betwéen conductance and respiratory activ%fzjg;d;itempting
to actively dissociate ;ﬂe two responses.

A question raised by the findings éf Experiment 1 asks why
concomitant changes in gross body movement and Eorg:zg_EMG were observed

—_

Bl \t ., .
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in the skin-conductance condition, if they were not functionally coppled
to the target response. One answer proposes that these concomitants are

determined by the way subjects approach tasks of the current type rather ’

////Fﬁ\—_ than by functional coupling. It is plausible to suggest that a variety

of activities 1is initiated by the subject at the begianing of training
in an attempt to control responding (see Roberts & Marlin, 1979). If
the subject is successful in achieving the desired result he may
continue to emit all of these activitles without engaging in any attempt
to reject those responses which are not contributing to target change.
Such an outcome might be expected in situations like the current study,
in which a subject 1s biased (through the use.of'explicit increase-
decrease instructions, the laék of a specific label to identify the
target, and so forth) towards the productiou‘of a varlety of behaviors,
some of whigh aré'effective and some of which are not. Under such
conditions subjects may fail Eo identify the-irrelevant components of
;heir pe{formance unless an explicit requirement is imposed to ﬁroduce
changés-speciﬁic to the electrodermal system. The present data offer no
evldence that specificity of glectrodermai control is likely to develop
over five éays of training in the absence of such a requirement.

‘ Thexgecond interpretation proposes that concomitant changes in
somatomotor behavior donggﬁbuted to sudomotor activation in the present
stu&y.' However, éﬁanes in any one of a subset of such behaviorss may
have been sufficient for sudomotor dontrol,lalthough no~particular
écncomitahf was necessary as long as one gf'the subset was present.
Under these clrcumstances response strateg}es coﬁld have been highly

\

variable, even within subjects, as was true in the'presént work.

- ,"_wx.'
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Application of dissociative training procedures to selected
actiyities will be required to more adequately address this

alternatives.

*
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CHAPTER 4: A DISSOCIATION OF RESPIRATORY AND ELECTRODERMAL CHANGES

.

To b;iefly recapitulate, the previous experiment examined
eoncomitants of learned sudomotor and cardiac control and began to look
at the reiat;;qships‘between those concomitants and the autonomic
target. Two gfoups of subﬁ;cts were trained to produce bidirectional
autonomic changes in either skin cﬁnductance or heart rate. At the end
of five days of training both groups showed large and significant
bidirectional difﬁerences in skin conductance, heart rate, EMG activity,
gross body movement, and respiratory actiJ&ty. The SC—target group
evidenced larger conductance-changes<on increase trial¥ than did the HR-
target group. Heart-rate changes on increase trials did not differ
between the two groups. Witﬁin—subject corrglational analyses found
that the concomitant activities evidenced by the SC-target group were
not coansistently related to target éhange for the group as a whole, with
the exception of respiratory activity. This is in contrast to the HR-
target group whére both the somatomotor variables and respiration>were
clearly associated with target autonomic change within subjects.

‘ These data suggest that respiratory activity may be functionally
related to the conductance changes evidenced in the SC-target group.
However, the picture is not totally clear. The data supporting a
functional reiationship are:

1) Acéompanying_the significant group difference in conductance
was a significant group difgereﬁce in respiration frequency and a
signifigant group by trials interaction for respiratory volume;

85
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2) The SC-target group evidenced a distribution of within-
subject correlations between( skin conductance and resplratory amplitude

that was significagtly biased towards positive relationships. No other

-

concomitant evidenced such a relation withlconduc;ance. ‘ \\:
This relationship, however, is somewhat clouded b& the ’
observation that Fhe group differences that occugred were for
respiratory volume and'fteduency while the within-gubject relations were
evidenced betwéen conductance and ¢espirator§ émplitude3 However, thh;s
may refiect the fact that the subject's respiratory manipulation does
not map simp}y onto a single one of these resg}fatory dimensions. (:
These data suggest th;t, of the concgg;tant activities measured

in the previous expif}ment, respliration is the most likély to be

functionally tied é; the production of electrodermal changes. The most

direct means of éssess;ng the role of respiratory change is to examine

the ability of subjects to dissociate learned conductance increases from
e .

changes In respiration. ‘

The logic of the dissociation experiment was described ig the
first chapter-of the thesis. Subjects are trained to increase skin
conductance while, at the same tjime, éltering their respiratory paktern
(integration trials) or holding their respiratory pattern constant
(dissociation trials). If the subj]ects are a£1e to producé c0mparab1e_
chgnges on both types of trials, then. it is clear that respiratory
changes are not necessary for the production of increases ing&kin
conductance. However, 1f subjects are unable to produce incteases in

. N <
conductance on dissociation trials that are comparable to increases seen

.on integration trials, then it can be concluded thdat the respiratory
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chénges are_contributing to the'production of the'condnctaﬁce increases.
The more discrepant the conductance pérformance on the twdttypes‘of
trials, the stronger is .the func;ional relgtionship between the two
responses (Fetz, 1974). _ ‘ R )

- As discussed in the first chapter, it is important to contfol
for task difficulty. It is pogsible that subject® may perform poorly in
the dissociation condition, not because of a fuﬁéfional coupliﬁg between

: '

the two responses, but because it may be more difficult to alter any two

-
responses in opposite directions than in thg same direction. If this is

the reason for poor performance on dissoclation trials, then the

identity of the concomitant activity should be irrelevant. To evaluate

\J/ —

this possibility, the experiment reported in this thapter employed two
groups of subjects. The first group (SC-RESP) was given craiﬁing to
dissoclate skin-conductance increases from changes in respiration. The
second group was trained to dissoclate groés body movement from
conducfance increases (SC-MVT). Based upon the data from the first
experiment it seemed that the latter dissociation should be poasible for
at least some subjects, since no corrélations were noted between
movemeﬁt and.conductance for the group as ; whole in that study. If
subjects éucc;ed at this dissoclation but fail at the respi:ation—
conductance dissoclation, then it must be something specific té the
respirato;y concomitant rather than the difflculty of a dissociative

task per se that accounts for the poor performance on dissociation

trials.

«

N, or

It was noted earlier in Chapter 2 that previous attempts at

dissociation training have not been particularly successful. Schwartz



88

(19722 was able to dissoclate two responses within the cardiovascular

system, heart rate and systoli¢ blood pressure. Levenson (1976} and

Newlin and Levenéon‘(l978) were unable to dissociaCereart-rate changes

-~

from respiration-rate changes. Rice (1966) failed to)provide convincing

evidence of learned skin—conductance.responsea’in‘the absencecaf EMG

; :
changes. These failures may have been due to functional coupling
between the responses involved, or due to limitations of the procedures

" employed. A number of steps were taken iIn this study to attempt to

develop a more powerful dissociative training procedure than h%d been

employed in the past. -

) (y) During integration—dissoci;tion training subjdcts were
-~ _ provided with continuous, analog feedback for both the targét
conductance response and the concomitant activity. Unlike the pattern
feedback employed by Schwartz (1972) and Newlin and Levenson (1978),
- this feedback provides information about both responses separately and
» continuously even {f the subject is not cﬁrrently succeeding at kither
one or both of the concurrent task fequiregents.
*(2) Subjecté were given feedback, not just for changes in
k\h—ji§biration rate (Newlin & Levenson, 1978), but for changes in any
N aspect of their respiratory behavior from the pretrial baseline as
measured by the réspiration transducer. This was accomplished by
utilizing the subject's pretrial respi?atory behavior to construct a
respiratory template for the pretrial psriod: ‘Subjects were then giveﬁ

~ . —=

feedback for any deviation in their current respiration pattern from the

13 .

pretrial template.
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(3) A total of 15 one-hour sessions was provided for subjects
. . [ 4
to acquire the dissoclation task. It was impotrtant to be reasonably
sure that a fallure to dissociate a concomitant from target responding
wasg not due to ingufficient training. ~

(4) The dissociation and integration procedures of this
experiment Tequired that the subject be able to (a) increase skin
conductance, (b) increase the concomitant activity, and (c) hold the
concomitant activity constant. Subjects were given three days of
feedback training to perform e;ch of these component tasks separately
before beginning 15 sessions of integration-dissoclation training.

(5) Finally, aspects of the integration-dissociation task were
introduced gradually over the three pretraining days. On day 1,
gubjects recelved feedback for changes in skin conductance and
respiratory activity. However, feedback was givep for only one of these
responsés on each feedback trial (i.e., skin conductance alone or
respiration alone). On day 2, the second feedback display was activated
on feedback tgialé, but subjects were instructed to manipulate only one
of the responses on this day. The response to be mani?ulated (target or
concomitant) varied across trials. On day 3, trial sequences were made
more irregular than on days 1 and 2, and t;;J;;}uirement to perform in
the absence of feedback (transfer) was introduced. On day &,
integration—diséociatioh training was begun.

In addition to introducing the coﬁp0nent tasks gradually, the

pretrainiﬁg phase was designed to assess whether subjects'could perform

the components separately prior to integration-dissociation training.

7
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Method

Subjects

Ten male students aged 21 to 38 years (mean = 25 years) served
as subjects. None had participated in any feedback training experiment
and all were In good health with no history of cardiovascular or
respiratory disorder. They r;ceived $§5.00 per session as well as a‘
performance incentive of up to a maximum of $2.00 per session. Five
subjects received feedback training for dissaciadion of‘skin conductance
-and respirétion (Group SC-RESP) and five for dissoclation of skin
conductance and movement (Group SC-MVT).
Apparatus

The subjects were tested in the same experimental'fcom as
described in Experiment 1 w{tﬁ the following modifications. The Sony
videomonitor described‘éarlier was replaced with a‘Ioshiba C990C color
monitor (screen slze approximately 38 cm x 45 cm). The feedback
displays ware generated by an Apple II comﬁuter in ﬁigﬁ resolution
graphics mode. The experiment was controlled on-line by a PDP-11/03
computer. Parameters for the display were calculated by the PDP-11 and
transmitted to the Apple II via an RS%232 serial interface.

Electrophysidlogical data were recorded on a Beckman type R
polygraph and sampled at 125 asec intervals by the computer.
Physiological recdrdings were Identical to those.desc;ibed in the first
experiment with the following exEéptions. First, skin temperature was
not recorded in this experiment.- Second, the R-wave of the

electrocardiogram activated a Schmidt trigger on the clock of the PDP-11

which allowed for direct measurement of the cardiac interbeat interval

t\

- E -\\\i ook



(IBI) to ch;/néhrest millisecond. Third, EMG and gross body movement

» I

signals were not recorded digitally as before. Instead these gignals
were sampled every 125 msecs via the analog to digitél converter of the

PDP-11.

Feedback Disgplay

The feedback display, shown in Figure 8, provided information
for two.responses in a manner similar to the single display of
Experiment 1. The displayion the left side of the screen in Figu;e'B
“provided information on changeé.in skin conductance whereas the display
on the xright provided information on chaﬁges in the concomitant response.
(either respiration or movement). In each case the horizontal line
represented the level of responding prior_}o'trial onset. For the
display on the left, “thucreases in skin c;;ductance from the pretrial
baseline were displayed as.increases in the length of the vertical line
upwards from the horizontal line. An increase.in conductance followed
by a decrease would result in the line increasing in 1enéth upwards and
then decreasing in 1engqh. However, decreases in skin conductance below
the pretrial baseline were not displayed (i.e., the vertical line never
projected below the horizontal lime).

The display on the right-hand side of Figure 8 provided
- information about  the concomitant responses in a similar fashion. 1In
Group SC-RESP any deviation from the baseline pattern of breathing
resulted in an upward excursién of the vertical line. The exact

procedure for calculating respiratory feedback is described Iin Appendix

D. In Group SC-MVT increases in the level of movement from the pretrial
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.

Figure 8 A schematic represéhtgtion of the feedback display used

in Experiment 2. The display on the left corresponds to

. skin conductance, the display on the right corresponds to
the condomitagt response, either respiration or movement.
In each case,‘any increase in the response (for respiration
any alteration iﬁ the pattern of breathing) resulted in an
upward iacrease in the léngth of the vertical line. The’

magnitude of increase in length was proportiocnal to the

magnitude of change in the response.
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Figure 8
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baseline increased the length of the line. Decreases in movement from

" the pretrial baseline (a rare event in any case) were not displayed.

"The color of the feedback di;;lays indicated to the -subject the
nature of the change requested in a particular response (skin
condﬁctance and/or the concomitant, depending upon how the displays were
illuminated). TIf a display were presented in green, the subject was to
iﬁcrease the vertical line towards the top of the screen as much as
possible (i.e., change the response as much as possible). If a display
appeared in orange, the subject was‘tp keeﬁ the vertical line as close
to the horizon;ai as possible (i.e., hold the response constant). When
a display was pregented in white, the subject‘was not to manipulate that
-regponse in any way, either by changing it or by actively trying to hold
it constant. - |

On transfer trials, rectangles of color were presented in the
same physical locations on the screen where feedback had previously

¢

appeared, but no Iinformation about responding was given. The color of
théi!;ctangle designated the same 1nstructions as the color of the
digplay on fe;dback trials. |
Proéedure . |

Subjgcts were assigned to the two groups randomly, until each
group was filled. Group SC-RESP received feedback ‘for both skin
conductance and respiratory activity. Group SC-MVT received feedbﬁck
for skin conductance and gross body movement. Subjecté were inform;d of

the responses that were trained. No information was provided as to how

subjects might manlpulate or contrel either response. Instead, subjects
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were instructga to use. the fegdback display to provide such
information. | )

Upon arrival in the laboratory on the first day, subjec;s were
administered the standard medical interview-described in Experiment L.
They rere then given a typed set of instructions to read which explained
the nature of their task, the procedures that would be followed, and
described the feedback display (see Appendix E for the complete text of
thege instructions). -

The recording electrodes were tﬁen apflied and the subject was
seated in the experimental room. After the experimenter verified that
ail the recordings were of good technical quality, pre-recorded
instructions were given which described the procedure for that day. On
the first day of training Fimulated feedback displays were shown to thé
subject as part of the instructions:f;ee Appendix F for th? complete

text of these instructions).

Pretraining Phase. Days 1l .to 3 constituted the pretraining

phase of the experiment.

i On day 1 of this phase subjects received a total of 15 feedback
trials. All trials were 60 seconds in duration and were separated by a
variable length inter-trial interval that averaged 70 seconds in
duration. On five of these trials the subject was to 1increase skin
conductance. The conductance disp;ay was presented in green, indicating
that the gubject shodld alter the response as much as possible. The '
ﬁorizontal line for the concomitant was‘prepented in the appropriate

location on the screen, but it was presented in white indicating that

the subject should not try to manipulate 'the concomitant in any fashion.
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Furthermore, the vertical line for the concomitant was not activated and
thus the subject recéi;ed no Information concerning the concemitant on
those.trials when he was to alter éonductance- The subject was ianformed
that the concomitant display would be inactive. These trials were
presén@ed consecutivaely for a total of five trials of this type.

L
Subjects also received a second block of five trials during

which the concomitant display was presented in greén, instructing him to
alter the concomitant (either movement or resplration) as much as-
possible. On these trials the vertical line of the concomitant display
was now activated. 'However, only the horizontal referent was pfesented
for the conductance diéplay, and it was shown in white, as was done
previously for the concomitant.

Finally; the subject recelved a block of 5 trials duriné;which
the concomitant display_was presented in orange, instructing him to hold
the concomitant constant. The verticals/line of the concomitant display
was active, but once again only the horizontal line of the conductance
display was presented, and it was In white.

The acéual order of these three blocks of trials was varied
randomly from subject to subject. The blocks were separated by blank
trials during which data were collected but no display was presented.
The first and last trials of the session were also blénk trials. The
purpose of blank trials was to measure response activity fﬁ\ggg absence.
of a performance requirement.

On the second day of pre—training the same procedure was
emplo?ed except that now the vertical ling of the second displaytwas
active. This displax\yas still presented in white indicating that the

L4



97
subject should not attempt to congpol it in any fashion, but the
vertical line now varied with changes in responding (skih conductance or
the. concomitant). - .. .

On-the third and final day of pretraining two changes were
introduced to the procedure. First, the trials weré no longer presented
in blocks but were ordered randomly. Each subject received & "increaée‘
SC" trials, 4 "increase the cénéomitanf" trials, and 4‘“hold the
concomitant constant” trials, Qith the ordef of theée triald arranged
randomly. In addition, subjects were asked, for the first time; to
perform in the absence of feedback (transfer). One transfer trial of
e;ch type was giv;n at the beginning and end of the session. As before,
blank trials were inserted before and after.the series of feedback

trials. This session concluded the pretraining phase of the

experiment.

Training Phase. The next 15 days (sessions 4-18) constituted

the training phase. Subjects received six trials during which they were
to increase both skin conductance and the concomitant éctivity
{(integration trials) and six trials during which they were to increase
skin conductance but hold the concomitant response constant
(dissociation trials}. Subjects received continucus analog feedback for
both skin conductance and the concomitant response. Trials were 60
gseconds in durationm with an intef-trigl interval that varied between 50
and 90 secopds with a mean of 70 seconds. Trials were arranged in an

irregular sequence such that three trials of the same type did not occur

consecutively.’
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In addition, subjects received a block of &4 transfer trials (2

- 98

integration, 2 dissociation) at the beginning and end of each session.
On these trials no feedback display/ggs\gggseuted; instead, éatches of
color were digsplayed in the same physical_locations as the displéys
given previously. Transfer trials were ordered randomly arranged within
the block, although the same sequence was used at the end of a session
ags was employed at the start of that session. Sequences varied randomly
from session to session. A single blank trial preceded apd followed
each transfer blocg.

Following the 10th and 15th day of integration—d;ssociatiog
training {séssions 13 and 18 of the experiment, respectively), a
questionnaire was administered to inquire as to the subject's reportable
knowledge of his performance. .Ihe questionnaire asked the subject to
describe how he altered the target response and to rate the difficulty
of the integration and dissocias}égﬂfrﬁals on a ten polnt scale (1 =-
very easy; l0 = impossible). The same q:éqsionnaire was repeated on
both.days. A complete text of the questionﬁaire may be found in

Appendix G. Throughout training subjects were observed via closed

Ty
circyit TV and the experimenter recorded any noticeable behaviors
emitted. * >

e . H !
o L
: Results
Statilstical Analysis 4

All statistical comparisons were made at the individual subject

level., Comparigons were made by means of individual t-tests. In"gpite
of the large number of such tests, no correction could be applied to the

-
s . - /

/_\-
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a level since the interdependence of the various dependent measureslis
unknown. To avoid breaking'up the text, the actual t-values are
.presented‘in Appendix H. Results will be referred to as significant in
the text when a < .05.

ATl subjeEEg succeede& in proaucing the required pérformance
during the p;etrainigg phdse of training. That is, all subjects were
able to produce sighificant increagses 1n skin conductance, to Alter the
concomitant activity_(either respiration.or movement). and to hold the
concomisgpt constaﬁt,‘when performing these tasks individually. In
addition, all subjects performed wéll on transfer trials.. That is, they

”»

wefe able to wmaintain their pe:éﬁrmande in the absence‘'of feedback on
the final day of-pretraining. Therefore, the pretraining performance
will not be presented for each subject.

I shall begin b; giving an overﬁiew of the performance of Group
SC-RESP. 1Individual subjects in that group will then be d¥scussed.
Following th;s, the.same organization will be repeated for Group SC-MVT.

The' results section conclﬁdgs with a brief summary of performance in

both groups.

Group SC-RESP: Overyiew

Fiquie 9.qummarizes the skin conductance and regpiratory
performance of Group SC-RESP on integration, dissociation, and blank
trials. The left-hand panels show the conductanc;'changes individually
for all five gﬂbjects- Inmspection of these panels shows that Subjects
MROI;.MROZT*MROB, and MRO?.were able, by the end of training (sessiéns
13-18), to produce large-magnitude changes in skin conductance on

dissociation trials. These changes approximated those seen in the same
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. ‘)’h"““\;q,/’“"

' - ——
Mean changes from pretrial to trial performance in »
/

skin conductance (left hand Ranels) and respira
vélume (right hand panels) on integratior
dissociation training trials and on blank trials, for
sessions 4 to 18. On sessions 1 to 3 pefformancé on
skin conductance increase trials is shown, each pair

of panels presents a single subject's performance.

All subjects in group 'SC-MUT are shown.
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subjects on integration trials where sudomotor performance was also
robust {(typlcally in excess of two umhos). However, the remaining

‘subjecp in this group, MR;kh\iif;iﬁ exception to this pattern. Although
MR(O4 produced sizeable increases in skin conductance on integration
trials, dissociation performance deteriorated over sessions so that
skin-conductance changes on this type of trial were not slgnificantly
different from blank trial performance at the end of integration— -
dissociation training.

The right-hand panels of Figure 9 show changes in respiratory
activity for these same subjects. Fﬁr convenlence resgplratory
performance 1s depicted by volume changes since this variable wés
sensitive to changes in the remalning two respiratory aeasures
(amplitude and cycle duration). Inspection of these data . shows that all
subjectg produced substantial increases in respiratory volume on/”'“_'
integration trials. In addition, respiratory volume was held constant
at the pretrial level on dissociation trials, and did not differ from |
that seen on blank trials, for all subjects. Thus it appears that the
large—magnitude changes in skin conductance that were produced by four
of the five subjects on dissociation trials occurred in the absence of
measurable regspiratory change. Analyses of respiratory amplitude and
cycle duration to be presented below confirmed this result.

\\\ These findings indicate that changes in respi;atory behavior are
not required for the production of learned increases in skin
conductance. However, control of responding was not entirely sgpecific
to skin conductance on dissociation trials. All subjects In Group SC-

RESP gave evidence of manipulations of the phalangeal and palmar
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surfaces during dissoclation that may have contributed to conductance
changes on this trial type. In four cases this evidence was contained
both in measurements of forearm EMG and in the verbal reporu; whereas in
the last instanée it was confinea to the latter measure onlf. There was
also a general correspondence between EMG and conductance changes over
the course 6f disgociation training, although it will be seen that this
correspondence was not perfect.

The data given in Figure é for integration and dissociation
performance were taken from feedback trials. Analysis of transfer
trials showed that there was a tendency for dissociation performance to
deteriorate 1in the absence of feedback, although,”as will be noted
below, this varied considerably between subjects. “

Group SC-RESP: Individual Subjects.

Subject MROl: The data of Subject MROl will be reviewed in

detail. The data for the remaining subjects.will be digcussed only to
the extenF that their data deviates from the results seen.with MRO1.
For convenience, MROl's skin conductance and respiratory
\ﬁﬁfhme changes are reproduced on a larger scale in-Figu e 10.
Significant and sizeable increases in skin conductance/were evidenced
during the pretraining phase and on both integration and dissociation
trials, especlally duriﬁg the latter half of training. Changes in skin
conductance were significantly larger on both integration and
dissociation trialsg than on blank trials. Overall, the magnitude of
conductance change in integration trials was significantly larger than ?

on dissociation trials and this difference remained slgnificant when

tested for the last five days of training only. On the other hand,
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Figure 10 Conductance (left hand panel) and respiratorv volume
(right hand panel) change scores for subject MROL.

These panels are reproduced from Figure 9.
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respiratory volume increased three- to five—fold on integration trials
while remaining unchanged on dissociation trials during the latter haif
of training-' The,only exception was day 14 where a slight increase in
volume was seen on dissociation trials. Overall, integration and
dissociation trials were significantly different with respect to
respiratory volume. Dissoclation trials did not differ significantly
from blank trials.

'. Figure 11 shows the respiratory amplitude and cycle duration
data for MROl. The amplitude data paralleled the volume data.
Dissociation and integration trials differsd significantly, while .
dissociation trials did not differ from blank trials, especially during
the latter stages of training. On the other hand, res;I\ation cycle
duration changes for this subigct exhibited considerable variability but'
were not conslstently assoclated with any particular trial type.

Overall, integration trials did_not differ signifiégntly from
dissociatién trials, ana neither of these trial types‘differed from
_blank trials.

In summary, MROl demonstrated significant and large magnitude
changes in respiratory volume and amp%itude throughout training on
integration trials. While some changes in these measures were seen on
dissociation trials in the early sessions, there were no changes 1n‘
these measures In the latter stages of training. Cycle duration did not
change consistently on any of the trial types.

Figufé 12 shows the changes in forearm EMG, gross body mo;emept,
and cardiac IBI throughout training. The left hand panel shows the EMG

changes. Non-zero changes in this response occurred on approximately 7



W

Figure 11

Respiratory amplitude (left hand panel) and cycle
duration (right hand panel) change scores for

LY
subject MROl. Only data from training trials are

3
ghown.
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out of 15 training sessions. A comparison of the EMG data with the
conductance changes shown in Figure 10 suggests that while both
responses increaséd in the last half of training, changes in skin
conductance developed during sessions 10 and 11 whefeas measurable EMG
changes did not begin to occur until épproximq:ely sessions 12-14.
S;étistically, forearm EMG responses were not different on integration
and dissociation trials. Across all 15 training sesgslons EMG changes
were Qignifican ¥y larger on dissociation trials than on blank frials,
however.

Changes in gross body movement on integration, diqsoq;ation and

blank trials are shown in the middle panel of Figure 12. A slight, but
consistent increage in.ﬁgﬁeﬁent was recorded onlintegfation trials that
was signific;nt when compared to blank trials.: An examination éf the
polygraph reco;ds suggested that somatomotor change could not be
separated from changes in the movement transducer produc;d by the large

magnitude resplratory changes on integration trials. No change in

movement was seen on dissoclation trials, and these trials did not

differ from blank trials.

The right—hand panel of Fiéure 12 depicts the changes in cardiac
IBI. The abscissa 1s reversed so that shortened IBIs (representing an
increase in heart rate) are plotted upwards. The average IBI shortened
significantly by about‘ZOO msecs:éuring Integration trials. Except for
very early in training, no change in mean IBI was evidenced on
digsociation trials. These trials‘did not differ significantly from

blank trials overall.-



Figure 12

Forearm EMG (left panel), gross movement (middle panel)
and 181 (right panel) change scores for subject MROL,
on disspciation training, integration training and blank

trials. Units for EMG and movement are arbitrary.
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All of the previous data were fromKifials on which the subject

~
S

was receiving feedback for both skin conductance and respiration. At
the start and end of each session the subject was also required to.
perform both the integration and dissociation tasks \ithgut feed aqur

present (transfer). For this subjegt there were no significant

differences on any of the dependent mefsures between feedback and
L—--/

transfer trials for the integration task. Oun disspciation trials,

however, resplratory control was not as précise in the absence of
)
~

feedback as when feedback was available. Respiratory volume, aWplitude,

and cycle duration all showed significant differences between feedback
and transfer trials. WNo other dependentf;éasure sﬁoued éL-fgniEicang
difference between feedback and transfer on dissociation trials.

fit is always possible that averaging across trialé, even for a

single subject in a single session, might obscuresbr Y average out”

changes -in respiratory or other measures that might have occurred. It

is also possible that the particular respiratory measures (i.e., volume,

amplitude, cycle duration) might have failed to capture subtle

alterations in th;\;IEbéi that could have occurred. To assess this
possibility, Figure 13 shéwélactual polygraph recordings taken from
indigidual trials for Subject MRO1l during the latter stages of training

{session 15). A blank trial, during which the subject received no

_

feedback display and made no at%empt to control responding, is shoyn in
the left-hand panel. The left—most\¥ertica1 line on each recording
]

indicates the start of the 60 second trial period. The right-most 5
&,
- o
vertical line indicates the trial termination. The number at the right

hand edge of each record is change score (pretrial.to trial chaage)
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L

‘ h Eigure ié-ﬁguplicates of po%zgraph records of individual trials
T f‘ t%?en irom thefé;rminal performance 6f‘subject MRO1l.
Recordings shownm in-each'panel,_from top to bottom,

are skin.conductance (§C), forearm EMG (EMG), gross

body movement (MUT), cardiotachogréph representation

of heart rate (HR) and respiration (RESP). The left

> £
. o .
most pdﬁel shows a blank trial, the middle panel an
a | - in&g};\i_gn/'tf?.al, ’and the right most panel a
(// disdabiation trial. The vertical line on each record

' -
!’ gwows trial omset. e

) ' ' : - —
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for that measure. This panel illustrates respiratory, heart rate, and
somatomotor variabiliﬁy.in the resting state, and the éorre5ponding
tonic decrease in skin conductance that occurs under this condition.

The middle. panel of Figure 13, on the other hand, shéws an
integration trial. 1In this instance large changes are seen in skin
conductance, heart rafe, fespiration, and movement shortly after trial
onset. Some bursts of forearm EMG are also ‘seen at the start and en& of
the trial. It is worthwhile to note the close association between the
bursts of movement and the respiration recofding. Notice élso how the
hgart—rate changes mirror the movemeht and respiratory changes.

Finally, a dissociation trial from the same session 1is depicted
in the right-most panel of Figure 13. Lérge changes in skin conductance
are seen shorfly after trial omnset, but no other dependent measure is
substantially changed. 'However, some EMG activity-is manifested during
\dissociation, particularly during the latter half of the trial.

The trials of Figure 13 are repregentdﬁive of the degree of

-

control that this subject (and other subjects as well) was able to exert
] :

-Bver his responding during the latter stages of training.

When asked via the post4experiment questionnaire to describe
what he did to alter skin conductance, this subject described the
following strategy.

"between trials I keep my hands clasped together on
‘my lap and try to breathe as slowly and shallowly a
as possible. Upon trial onset, I sPread my hands
apart and slowly moved them.”
-~
This subject indicated that he employed the same strategy on both

integration and dissociation trials. He indicated that he tried such
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strategies aé body mévement, frightening thoughts, muscle tension and
foot and tongue movements, but that these were unsuccessful. In terms
of difficulty he indicated dissociation trials somewhat more difficﬁlt
(a rating of 4 on a 10 point scale, 1 = very easy, l0 = impossible) than
integration trials (rating of 2).

Subject MR0O2: Figure 14 shows the change scores for skin

conductance and respiratory volume on feedback and blank trials for
Subject MRO2 (repeated from Figure 9 earlier). Inspection of the left-
hand panel shows that this subject produced conductance changes of 1-4
mhos on Integration trials throughout training. Consistent increases
of a similar magnitude were not eyidenced on dissociation trials until
sessglon 12 or 13. OQverall, integration changes were significantly
larger than’dissociation changes. However, performance converged at the
end of training where the two curves overlapped. Conductance
performance on dissociation trials differed significantly from
performance on blank trials overall but did not differ from performance
on integration trials when tested for the last 5 sessions of training:

Resplratory volume changes for MROZ are shown in éhe right-hand
panel of Figure l4. Very large (5 to 15 fold) increases in respiratory
valume were produced on integratiom trials. These d{ffe;ed
significagﬁly from those pfoduced on dissociation trials. Respiratory
volume remalned unchanged from the pretrial baseline on dissociation
trials, with the exception of days 10 and 13. Overall dissociation
trials did not differ significantly from blank trials.

Changes in respiratory amplitude for Subject MRO2 mirrored those

seen in respiratory volume and will not be presented.Y Respiratory cycle
e -
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Figure 14

117

Conductance {left) and respiratory volume (right)

change scogés for subject MR0O2. These panels are

reproduced'from Figure 9.
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duration tended to lengthen on imtegration trials. Duration on these
trials differed significantly from that seen on dissociation trials.
Mean cycle duration showed a certain amount of variability on the latter
trial type but did not consisten;ly change in any direction, and did not -
differ from those changes seen on blank trials.

%p summary, MROZ'sdrespiratory performance was similar to that
of MROl. TLarge magnitude changes were seen in volpme and amplitude on
integration trials, and, with the exception of sessions 10 and 13 no
changes, were seen In these measures on dissocilation trials.

Figure 15 shows the changes that occurred in forearm EMG as a
function-of trial type. On integration trials increaseé were evidenced
early in training {(sessions 4-7)}, but then were not seen ag%}n with the
exception of session 17. A different pattern was evident on
dissociation trials. Initially in training there were some small EMG
changes that did not persist, but beginning with sessions 12 and 13 EMG
increases reappeared and were sizeable. A comparison with Figure 14
shows that this trend coincides with the production of consistent
increases in conductance on dissociation trials. Statistically,
dissociation trials differed from blank trials over the 15 days.of
training. =

Ags was true earlier of Subject MROIL, S;bject MRO2 pr%duced
consistent, small magnitu&e increasés in gross body movemené on
integration trials. No consistent change in movement was evident on
dissoclation trials, however, which did not differ from blank trials.

Increases in movement and EMG were accompanied by shortened IBIs, as was
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Figure 15 TForearm EMG change scores for subject MRO2Z on integration
and dissociation trials, blank trials and SC increase

trials (days 1-3 only). Units are arbitrary. . ’
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true earlier of Subject MRO1l. Because of the similarity of the
subjects, these data are not presented for MRO2,

On integration trials performed in the absence of feedback
{(transfer), Subject MR0O2 produced slightly but significantly smaller
conductance changes than when feedback was present. The magnitude of
respiratory amplitude and volume changes was also significantly smaller
when feedback was not available. - On dissoclation trials the only

.significant diffe;ence between feedback and transfer was that
respiratory cycle duration was significantly longer in the absence of
feedback.

This subject reported that he “tried to get that rush of

exhilaration that I get when-skydiving... and that he "...tried to
maintain (an) overall excited state” when trying to increase skin
conductgnce on both integration and dissociation trials. He also rated
dissociation trials as somewhat more difficult (rating of 3) than

integration trials {rating of 1).
r

Subject MRO3: The skin conductance and respiratory volume

changes produced by Subject MRO3 on feedback and blank trials are
reproduced in Figure 16. Inspection of the left-—hand paﬁel shows that
this subject produced conductance changes rahging frﬁm 2 to5 micromhos
on integration trials. {m dissocigtion trials early in training the
magnitude of conductance change was somewhat smaller (0-2 umhos), but
.during the latter sessions the conductanZe changes produced on
dissociation trials was very similar to that‘produced on Integration

trials. These trial types did not differ s;gnificantly from one another

when comparéd over the last five sesslong, although a signifilcant
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Figure 16 Conductance (left) and respiratory volume (right)
change scores for subject MRO3. These panels.are

reproduced from Figure 9.
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difference was found when the trial types were compared overall. The
A}

conductance changes producea on {ntegration and dissociation trials were
.
significantly greater than those seen on blank trials.

The right-hand panel of Figure 16 shows that very large
increases in respiratory volume were produced ﬁy MR0O3 on integration
trials throughout training.‘ On diésocihtion trials no change in
respiratory volume was seen, with the exception of session 14.
Respiratory volume on dissociation trials was not significantly
different from that on blank trials. ’

As was true of the previous subjects in Group SC-RESP, the
changes in respiratory amplitude produced by MRO3 mirrored those in the
volume measure. Also, cycle duration tended ;o lengthep somewhat on
integration trials, while showing no change on dissociation trials where
it did not differ significantly from changes on blank trials. This
pattern was simllar to that produced by Subject MRO2.

| The concomitant changes evidenced by Subject MRO3 resembled those
shown by Subject MROl. On integration trials, smgll increases in body
movement were consistently seen and were accompénied by a shortening of
the cardiac IBI. However, unlike Subject MROL, no‘increaées in forearm
EMG were present on integration trials. O©On dissociation t:ials, no
changes were evidenced in forearm EMG, movement, or IBI, and none of

these measures differed significantly from the changes found.- on blank

trials.

~

Transfer and feedback performance did not differ significantly
on any of the dependent measures on dissociation trials for Subject

MRO3. 1In the case of integration performance, conductance changes wefé‘
~

Fy
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sf&ghtly, but significantly, Jlarger In the absence of feedback than in

its presence. Also, the :eébiratpry c&cle was slightly longer, on the

od
R

average, during transfer: 3\
L. N
This subject\repn{ted that he usually only needed to alter his

-

: - b
respiration on integration trials in order to produce conductance

—
~

increases) However, if‘conductance did not "...increase all by its self
(sic)...” fon integration trials, he then utilized the strategy employed
on dissgéiation trials. On dissoclation trials this subject described
rubbing his palms on his thighs and “:ouch(ing) (the) thumb on each hand
to (the) tips of fingers.” He also reported that he tried to increase
conductance by "...thinking of frightening gituations™ but that "...this
did not work.” He also reported that clenching his fists was o
unsuccessful. .Finally, this subject reported that integrationffrials
were éiightly‘émre difficult (a rating of 3) than dissociation trials (s
ra;ing of 2).

Subject MRO4: The changes Iin skin conductance and respiratory

volume exhibited by this subject are illustrated in Figure 170 As can
Vbé seen in the left-hand panel, this subject was able to producé
increéses in skin conductance that averaéed between 1-3 pmhos on
integration trials. These changes were significantly greater than those

produced on dissoci

trials over 13 sessions of training. . Although

the conducfance increases pfoduced on dissoclation trials apbeared to be

consistentlly larger than those evidenced on blank trials at the obutset

by the end of ¢t ese tfial types did not differ significantly

" n



Figure 17

Conductance (left) and reéﬁiratory volume change

. o
scores™(right) for subject MRO4. This figure 1s
. _ .
reprodyged from Figure 9. .
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v
from one another. MRO4 was the one resplration subject who was unable
to perform the dissociation task.
‘ The right-hand panel of Flgure 17 deplcts the changes in
. respiratory ﬁolume on feedback znd blank tﬁials over the course of .
tra;ning for this subject. On integration trials incréases_in volume
thét were 2 to 5 times the pretrial levels were produced throughout
training. On dissoclation trials the respiratory volume was maintained
at pretrial 1évgls, as evidenced by change scores that hovered about 1
and did not differ significantly from the changes seen on blank trials.

The changes produced in respiratory amplitude closely paralleled
those shogn for rgspifatory‘volumé and are therefore mnot presented. The
changes evidenced in respiration cycle duration; on the other handq—até
shown in Figure 18. On both integration and dissociation trials,
duration was significaﬁtly shorter than on blank trials.

On integration trials Subject MRO4 evidenced consistent
increases in body movement,‘accompanied by shortened cardiac IBRIs.
Increased forearm EMG was also oﬁéerved. On dissociation trials, EMG
increas;s were produced early in training, but then diminisheéd to zero
or near zero, during the second half of training:‘ It ﬁill be noted that
this pattern paralleled the conductance performance of this subject on
dissociation trials: h

The magnitude of conductance changes dia not differ between
feedback and transfer on integration trials. There was a tendency for
regﬁiratory amplitude and volume to diminish, and for respiratory cycle

to lengthen, ‘on integratidn transfer trials, but these effects did not

reach significance. On the dissociation task the magnitude of -
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i

Figure 18 Respiratory cycle duration change scores, in seconds,

for subject MRO4.
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conductance changes was significantly reduced‘}ﬂ/the absence of
feedback. The respiratory cycle alsc was sig;ificantly longer on
transfer trials thaq on feedback trials in the dissociat&on task.

The verbal report of Subject MRO4 stated that respiratory
manoéuvers glone were successful at producing large conductance changes

on integration trials. On dissociation trials MRO4 reported tha; he

"...tried rubbing my hands, or tapping my feet or some such limited

movement that seemed to alter GSR, but made-the respiration task more
difficult™. He also reported that dissociation trials were much more
difficult (a rating of 8) than integration trials (a rating of 3).

Subject MROS5: The conductance and respiratory volume changes

produced by Subject MRO5 on feedback and bk trials are shown in
Figure 19. The left-hand panel of this figure shows that large (4—6.
umho) increases in skin.conductance occurred on integration trials
throughout-training. Dissociation performance was highly similar to
integration performqnce during the last third of training. The -changes
on both integration and dissociation'triéls were significantly larger
than those seen on blank trials for this subject. Inspection of the
volume data.in the right-hand panel of Figure 19 shows that MRO5
complied with the respiratory requireménts.of this procedure, as did

other subjects in Group)SC-RESP. When volume changes on dissociation

-

trials were compared to blank trials for the last 5 sessions of ///f;>

training, no statistical)difference was seen. ~

As was also trueka the previous subjects, respiratory amplitude
. -~ '

changes paralleled the change in volume. Respiratory cycle duration,

while exhibiting a certain amount of variability, did not change
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.
Figure 19 Conductance (ief ) and respiratory volume changes
(right) for subject MRQ5. These panels are
, reproduced from Figure 9.
‘\
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‘consistently on either Integration or dissociation trials. Nelther
trial type differed significantly from blank trials on this measure.
forearm EMG and body movement both ghowed consistent increases
on integfation'trials.' Cardiac IBI was shortened by 130 to 210 msecs on
these triéls as well. On dissociation frials similar increases in
forearm EMG were evidenced, along with consistent but smaller magnitude

3
increases in overall movement. Cardiac IBI shorterded by an average of
50 to 60 msecg-on dissociation trials.

There were no significant differences on any of the dependent
measures, on eitﬁer'integration trials or dissociation trials, between‘
feedback and transfer.

This subject reported wiggling his fingers or hands on both
integration and dissociation trials. He also reported that, on
integration trials, when "inhaling.a breath, skin conductance display
increases regardless of hand movement”. ‘MROS reported that dissociation
trials were more difficult (rating of 5) than integration trials (rating

{ .

of 2). (\ _ /
'i

Group SC-MVT: Overview ' \

)

The following data give an overview of performanéz\iq;thé group
that was trained with gross body movement rather than respiration as the
concdmitapt respeonse. figure 20 shows the conductance and movement
changes for the.five subjects trained in Group SC-MVT. Inspection of
-the conductance data in the left-hand pandii sths tﬁat all subjects

Jproduced large increases in skin conductance on integratiqn trials.

(typically in excess of 3 umhos). In additionm, b_of E;e 5 subjects
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Figure 20 Mean changes ird skin conductance (left panels) and
gross movement (right panels) fo> the subjects in
groﬁp SC-MVT. SC increase trials are shown on
sessions 1-3. Integration and dissociation training
qria}s are shown on sessions 4-18. Blankltrials
performance on all sessions is also shown. Units for-

movement are arbitrary. -
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produced substantial increases in skin couductance on dissociation
t;ials ag well, although in only one instance (MMO4) did.the magnitude
of these changes, match that attained on integration trials. The
remaining subject in this group (MMOL) prodﬁcéd only small and rather
inconsistent increases in skin conductance during digsociation.
Performance on dissociation trials for this sub ject deteriorated over
sessions, and 3&8 not significantly different from that observed during
blank trials ét the end of training.

Inspection of the movement data preéented in the right-hand
panel of Figure 20 shows that all subjects appeared to comp}y
successfully with the movement requirements of the integration-
dissociation task. In every case large increases in movement were seen
on integration trials. For &4 out of 5 subdgcts changes in wmovement on
dissoéiation trials did not differ signifiéantly from zero or from
changes that were obtained on blank triais by the end of training. Tﬁis
result Qhows that increases in gross body movement were noﬁwrequired for
the conductance changes that wyere observed during dissociation in
subjects trained in group SC-

Perfofqgnce during dissoclation trials was not specific to skin
conductance, however. Each of the four subjects that succeeded at
increasing skin conductance on dissoclation trials alse evidenced
changes in forearm EMG, respiratory activity, énd cardiaé interbeat
interval during these trials. It will be seen that the magnitude of

these concomitant activities varied considerably from subject to

sﬁbject. s
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The aforementioned findings wefe:based upon performance in the
presence of feedback. ?erformaAce during transfer, on the other hand,
was more complex. Three of the five subjects showed larger gkin
conductance changes ;n the iﬁtegration conditidn during transfer than
they did when feedhéck wasg present.\ None showed th;s,effect on
dissoclation trials, but one did show smaller skin conductance changes
in the absence of feedback duripg attempted dissociation. One gubject
failed to completely inhibit movement oﬁ dissociation trials in the
absence of feedback. Further information regarding individual

. " ) P

performance is given below.

Group SC-MVT: Individual subjects

Frs

Subject MMOL: The skin conductance and movement changes

exhibited by_this subjecf are reproducéd on a larger scale in Figure 21.
Duriné the pretraining pﬁase this Qubject produced increases in
conductance of only 0.5 to 1 imho. On subsequent %ntegnag}on trials the
magnitude of conductance increased to between 3 and 5 umhos. The )
increages seen in conductance on dissociation‘tfials, on the other hand,
were not consistent. ‘When statistically anai&sed'over 311‘15 days of
training, the magnitude of conductance change on dissociation trials

was significantly larger than on blank trials. However, examinatibnlof
the data suggest some initial success and then a trend of diminishing
control. Dissociation and blank trial performance did not differ } 4

significantly acrosa the last five sessions of training.

The changes in body movement for this subject are depicted in

the right-hand paﬂel of Figure 21. The subject clearly succeeded at the

movement components -of the task on both integration and disB8ociation
b
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- Figure 21 Conductance (left) and movement (right) change

scores for subject MMOl (reproduced from Figure 20).
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trials. Statistically, movement on dissociation Erials Qid not differ
from blank trials, while movement changes on integration trials were
significantly larger than on dissociation trials. ‘“

Oon ;ntegratién trials this subject shpwed moderate, but
consistent increases in forearm EMG throughout training. In additioen,
the cardiac Interbeat-interval shortened by an average of 200 msecs. On
dissociation trials, changes in forearm EMG, cardiac IBI and respiratory
cycle duration did not differ from blank trials.

It was not possible to ;ccurately analyze regpiéatory changes on
integration trials for this subject because the vigor of his movement
resulted in & complete obscuring of the respiratory component of the
strain gauge signal. However, respiratory volume and"amplitude both
showed a tendency to decrease on dissociation trials, although this only
reached statistical significance, compared to blank trials, for
respiratory vofume. |

On infegration trials this subject produced significantly larger
conductance increases during transfer than during feedback. Omn |
dissociation trials the reverse was true. Movement change scores did
not differ between transfer and feedback on either integration or
dissociation trials.

This subject reported that to increase his skin conductance he-

tried to "...imagine scenes of myself moving-running, riding a bicycle,

etc.” but indicated that this did not work on dissociation trials. He
also said that he always held his hands with the palms facing each
other. When asked, in the post-experimental quesﬁionnaire, to write a

ééq of instructions for another subject to employ on dissociation trials
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he replied "I csuldn't“. When interviewed following the completion of
the questionnaire this subject reporped that strategles such as
manipulation of respiration or iéometric muscle tengion did work omn
dissociation triﬁls but were "uninteresting”.' He‘indicated that he
attempted to produce "direcg - nonartifactual control” of skin
conductance on dissociation trials. This subject indicgted that
dissociation trials were very difficulcl(a difficulty rating of 8)

relative to integration trials (rating of between 2 'and 3).

Subject MMOZ: The conductance and gross movement changes shown

by this subject o;_gbedback énd blaﬁk trials are shown in Figure 22.
This éubject produced increases in skin conductance that ranged between
2 and 3 ymhos on integration trials and between 1 and 2 imhos on
dissociation trials. VIncreases in skin conductance were significantly
greater on integration trials thgn on dissociation trials aﬁd on .
dissociation trials tHan ©n blank trials. This subject successfully
increased movement on integration trials, but did not completely inﬁibit
movement on dissociation trials. Very small increases were seen on some
dissociation trials. Because of a complete lack of movement on blank
trials, dissociation trials did differ significantly from blank trials,
even during the'final five sessions of training where the changes that
were sgseen were less than 12 of the magnitude seen on Integration
trials.

This subject also exhiﬁited a moderate .level of forearm EMG
activity on integration trials. Cardiac IBIL was sh;rtened.by three to «

four hundred milliseconds on integration trilals as well. The

regpiratory data on integration trials contained some movement artifact,
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Figure 22 Conductance (left) and movement (right) change scores

for subject MMO2 (reproduced from Figure 20).
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e

but oot so much as MMOl, and seemed to indicate a marked shortening of b
the respiratory cycle duration, and a moderate increase in respiratory'
volume. On dissociation trials this subject evidenced an apparently .
.larger increase in gorearm EMG than on integration trials. A moderate
shortening @f the IBI (about 50-100 msecs) and a slight shortening of
‘the mean reséiratory eycle duration were also observed d&ring
dissociation, and both were statistically significant when compared to
blank trials.

In the integration condition, this subject showed significantly
larger increases in skin conductance on transfer trials than on feedback
trials. The magnitude of movement change did ﬂot differ between the two
trial types. On dissociation trials, conductance.increases were‘again
larger in the absence of feedback than when feedback was pres;ﬁt, but
here slight increases in movement were evidenced on transfer trials that
were not seen during feedback trials. ///””f\ 22((

This subject reported that on integration trials movgment algne '
was generally employed to alter both mo!?qent and skin conductance.

However, on the few occasions that this did mot work, he reported that

he employed the strategies used on dissociation trials. These he

<
RS

described as: (1)£Q:essing hils hands together;. (2) squeezing fingers;

(3) lower hands relative to heart; (4) plnch skin of hands; and (5)‘9;\?31/
; ] ,
pinch)perve bundles in neck (sic). He also reported that it wagJ . -

necessary to rotate strategies on dissoc&igﬁon ials| in order Yo

maintain their effectiveness in increasig
: o 14

Dissociation 22}323_3312 rep&ngggépgfbe/much more difficult (diffic%;Eg

skin conductance. -

.
P .

rating of 7) than idtegration trials (r&¥ing of 2).

\ : .

N | |
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Subject MM3J3: Figure 23 shows the changes seen in skin.

conductance and gross movement on feedback and Elank trials for thds -

1

subject. Conductance increases of 2 to 4 umhos were evidenged on. .

integration trials, which were significantly larger than tﬁ; iudg;;ses
seen on dissoclation trials. The increases géhdissociatiou trials |
averaged 1 to E uwhes and were .significaantly larger bﬂgn those sEFﬁron
blank triais. ,

\f Ié subject showed consistent, large magnitude increases in
t"‘\.

&f' _g?gggxﬁbdy movement on integration trials. On dissociation trials, very

——

small increases in movement occurred ea}ly in tralning (sessioﬁh 4, 5,

and 6), and similar increases reappeared on sessions 12, 14, and A8,
W .
anges were less than one percent of the magnitude of tbF hanges ~-
produced on integration trials and cannot be seen iﬁ Figure 23. On the™ .
‘ -’

~

) - o e—
rémainder of the sessions no changes in movement were gxisggcgd.

\\:
Overall, movement increases were slightly but significantly larger on

. \
digsociation trials than on blank trials over all 15 training sessions,

/ggt not when dnly the last 5 sessions of tralning were considered.

On integration trials, this subject evidenced consistent E
bout 7

increases in forearm EMG, and a shortening of the cardiac IBTI of a

-

125 mgsecs. The respiration data were obscured by the large magnitude
; o Nt :
- movement® Rroduced- on integration.;rialsf/ On dissociation trials this

subject produced consistent increases in gorearg_EHG thgt were presént
throughout treilning and were éignificantly larger than those seen on

blank trials. The cardiac IBI for this subject also shortened
conéiiiently by an average of about 25 msecs. Aéain, this was

[

significantly different from the changes-seen on blank trials. The

.
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Figure 23 Conductance (left) and movement (right) change scores
_ for subject MMO3 (reproduced from Figufe 20).
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respiratory éata showed a slighf decrease in amplitude and.volupe and a
shortening of the mean cycle duration on dissociation trials, all of
which reached statistical significance.

Skin conductance changes in the- integration condition were
signific;ntly larger on transfer trials than in the presence qf
feedback. No other differences were noted betwan feedback and transfer
trials.

-When asked to describe what he did to increase skin conductance
on trials when he also held movement constant,l}his sthiect reported the

following:

T ‘ . e

"—create friction.with the fingers in each hand"
"-create friction by evenly rubbing the palms of my hands
‘- against my legs”
"=try to emotionally or mental (sic) excite myself about soume
topic” ‘ . -

When describing how he went about finding out how to_respond correctly

he reported:

"—Generally tri%l and error (l.e., finding out what things did
and did not work).”

"He described dissociation trials as somewhat more difficult (rating of
4) than integration trials (rating of 2).
7

. Subject MMO4: The changes in skiln conductance and gross

movement produced by this subject are shownsin Figure 24. Conductance
/‘ "

increases of 4 to 6 imhos were consistently produced on integration

trials. When analysed over all 15 days of tradning, these changes were

J"significantly greater than those produced on dissociation trials.

However, Figure 24 shows[gtcléar convergence of the two trial types,
~y- '

such that by the last third of training (sesslions™14-18) the two
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Figure 24 Conductance {left) and movement (right) . change scores

for subject MMO4 (reproduced from Figure 20).
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performances did not differ significantly from one another. The |

increases produced on dissociation trials ranged from 3 to 6 umhos.

[
This subject succeésfully produced large magnitude increases in

These uer?/dfgnificantly greater than the changes seen on.blank trials.

grose body mo /;th:gpghout training on integration trials, and

e TN
5

successfully inhibited all changes in movement on dissociation trials.
The ‘change in movement on dissociation trial§ was essentlally zero
ghroughout tréining, and did not differ significantly from the changes
seen on blank trials.
On;integra;ion trials, this subject evidenced ﬁbdera;e increases

& %n forearm EMG, increases in tespiratory volume and amplitude, and a

noticéable-shortening of thg mean duration of the regpiratory cyclé.

The cardiac IBI also shortened about 200 msecs,'oﬁ the averagé.

On dissociation trials this subject showed moderate increases in -
forearm EMG that differed significantly from the changes seen on blank
trials; In addition, there tended to be a siight but comnsistent
increase in reSpiréto;y voiumg and amplitude, both of which differed
significantly f:ggﬁthe trepd of diminished respiratgry activity
generally‘evidenced ;n‘blank trials. Mean cyc;e duration for
respiration was unchanged. There also tended to be a small (ZSﬁﬁO'mséE)

TT——— : . . .
shortening of the IBI, which again was significantly different from tbat
observed on blapk trials.

The only difference between feedback performance and transfer

r

for this subject was that ificreases in movement on integration trials

were significantly larger in the absence of feedback.
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This subject described his strategies for altering conductance
on dissociation trials as:
"{1) rub fingers and thumb together; N
(2) Partially clenched fist; . rd \§
{3) Sometimes sang”; ) \
On integration trials he repizjid also performing the same responses and

moving as much as 'possible. e gave diséoc%ation trials a difficulty

trials a atiné[of 2. ) /’“\f‘\\\’/
. /,
\jchanges in skin ébnduifﬁﬁi;—'_
N .

rating of 3 and integratio

Subject?MHOS. Increases in skin conductance on the order of 3 §o 7

ymhos were produced on 1?EE§Eagion trials. These were significantly

-

larger than the 2 to'T/{;ho increases in conductance evidenced op\'vk

dissociation trials. {3? increases produced on dissoclati

. - \
were, powever, significanrly greater than those seen on blank tria
—

This subject had no difficulty producing large magnitude

A -"‘_\
increases in movement on integratiom trials. On dissociation trials™the ///ﬂf;
o~
subject wdas able gi\

compIétgly .liminate changes in movement during tﬁ%\{

last ten days of training. Overall, the movement changes on

dissociation .trials did not d er from those produced on blank trials. -
On integration trials, s subject fhgfgg/fﬁcr ed ffrearm A
S

EMG, increagsed respiratory.g phyde anav_olume,r;‘shdrtened s Q\ &p
respiratory cycle duration, and a shorE%ned IBRI.( Om éssocia n trgals é ~

‘;f;increased.respiratof§ afiplitude, volume and cycle °

duration. The o BFRCLIBI shortened by about 90 msecs. These effects

- . -

vere sigg;fican Wen compared to blank trials. Increases in forearm

EMG were evidenced early in training, but these tended to drop out later
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Figure 25 Conductance (left). and movement (right) change scores

'\~
for subjmweproduceﬁ/‘f_% Figure 20).
'
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in training, such that only 3.of the last 7 sessions evidenced any ,
increase in EMG, whiie all 8 of the initdial seégions showed EMG
increases.

There were no significant differences between feedback and
transfer trials on any of the dependent measdgés“far this subject.

This subject described his performance oun dissociation trials as
taking "deep prolonggd breaths” and simultanepusly clenching and
unclehching his fist. On integration trials he reported the aﬁe fist
clenching strategy accompanied by rapid shallow breathing. Hoth
integration and dissociation trials received a difficulty rat hg of 2.

Summary of Results (Group SC-RESP and Group SC-MVT)

The main findings of this experiment may be summarized briefly
as fol*gys- Four out of five subjects in Group SC-RESP were able to
produce large magnitude changes in skin conducf&nce on-dissociation

Lii:jls;pithéuﬁ any measureabie change in respiration. These changes
approacﬁed the magnitude of changes evidenced on integration trials
where substantial chanées in respiration were concomitantly produced.
In the SC-MVT group, skin-conductance changes were evidenced on
dissociﬁtion trials in the absence of changes in gross body ﬁovement,
but in 4 of 5 subjects these conductance reSpoﬁses remained about half
the magnitude (or less) of éhose produced on integration trials where
alterations in movement were required. Other measureable concomitants,
particularly forearm EMG, accompanied many but not all of thé
conductance increases evidenéed on dissocig;ion trials. Such

concomitants were also observed [in the majority of subjects in Group SC-

RESP on dissociation trials.

]
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. Discussion..’
N P —_—

—
dﬁhe‘pérformance of subjects in Grotp SC-RESP of this experiment

£

demonstrates that respiratory‘manipulakions of gufficient magnitude fo
measufeably aICe; the chest circgmfereuce are no;_ne;essary in order to
produce large magnitude increases in electrodermal responding in a
feedback training situation. Subjeéts can be trained with appropriate
procedures to produce and sustain large magnitude increases in
conductance while simultanéously holding a constant pattern of
reapiratory activity.

A second finding, ésmonstrated in this case by subjects in Group

. - . 1
SC-MVT, was that significant increases in™skin conductance can also be

produced in the.absence of measurable change; in gross body movement.
However, the magnitude of the conductance increases produced by SC-MVT
Subjectg on dissociation trials was not as large as that seen on
integration trials in this groﬁp. A

It will be recalled that Group SC-MVT was included in this
experiment to assess whether possible differences between integration
and dissoclation performance in Group SC-RESP might be due to
differential task difficulty rather than to the possible necessgity of
regspiratory manipulation for functionally-coupled electrodermal changes.
Since within-subject correlations between merment and conductance
change did not materialize at the group level in Exgé}iment 1, it was
felt that ény difference between integration and dissociation

performance in Group SC-MVT would be due to task difficulty. As it

turned out, this control was unnecessary since 3 of 5 subjects in Group
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SC~RESP appeared to perform equally weli on integration'and dissociation
trials by the eﬂd of training. . .

However, 1t remains to be explaine& why 4 oﬁt of 5 subjects in
Group SC-MVT showed a clear superiority of integration over disscciation
performance when movement cﬁiggéy\did.ﬁot shéw con;istepﬁ relationships
to conductance changes in Experiment 1. One interpretation proposes
functional coupling of conductance changes and changes in gross body
movement; the findings of  Experiment 1l notwithstanding. The
dissociative procedure may simply be better at detecting fumnctional
relationships than simple correlational anélyses. Alternativef;,’it may
be that the instrucfions provided to Group SC-MVT resulted in subjects
not attempting, omn dissociatioq ffials, certain 16calized manipulations
of the‘digita} and palmar surfaces that did not ad@uglly activate the

L8
movement transducer, but that seemed to constitute “"movement™.

-

: ~——
Cerffainly subjects in Group SC-RESP reportéd such activities, which

tended to be‘}eflected 1g their EMG scores but not in the movement
measure. In other words, the moveméntvinstructions given to subjects in
0 , )

Group SC-MVT on dissociation'trigls unnecessarily eliminated certaln
effective responses (manipulation of the Qolar.surfacgs) from thelr
response repertoires- This study appears to have pr;gided a significant
amount of circumstantial evidence that such manipulations are
functionally coupled to conductance changes. .

Finally, certain aspects of these datawguggest that the nature

of concomitant-conductance relationships is not simple. For example,

- several subjects in both groups mentioned that respiratory manecuvers

alone were often sufficient for performance. For example, MRO4 asserted

‘.
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this to be true for integration, whereas MMOS reported a differential
respiration strategy on integration and dissociation trials (deep

prolonged breaths versus rapid shallow breathing) that may well have

determined his success at this task since EMG changes dropped out toward

the end of dissociation training. However, MROl superimposed an
apparently massive regpiratory manibulation upon a volar manipulative
strategy that was reported to be successful on both trial type uly o=

[

there was no measurable effect of respiration on skin conductance.
-
Inspection of Figure 10 suggests that the probleQEEig/dﬁé a celling

effect the conductance regponse since- resplratory differences were
apparent bef&Pe success, at integration)dissociation was achleved. These
findings suggest substantial individual ﬁifferences in the relationship
oé coﬁcomitant changes to electrodermal chanéaﬁ between subjects. The

additional report of several subjects (for example, MMO2) that it was

necessary to vary response s
habituation, or within-subject

“
e mechanisms of these\phenomena are

‘ 4
not well understood, but they may affect the course of learning during

(functional coupling) over time.

biofeedback training fox changes in the electrodermal system. -

, Q.

3



CHAPTER FIVE: GENERAL DISCUSSTON

In the introduction to this thesis it was noted that it is

possible to divide the factors that determine whether or not learned

control of an autonomic response will be associg_ with concomitant - -~

s

beﬁaviof into two general classes. Firstifzshéomitan.s may occur during

training because the neural organization éf the neryous sfstem is such

that performance of the.concomitaﬁt contributes fafchapges in the

autonomic response. The response may be necessary for occurrence of the

autonomic target, or it may contribute to performance of the target

through functional relations of a less determinant type. '

The second class of factors has to do, not simply with

functional relations, but with'how lehrning occurs du:;ng biofeedback

tasks. A particular concomlitant may occu;AﬁEEF because it is necessary
‘%or autonomic change, but because it is suffic£:ﬁt for such change and
is preferred over7alternativg'means for prqducing the rsfponée owing to
the nature df 1é§fn;ng‘;tself. Or, the comn mitanﬁ may not coantribute .
to performance at all, but might be preseht as a consequence of how
subjects go about attempting to solve biofeedbackAprobleﬁs-

I conclude the ﬁhesis with a brief discussion of the bearing of

current findings on our understanding of the role of functional coupling

and learning In the generation of response patterns during bicfeedback.
> ,

Functional Couplfﬁngnd Learned Electrodermal Control -

Earlf investigatofs were concerned that ;espiratory manceuvers
were néceséary for the proéuction 0 Tned autonomic changes. Katkin
and Murray (1968) argued that the 1 flueﬂce of such mediators hﬁd not

161/'
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been ruled out in reséarch eonducted with human subjects-//hlthough some
disagreed (e.g., Crider et al., 1969), the general consensus was that
only the now-discounted curare animal preparations had ‘ruled out such’
mediators definitively (see Roberts, 1978). Gavalas (1968) had noticed
a relationship between electrodermal change and respiration but found
thaé rewarding respirétory changes was insufficlent for control of \\__w
electrodermal activity becapse the eiectrodgrmal response tbldeep
‘breathing tended to habituate.

Experiment 2 of this thesis clearly established that respiratory
alterations are not necessary for the production of learned increases<in‘
electfodermal activity. Four of the five subjects tested produced very
lapge changes in skin conduc;hnqg without mgasureable respiratory
change. The results in one case (MROl) also suggested that large
increases In"regpiratory amplitude and volume contributed little to
conductance performance on integration trials after fifteen sessions of
infegration—dissociation trainihg- However, integration performance was
superior to dissociation performance inlhll subjects early in training.
This may have been because functional coupling was present at this stage

but electrodermal responges to respiratory manipulation subsequently
C

-

habituated, as reported by Gavalas (1968). ternatively, the deficit
may have been attributaGIe to the greater di culty. of the éissociatién
task at this étagé of training. Four of five subjects in Experiment 2 ?
reported thi; t;sk to be more difficult than-integr;tion.

Wﬁile the findings rule out a necessary link between respiration

and substantial electrodermal change, other concomitants may bear such a

relation. One that persisted in Group SC-RESP was manipulation of the
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\\.
volar surfaces. Subject MROL, in fact, used this strategy on both trial
types while adding the resﬁiratory concomitant-on integration trials.
The possible necessity of volar actiﬁities for learned electirodermal
control may explain why dissociatioq appeared to be a harder task in
Group SC-MVT. The instruction to hold movement constant ﬁay have
reduced the probability that SC-MVT subjects engaged in such .

manipulations to the extent that SC~RESP subjects did. The persistence

of finger and palmar manipulations throughout the extended training of

the present stu&y favors the view that Rice (1966) failed to dissociate -

-

GSRs End fingeé\iovements,'not because of insufficient training in his
experiments, but because thesé activities‘are imporfant énd perhaps
necessary. for learned control of electrodermal responses in feedback or
operant conditioning situations; Application of dissociative procedures
similar to those employed in this thesis may be necessary p6 directly
as%ess the necessity of such concomi;ant.responding for learned
electrodermal control.‘A

The data from this thesis, and from the literature, suggest that
the electrodermal system may be otganlzed in a more diverse and variablé
faghion than, for example, the cardiovascular system. One possibié "
explanation for the large number 6% concomitants observed during
conductéﬁ%e‘training QpVExperiment 1, in which no concomitant other
than respiration showed within-subject relationships to electrodermal

»

increases, is that a number of different concomitants may be sufficient
p .

fd; the production of electrodermal responding. However, none may be
necessary for electrodermal responding. Furthermore, 1f the

electrodermal response associated with a particular concomitant
»r

'

&
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habituates, as suggested by Gavalas (1968) and data from this thesis,
then individual subjects have to substitute new concomitants for old

ones over_the course of long-term training.

]

There are a number of observations from the data of Experiment
that support this view of ‘electrodermal organization. For example,

Subject MMOl stated in his verbal report that
"What I do from day to day changes...
If my conductance changes are satisfactory
I continue with them until such time as
they prove ineffective, In which case I try
another set.” ’

Subject MMO2Z supplied a similar verbal report:

«..for, skin conductance change, with
movement constant, I wvary strategies
within a day and over days for the
simple reason that a constant strategy
(with feedback present) seems to yield
gradually decreasing returns.” ’

A number of other subjects also made reference to day-to-day varlability
in responding, but did not clearly identify this variability with the
changing effectiveness of particular concomltants. It should be noted;
however, that within sessions there Qﬁs a strong.tendoncy for the
1argeét conductance changes to be evidenced during the early trials.
Thié apparent variability in the relationship between iT ’

conductance and_concomitant activities is not found when heart rate is

the autonomic target. Except under conditions of considerable stress

b ]
where beta-adrenergic drive is augmented, heart rate remalns very well

correlated with somatomotor activity in a variety of experimental

procedures (see Obrist, 1981).

1,
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The apparent persistence of localized somatomotor respbnding or

- 8

other concomitants accompanying learned electrodermal control needs to
be interpreted in the light of evidence indicating that these activities
are not necessary for electrodermal changes in other situations. For
example, spontaneous electrodermal résponses appéar to occur in the
absence of measureable concomitants under resting coaditioﬁs (Edelberg,
1974; Venables & Christie, 1980). Also, large increases in
N

electrodermal activity have been demonstrated during aversive classical-
conditioning that are independent of somatomotor activities sufficient
t; influence heart rate (Roberts & Young, 1971; Roberts, 1974). The
question then becomes, if specific electrodermal responses are possible,
thy are they not léarned aboﬁt in the feedback training situation?

One answer 1Is that such specificity may be impoésible because
the learning processes that are engaged by feedback training do .not have
access to neural information that is required for specific regponding.
In particular, a large body of evidence Iindicates that proprioceptioﬁ
arising from the striate musculature is important for the development

.and refinement of learned motor control. If propricceptive feedback
(which provides information on the state of the effector) is lost
through surgical intervention or disease, new motor learning is
ifficult and, when achieved, does not shoﬁ the precision that otherwise
charactérizes motor action {see Bremner, 1984, for a review). 1In a
similar vein, highly specific control of the electrodermal system might
not be possible; because interoceptors that monitor the output of the |

sudomotor apparatus do not appear to exist in mammalian species (Kuno,

1980). However, failure of efforts to dissociate heart-rate changes
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from somatomotor and respiratory action might not be so easily explained

on this basis. Interoception dg;iying from the cardiovascular system
- .
AT ’
exists and is prolific (Cohen & MacDonald, 1974). However, whether this
interocepti Q&gerives from processes that alter heart rate specifically,

and whether it is distributed to those areas of the brain where learned
' . :

=
control is developed, are unclear. R

An alternative answer is that learning of highly specific
electf; ermal respenses might be possible i1f a proper training procedure
is used. For exam?le, application of the present methods with fqrearm
EMG as a concomitant might be successful. However, if-special
procedures are necessary, It would appear that organisms prefer to learn
by mediation rather than in a more specific fagﬂjon- .fﬁ;'exp}anation
for this state of affairs would appear to require a better understaéﬁing

of the nature of learning as well as functional systemic relations.

Learning and Concomitant Behavior Patterns

Given the rarity of specificity in the biofeedback rttterature,
it seems appropriate to enquire Iinto the aspects of the learning
process that may result in non-specific responding, independent of ;
whether functional coupling is a factor. Recent conceptualizations Pfﬁfi

’2 > .
visceral learning have gone beyond a basic operant description to\btr€é§)

-
‘o
&

the role of factors such as the discriminability of the responseqj/z*-

(Brener, 1974), the employment of pre-existing efferent commands
{Lacroix, 1981) or the possible neces?kty of consclous processing of

response information (Roberts et al., In press). -Such models may begin

[

to explain the apparent blas towards the acfuisition of non-specific- -

visceral‘responding in a feedback situation.

~
JL—'
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Brener (1974) argues that learned control of a response depends

. v k
upon learning«to identify the discriminable consequences of that \\\\\\\
. —~

response. If this is the case then non-specific control of
electrodermal responding méy develop, not because discriminable
consequences of specific reSponseé are unavailable, but because theée
cousequences are less eaéil;r Ydentified than@ thogse asgoclated with
movement or respiratoryighangeh that Produce electrodermal responses.

-~ H -
Similarly, if conscious processing of response information is necessary

-
+

for the development of learned control (Roberts‘et al., in press), then

this may bjias subjects towards non—specific responding. Conéciggf

—r

processing 15 liker*ti}be gscﬁ}itated by response strategies that are

salient, perhaps-verbal y desctibable; or even already well learned.

These factors are all liﬁely to be more ‘true of motor or respiratory

responses than specific auvtonomic ones.

Lacroix (1981) specifically stressed the role of ﬁrg~existing
efferent commands in the development of learned autbnomic controi. The
framework of Roberts et al. (1982) also suggests that subjects are
likely to first attempt previously learned Strategles that appear
relevant, on the basis of instructions or experimental envirqpmeﬁt, to
the viscera} learning task. Adult subjects enter the laboratory with a
history of having solved performance problems that typically involve
motor acts. If visceral iearping involves deliberate problem'solving,
then it 1s quite plausible that subjects would initially attempt to

v

control feedback wit:é?nch responses. If successful &4t the outset,' then

these response strategies may persist unless very specific demands of
b
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. /—I ~
the experimenglforce the subject to eliminate unnecessary responding, or
find a highly specific strategy.
Historically, a dissociative approach to the study of response
patterns has been recommended and undertaken by several investigators

. R
(Rice, 19 etz, 1974; Black, 1974; Newlin & Leveuson, 1978; Schwartz,

1977; and others The most detalled framework for understanding these

s that of Schwartz (197?Q§_who emphasized/that

response patterns opserved during blofeedback are determined by two

-factors. First, ond must consider system constraints, a general concept

that can bé seen to include physical and homeostatic limitations as well
as functional coupling. For example, regulation of central arterial
pfessure by the baroreceptors is likely to limit the extent to which
heart rate can be manipulaté% independently of blvod pressure. Second,
one Jﬁst conglder the precise relation that exists between exteroceptive
fegdback and.the S}ganigm's,behavior,.fhaq is the.obtained response—
reinforcement‘c;ntingenc . ' Other things being equal, response patterns
assoclated with feedback will ﬁe strengthened relative to patterns not
asgocilated with reinforcing events. Much evidence in the biofeedback
1it§ﬁéture supports consideration of these factors when attempting to
uuderstaﬁd thé regsponse patterns observed during visceral learning.

However, the"point of the above discussion 1s that patterns may be

shaped as well by a third factor, namely, the nature of learning itself.
) 3 .

Lo

This factor may explain the persistence of uncoupled concomitants during

Iearning as we;i as the preference of the sub t- forWroducing visceral

-

/"\.
targets through familiar‘behavidr even ugh) specific respons;\\_

strategies are achievable within the limits of system constraints. . I'e

[ S

N 3

Uf"-

B
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While thig/;hggis did not attempt to elucidate the learning
process involved/in bioféé{back, it does suggest that the investigation
of response patterns and }é;rning should not be separated from one
anoth¥r. An intersection of response systems and 1earuipg processes ig
by no means a new idea. Traditional 1earning‘theorj for a time argued
that ceftain response systems (ie. skeletal) could only be altered by
one form of learning (operant) while other response systems (le.
viéceral)'could only-be influenced 'by Pavlovian methods. This
particular distinction is no longer commonly assefted, but the
importance of recognizing the necessary interaction between learning

processes and performance remains.

&

RN

v
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Initial Interview Form

CONFIDENTIAL

STANDARD PSYCHOPHYSIOLOGICAL.LABORATORY INTERVIEW FORM._

NAME : _ SEX: M F
TELEPHONE NUMBER: | AGE:

QCCUPATION: WEIGHT: ‘
WITH WHICH HAND DO YOU WRITE: / HEIGHT:

Have you ever taken part in any other experiment in which ph%siological
recordiygs were made? (If biofeedback, reieEE;_ﬁEEEE_ZEE trained ta
control the response? Were you given feedback? If so, reject).
a
Are you-taking any medications? ) o
antibiotics (o.k. but note)
mood altering or psychiatric dvligs (reject)

L _and
antihistamines (o.k. but‘nogg)

.

i

other (Lf psychoactive, reject. If drug name is not recognized
P by interviewer subject is asked reason he is taking the

S ‘ _ medication).

4

Have you had any respiratory éisorders? (1If current,; reject).
18 . .

< _, .
.7

- e

1 14

A . ¥
(éfve you had any skin conditions? (If current and on target, reject).
f
I //f : . .
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1

Are\}qg epileptic? (If yes, reject).

Have you ever had any heart or cardiovascular problems?
high blood pressure (If yes, reject).
angina (If any cardiac problem is current and physician has

(3
restricted subject's physical activities/sports, then

reject).

t
- -~

Blood pressure: {Taken by experimenter with standard blood

- hearf attack

pressure Cuff,jhphygomanometer and stethoscope) (if > 130/90, reject).

Neurological examination:

balance

finger to nose

¢ finger to tongue

\\\do you experience any fainting spells or spells of dizziness?

“ .(If so reject)

Do you smoke?

- '- RN

l. 1If a subject is rejected, experimenter must state basis on this

questionnaire. -

.;/
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APPENDIX B
This appendix i3 a transcript of the instructions proviged to subjects

in both groups of Experdment 1. /

-

]
i
-

{
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Day One: In this experiment we are going to try to teach you to control
a physlological response that is not usually thought of as being
controlled voluntarily. We .are not going to tell you what the response

|
is, because we have reaso%)to believe this will interfere with your

i

performanée. At designated times during the course of the session we
willl ask you to increase this response by displaying the woﬁg "INCREASE™

_on the videomonitor in front of you. Similarly, when the word

ow=ECREASE” ;omes on, you are to decrease the response. Duriég those
times when there is no instructioq word on the monitor you. ghould sit
quietly and wait for thé next trial. ' .

To help you perform this task, we will give you feedback on some

trials to show you how well you are doing. Here is an example of what
the feedback display looks like. The horizontal line reppésents your
starting point at the beginning of the trial. The verticél line, on the
other hand, shows chang;s in the regPoﬁse. Movements of the vertical
line toward the top of the screen correspond to increases in résponding-
Movements oflthe vertical line toward the bottom of the screen

"

correspond to decreases in responding. Your ‘task is to keep the .
|

- !\ .
vertical line{above thé horizontal line on increase trials, and to keep

it below the horizontal line on decrease trials.

™ foThere will be some trials on which feedback will be given but
.you wik} still be instructed by the videomoniter to increasésor decrease
the response. On these trials we want you to control the response as

best you can without feedback.

-

L
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-

Feel free to use any method you wish to control this response
- but please do not get out of the chair or touch the electrodes. If you
need to talk to us during the experiment you can ?o 80 simplx_be ;*\
speaking out loud. We will hear you over the intercom and will reply if

we think a reply is necessary.
Y .
To provyide extra lncentive, we are going to pay you bonus money

for pééponding correctly. You could earn as much as an extra dollar for

i

every session of the experiment, were you to respond correctly all of

: 4 .
the time. We will tell you how’much bonus money you have earned it the

-t

end of each sessgion.

If you would like to have these instructions repeated would you

-

please tell us now. Otherwise, we will begin the experiment in two or

three minutes. Good luck. / ¥
‘ N
x
Instructions for subsequent days were as follows:“(f\

! The procedure for this session will be the same as for the last

session. You may use any method you wish to perform the task but.do not
~get out of the chair or touch the electrodes. If you meed to, you can
speak to us through the intercom. Remember, the amount of bonus money -

P \\ you earn depends upon how well .you perform. Good luck.

f . nt ra )
. AN
LY .? " :
VR
z .& Il\ v * *
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- APPENDIX C

This appendix is an explanation of the derived respiratory measures.

176
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D2
f?This figure is an idealized respiration signal fecorded from a

mercury strain gauge. The horizontal line XY represents the zero cursor

.which 1s computed by taking the arithmetic mean of all points. Each

Ai represents a positive goifig zero crossing and defines the start Aof
a new cycle. Inter-cycle-interval is calculated on the basis of the

time between consecutive A;. Amplitude is the sum of the two

) distances xini and x4Dy. By and Dy are the absolute ma;;mum

N

and minimm of the cycle. Volume is calculated by intégrétiug the area

between- the signal. and the cursor. The hatched area represents the

{
4

volume of the second cycle.

-



| APPENDIX D
) s wmmemo
The following 1s ‘an explanation of the details of the respiration

feedback for group SC-RESP in Experiment 2

178
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RESPIRATION FEEDBACK:

) At the beginning of each session, once the subject had been
given -time to hébituate, a baseline recording of the respiration signal
was made by.the SLI-11/03 computer. The baseline sample was 120 seconds
in duration. The signaﬁjggshparsed into individual réspiratory cycles _
({see Appendix D). The’;mplitude and duration of each cycle was
computed, and the cycles were rank ordered on bo;h amplitude and
duratioq: The first ten cyc%es that fell in the middle two quartiles on
boqh/thé ampliqede and duration rankings.were selected agd ret;ined in a
nemory queue. The_tgn cycles were also averaged to produce a
respiratory template (see Figure Dl). Feedback was provided to the
subject for any deviation in his current respfration from the
regpiratory template. The template was synchronized to the current
regpiratory behavior at the start of each respirétory cycle. During the
30 second period, prior toleach trial in the session, respiration- was
recorded along with all of the-other physiological variables. Following
the trial the regpiration data from the pretrial period was parsed and
used to update the running memory queue oé ten cycles that comprised the
template. The cycles in the pretrial were rank ordered on the basis of

amplitude and duration. The median cycle, the cycle prior to the median

and the cycle folowing the median were selected anpd added to the queue

of respiratory cycles. The oldest three_gzlzggnwere dropped from the

queue. The ten cycles were them averaged to produce a new template. If

on any trial, the pretrial period failed to yield six analysable cycles,

the template was not updated on that trial. The purpose of this was to

N

™y Y
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exclude from the template any respiratory cycles whicﬁ-occurred during
excessive movement, or unusual breathing. The trial by trigl updating
allows the template to track any long term drifts in respira&ion,
without being distorted by atypical cycles.

fhe above procedure was altered in the cage of subject MROS.
This subject had an unusually low resting respiration rate and most
ﬁretrial periods did not yleld six complete cycles. For this subject
only, three complete cycles during the pretrial period resulted in the
addition of one cycle to the template (the median cycle, based upon
'amplitude), fo;r complete cycles resulted in two cyclés being added (the
cycles ranked 2nd apd 3rd for ampliéude)- This change in procedure was

ingtituted following this subject's sixth session.

L
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- Current PRespiration

-~

Current respiration signal synchronized to the respiré%ory template.

The heavy curve represents the template. The éhin horizontal lin;
represents the zerq cursor. The thin purved liqé 1 the cuYrent . ' o
respiration signal which has been synchronized to thq‘template on the -
basis of the leading positive zero crossing. The feedﬁack_at time 1;13

based upon the absolute difference between the values of the templdte.at

that point (Ty) and the current signal (Cy).

" Figure D1

-y
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APPENDIX E
This appendix contains the text of the/iﬂstructions provided, in typed

form, to subjects in Experiment 2 \
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Initial instructions given to subjects in Experiment II

Group SC—-RESP

In this.experiment we are going to .train you to control two
physiological acgivities. One activity is skin conductance, which we
will measure with small electrodes placed on your hands. The other
activity is your respiration (breathing), which we will measure with a
small gauge encircliné your chest. ‘Eventéally we want o train you to
control both of these activities simultanegusly. On some trials we will
ask you to alter both skin conductanéé and respiration, on other trials
we 'will ask you to alter your skin conductance while maintaining a

constant level of respiration.” You shuld note that when we say to keep

your resplration level constant we do not mean that you should hold your

breath, rather w% mean that yoﬁ should breathé at a constant rate and
depth similar é; when you are resting comfortagly.

To help you perforﬁ thege tasks we are going to 'provide you with
‘feedback‘for both four sﬁin conductance and your réﬁpiration.' You will
reééive two visual displays side by side on a television mouitor. The

——
figure below shows what the displays on the TV monitor will look like.

-
)

o
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The display on-thé left will always corre; ond to chanées in
your skin conductance and the display on the right wiil always
correspond to changes in resﬁiration. As you can see each display
consists of a horizontal line and a vertical line projecting upwards
from it. The horizontal 1ine represents your level of-reégonding at the
start of the trial. The vertical line will incregse in length in
propertion to changes in the activity'being,monitored.

Thus, the vertical line on .the left will increase in length |
upwards from the horizontal line when your skin conductance increases
from its starting point. Similarly fhe vertical line on the right will

increase in length when you alter your pattern.of respiraﬁidﬂ in any

\

-

way .

For tbe first few daiq of the experiment we are going to train
you to alter these activities individually. In later sessions we will
then train you to cont;ol the; siéultaneously. }

The procedure for taday will be as follows. Fo;lthe first _five
trials we are goipé-to-ask fou to increase your skin conductance.

~ - .

Remegper, the display on the left c;rresponis to skin conductance. The
‘display will appear on the Tv,séfeen in the color GREEN. Whenever a
display appg;rs ;E GREEﬁ you should try to alter that ;esponse as much
#s possible. Thus when the left display appears In green you sh0uld try
and ipcrease the length of the vertical line as much as possible. This
will corresﬁond to increases fﬁ skin conductance. During these trials

the respiration display will also be present on the screen, but it will

appear in WHITE. A WHITE display indicates that you should not attempt

N
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to control ‘that dctivity in any way, either by.altering it aor by
atteméting to hold it constant. The vertical line for respisation will
not be present on these trials.
| On‘the next- five trials we want you to alter your pattern of
respiration as mucﬁ as possible. Remember,. the display on the right
correspondsg to changes in your.reSPiration. It will now appear in
green, indicating thét you ;ré to alter yoﬁr breathing as much as
possible. Any change in your pattern of breathing will increase the
length of the vertical line. If your breathing pattern returns to
normal the vertical line will decrease injlengthrto zero. You should
L4 . .
try to keeﬁ the vertical line as long as possiblé. On these trials the
| o |
skin conductance display will appear‘}? white, indicating that you
should not attempt to control skin condbctance iﬁ any way. The vertical
line for skin conductance will not be presented.

Finally, we will give you five more trials during which we want
to keep your pattern of breathing the same as your resting pattern of
breaﬁhing. On thgse trials the respiration display wi;l appear in
ORANGE. The color ORANGE indicates that you should keep the vertical
line as short as posS¥ble at all times during the trial. You can )
accomplish this by breathing at the sa;e regular rate and depth as you
did when you were resting. Any changes in breathing from this regular
pattern will increase the length of the vertical line. Once again the

skin conductaﬁce display will appear in white and its vertical line will

not_be present.
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To summarize. The display ou” the left is for skin conductance.
The display on the right is for-respiration.

When a display appears in green you should attempt to increase
the length of the vertical line towards the top of the screen as mﬁch as

.

possible.

When a display appears in orange you should attempt to reduce
the length of the vertical line to as close to zero as you calt manage.

Finally, a white display indicates that you gshould not attempt

any gort of control over that activity.

Feel free to use any strategy you wish, but please do not touch
the electrodes we have attacheé to your body as this will create
artifact in our recordings.

To provide extra Incentive we are gofng to pay you bonus money
_ for performing successfully. You could earn up to $2 in bonus money for
each session if you do well.- You will be told how much bonus money you
have earned at the end of eaﬁh session.

If you have any questions please re-read these instructions N

carefully. If you still have a question then ask the experimenter.
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Group SC-MVT

In this experiment we are goling to txain you to control two
physiological activities. One activity 1is skin conductance which we
will measure with small electrodes placed on your hands. The other
activity 1is your ovéréll movement. Eventually we want to train you‘to
control both of these activites éimultaneously- On some triéls we will
ask you to alter both skin conductance and movement, on other trials we
will ask you to alter your skin conductance while hélding your movement
constant. !

To help you perform these tasks we are going to provide you with
fee@back for both your skin conductance and your'dverall movement. “You
will receive two visual displays éide by side on a television monitor.
The. figure below shows wha;lfhe displays on the TV monitor will look

like. : ——
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The display on the left will always correspond to changes in
your skin conductance and the:display on the right will always
correspond to changes in movement. As you can see each display consists
of a horlzontal line and a vertical line projecting upwards from it.

The horizontal line represents your level of responding at the start of
‘the trial. The vertical line will increase in length in proportion to
changes in the activity being monitored.

Thus, the vertical line on the left will increase in length

rupwards from the horizontal line when your skin conductance increases
from its starting point. Similarly the vertical line on the right will
increase in length when you move in any way.

For the first:few days of the experiment we are going to train
you to alter these activitieé individually. In later sessions we will
then train you to control them simultaneously.

. ’

The procedure for today will be as follows. }or the first five

Jtrials we are going to ask you to increase your skin conductance.

Remember, the display on the left corresponds to skin conductance. The

display will appear on the TV screen in the color GREEN. Whenever‘g@h

s ™1

display appears in GREEN you should try to alter that response as much
as possible. Thus, when the left display appears in green you should
’Efy'and increase the length-of the vertical 1ine-as‘much as possible.
éfhih will co?respond to increases in skin conductance. During these
trials the movement display will also be present on the écreen, but 1t
will appear in WHITE. A WHITE display indicates that you should not

attempt to control that activity in any.way, either by altering it or by

f1
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attempﬁing to hold it constant. .The vertical line for movement will not
be present on these trials. -

On the next five trials we want you Lo élte} your overall
movement as much as possible. Remember, the display on the right
corresponds to movement. It will now appear in green, indicating that
you are to alter your movement és much as possible. Any movement will
increase the length of the vertical line. If your level of movement

returﬁh\gq\gormal the vertical line wili decrease In length to zero.
~

You should try to keep the vertical line as long as pobsible. On these

- -

trials thé skin conductance displéy wil% appear in white, indicatiﬁg
that you should not attempt‘to éontrol sLin conductance in any way. The
vertical line_for skin conductance will not’ be presented.

| Finally, we ;ill give you five more trials during which we want
you to keep your movement unchanged. On these trials the movement
disﬁlay will appear in ORANGE. The color ORANGE indicateg that you
should keep the vertical line as short as possible ;t ali't%mes_during
the trial. Any movement will iqcrease the length of the vertical: line.

Once again the skin conductance display will appear ®in whité and its

vertical line will not be present.

To summarize, The display on the left is for skin conductanae.

The display on the right is for movement.
When a display appears in green you should attempt to lncrease
the length of the vertical line towards the top of the screen as much as

possible.
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When a display appeafs in orange yoﬁ should attémpt to reduce

. , 3 - :
the length of the vertical line to as close to zero as you can manage.

Finally, a white display indicates that you should not attempt

any sort of contr¥l over that activity.

Feel free to use any strategy you wish, but pjease do not touch

o

the electrodes we have attached to your body as this will create

artifact 1in our recordings.

To provide extra incentive we are going to pay you bonus money’

for performing successfully. You could earn up to $2 in bonus money for
each session if you do well. You will be told how much bonus money you

have earned at the end of each session.

If you have any questions please re-read these instructions

~carefully. If you still have a questiod then ask the experimenter.
t
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. APPENDIX F

Thi3 appendix contains the transcribed text of the prerecorded

instructions provided to subjects in Expe}iment 2

191
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Transcript of taped instructions to subjects in Dissociation Experiment

Day 1: Group SC-RESP

This experiment will train you to control both your skin-

- conductance and ?our respiratory activity. To do this we will provide
you with feedback for both these responses. Here is an example of the
feedback displays.

The display on the left is for skin conductance. The horizontal
line represents your starting point at the beginning of the trial.. The
vertical line, on the other hand, corresponds to changes in the response
from the s;Arting point. Increases in skin conductance will cause the
vertical line of this display to increase towards the top of the screen.
When this display appears in green, as it does now, you should attempt
to increase your ;kin conductance as much as possible.

The display on the right is for respiration. The vertical line
of this displé? will increase towérds the top of the screen with any
change in your pattern of breathing. At this moment the display is in
green Indicating that you sﬁould élter your patéern of breathing*ﬁo as
to increase the length of the vertical line. However, when this display

y
is presented in oran;;; as it is onow, you should attempt to reduce the
length of the vertical line to.gero,lor as close to zero as you can
manage. You can accomplish this by maintaining a regular, constant rate
and depth of breathing, the same pattern of breathing as when you are
sitting stiil and r;sting. '

Dﬁriug the first few sessions one of these displays will abpear

in white, as i{s the case now, for the respiration display. A white
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display indicates”that you should not attempt to controquﬁat response,

re

v

either bx ingreasing it or by holding it constant. For teday the

vertical line on the white display will not be activated.

To summarize. The display on the left is for skin conductance.
The display on che)right is for ré%piration.

Whgn a diéplay appears in green.yoﬁ should attempt to_increaae.
the iength of-the vertical line towards th; top of the screen a; much as
poss¥ble. -

When a display appéars in orange you should attempt to reduce
the“length of the vertical line to as close to zero as you canlmanage.

Finally, a phite display indicates that you should not attempt . _\k

any sort of control over that activity. 4

If you have any questiogs please ask to have these instructions
repeated. Otherwise, the experiment will begin in two or three

minutes.

Day 2:° Group SC-RESP

Today’'s session‘5111 be very similar to the first session.
Again we are going to ask.you te control skin conductance and
regspiration séparately. .As before tbere will be five trials during
which yoJ\should increase skin conductance (the left display), five
trials during which you should élter your respiration (right display},

and five trials during which you should maintain a constant pattern of

breathing.
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_ Tﬂé\only difference 1s that foday thernon-tafget display will be
activated. It will gtill appear in whi?e, indicating that you should
not try and manipulate it, but the vertical line wil{ be present to show
you what is happening to one activity as you control the other.

Day 3: ' Group SC—RESP

_ . ¥ E ~-
Today's session will be the same as the last session except

that, instead of giving you blocks of five trials consecutively qu one
task, the trials will be arranged randomly. - _ o -

Remember that a GREEN display indicates that the regsponse should
be altered as much as possible. An ORANGE display indicates that the
response‘should be maintained at a constant level, and a WHITE display

»

should not be manipulated in either fashi&h.
fg addition, today, we are going to give you some trials during
which no feedback will be avallable. Instead we will present coiored
patches on the screen where the feedback display would n;rmally have
appeared. As wasltrue of the feedback displays the patches will be
either GREEN, ORANGE or WHITE. Also as before, the left. patch will
refer to skin conductance and the right patch to respiration. Thus if a
green patch 18 presented on the left side you should attempt to alter
skin conductance as much as possible even though you will net have the
feedbﬁck available to tell you how well you are doing. Similarly ;f'a
green patch appears on the right side yoﬁ should attempt to alter
respiratién ag much as possiﬁle. Fiﬁally if an orange pééch appears on

the right side you should attempt to mainta constant pattern of

breathing; In all cases the other (non-ta e:)’§1g; will appear white.
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You will receive these test trials both at the beginning and end of
today's session.

Day 4: Group SC-RESP

We are now ready to begin tralning you to control both skin
conductance and respiration at the same time. Starting with today's
session both displays will ézahys be active and both will appear in
color. . . | -—

On half of the trials both displays will appear in green. Omn
these tria%s you should attempt to alter both skin conductance and
respiration as much as possible. y

On the remaining trials the skin conductance display will appear
in éreen and the regspiration display will appear in orangé. On these
triéls vou should attempt to alter skin conductance as much as possible
while at the same time maintaining a constant pattern of breathing.

You may find cogyégiiiqg both résponses.at once somewhat
difficult but you should try as ha\g as possible to comply with the

.task. You will receive plenty of practice and training.

/‘—“\

We are also going to continue to include test trials at the
beginning and end)of each segsion. 'On these trials the color code will
be the same as alwﬁyg but pgbches of color wiET be presented in place of

A

the feedback”?isplays;h\Ypu should do the best you can on these trials
7;:Eh\tﬁough you do not have feedback to gulde your performance.
Days 5 to 18: Group SC-RESP

Today's session will be just like the previous one. When both

_/ displays are green you should alter both skin conductance and
(]
o
respiration at the same time.
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When the skin conductance display 1s green and thelrespiration
display 1is orange yog should alter skin conductance as much as possible
while malntaining a constant pat;gzg/of regpiration. On test trials you
should do as best you can even though feedback is unavailable.

Day 1: Group SC-MVT

This experiment will train you to control both your skin

conductance and your overall movement. To do this we will provide you

with feedback for both these responses. Here is an example of the

\,feedback disﬁlays.

The display on the left is for skin coh&uctance; The horizontal

line represents your sfartinglpoint at the beginning of the trial. The
ve:;icai line, on the other han@, corresponds to changes in the response
from the starting point. Increases in skin conductance will cause the
vertical line ;f this display to increase towards the top of the screen.
When .this display appears in green, as it doe; now, you should attempt
to incréasé your skin conductaﬁce as much as possible.

The display on the right is for movement. The vertical }ine of
this displa§ will-increase towards -the top of the screen with any change
in your ove;all movement. At this moment the display is in green.
iqdicatiqg that you should alter your movement so as to increase the
length of the vertical line. However, when this display 1s preseunted in
orénge,‘as it is now, you should attempt to reduce the length of the
vértical line to zero, or as cloge to zero as you can manage. You can
oecomplish this by not changing your level of movement.

Quring the first few sessions one of these displays will appear

in white, as is the case now, for the movement display. A white display
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indicates that you should not attempt to control that response, etther
by increasing it or by holding it constant. For today the vertical line

on the white display will not be activated.

To summarize. The display on the left is for skin conductance.

The display on the right is for movement.

When a display appears in green you should attempt to increase
the length of the vertical line towards the top of the screen as much as

possible.

When a display appears in orange you should attempt to reduce

the length of the vertical line to as close to zero as you can manage.
% - .
Finally,.a white display indicates that you shou%d not attempt

any sort of control over that activity.

If you have any questions please ask to have these instructicns
repeated. Otherwise, the experiment will begin in two or three
minutes. . . .

Day 2: Group SC-MVT

-foday's session will be very similar to the first session.
Aggin we are going to_ask you to control skin conductance and
movement separately. As before there will be five trials during which
you should increase skin conductance (the left display), five trials
' during which you should alter your movement (right display), and five
trials during which you shouid not change your level of movement.

The only difference is that today the non—target display will be

activated.’ It will still appear in white, indicating that you should
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‘not try and.manipulate it, but the vertical line will be present to show

-t

you what is happening to one activity as you control the other:

rl

Day 3: Group SC-MVT

~ it

?oday‘é sgss?ﬂn ﬁill ﬁé the same as the last session except
that, instead of giving yoh-block;:g} five trials cousecutively for one
task, the trials will be arranged randomly.

Remember that a GREEN display indicates that the response should
be altered as much as possible. An ORANGE display indicates that the
response should be maintained at a constant level, and a WHITE displayr
should not be manipulated in either fashion.

In addition, today, we are going to give you some trials during
which no feedback will be available. Instead we will present colored
patches on the screen where the feedback display would normally have
appeared. As was true of the feedback displays the patchgs will be
elther GREEN, ORANGE or WHITE. Also as before, the left patch fill
refer to skin conductance andrthe right patch {0 movement. Thus if a
green patch is pregsented on the left side you should attempt to alter
skin conductancé as much as possible even though you will not‘have the
feedback available to tell you how well you are doing. Similarly if a
green patch aﬁpears on the right side you should attempt to alter
movement as much ;s possible. Filnally 1if an orange patch appears on the
right side you should attempt to maintain én unchahging level of
movement. In all cases the other (non—target) side will éﬁpear white.

You will receive these test trials both at the beginning and end of

today's session.
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Day 4: Group SC-MVT

We are now |ready to begin training you to control both skin

conductance and wovement at the same time. Starting with today's
gesslon both displays will always be acti?e and both will appear in
color.

On‘half of the trials boﬁh displays will appear in green. Om
these trials you should attempt to alter both skim conductance and
movement as muéh as possible.

On the remaining trials th; skin conductance display wi}l appear
in green and the movement display‘will appear in orange. On these
trials you should attempt to alter skin conductance as hqch as possible
while at the same time holding movement constank.

You may find cpntrolling both respgﬁhes at once somewhat
‘difficult but you should try as hard as possible to comply with the
task. You will recelve plenty of practice and training. /‘Z’/ﬁ

We are also golng to continue to.include test trials at the
beginning and end of each session. Qn thege trials the color code will ‘////
be the same as always but patches of color will be presented in place of
the feedback displays. You should do the best you can on these trials

even though you do not have feedback to guide your performance.

Days 5 to 18: Group SC-MVT

Today's session will be just like the previcus one. When both
displays are gregen you should alter both skin conductance and
movement at the same time.

When the skin conductance display 1is green and the movement

display is orange you should alter skin conductance as much as possible



200

S .
while holding movement constant. On test trials you should do as best

-

you can even though feedback 1s unavailable.

e
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APPENDIX G

Questionnaires administered to the subjects in Experiment II following

sessions 13 and 18

']



202

- Respiratory Version

Subject Questionnaire
Please answer all questions Iin as much detail
as possible.
Answer the questions in the order presented.
Do not go on to the next question until you have

finished the question you are answering. ' \\

*Note: 1In the actual questionnaire each question was presernted on a

separate page. To conserve space they are presented consecutively

hait

here.

L

2)

3)

4)

3)

6)

7)

Describe, in as much detaill as possible, what it is that you do to
alter your skin conductance on those trials when you also alter
resplration.

Describe in as much detall as possible, what it 1s that you do to
alter your skin conductance on those trials when you hold
respiration constant.

What exactly do you do to alter your respiration?
What exactly do you do to hold your respiration constant?

Describe how you went about finding out how to alter your responding
in the correct manner.

If you had to write a set of instructions to allow another subject
to do this task“without feedback, what would you instruct the
subject to do on trials when he 1s to alter both skin conductance
and respiration? :

If you had to write a set of instructions to allow another subject
to do this task without feedback, what would you instruct the
subject to do on trials when he 1s to alter skin conductance and
hold respiration constant?
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8) How difficult do you find those trials when you are to alter both
skin conductance and respiration?
very easy ' : impossible
1 - 2 3 4 5 6 ) 8 9 10
]
9) How difficult do you find those trials when you are to alter skin
conductance but hold respiration constant?

very easy impossible
1 2 3 4 5 6 7 8 9 10
-

10) How well do you feel you are doing on those trials when you do not
have the feedback available and you are trying to alter both skin
conductance and respiration?

Not nearly as . As well as Much better
well as when when feedback than when
feedback 1is - is present. feadback 1s
present. : present.

1 2 3 4 5 ) 7 8 9 10

have the feedback available and you are tryikg to alter skin

11) How well do you feel you ar% doing on those\irials when you do not
i
conductance but hold respiration constant? ‘

Ay

Not nearly as ‘ "As well as Much better
well as when when feedback ‘ than when
feedback is is present. feedback is
present. present.

1 2 3 4 5 6 7. 8 9 10

12) Does anything about your behavior in this situation, either in terms
of what you deo or how you use the feedback, change from day to day?
Why? Please be as specific as possible.

Moveument Version

Subject Questiounaire
Please answer all questions in as much detail
as possible. .
Answer the questions in the order presented.

Do not go on to the next question until you have

finished _the question you are  answering.



1)

2)

3)

&)

5)

6)

7

8)

9)

10)

, J
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Degscribe, in as much detail as possible, what it is that you do to
alter your skin conductance on those trials when you also alter
movement.

Describe 1in as muchldetail as possible, what it is that you do to
alter your skin conductance on those trials when you hold movement
constant.

What efactly do you do to alter your movement?

What exactly do you do to hold your movement constant? v
Describe how you went about finding out how to alter your responding
in the correct manner.

If you had to write a set,of instructions to allow another subject
to do thils task without feedback, what would you instruct the
subject to do on trials when he is to alter both skin conductance
and movement? ' ‘ -

If you had to write a set of instructions to allow another subject
to do this task without feedback, what would you instruct the
subject to do on trials when he is to alter gkin conductance and
hold movement constant?

How difficult do you find those trials when you are to alter both
skin conductance and movement?

very easy impossible
. 1 2 3 4 5 6 7 8 9 10

How difficult do you find those trials when you are to alter skin
conductance but hold movement constant?

very easy ’ impossible
1 2 3 4 5 6 7 8 9 10

How well do you feel you are dolng on those trials when you do not
have the feedback available and you are trying to alter both skin
conductance- and movement?

.

Not nearly as As well as Much better
‘well as when when feedback than when
feedback 1is is present. feedback is
present. . ’ ' present.

1 2 3 4 { s & 7 g8 9 10
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11) How well do you feel you are doing on those trials when yad do not

12)

have the feedback available and you are trying to alter skin
condugtance but hold movement constant?

Not nearly as As well as _ Much better

well as when ' when feedback . than when
feedback 1is 4 is present. feedback is
present. ) ‘ present.

1 2 3 4 5 6 7 8 .9 10

Does anything about your behavior 1n this situation, either in terms
of what you do or how you use the feedback, change from day to day?
Why? Please be as specific as possible. ' '

-

[
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APPENDIX H -

The following two tables present the t-statistics for Experiment 2.

The first table 1s for group SC-RESP; the second 1s for group SC-MVT.

- The Ef&lgg;ng abbreviations are used:

SC - Skin conductance

- RA - Respiratory amplitude ot
RC - Respirator cycle duration . ,
RC - Respirator volume
MVT - Gross body movemént
EMG - Forearm EMG
IBI - Cardiac In;er-ﬁeat—interval ‘€
D

N7



Group SC-RESP ~»

Comparison

Integration training
vs. dissociation training
(sessions 4-18)

Dissociation vs. blank trials
(sessions 4-18)

Infegration transfer vs.
training trials
(sessions 4-18)

Dissociation transfer vs.
training trials
(sessions 4-18)

Terminal Performance
(sessions 14-18)
Integration vs. dissoclation
Dissociation vs. blank

Table H-1

\

Dependent df

measure
HMRO1
SC (14) 6.31T
RA " 10.04F
CD " .39
RV T 9.87%
sC S 4.72%
RA - " .68
CD oo .32
RV " 1.42
EMG " 2.58%
MVT " .69
IBIL " ©-.97
SC " .30
RA ' 1.40
CD . -1.13
RV - 1.24
SC " -.46
RA " 2.30%
cD " 2.46%
RV " 2.39%
. SC 4 4,452t
RA . " .67
CD “ -.87
RV " .96

t values

MRO2 MRO3

3.90+\74 .98+

11.16% £ 9.16%

3.57t -.53
9.54% 10.07%
3.22%  g.22%
.10 2.05
-1.13 .31
.63 1.75
3.24%  1.02
-.67 1.32
-2.55%  —-.83
-3.141t  2.,17%
-2.29% -.23
2.22%  -.23
-3.41F -2.79%
~41 " -1.36
- 44 47
3.72% .05
~1.16 .84
1.28 1.41
-1.48 1.26
-.87 1.92
~-.71 1.13

MRO4

4.37%
7.98%
3.9t
8.20%

4.79%
-1.06
-7.147F

.90
3.51t

1.44
-7.53%

.09
-1.12
1.79
-1.48

~-4.07%
1.24

3.82%
.39

2.82%
=.77
-3.29%
1.09

MRO5

5.16%

17.57%
.78

18.08%

13.83%
1.91
.04
2.41%
11.82%
4.52%
-11.76%

1.53
-1.71
.94

.10
2.04
1.87
1.56

2.60

-.41

-.03
.65

*p ¢ .05
*p ¢ .01

L0z

Y



Group SC-MVT

Comparison

Integration training
ve. dissocilation training
{sessions 4-18)

Dissociation vs. blank trials

Transfer vs. training:
(sessions 4-18)
Integration trials

Dissoclation trials

Terminal Performance:
{sesaions 14-18)

Integration vi. disgociation

D}saociation vs. blank

Dependent
measure

sc
MVT

s5C
MVT
EMG

RC
RV
IBI

i)

5C
MVT

sC.
MVT

sC

MVT -

Table H-2

df

(14)

MMO1

8.29%
131.28%

6.26%
.62
.81

-1.99
.58

-2.43%
.95

3.01%
.96

-3,22t
-.97

é\avalues

MMO2

9,77%
40.56%

14.09%
2.82%
7.06%

-2,83%

-5.03%
-.91

-5.161

4.4t
-.36

3.13+
2. hh*%

6.86+ % 7.35%

N1

3.161

MMO3 -

g.19+%
52.78%

10.91%
3.06%
5.41F

-4.98%

-5.94%

-3.40%

-7.77%

4.10t

1.63

MMO4

4.69%
93.64%

18.96%
49
6.98%
4.17%
-.83
3.89%
-8.01t

.75
4.21%

-.17
2.09

.95

—1 o63

MMO5

5f51+

18.32+

10.73%
1.52
3.21%
5.47%
3.97t
5.92%F

-2.88%

1.58
-.46

1.11
.81

3.75%

0 7

*p < .05
*p < .01

BOZ
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