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CHAPTER I

INTRODUCTION TO THE STUDY

Importance of the Problem

Throughout the history of man, philOSOphers thought
that the voluntary responses of the skeletal muscles and
reason were the involuntary glandular and visceral responses
and emotions. . The traditional belief that instrumental
learning is possible only for voluntary control of skeletal
responses and that only classical conditioning is possible
for involuntary control of visceral and emotional rssponses
has been questioned in recent years.

The dichotomy of the nervous system was formally
proposed during the early nineteenth century by a French
physiologist, Bichat (1800), who suggested that the control-
ling activitlss of the entire nervous system could be‘di—
vided into a "voluntary" part and an "involuﬁtary” bsrt. As
the result‘of the work of aﬁ American physiologist, Langley
(1892), the existence of two specialiZed, yet‘interrelated,
nervous systems was well established. The “voluntafy” Sys-
tem was called the cerebfospihal nervous system, and the
”involuhtary" sYstem was divided further into the sympathet-
ic nervous system snd the parasympathetic netVous System.
Both systems-~sympathetic and parasympathetio--Langley

1



labeled the autonomic nervous system.

The autonomic nervous system serves three classes

of effector organs: (1) smooth muscles, the muscles of
the viscera, blood vessels, et cetera, which differ struc-

turally from the skeletal muscles of the limbs and trnnk;

(2) cardiac muscle, which is specialized muscle that is
continually in action throughout the life of the organism;
and (3) the glands, which secrete various chemical products.
Just as the nervous system has been divided into a
voluntary part and an involuntary part, so has the field of
learning been divided traditionally into an involuntary
form, or classical conditioning, and a higher voluntary
form, operant or instrumental conditioning, a dichotomy
which has been questioned in recent years. In involuntary
response conditioning, the subject learns typically without
conscious awareness of the change which is taking place.
In an experimental situation, the response is under the con-
trol of the investigator who decides when and how the sub-
ject 1s to respond and then trains him to»respond. The un-
conditioned stimulns serves also as the reinforcer. In in-
strumental conditioning, the subject mnet initiate the be-
‘havior——nothing 1s done byvthe investigator to elicit the
response. After a correct reéponse is made‘by the subject,
a reward or reinforcement is applied. A particular response
is required for reinforcement, and the respensibility for
the response'fests with the subject. The.reinforcement fol-

lows,vrather than precedes, the wesponse. Therefore, the



traditional belief that instrumental learning is possible
only for voluntary control of skeletal responses and that
only classical conditioning is possible for involuntary
control of visceral responses developed. Miller described
succinctly this traditional belief in the following way:

« « Jinstrumental learning involved in

the superior voluntary behavior is pos-

sible only for skeletal responses media-

ted by the superior cerebrospinal nervous

system, while, conversely, the inferior

classical conditioning is the only kind

possible for the inferior, presumably

involuntary, visceral and emotional re-

sponses mediated by the inferior auto-

nomic nervous system (Miller, 1969:435).

Kimbell (1961) stated relatively recently that "for
autonomically mediated behavior, the evidence points un-
equivocally to the conclusion that such responses can be
modified by classical, but not instrumental, training
methods." Miller (194%1) refused to acknowledge a clear-
cut dichotomy of learning because of the many similarities
between classical conditioning and instrumental condition-
ing. He hypothesized that there is only one kind of
learning, thus requiring experimental verification that
instrumental conditioning was able to produce the learn-
ing of any visceral responsés that could be acquired
through classical conditioning.

Many investigators accepted the challenge that
instrumental learning of visceral responses is possible.

peveral stndles have been conducted utilizing instrumental

learning in animals. In one of the first experiments
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reported, Donald Shearn (1962) modified heart rate in
rabbits. Miller and Carmona (1967) brought the problem to
the attention of the psychophysiological profession when
they showed that the response of salivation (which is con-
trolled autonomically) can be modificd by an instrumental
training procedure. In subsequent experiments various auto-
nomic functions have been conditioned instrumentally in rats:
heart rate (Trowill, 1967; Miller and DiCara, 1967; Ehrlich
and Malmo, 19673 DiCara and Miller, 1968a; DiCara and Miller,
1968b3; and DiCara and Miiler, in press); intestinal contrac-
tions (Miller and Banuazizi, 1968); urine formation (Miller
and DiCara, 1968); stomach contractions (Carmona, Miller,
and Demierre; in preparation); peripheral vasomotor responses
(DiCara and Miller, 1968b; DiCara and Miller, 1968d); blood
pressure (DiCara and Miller, 1968c); emotionality (DiCara
and Weiss, 1969); brain waves (Miller, 19663 Carmona, 1967);
and glandular response.(Miller, DiCara, and‘Wolf, 1968) .
The results of these studies upon animals led ultimately to
inveétigations of operant conditioning of visceral responses
in humans. Although several visceral respbhses have been
tested, the more relevént studies with reference to heart
rate will be reported in Chapter II.

These previous studies have indlcated that heart rate
responsas mediated by the autonomic nervous system can be
conditioned instrumentally, whether or not instrumental

learning of heart rate can occur during exercise stress has



not been determined. deVries (1966) states that "high
heart rates are less efficient than low rates, other things
being equal. . . . The slower the heart rate for any given
workload, the more efficiently 1s the cardiac work per-
formed." This is based upon three ideas: (1) oxygen con-
sumption of the heart increases with increasing heart rate,
even though the workload is held constant; (2) as the rate
increases, the filling time of the heart decreases, and

(3) diastasis, the onlyvresting period for the myocardium,
.is disproportionately shortened in faster rates, and may
disappear entirely ét high rates (deVries, 1966:73). If a
person is able to lower consciously her heart rate during
exercise stress, the dey may be able to adjust and work
more efficiently. . Thus, because of the possible adaptation
of the body to the lower heart rate, several positive
changes in performance could occur: (1) longer duration of
effort before exhauétion; (2) greater utilization of energy
reserves; and (3) more rapid return of heart rate and blood
.pressure to normal following activity. In»eséence, ﬁhe vVOo-
litional control of heart rate suggests.the potential of
léss circulatory stress during physicai activity (McArdle

and Patti, 1967:76).

Statement of the Problem

The investigation entailed a study of thirty-five
women students who were enrolled in Eastern Illinois Uni-

versity, Charleston, Illinois, during the summer quarter of
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the academic year of 1970-1971, to determine if heart rate
could be conditioned instrumentally and lowered during
exercise stress induced by a measured amount of work upon a
treadmill. The subjects were divided into three groupé:
Experimental Group I, who received instrumental conditioning
witﬂ visual’feedback; Experimental Group 1I, who were al-
lowed to practice the volitional control of heart rate lower-
ing in the same manner as the first experimental group but
were not provided any immedliate féedback or other information
that would allow them to know the extent of their practice
control until after the experimental period, when the sub-
jects were told if they had reached the criterion of learnings
and the Control Group, who received no conditioning. The
number of experimental sessions numbered ten for all ex-
- perimental subjects.‘ Heart rate was measured by a Narco
Bio-Systems Biotachometer pefore and after the experimental
period of ten days. A conclusion was drawh concerning
changes in the performance of heart rate lowering by sub-
Jects in both experimental groups in comparison with each

other and in comparison with the Control Group.

Definitions and/or Explanations of Terms

For the purpose of clarification, the investigator
established the following definitions and/or explanations
of terms for use in the study:

Heart Rate Lowering: In this study the term "heart

rate lowering" referred to a decreace in the heart rate of
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the subject after receiving the conditioned stimulus. A
ten per cent decrement of the resting pulse rate of the

subject upon command was considered the level of acceptability.

ixercise Stress: This term referred to the acceler-
ated heart rate of the subject as a result of work upon the
treadmill.

Instrumental Conditioning: The investigator ac-

cepted the explanation of DiCara who states that:

In this process a reinforcement, or reward,

is given whenever the desired conditioned

response is elicited by a conditioned

stimulus (such as a certain signal). . .

In instrumental learning . . . the rein-

forcement strengthens any immediately pre-

ceding responsej; a given response can be

reinforced by a variety of rewards and a

given reward can reinforce a variety of

-responses (DiCara, 1970).
In this investigation, the reinforcement for Experimental
Group I was the immediate visual display of being able to
see the heart rate decrease to the acceptable level upon
the dial of the Narco Bio-Systems Biotachometer, BT-1200,
and the reinforcement for Experimental Group Il was delayed
verbal feedback given after the experimental period, but

prior to the post-tests.

Delimitations of the Study

This study was subject to the following delimi-
tations:
1. Thirty-five womer scudents enrolled in Eastern

Illinois University, Charleston, Illinois,



during the summer qguarter of the academic
year of 1970-1971.

2. Participation of the subjects in one-half hour
experimental sessions in which they attempted
to lower theif heart rates during a resting

state each day for a maximum of ten days.

s
L]

The c¢xtent to which heart rate lowering can be
conditioned through instrumental learning

during exerclise stress.

Purposes of the Study

The general purpose of the study was to determine
if heart rate 1owering'cou1d be instrumentally conditioned
during exercise stress. Specifically, the following null
hypothesis was tested: There 1s no significant difference
in heart rate lowering of those subjects in Lixperimental
Group I who received instrumental conditioning with immed-
iate feedback, in Experimental Group II who received instru-
mental conditioning with delayed féedback, and in the Con-

trol Group who received no conditioning.

Summary

Much conirovéfsy éxists with reference to the tra-
ditional belief that instrumental learning is possible only
for voluntary cdntrol oflskeletal responses, and that clas-
sical conditioning is possible only for involuntary control

of visceral and emotional responsec. The assumption that

visceral responses cannot be learned in the same way as can
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skeletal responses has been refuted recently by research.
Miller hasﬁpostulated that there is only Qne,kind of learn-
ing, therefore visceral responses can be learned just as
skeletal responses can bé learned. Reseafch has shown pos-
itive results with reference to the instrdMental learning of
visceral respongés of animals and human beings.

The purpose.of this investigation was to determine
if heart rate lowering could be instrumentally conditibned
under exercise stress. The investigator hypothesized that
there would be no gignificant difference in heart‘rate low-
ering of those subjects in the ExperimentaliGroup I who re-
ceived instrumental conditibning with immediate visual feed-
buack, of those subjects in Experimental Group II who re-
celved instrumental conditioning with delayed‘verbal feed-
back, and those subjects in the Contfol Group who received
no conditioning.

Thirty-five students frbm Fastern Illinois University
were selected to participate in the study. The subjects were
divided into three groups, Experimental‘Group I who receiﬁed
instrumental conditioning with immediate viéual feedback, Ex-
perimental Group II, who received instrumental Conditioning
and delayed verbal feédback,}énd thé Contfoi Groupiwho re-
ceived no conditioning. The number of experimental sessions
numbered ten for all experimental subjects.

Chapter II presents a rcvview of the literature that

was found pertinent to the investigation.



CHAPTER II
REVIEW OF RELATED LITERATURE

Introduction

Throughout the history of man, a dichotomy of
bodily functions was present--the superior of these being
the voluntary responses of the skeletal muscles and reason,
leaving the involuntary glandular and visceral responses
and emotions as the inferior functions. Even as long ago
as the age of the famous Greek philosopher, Plato, has this
division been shown. Plato (Jowett, 1895) envisioned man
as consisting of a head containing the "superior rational
soul," and a body containing other "inferiof souls."

During the early eighteenth century, a French
physiologist, X. Bichat (1800), introduced formally his bi-
partition of the nervous system. Miller (1969) presents a
condensation of the concepts of Bichat:

. Bichat distinguished between the cerebro-
spinal nervous system of the great brain and
spinal cord, controlling skeletal responses,
and the dual chain of ganglia (which he called
"little brains") running down on either side
of the spinal cord in the body below and con-
trolling emotional and visceral responses. He
indicated his low opinion of the ganglionic
system by calling it "vegetative'; he also be-
lieved it to be largely independent of the
cerebrospinal system, an opinion which is still
reflected in our modern name for it, the auto-
nomic nervous system (Miller, 1969) .

10
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Similarly, most learhing theorists differentiate
‘between two types of learning. The first and more ele-
mentary form--classical conditioning or Pavlovian condi-
tioning--is thought to be involuntary and therefore in-
ferior. The second form--instrumental or operant condi-
tioning~-is clearly under voluntary control and therefore
superior to the classical conditioning. Traditionally,
the belief has been held that the involuntary visceral re-
sponses can be modified only by the corresponding inferior
form of learning--classical conditioning. It was also
felt that the viscera could not respond to the more supe-
rior operant conditioning because it would modify only the
voluntary, skeletal responses. But this distinction was
not supported by all learning theorists. Neal E. Miller
of Rocketfeller University for many years has held the con-
cept that there is only one kind of learning. He explains
this belief:

The belief that instrumental learning is
possible only for the cerebrospinal system and,
conversely, that the autonomic nervous system
can be modified only by classical conditioning
has been used as one of the strongest arguments
for the notion that instrumental learning and
classical conditioning are two basically dif-
ferent phenomena rather than different manifes-
tations of the same phenomenon under different
conditions. But for many years I have been im-
pressed with the similarity between the laws of
classical conditioning and those of instrumental
learning, and with the fact that, in each of
these two gituations, some of the specific de-
tails of learning vary with the specific condi-

tions of learning. Failing to see any clear-
. cut dichotomy, I have assumed that there is
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only one kind of learning. This assumption

has logically demanded that instrumental

training procedures be able to produce the

learning of any visceral responses that

could be acquired through classical condi-

tioning procedures. (Miller, 1969:435) "
‘With this theory as the precedent and the challenge of
Miller as an incentive, many investigators embarked upon
the supposition that the instrumental learning of visceral

responses 1s possible.

Operant Conditioning in Animals

Donald Shearn (1961:456) was one of the first to
conduct an experiment with reference to the instrumental
learning of visceral responses. He conclﬁded that the
activity of ﬁhe heart changes significantly in amplitude
and rate when conditioned stimuli are present. In sub-
'sequent studies, Shearn (1962) and Shearn and Clifford
(1964%) modified heart rate in humans and rabbits by in-
strumental techniques. Miller and Carmona (1967:1) felt
the above results were probably the result of skeletal
responses, such as breathing. Shearn (1961:457) stated,
"It seems unlikely that a particular bodily system is
comﬁletelyfree from the influence of other bodily systems."

Miller and Carmwna (1967 ) undertook several ex-
periments with referenée to the salivation of dogs during
can Instrumental training period.  One group of dogs was re-
warded with wutér for salivating; the olher group was re-

warded for not salivating. The results showed that the
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response of salivation (which is controlled autonom-
ically) can be modified by an instrumental training pro-
cedure~-those rewarded for salivating showed.progressive
increases in salivation and those rewarded for not sali-
vating showed progressive decreases in salivation.

Jay Trowill (1967) studied instrumental condi-
tioning of the heart rate in the rat. Although Miller and
Carmona (1967) had attempted to eliminate the possibility
of skeletal muscle interference by means of é partial cor-
relation of the data, Trowill felt a more conclusive con-
trol of muscular reaction was necessary. By means of the
drug, curare, which "selectively blocks the motor end
plates of skeletal muscles without eliminating the con-
sciousness in human subjects or the neural control of vis-
ceral responses'" (Miller, 1969:435), rats were rewarded by
electrical stimulation of the brain for a fast or slow
heart rate. Those rats rewardedlfor a slow heart rate
showed a statistically reliable decrease, and those rats
rewarded for a fast heart rate showed a statistically re-
liable increase. |

| Using a "shaping" téchnique——progressively shifting
rats to a more difficult criterion after they had learned
to meet an easier one," Miller and DiCara (1967) rewarded
rats, paralyzed by curafe‘and respired artificially, by
@¢laectrical stimulation of the medial forebrain, for in-

creasing or decreasing their heart rates. Twenty-one of the
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twenty-three rats showed highly reliable changes.

DiCara and Miller (1968a) investigated heart
rate changes in rats conditiohed inStrumentaliy to avoid
shock. All changes in heart rate--increases for the faSt
group and decreases for the slow group~-wefé significant
at the .001 level of significance.

Miller and Banuazizi (1968) investigated the
specificity of visceral learning in rats that were paralyzed
by curare and maintained by artificial respiration, and re-
warded by electrical stimnlation of the brain. Intestinal
contractions and heart rates were recorded for all rats,
but half were rewarded for changes in intestinal contrac-
tions and half were rewarded for changes in heart rate.

The intestinal contraction group was divided fufther into

an increase in contractions group and a decreaée in contrac-
tions group, and the heart rate group was divided into an
increase in heart rate group énd into a decrease in heart
rate group. The results showed that those rats rewarded for a
decrease in intestinal Contraction decreased significantly
and those rewarded For an incrcase in intestihal contraction
increasead significantiy, but neither group showed a signifi-
cant change in heart rate. Those rats rewarded for an in-
crease in heart rate increased significantly, and those re-
warded for a decrease in heart rate decreased significantly,

but there was no significant change in intestinal contraction.
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Miller and DiCara (1968) attempted to change the
rate of urine formation in the curarized rat by electrical
stimulation of the brain. When lengthened periods between
times of urine-drop formation were rewarded, the rats
showed decreases in the rate of urine formation; when
shortened periods were rewarded, the rats showed increases
in the rate or uwrine formation (pg .001).

'The thesis that learning can occur when changes in
systolic blood pressure are reinforced specifically was
examined by DiCara and Miller (1968c). Curarized rats
either increased or decreased their systolic blood pressure
and were rewarded by escape and/or avoidance of electrical
shock. Without exception, all rats changed their blood

pressure in the rewarded direction.

Instrumental Conditioning in Human Beings

One of the first reports of operant conditioning
of heart rate in human beings was published by Shearn (1962).
He attempted to "manipulate heart rate through response-
contingent techniques.'" The human subjects were conditioned
operantly to accelerate their heart rates to delay shock
pulses.

Twelve male subjects enrolled in Indiana University
during 1960 were selected for participation in five daily
sessions. The subjects were divided into two groups of
matched pairs, an experimental group composed of six sub-

Jects, and a yoked-control group composed of the remaining
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subjects matched to the experimental subjects. This divi-
sion was necessary because heart rate would naturally in-
crease with shock and the associated stimulij therefore the
effects of operant conditioning had to be separated--this
accomplished by yoked-control group. The experimental sub-
jects were exposed to shock treatments contingent upon
thelr ability to accelerate their heart rate; the control
subjects received the same number of shocks at the interval
of the experimental subjects to whom they were matched. The
control subjects were actually under a classical condition-
ing experience, while the experimental group was conditioned
Operantly.»'The treatments of the two groups were different
only in the fact that shock was contingent to criterion
heart rate acceleration in the experimental group, while it
was not in the control group. Each group was divided further
according to the 1éngth of the interval between the regular
intervals. Three subjects in the experimental group and
their three matched subjects in the control group experi-
“enced a shock schedule of a sixty-second interval, while the
remaining subjects experienced a twenty-second shock interval.
Held constant was the total number of possible shocks--the
group experiencing the sixty-second interval was tested each
day for sixty minutes; the group experiencihg the twenty-
second shock intef&al was tested for forty minutes each day,
and shocks were given only fifty per cent of the time.

A modified Sidman-avoidance schedule (Sidman, 1953)
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was used in the experiment. In this procedure, as de-
veloped by Sidman, at regular intervals shock impulses
are delivered to the animal unless a lever 1s pressed to
delay the shock. In the modification of Shearn, five
heart beats within a criterion interval had to occur to
delay ﬁhe shock impulses.  Five per cent of the average
time required for five beats was subtracted from this
average time during the preceding few minutes to estab-
lish the criterion. An illuminated reset timer was avail-
able as feedback for the subjects--the timer timed the
regular interval between shocks, and would reset and de-
lay shock whenever the heart rate accelerations reached
the criterion level. A loud speaker made the heart beat
audible to the subject.

Of the six experimental subjects, five exhibited
an increase in the percentage of accelerations throughout
the five daily sessions. A decrease in percentage of tem-
porary accelerations across the sessions was shown.by all
of the control subjects. By means of the Mann-Whitney U
Test, a significant difference was found between the change
in performance of the two groups ét the .03 level of signi-
ficance.

The subjects experiencing the twenty-second shock
interval--both experiwental and control--exhibited many
more criterion accelerations than did the group upon the

sixty-second shock interval. Not one subject upon the
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sixty-second interval showed as high a percentage of ac-
celerations reaching criterion level as did the subjects
upon the twenty-second interﬁal. With reference to the
schedules of shock impulses, overall heart rate was af-
fected markedly by the difference in intervals--but not
by the different groups. A significantly greater decre-
ment in heart rate was shown by both the experimental and
control subjects in the twenty-second shock interval group
than was shown by the subjects in the group experiencing
the longer interval of shocks at the .005 level of signifi-
cance. Shearn states that there was a steeper downward
trend in heart rate and also a greater tendency for short-
term increaseé‘in heart rate of criterion magnitude for
the subjects upon‘the twenty~-second interval shock schedule
than for subjects upon the sixty-second shock schedule.

Shearn reported also no reduction in the number of
shocks from the first day (mean = 13.3 shocks) to the last
day (mean = 13.9 shocks). In most experiments using the
Sidman procedure, the number of shocks tended to decrease
with each session. Shearn recommended an experiment of
longer duration to determine the reason for this effect.

No attempt was made to control respiration, although
.it was recorded. Immediately preceding and during heart
rate accalorations which reached criterion level, respira-
tlon amplitude was greater than when heart rate accelera-

tions did not reach criterion level, significant for
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combined treatments at the .02 level of significance.

With reférence to the group which was conditioned operantly
and the yoked-control group, thefe was no. significant diff
ference concerning amplitude of respiratioﬁ.

Just before the first criterion éccéleration of
heart rate, the persons subjected to operant treatment
showed a higher respiration rate than did the control group,
significant at the .0Y% level. Although fhere were impor-
tant differences in heart rate between the groups who were
subjected to shock at sixty-second intervalsvand thosé who
were subjected to shock at tWenty—second ihtervals, reépira—
tion rate showéd no significant differences between these
groups. |

The subjects in the experimental group accelerated
their heart rates a greater number of times throughout five’
daily practice sessions than did the yoked-control subjects‘
who received shock upon a non-contingent basis. The shorter
interval between shocks--twenty-seconds--produced more ac-
celerations in heart rate, but also a fastef,adaptation was
shown.

Hnatiow and Lang (1965) completed a study in which
they attempted to bring the variability of heart rate under
éXperimental control of human subjects. The general purpose
of the experiment was to asseés the degree of stability of
the heart rate attained when the experimental subjects re-

ceived immediate feedback concerning the stability of their
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heart rate, as opposed to the control group which re-
ceived no auxilisry information. Forty male students in
good physical health from the University of Pittsburgh
served as subjects in partial fulfillment of an intro-
ductory psychology research requirement. Twenty of the
subjects were selected randomly to form the experimental
group which was told to "keep their heart rate as steady
as possible during the experiment." The remainder of the
subjects formed the control group and were told to "keep
their bodily processes at a steady level during the ex-
periment."

An opaque projector presented the display of heart
rate to the subject. The visual display apparatus con-
sisted of a pointer whose lateral wovements were synchro-
nized with a llels cardiotachometer. The background of the
display was white with a red stripe in the center of the
field. On either side of the red stripe were blue stripes--
the width of the stripes, red and blue, was equated to two
heart beats per minute. The apparatus was adjusted for
each subject so that the center of the red stripe repre-
sented his average heart rate..

A darkened, sound-proofed and electrically shielded
room was utilized for the experiment. While seated in a
reclining lounpe chalr, clectrodes were attached to elther
side ol the rib cage to measure electrocardiographlc im=-

pulses. A bellows was fixed around the chest of the subject
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to measure respiration.

In addition to the attempt to maintain‘heart rate
stability, the experimental group was instructed also to
observe carefully the visual display and to keep the pointer
in the red portion of the field for assistahce in the éom-
pletion of the task. Although the control Subjects re-
celved visual feedback fron the display, they were not toid
that the display was representative of their heart fate.
This group was instructed to monitor the movements of the
pointer, with the knowledge that they should attempt to main-
tain their bodily processes at a steady level. The pointer
was not synchronized with the heart rate of the control
subject--its movements merely simulated cardiac output. The
visual display was observed for all subjects for a five min-
ute period initially, followed by a sixteen minute period
of adaptation--followed by two more five minute trials with
seven minute intervals between trials. For nondisplay
periods, the screen was illuminated by a green light--no
visual feedback of heart rate.

Time on target and the standard deviation of heart
rate were the principal measurements in this experiment,
although average heart rate and respiration were also
measured. The target area consisted of the‘pointer being
either on or in between the blue stripes. Total time on
bhe target was recorded for each five minute period of dis-

Play and for Lhe first tive minutes of the nondilsplay



periods.

Analysis of variance of the time on target scores
for the twenty subjects in the experimentél group revealed
a difference between display perlods and nondisplay periods
at the .01 level of significance. The standard deviations
of the heart rates of the experimental group were lower for
the display trials as compared with their nondisplay trials
or with the scores of the control group. Analysis of var-
iance again confirmed a significant interaction between
display information and trials at the .05 level of signifi-
cance. Although both the experimental group and the con-
trol group exhibited a heart rate that was significantly
slower during the display periods, there was no difference
between the two groups. By means of a Pearson Product
Moment Correlation, no relationship was found with reference
to change in the variability of heart rate and of respira-
tion.

Hnatiow and Lang concluded that the ability to re-
duce heart rate variability can be learned and the results
achieved without aversive reinforcement. ©Since there was
no significant correlation between cycle of respiration and
cardiac variability, the experiment did not support the
idea that learned control of heart rate affects greatly a
changae in respiration.

ngel and lansen (1966) attempted to determine if

the slowing of heart rate could be conditioned operantly.



The subjects were not aware that heart rate slowing was
the response being studied and reinforced.

Fifteen male college students were selected for
participation in the experiment--ten experimental subjecté
"for whom response and reinforcement were”contiguously.
assoclated" and five ydked*control subjects "for whom re-
sponse and reinforcement were dissociated.'" Although the
subjects were unaware of the response to be reinforced,
they were told that it was not related to breathing, and
to therefore breathe normally. A correct respbnée‘turned
on a light and a clock--the light was the Cue for a cor-
rect response. The clock accumulated time of correct re-
sponses for the subjects who were paid7bné-ha1f cent per
sacond of correct response time. |

Three phases constituted the Six experimental ses-
sions for each subject. Phase 1 was an adaptation period
which enabled the subject to stabilize his resting heart
rate for thirty minutes without benefit of the clock or the
light; rhase 2 established the operant-level heart rate of
each subject for five to eight minutes; Phase 3 was a train-
ing period of twenty-five minutes during which time the
light and clock were under the control of the subject.

During the first two experimental sessions an
operant-level heart rate was found that would keep the
light on for sach subject elghty per cent of the time--a
high rate of reinforcement and analogous to "shaping tech-

niques" used in other operant conditioning studies.
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Throughout the last four experimental sessions the operant-
levei heart rate was set so that the heart rate of the sub-
jects would turn the light on fifty per cent of the time.
These sessions were the "critical" ones, and performance
only during session three through session six constituted
the periods of learning.

Three measures of learning were used: (1) changé
in percentage time of heart rate below trigger level (ten
samples each twenty-five seconds durlng operant period and
forty samples each twenty-five seconds during the training
period); (2) change in heart rate (measured by a sample of
100 beats); and (3) change in number of beats less than or
equal to the operant mean heart rate (measured by a sample
of 100 beats). To determine if learning occurred, separate
means and standard deviations were computed for sessions
three through six and combined for a single significance
test. A t test was used to test the difference in change
in percentage time and the change in heart rate.
| 'ive subjects met all three criteria for learning--
increase in percentage times light on,'decreases in average
heart rate, and shifts in frequency distributions. Two
other subjects showed learning in only one criterion mea-
sure, and the three remaining experimental subjects ex-
hibited poorer performances than those subjects who met at
least one criterion of learning.

Four concluding statements were drawn up by the

authorg:
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1. Some normal Ss can be taught to slow
their HR by means of an operant con-
ditioning procedure.

2. ©Os seem to learn this response better
when they do not infer correctly what
response they are controlling.

3. The effect does not seem to be media-
ted through changes in breathing.

4. Reinforcement, per se, is not adequate
to lower HR (Engel and Hansen, 1966:186).

It is interesting to note that of the five learners, none
inferred that slowing the heart rate was the response to
be reinforced, while four of the five nonlearners infer-
red the correct response.

Brener and Hothersall (1966) undertook a study to
determine if autonomic behavior of the heart may be subject
to voluntary control when the subject is given the appro-
priate response feedback. Two female and three male uni-
versity students were selected from a group of volunteers
to participate in the study. The subjects had no recent
history of cardiac, respiratory, or psychological disorder,
and they were paid $1.50 per hour. No groups were formed--
each subject was treated individually.

The apparatus is described by the authors:

The cardiotachometer used to record heart
rates converts the KG wave form to a s@an—

dard square-wave pulse and records the inter-

vals between successive heart beats (inter-

heart beat IBI distribution) on a bank of

30 electromagnetic counters. A hegrt rate

analysis circuit was used to clasglfy_each

IBI in terms of a prespecified criterion.

This criterion was set separately for each

subject at the mode of his basal IBI.dlS—

tribution. Hlach IBI was then classified ac-

cording to whether it was longer or shorter
than this criterion.
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When the experimental contingencies were

in force, the subject was presented with a

low frequency tone on the emission of each

long IBI and a high frequency tone on the

emission of each short IBI. Those tones

represented differential feedback of heart

rate performance: the duration of each tone

was 100 msec. Respiration was recorded on

a San'el Physiograph (Brener and Hothersall,

1966124 ).

Electrodes were attached to both ankles and to the °
right wrist and a strain gauge was attached to the chest
to record respiration as the subject was reclining in a
soundproofed cubicle adjoining the control room. When the
experimenter left the room a green light would come on for
approximately a minute (the time it took for the subject to-
emit fifty IBI's), followed by thirty seconds of darkness.
A red lamp was then lighted. Only when one of these lamps
was lighted would the subject hear a succession of high and
low frequency tones through headphones. The subjects knew
these tones were contingent upon some variable of their
internal behavior, but they did not know heart rate was the
desired response. The subject was to attempt to produce
only high tones and inhibit low tones when the green light
was on; the subject was to produce only low tones and to
inhibit high tones when the red light was on. Control of
tones was to be through "mental processes'" only--no bodily
movements were Lo be used. Alternatlng green and red per-
fods, four of aach, composed an experimental period.

With refereuce to the final green and red periods,

it is clear that all subjects emitted higher heart rates in
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the final green period than in the final red period, signin
ficant at the .01 level. More erratic respiration pétterns
were found during the green period than during the red perQ
iod. No subject discovered that the tones were controlled
by heart rate. |

The authors concluded that subjects learn rapidly

to control their heart rates "under conditions of augmented
sensory feedback." They also reported that their findings

. « . are taken as support for a theory |

which postulates that the principal dis-

criminator between so-called voluntary and

involuntary behaviors is the availability

of specific feedback from the muscle systems

in question (Brener and Hothersall, 1966:27).

Frazier (1966) conducted a study pertaining to
avoidance conditioning of heart rate in humans. The author
attempted to use operant conditioning to acquire and exer-
cise experimental or environmental control over heart rate.

Male undergraduate students were employed to serve
as experimental subjects. Criteria for the selection of
subjects were that they had no recent illnesses or injuries,
no excessive emotionality, and no heart rate exceeding 180
beats per minute during expebimental sessions.

Heart rate of the subjects was conditioned and eval-
vated within a single trial of 120 minutes. During the first
sixty minutes the availability of the electrical shock pun-
ishment was signaled by the discriminative stimulus. During

the last sixty minutes, the discriminative stimulus was

presented alone to cause the desired response patterns.
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The visual discriminative stimulus was presented in ten
twenty-minute continuous durations, alternating with con-
trol periods in which punishment was not available. During
the discriminative stimulus periods:

. « . an electrical shock was dispensed to

the left leg of the S after each minute in

which the total number of beats decreased

below the previous minute's total. If HR

failed to decrease, punishment was with-

held. Punishment, but not the visual

stimulus, depended upon HR decrement.

After a few training epochs, alternating

with base-line epochs, the visual stimulus

was successively presented and removed for

various durations which depended upon the

specific trial goal. In some cases, fur-

ther biological avoidance contingencies

were established between the discrimina-

tive stimulus and HR changes (Frazier,

1966:189).

The subjects, who were not aware that heart rate was
the response upon which punishment was contingent, were given
an instrument panel-monitoring task to perform during the
duration of the session in an attempt to condition without
awareness. After the two hour experimental sessions, all
subjects showed heart rate control, and were able to maintain
thls control over continuous forty-minute periods. Frazier
concludes with this statement: "These findings demonstrate
that punishment avoidance contingencies can be used to im-
pose elffective control over cardiovascular functioning."
(Frazier, 1966:188)

Engel and Chism (1967) undertook a study to investi-
gate operant conditioning of the speeding of the heart rate.

This study was the second in a series of studies with
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reference to heart rate conditioning by operant techniques--
the first study being reported earlier (Engel and Hansen,
1966) .

Ten male college students were selected to partici—
pate in the study--five experimental subjects "for whom re-
sponse and reinforcement were contiguously associated;" and
five yoked-control subjects "for whom response and reinforce-
ment were dissociated." (ingel and Chism, 1966:418) = The
subjects were aware that they were to be conditioned, but
they were not told that heart rate was the response to be
rewarded. A correct response would.turn on a light‘and a
clock. The clock accumulated time of correct rGSponSe, for
which the subjects were paid one-half cent per‘second.

Three phases constituted each of the six experi-
mental sessions: Phase 1 was an adaptation period of forty
minutes to allow the heart rate of the subject to stabilize;
Phase 2 consisted of a period of five to eight minutes dur-
ing which a heart rate level was established above which
the subject would be reinforced; Phase 3 was a training
period of twenty-five minutes during which the light and
clock were under the control of the subject. The light and
clock were inoperable during the first two phases. The
procedures were identical to those of the earlier study
(Engel and Hansen, 1966) except that the subjects in the
second study were rewarded for speeding their heart rates.

Since all subjects learned to speed their heart
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rates, Engel and Chism drew three conclusions: the speed-
ing of heart rate is easier to learn than the slowing of
heart ratej; yoked-control subjects respond to a learning
situation with a pattern of response that includes the speed-
ing of heart rate; and the techniques for speeding heart rate
vary greatly from subject to subject.

Levene, Engel, and Pearson (1968) attempted to op-
erantly condition human subjects to increase and decrease
cyelically their heart rate. A differential operant condi-
tioning procedure was utilized. Five female college
students were selected to participate in the study. 1They
were unaware that they were being taught to control their
heart rate.

The total number of two-hour experimental sessions
ranged from six to ten on consecutive week-days, depending
upon how rapidly the subject met the criterion of learning.
In a darkened, sound-proofed room adjoining the experi-
menter's room, the subjects were semireclined upon a bed
with a strain gauge placed around the chest of the subject
to record breathing. To monitor cardiac potential, elec-
trodes were placed upon the arms and chest of the subject.

Three lights and a clock which was controlled elec-
tronically were placed within the visibility of the subject
at the foot of the bed. Serving as discriminative cues
were the upper and lower lights--the upper light signaling

for increased heart rate and the lower light signaling for
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a decreased heart rate. The immediate reinforcement for a
correct response consisted of the clock and the middle red
light.

The subjects were told that they were to be condi-
tioned, but they were not informed what response was to be
conditioned. After thirty minutes of rest, either the upper
or the lower light would come on for approximatély ﬁwenty-
five minutes. While that light was on, the subjects were
in control of the middle red light. When they made the cor-
rect response (either increasing or decreasing heart rate)
the red light would come on and the clock would accumulate
the time of the correct response. The subjects were paid
at the rate of one-fourth cent per second for time upon the
clock.

The subjects were conditioned to slow and to speed
the heart rate until they could keep the reinforcement light
on for more than fifty per cent of the time. It was found
that 1t was a more difficult task to increase and decrease
the heart rate cyclically. Although all subjects mastered
the task upon at least one occasion, only two subjects per-
formed with consistency. The authors of the article stated,
"It seems that the slowing response 1s more difficult and
takes more time to master" (Levene, Engel, and Pearson, 1968:
839).

It was concluded that with the appropriate rein-

forcement schedule, subjects could gain minute-to-minute
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control of heart rate. When a speeding response was re-
quired, the mean heart rate was significantly greater
(p<.01) than the mean heart rate when a slowing response
was required. »

Mize (1970) completed a study to determine if héart
rate slowing could be instrumentally conditioned under
exercise stress. ©She found that eleven of the fifteen
experimental subjects exposed to instruméntal conditioning
over a two week period did meet the criterion for learning
to lower their heart rate while in a resting position.

T'he total heart rate change, determined by_é summation of
the heart rate differences upon the three lévels of exercise
stress, was not significantly different between the experi-
mental subjects who met the criterion for learning and re-
ceived instrumental conditioning and the control subjects
who received no conditioning. However, the cumulative ef-
fect of heart rate change of all subjects in the experi-
mental group, upon a summation of the heart rate differ-
ences upon the three designated levels of exercise stress
taken pre-training and post-training, was‘significantly
different for the experimental subjects as compared with
the control subjects. The significant difference was be-
lieved to be related to the length of practice provided for
the slower learners; heart rate lowering for the experi-
mental group was not significantly different from the con-
trol group at any of the three specific levels of exercise

stress measured. However, when the data were subjected to



33
further statistical treatment, there waé a significant mean
difference between the eleven subjects in ﬁhe experimental
group who met the criterion for learning to lower their
heart rate in a resting position and the control subjeéts
to whom they were equated upon the bicycle ergometer test
of exercise stress at heart level 100-120 beats per minute;
the data collected for this study failed té'provide suf-
ficient information for the investigator to reject the
hypothesis. As a result of the statistical‘findings, ik~
was concluded that instrumental conditioning during the
resting state appears to facilitate heart rate lowering
in the exercise stress situation measured; but not to a

statistically significant degree.

sSummary

For many years Neal E. Miller has held the idea that
there is only one kind of learning--this belief contrary to
the traditional concept of classical or involuntary condi-
tioning and instrumental or voluntary conditioning. These
two types of conditioning had been assoclated similarly with
the muscular responses: voluntary skeletal responses and
instrumental conditioning, and involuntary visceral responses
and classical conditioning. To uphold his belief, Miller
attempted to show that so-called "involuntary" visceral re-
sponses could be conditioned by traditional instrumental
mebhods .

In a study which brought the problem to the attentlon
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of the psychophysiological profession, Miller and Cafmona
tound that dogs could be conditioned instrumentally to
salivate. A more stringent method of eliminating skeletal
muscle interference was needed, so the investigators began
using curare, a drug which blocks acetylcholine, the chem-
ical transmitter by which cerebrospinal nerve impulses are
delivered to skeletal muscles, but does not interfere with
consciousness or autonomic responses. Trowill found that
curarized rats rewarded for a slow heart rate decreased
their heart rates significantly; those rewarded for a fast
heart rate increased significantly. Highly reliable changes
in the heart rate of rats were reported by Miller and DiCara.

Other studies reported successful operant condi-
tioning techniques in increasing and decreasing heart rate
to avoid shocks; in changes in intestinal contraction and
heart rate; in urine formation; and in systolic blood pres-
sure.

Shearn published one of the first reports of con-
ditioning human heart rate operantly. He found that experi-
mental subjects were able to accelerate their heart rates
to delay shock pulses. Hnatiow and Lang found that aversive
reinforcement was unnecessary, and conditioned subjects to
decrease heart rate variability without this aversive rein-
forcement.

Fngel took part in three studies with reference to

conditioning of heart rate by means of operant procedures:
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five of ten experimental subjects were taught to slow
thelr heart rates; all experimental subjects learned to
speed thelr heart rates; and subjects gaihed minute-to-
minute control of heart rate when taught to increase and
decrease cyclically. | |

Brener and Hothersall showed that under conditions
of augmented sensory feedback, subjects learn rapidly to -
control their heart rates. Using operant procedures to
condition subjects to exercise vbluntary éontroi over heart
rate, FFrazier reported that punishment avoidance.contin—
genclies were effective in imposing control ovér heart rate.

Mize investigated the possibility that heart rate
slowing could be conditioned instrumentally under exercise
stress. She concluded that instrumental conditioning during
the resting state appears to facilitate heart rate lowering
in the exercise stress situation measured, but not to a
statistically significant degree. |

Chapter III will present the procedures folibwed in‘

the development of the study.



CHAPTER III

PROCEDURES FOLLOWED IN THE DEVELOPMENT
OF THE STUDY

The prescent investigation entailed a study of
thirty-five students divided into one control and two eku
perimental groups who were enrolled in bastern 1llinols
University in Charleston, Illinois, to determine if
heart rate lowering during exercise stress could be in-
strumentally conditioned. In this chapter, methods of
collecting data, and procedures followed in the develop-
ment of the study will be discussed. The procedures will
be reported under these headings: preliminary procedures,
selection of subjects, selection and orientation of per-
sons to aid in the administration and scoring of tests,
criteria for the selection of the instruments, selection
and description of the instruments, procedures followed
in the collection of the data, organization and treatment
of the data collected, and preparation of the final

written report.

Preliminary Procedures

Prior to the actual collection of data, a series

of preliminary procedures was necessary. These procedures

36
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included surveying, studying, and assimilaﬁing all avail-
able literature pertinent to the study; securingvpermis~
sion from the Dean of the School of Health, Physical
Education, and Recreation at BEastern Illinois‘University
to conduct the proposed study during the summer quarter
of the academic year of 1970-1971; developing and pre-
senting a tentative outline of the study at a Graduate
Seminar of the College of Health, Physical Education, and
Recreation at the Texas Woman's University in Denton, Texas;
revising the outline in accordance with the suggestions of-
fered by members of the dissertation committee, and filing
a prospectus of the approved study in the Office of the

Dean of Graduate Studies.

Selection of Subiects

Two criteria were established for use in the selec-
tion of subjects: each subject should be female and each
should be enrolled in Eastern Illinois University in
Charleston, Illinois, during the summer quarter of 1970-1971.
The first thirty-five volunteers were selected to partici-

pate in the study

Selection and Orientation of Persons to Aid in the

Administration and Scoring of Tests

The investigator selected an undergraduate student
in the School of Health, Physical Education, and Recreation

of Fastern Illinois University in Charlestion, Illinois, to
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serve as a laboratory assistant. This studeht partici-
pated in several orlentation and practice Sessiqns to
achieve consistency and skill in the placement of elec-
trodes and in the operation of the equipment--the tread-

mill and the tachometer.

Criteria for the Selection of the Instruments

Prior to the selection of the instruments, criteria
for the selection were established. A sﬁrvéonf authori-
tative sources--Willgoose (1961:24), Mathews (1969:2H—28),
Haskins (1971:7-8), and Sheehan (1971:47-54)-~indicated
that the instruments should meet the following minimum
criteria: validity, reliability, objectivity, and adminis-

trative feasibility.

Selection and Description of the

Instruments

The inherent nature of the Narco Bio-Systems Bio-
tachometer, BT-1200, precludes that the instruments were
reliable and valid for measuring beat-by-beat heart rate
with the subjects in a resting position and during exercise
upon the treadmill. A built-in calibration device upon the
Narco Bio-Systems Physiograph Four insures'an objective
measurement for each subject. All pieces of equipment
were available at the Human Performance Laboratory of the
School of Health, Physical Education, and Recreation at
Eastern Illinois University, the Human Performance Labora-

tory of the Texas Woman's University, or were made available



through the Narco Bio-Systems, Incorporated, Houston,
Texas. The treadmill was selected because of the ad-
vantage 1in using a skill with which everyone is familiar
(walking or jogging). Furthermore, it seems to brihg
about a slightly better involvement of large muscle
masses than any other device since the arms and shoulders
can and do enter into the activity (deVries, 1966:1%6).
Electrodes were placed upon either side of the rib cage,
and a ground electrode was placed just below the xiphoid
process after consultation with a Narco Bio-Systems rep-

resentative.

Procedures Followed in the Collection of Data

Prior to the experimental period, a practice
session was conducted to familiarize all subjects with
the technique of treadmill running. The investigator
assummed that the fear of the treadmill alone would ac-
celerate the heart rate, and the pretest data would be
invalidated by this apprehension. The practice sessions
consisted of two ten-minute trials upon two consecutive
days. In addition, before the pretest, all subjects
were tested npon the treadmll] to determine the work load
for each individual which would allow the heart rate to
stabilize for at least one minute, plus or minus five
heart beats within each work load level. The levels were
defined as the load necessary to stabilize the heart rate

at 100-120 beats per minute, at 120-140 beats per minute,
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at 140-160 beats per minute, and at 160-180 beats per min-
ute. The loads imposed upon each subject were determined.
through a trial and error process. These loads proved to be
inaccurate during the actual testing because of the differ-
ences encountered in the resting heart rate between séssions.

After the practice sessions had been completed and
the work loads determined for each individual, the subjects
were randomly distributed into three groups, two experimental
and onc control, equated for the recsting heart rate of the
subjects. One group of f'ifteen subjects took part in the
expaerimental sessions congisting of instrumental learning
of heart rate lowering in the resting state--this gfoup was
designated as Experimental Group I. One group of nine sub-
Jects was allowed to practice the volitional control of heart
rate lowering in the same manner as the first experimental
group but was not provided any immediate feedback or other
information that would allow them to know the extent of their
practice control until after the experimental period, when the
subjects were told if they had reached the criterion of learn-
ing--this group was designated as Experimental Group II. The
Control Group of eleven subjects was tested prior to the ex-
perimental period and again at the end, but no practice took
place between tests. The total number of subjects was
thirty-five.

Each experimental subject in both experimental

groups met individually, each day for ten days for a

ession. The subjects were

thirty minute conditioning s
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provided a ten minute period at the beginning bf each ex-
perimental session to establish a base level heart rate
in the resting position. Ten minutes was chosen as the
base level upon the basis of a previous invéstigation
(Mize, 1970). A resting heart rate was established'from
a sitting position for each subject at the beginning of
each experimental session. This rate was determined by
measuring the last ten heart beats in each of the last
three minutes of the stabilization period that lasted ten
minutes prior to all testing (Brooke, Hamley, and Thomason,
1970). A mean heart rate was established eaéh day upon the
basis of these selected heart beats. A ten per cent decre-
ment of the mean resting heart rate of the subject upon
command was considered as the level of acceptability for
heart rate lowering while sitting and while ﬁnder exercise
stress. The designated decrement was decided upon after
careful consideration of previous research and preliminary
investigation. After receiving the designated conditioned
stimulus during the resting state, heart raté lbwering was
measured by the lowest ten consecutive beats in the thirty
second stimulus-response period and then extrapolated to
one minute.

A conditioned. stimulus for heart réte lowering (the
word "lower" given by the investigator) was presented to
the subject four times each experimental period. A thirty

second interval, after the verbal command, was established
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through preliminary investigation as adequate time for
heart rate lowering to occur. The mean heart rate per
minute as determined by the ten heart beats immediafely
preceding the conditioned stimulus was measured and ex-
trapolated to one minute before each trial per experi-
mental session, and this mean heart rate was the value
from which the ten per cent decrement of the resting
heart rate measured at the beginning of the session wés.
taken. The lowest ten consecutive beats per minute dur-
ing the thirty second post stimulus period were measured
to determine ability in heart rate 1bwering. Fach stim-
ulus-response pattern or trial was followed by a two
minute relaxation period before the next trial. Each
experimental subject was required to lower her heart rate
significantly--ten per cent of the daily résting heart
rate--three of the four trials presented each day, for
two consecutive days to meet the criterion established
for learning in this study. BEach subject continued the
conditioning period for the full ten days even if they
met the criterion level sooner. Learning times and curves
are presented in Chapter IV,

A continual read-out or visual display of the beat-
by~beat heart rate of the subject during each experimental
Session was monitored upon a Narco Bio-Systems, Incor-
porated, Biotachometer, BT-1200, as immediate feedback and

reinforcement of the response. Experimental Group I was
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allowed to watch the visual display of their heart rate as
feedback in order that they would know how théy were pro-
gressing from day to day with reference to different tech-
niques of heart rate lowering. Lxperimental Group II wés
attached to the tachometer, but were hot allowed to watch
the visual display--they were not provided any immediate
feedback or reinforcement until after thebexberiméntal_per-
iod when the subjects were told if they had reached the
criterion of learning. The information was recorded for
both groups.

The conditioned stimulus for heart rate lowering
during exercise stress was presented_to each subject at each
predetermined work load level. The levels are defined as the
load necessary to stabilize the heart rate at 100-120 beats
ver minute, at 120-140 beals per minute, at 140-160 beats per
minute, and at 160-180 beats per minute. The designated levels
of heart rate were assigned randomiy for each subject for the
pretest and for both post-tests. At leasﬁ an hour elapsed
between a test at each level to allow the heart rate to return
to its resting rate before a test was administered at another
level. This was to prevent accumulated effects of stress, and
the randomization was to control for carry—dver éffects of
learning at ecach level. The treadmill was selected to induce
oXerclse stress because it involves a fundamental skill, that
tedqiuires TiLLLe acelimitivation bo insure validity and relia-

biltby.  The mean Leart rate per minute delaermined by ten heart
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beats immediately preceding the conditioned stimulus at
each level was measured, and this mean heart rate was the
value from which the ten per cent decrement of the resting
heart rate measured at the beginning of the session was
taken. Again, the lowest ten consecutive beats per minute
during the thirty second post stimulus period were measured
and extrapolated to one minute to determine ability in
heart rate lowering.

Daté sheets were constructed to record the heart
rate of the subject during the experimental sessions. A
cumulative record of the conditioned respoﬁsevunder exercise
stress was compiled upon the established data sheets lo-

cated in the Appendix of the study.

Organization and Treatment of

the Data Collected

The procedures which follow include those felated
to studying the statistical evidence collected during the
pretest, post-tests, and the exporim@ntal'sessions, selecting
the statistical techniques, and treating the data. The data
were tabulated with respect to evidence of heart rate lower-
ing as measured by the biotachometer.

The purpose of the study as set forth in the hy-
pothesis was reviewed. To test the difference in the ability
to lower heart rate during exercise stress between the three
groups, analysis of variance was utilized--a three-way

analysis of variance with repeated measzures upon two factors



45
(Bruning and Kintz, 1968: 72-83). The .05 level of
significance wés selected by the investigator as requiéite
to the rejection of the null hypothesis. Duncan's Multiple
Range Test was used to test the differences between the
thirty-six means ylelded by the three groups’at four levels
upon three tests (Bruning and Kintz, 1968: 115-117). .The .O1
level was chosen as the level of significance with reference

to the Duncan's Multiple Range Test.

Procedures Related to Writing the Final Report

Upon the completion of the statistical treatmenf of
the data, the investigator summarized the report, stated a
conclusion to the study, and discussed the implications'of
the study. The final procedures included making recom-
mendations for further studies, compiling a bibliography,

and developing an appendix.

summary

The procedures followed in the development of the
study were outlined in this chapter. These procedures 4 L
cluded those which were related to methods of collecting.
data, and those which were preliminary to the collection of
the data. Preliminary procedures involved the selection of
the instruments.

The instrument sclected for use in the study was the
Naveo Bio-gyslems Blotachomelor, BI'=1200, to monitor a con-
Einu | boat=by=beat hearl, rale.  The treadmill was chosen to

induce exercise stress. OSubjects for the study were thirty-
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five students enrolled in Eastern Illinois Univ9181ty ln
Charleston, Illinois, during the summer quarter of 1970- 1971
who were divided into two experimental groups and one control
group. Experimental Group I took part in the experimental |
sessions consisting of instrumental learning of heart rate
lowering in the resting state using a visual display of their
beat-by~-beat heart rate as feedback and immediate reinforce-
menty Lixperimental Group II was allowed to practice the vo-
litional control of heart rate lowering in the same manner
as the first experimental group but was not provided immediate
feedback or other reinforcement until after the experimental
period when the subjects were told if they had reached the
criterion of learning; the Control Group was tested prior to
the experimental period and again at the end, but no practice
took place between tests.

Preliminary to the experimental period, a practice
session was conducted in which all subjects were familiarized
with the technique of treadmill walking. Another practice
session was held to establish approximate work loads for
each individual subject at cach of the four levels--100-120
beats per minute, 120-14%0 beats per minute, 140-160 beats per
minute, and 160-180 beats per minute. The work load was the
amount of work upon the treadmill which would allow the sub-
Ject to stabilize her heart rate plus or minus five heart
beats within the level for at least one minute duration.

After the practice sessions had been completed and

the work loads determined for each individual, the subjects
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were randomly distributed into three groups, two experi-
mental and one control, equated for the resting heart rate
of the subjects. A pretest was then given to éll subjects
in which they were asked to lower their heart rates at é
given signal after they had reached the designated level,
which was assigned randomly. The experimental groups then
were exposed to ten days of conditioning, thirty minutes a
day, in which they attempted to lower their heart rates in
a sitting position for four trials per day. After the con-
ditioning period was over, both the Control Group and the
experimental groups were again given the test of heart rate
lowering during excercise stress as previously described.
This post-test was administered twice upon two consecutive
days to provide a more reliable score for heart rate lower-
ing during exercise stress.

An analysis of variance technique was selected to
test the significance of the differences betweenAthe three
groups in the ability to control the heart féte under exer-
clse stress. The .05 level of significance was accepted as
the point for the rejection of the null hypothesis. Duncan's’
Multiple Range Test was utilized to test the differences
bctween the thirty-six means yielded by the three groups at
four levels upon three tests. The assigned level of sig-
nificance for Duncan's Multiple Range Test was the 01 level.
Thoe Cinal procodures included those related o summarizing

and wribing the (inal report.
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Chapter IV 1s the presentation and interpretation

of the f'indings.



CHAPTER IV
PRESENTATION AND INTERPRETATION OF THE FINDINGS

The purpose of the investigation was to determine
in heart rate lowering could be instrumentally conditioned
during exercise stress. It was hypothesized‘that there
would be no significant difference in heart rate lowéring
of those subjects in Experimental Group I who réceived
instrumental conditioning with immediate feedback, in
bxperimental Group II who received instrumental condi-
tioning with delayed feedback, and in the Cohtrol Group
who received no conditioning. The subjects, who volun-
teered for the experiment, were assigned randomly to ohe

of threc groups prior to the pretest period.

Comparisons of Mean Resting Heart Rates

for the Three Groups

After the subjects were assigned randomly to one of
the three groups, the mean resting heart rate of each subject
was subjected to statistical treatment to examine the homo-

geneity of the groups prior to testing. The mean resting

)+(;)
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heart rate for each subject was determined by taking the
average of her resting heart rate prior to the two practice
periods. The mean resting heart rate for Eiperimental
Group I was 86.33 beats per minute and the standard
deviation was 11.61 beats per minute; the mean resting
heart rate for Experimental Group II was 84.33 beats per
minute and the standard deviation was 8.49 beats per min-
ute; the mean resting heart rate for the Control Group
was 85.09 beats per minute and the standard deviation
was 13.59 beats per minute. The findings from the appli-
cation of a one-way analysis of variance to the resting
heart rates are presented in Table 1 and show thaﬁ the

groups were equated.

TABLE 1

SUMMARY TABLE FOR ANALYSIS OF VARIANCE
OF MEAN RESTING HEART RATES

Source 88 df ms F
Between Groups 403090 2 12.1645 0.0905
Within Groups L4298 . oh2y 32 143.3200

Total h3pa.¥715 3k
F (.05) = 3.32
(2,32)

The application of the one-way analysis of variance resulted
in an F ratio of 0.090%. In order to be significant at the
-05 level, an F ratio of 3.32 had to be obtained. It was
then concluded that the three groups were homogeneous with

respect to mean resting heart rate obtained prior to the



pretest period.

A Description of the Groups upon the Pretest

‘The conditioned stimulus for heart rate lowering
(the word "lower" given by the ihvestigator) during exer-
cise stress was presented to each subject at each pre-'
determined work load level during the pretest. The le?eis 3
were defined as the load necessary to stabilize the heart
rate at 100-120 beats per minute, at 120-140 beaté per min-
ute, at 140-160 beats per minute, and at 160-180 beats per
minute. The designated levels of heart rate were randomly
assigned for cach subject for the pretest. At least an
hour elapsed between each test at each level-to allow the
heart rate to return to its resting rate before a test was
administered at another level. Descriptive data for the

pretest are shown in Table 2.

MEAN CHANGE SCORES3

D
Lo

FOR THE THREE GROUPS UPON

THE PRETEST (IN BEATS PER MINUTE)

3 Level Level Level Level
g 100-120 120-140 140-160 160-180

Experimental -3.6380 +0., 2247 -2.8873 +2.6013
Group I

Experimental -1.6967 -2.0533 -4.1278 +1.8478
Group II

Control Group  -1.385% +1 . 7945 -2.5582  -1.1809

The mean resting heart rates, measured immediately

prior Lo the pretest were 84506 beals per minute for Bxperl-

mental Group [, 84.04 beats per minute for Experimental
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Group II, and 86.51 beats per minute for the Control Group..
Therefore, to meet the ten per cent decrement of the mean
resting heart rate established as the criterion for Signi-
ficant lowering of the heart rate (Chapter III, page 41), |
Experimental Group I would have had to lower 8.55 beats per
minute, Experimental Group II would have had to iowér 8.40
beats per minute, and the Control Group would have had to
lower 8,65 beats per minute. An inspection of Table 2

shows that although each group lowered their heart rates
when tested with the heart rate between 100-120 beats per
minute (as evidenced by negative values), none approached
the established ten per cent decrement. During the level
where the heart rate was between 120-140 beats per minute,
both Experimental Group I and the Control Group actually
raised their mean heart rates after the conditioned stimulus
(as evidenced by positive values), whereas the mean value
of Experimental Group II points out that the subjects lower-
ed their heart rates. All groups lowered their heart rates
at level 140-160 beats per minute, but again, none lowered
‘the ten per cent decrement of the mean resting heart rate.
When the heart rate was maintained between 160-180 beats

per minute, both experimental groups raised their mean heart
rates after the conditioned stimulus, whereas the Control
Group lowered their heart rates, overall. There were no
significant differences between the groups as evidenced by
statistical evaluation on pages 58-63, it was concluded

that the three groups were homogeneous with respect to
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ability to lower the heart rate under exercise stress

during the pretest.

Comparison of the Experimental Groups During

the Instrumental Conditioning Period

Each experimental subject in both experimental groups'
met every day for two days for a thirty minute individual in-
strumental conditioning practice period. Upon the basis of |
previous investigation, the subjects were provided a ten  ‘
minute period at the beginning of each experimental.session
'to establish a base level heart rate in a resting positioh.

A ten per cent decrement of the mean resting heart rate

upon command was considered as the level of acceptability
for heart rate lowering while sitting. A conditioned
stimulus-~-the verbal command "lower"--for heart rate lowering
was presented to each subject four times each experimental
period. A thirty second interval, after the verbal com-
mand, was established through preliminary investigation as
adequate time for heart rate lowering to occur. Each stimu-
lus-response pattern or trial was followed by a two minute
relaxation period before the next trial. Each experimental
subject was required to lower her heart rate ten per cent

of the daily resting heart rate on three of the four trials
presented each day, for two consecutive days to meet the
criterion established for learning in this study. Each sub-
ject continued the conditioning period for the full ten

days even if she met the critericn level sooner. It should
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be noted that Experimental Group II, the gréup which did
not recéive immediate visual feedback, lowered their heart
rates more than did Experimental Group I upon seven of the
ten experimental days in the sitting position. Table 3 |
presents data with reference to learning times during the
conditioning period. Figure 1 presents the learning curves

for each experimental group.

TABLE 3

MEAN CHANGE SCORES OF INSTRUMENTAL
CONDITIONING PERIOD*

Experimental Group I

Experlmental Group II

= 15) 2)
X for X for
x for Four X per x for Four X per
Day Al1l Ss Trials trial A1l Ss Trials Trial
per day per S per day per S
1 -311.59 -20.77 -~ 5.19 -245.99 -27.33 - 6.83
2 =335.95 -22.37 - 5.59 -289.04 ~32.12 - 8.03
3 =hhg,08 29,61 - 7.42 -268.74 -29.86 - 7.47
Lt —661.33 44,09 -11.02 277 48 ~30.82 = 7.71
5 575.89 -38.39 - 9.60 -351.01 =39.00 - 9.75
6 —615 63 -41.04 -10.26 “L10. ok -45.58  -11.40
7 =738.65 -=49.24  ~12.31 -385.22 -42.80 -10.70
8 -737.95 -49.20 -12.30 “L67.16 -51.91 =12.98
9 -635.83 =42.39 -10.60 -352.45 -39.16 - 9.79
10 -713.19 -47.55  -11.89 -460.74% -12.380

*On the first

the subjects in Experimental Group I lowered their

day of the instrumental conditioning

-51.19

period,

heart
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Fig. 1.--Mean values per trial of heart rate lowering for

each subject in both experimental groups.
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rates a total of -311.59 beats per minute. Each subject |
in Experimental Group I had a mean lowering Value of ~20;77
beats per minute for the total four frials (total sum of
change values divided by number in the group). For each of
the four trials, each subject in Experimental Group I had.
a mean value of -5.19 beats per minute (sum of mean values
for four trials divided by number of trials, four in this
instance). | i

It would appear that a plateau had been reached
around the eighth day for both groups, for the mean values
for both the ninth and tenth days were lower than those of
the eighth day. Therefore, additional days 1n the instru-
mental conditioning period would probably not have led to‘
a slignificant increase in ability to lower'the heart rate

in a sitting position.

Comparison of the Groups Upon the Four Levels

During the Pretest, Post-test 1,

and Post-test II

To determine the differences between the perform-
ances of each subject in the three groups at levél 100-120
‘beats per mihute, level 120-140 beats per minute,vlevel 140~
160 beats per minute, and level 160-180 beats per minute.upon
the pretest, post-test I, and post-test II, a three—Way
analysis of variance with repeated measures upoh two factors

was utilized by the investigator. The descriptive data
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and resulting F ratios of the analysis of variance are

shown in Table 4 and Table 5, respectively.

TABLE 4

MEAN VALUE DATA FOR HEART RATE LOWERING UNDER
EXERCISE STRESS (IN BEATS PER MINUTE)

Group Level Pretest  Post-test I  Post-test II

100 -3.6380 -7.8053 - 7.5067

Experimental 120 +0. 2247 -9.0287 -11.9733
Group I 140 -2.8873 -8.5527 - =10.4413
160 +2.6013 -9.694%0 -12.6887

100 =1.6967 ~6.5456 - 3.8122

Experimental 120 -2.0533 -7.9455 - 5.5111
Group II 140 -4,1278 -8.5133 - 9.3567
160 +1.8478 -9.375% - 8.37kk

100 -1.3855 -2.8464 + 1.5400

Control 120 +1.7945 -0.0809 - 0.5359
Group 140 ~2.5582 -2.9645 + é.$636

160 -1.1809 -1.8000



SUMMARY TABLE FOR ANALYSIS

TABLE %

UPON THE FOUR LEVELS DURING THE PRETEST, -
POST-TEST I, AND POST-TEST II

58

OF VARIANCE FOR GROUPS

Source 58 df ms F "p
Between Subjects 6,140.15 34 »
Groups 2,913.15 2 1456.78 1h.hs < L0010
Error 3,226.60 32 100.83 o
b
Within Subjects 21,105.36 385
Tests 2,461.78 2 1230.89 7.76 < .001
Levels 13744 3 45,81 0.97 > .05
GXT 1,720.29 b 430.07 2.71 < .08
G X L 188.02 6 31.34 0.66 > .05
TX L 692.01 6 115.3% 24.08 << .001
GXTXL 288.78 12 24,07 5.03 < .001
Error, 10,155.99 64 158.69 : 5 "
Frror- by5h1.56 96 L7, 31
Er.-x-ori;)' 919.49 192 4.79
Total 27,245.51  h19 |
F (.001) = 8.77 F (.001) = 3.74
(2,32) (6,192)
F (.05) = 7.76 F (.001) = 2.74
(2,64) (12,192)
F (.05) = 2.52
(4, 64)

Based upon the data presented in Table 5, there was

a highly significant difference in ability to lower heart

rate under exercise stress between the three groups at}the

-001 level; there was a highly significant difference in

ability to lower heart rate during exercise stress with

reference to the pretest, post-test I, and post-test Il

at the .001 level; there was no significant difference 1n

ability to lower heart rate under different levels of
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exercise stress; there was significant interaction inbterms
of the way the groups performed oVer the tests at the .05 -
level; there was no significant interaction between groups
and levels; there was a highly significaﬂt interaction between
tests and levels at the .001 level; and there was a highly
significant interaction between groups by tests by levels at
the .001 level. To determine more specifically where the sig-
nificant differences were found, a subsequent test, the.Duncan's
Multiple Range Test was utilized to test the pair-wise differ-
ences between the thirty-six means yielded by the three groups
at four levels upon three tests. The results of the Duncan's
Multiple Range Test are presented in Table 6, page 60 and
in Table 7, page 61. |

At the assigned .01 level of significance, Duhcan's
Multiple Range Test yielded no significant differences with
reference to the change of each group in performance from '
test to test at the level 100-120 beats per minute; there
were no significant differences at level 100-120 beats per
minute between the groups during each test, except that
Experimental Group I showed significantly more lowering than
did the Control Group during post-test II.

At level 120-140 beats per minute, the performance
of Experimental Group I in terms of abilitybto lower heart
rate during exercise stress was significantly poorer during
the pretest than their performance upon post-test I and post-

test II, yielding mean values of +0.22 beats per minute




TABLE 6

DUNCAN'S MULTIPLE RANGE TEST OF THIRTY-SIX MEANS YIELDED BY
THREE GROUPS AT FOUR LEVELS UPON THREE TESTS
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TABLE 7

ORDERED MEANS AND RESULTS OF DUNCAN'S MULTIPLE
RANGE TEST WITH RESPECT TO VALUES YIELDED
UPON HEART RATE LOWERING DURING
EXERCISE STRESS BY THREE
GROUPS AT FOUR LEVELS
UPON THREE TESTS

Group Test Level Mean Significance*

E T Post 11 160 ~12.69 T

B I Post Il 120 -11.97 T

E I Post 11 140 -10. 44 T

61 Post 1 160 -9.69 ":_

B II Post I 160 -9.38

EOII Post I1 140 -9.36 T

E I Post I 120 -9.03 T

E 1 Post 1 140 -8.559

oI Post I 140 =451

E II Post II 160 -8.37 T

BII Post 1 120 -7.95 ‘F_

E I Post I 100 -7 & &1 W N

E I Post II 100 ~7.51 _

E IT Post 1 100 -6.55 L i

E II Post 11 120 ~5.51 o " 11T
BoII Pre 140 ~14.13 L T
Il Post I1 100 -3.81 T
W1 Pre 100 ~3.64 L

C Post I 140 -2.96 <

B I Pre 140 -2.89

C Post I 100 -2.85 L

C Pre 140 -2,.56 L

b II Pre 120 =2 .08 ’ A

C Post I 160 -1.80

B Il Pre 100 -1.70 -

C Pre 100 -1.39 e

C Pre 160 -1.18 4L

Y Post Il 160 -0.75

C Post II 120 -0.5%

C Post I 120 ~-0.08 L
T Pre 120 +0.22 <

C Post II 100 +1.54

C Pre 120 +1.79

E II Pre 160 +1. 85

C Post II 140 +1.86 L
E I Pre 160 +2.60 - 8

*Any means not connected by a common line are significantly
diffevent.
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upon the pretest, -9.03 beats per minute upon post-test I,
and -11.97 beats per minute upon the post—test‘II The 'v;
mean change values of bxpellmental Group I upon post- teot I
and post-test II were not 51gn1flcantly dlfferent Per-
formances of the Control Group and Experimental Groﬁp IT
did not differ significantly during the pretest or during
either post-test. The values bf the three.groups‘wére not
significantly different from each other at the pretest of
level 120-140 beats per minﬁt@ at ﬁhe .01 1evel During"
post-test I, both experimental groups differed 51gn1flcantly
from the Control Group--exhibiting the ablllty to lower the
heart rate significantly more durlng exercise stress at
level 120-140 beats per mJnutc than did the Control Group——
as evidenced by mean values of -9.03 beats per minute tor
Experimental Group I, -7.95 beats per minﬁte for Experi-
mental Group II, and -0.08 beats per Minute for‘the Control
Group; the two experimental groups were not significantly
different frém each other during post—test I; During post-b
“test 11, the mean values of Experimental Group I were signi-
ficantly lower than those of the.Conﬁrol Group, while no
other differences were significant during post-test II at
level 120-140 beats per minuté.

No significant differences in mean‘values were found
at level 140-160 beats per minute for the Control Group or
Bxperimontal Group LI during the pret est or eifhpf post-test.

The pertormances of Lhe mnbjwcts in prevlmental Group 1
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were different at the .01 level of significance between the
pretest and post-test II, with mean values df -2.89 beats
per minute upon the pretest, and -10.44 beats per minute
upon post-test II. Other mean values of Expérimental Group
I did not differ significantly during other'test'compari—
sons. The mean change between the three groups did not
differ significantly upon either the pretest or upoh pdst—
test I. However, both experimental groubs were different
from the Control Group at the .01 level of significancé
upon post-test II, but the experimental groﬁps did not
differ significantly from each other upon this test.

Level 160-180 beats per minute yielded no signifi;
cant differences for the Control Group betweeh pretest ahd
elther post-test; the values of both experimental groups
showed a significant difference between the pretest énd
both post-tests, while the post-tests did‘hot differ from
each other. There were no significant differencés bétween
groups upon the pretest at thls level; both experimental
groups lowered their heart rates significantly more than
did the Control Group upon both post-tests, while the
experimental groups did not differ from each other. Figure
2 presents the mean change values of each of the three groups
at four levels upon the three tests. Figure 2 indicates
that there was interaction between groups, tests, and levels
with respect to ability to lower the heart rate under exer-

clse stress, based upon the selected significance level.
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At level 100-120 beats per minute, both experimen-
tal groups made marked increases in ability to lower heart
rate during exercise stress from the pretést to post-test I,
while the Control Group yielded only a small change, as
evidenced by mean change values of -3.61 beats per minute
upon the pretest to -7.81 beats per minute upon post-test I
for Experimental Group I, -1.70 beats per minute upon the
pretest to -6.5Y% beats per minute upon post-test I for Ex-
perimental Group II, and -1.39 beats per minute.upon the
pretest to ~-2.85 beats per minute upon the post-test I for
the Control Group. From post-test I to post—tést IT, Ex-
perimental Group II and the Control Group dropped markedly
in their ability to lower heart rate during exerclse stress--
they did not lower their heart rates as much during post-
test II as they did in post-test I, while Experimental
Group I dropped only slightly.

Experimental Group II performed better than either
Experimental Group I or the Control Group at level 120-140
beats per minute during the pretest. Values upon post-test
I revealed that Experimental Group I lowered their heart
rates more than Experimental Group II1, although both groups
increased greatly in their ability to lower heart rate during
excercise stress from the pretest, differing significantly
from the Control Group who lowered only slightly more upon
post-test I than upon the pretest. Experimental Group I
continued to lower more upon post-test II than they did in

post-test I and maintained a significant difference from
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the Control Group. Experimental Group II raised‘the mean
value of heart rate from post-test I to post-test II--they
did not lower as much upon the second post-test as they did
upon the first post-test, as mean change values dropped
from -7.95 beats per minute upon post—tést I to -5.51 beats
per minute upon post-test II.

Experimental Group II continued to perform better
than either the Experimental Group I or the Control Group
at level 140-160 beats per minute upon the pretest. Both
the experimental groups increased their ability to lower
the heart rate to almost identical mean‘values of -8.59
beats per minute for Experimental Group I and -8.91 beats
per minute for Experimental Group II upon post-test I,
while the Control Group remained virtually the same. Both
experimental groups increased again--they lowered their
heart rates more upon post-test II than upon post-test I--
while the Control Group did not lower their mean heart rate
as much upon post-test II as they did upon post-test I, as
evidenced by mean values of -2.96 beats per minute upon
post-test I to +1.86 beats per minute upon post-test II.
This decrease by the Control Group was probably responéible
for the fact that both experimental groups lowered significant-
ly more than did the Control Group upon post-test II.

At level 160-180 beats per minute, the Control Group
was the only group to lower their mean heart rate, as a

group, upon the pretest (mean = -1.18 beats per minute)--
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post-test I to post-test II--they did not lower as much
upon the second post-test as they did upon the first post-
test, as mecan change values dropped from -7.995 beéts per
minute upon post-test I to -9.51 beats per minuté upon
post-test II.

Lxperimental Group II continued to pérform better
than either the BExperimental Group I or the Control Group
at level 140-160 beats per minute upon the pretest. Both
thie experimental groups increased their ability to lower
the heart rate to almost identical mean values of.—8.55
beats per minute for Experimental Group I and -8.51 beats
per minute for Experimental Group II upon post-test I,
while the Control Group remained virtually the same. Both
experimental groups increased again--they lowered their
heart rates more upon post-test II than upon post-test I--
while the Control Group did not lower their mean heart rate
as much upon post-test II as they did upon post-test I, as
evidenced by mean values of -2.96 beats per minute upon
post-test I to +1.86 beats per minute upon post-test II.
This decrease by the Control Group was probably responsible
for the fact that both experimental groups lowered signifi-
cantly more than did the Control Group upon post-test II.

At level 160-180 beats per minute, the Control Group
was the only group to lower their mean heart rate, as a
group, upon the pretest (mean = -1.18 beats per minute)--

S

both cxperimontal groups increased thelr heart rates, &
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éhown by mean values of +1;85 beats per minﬁte for Expéri-
mental Group II and +2.60 beats per minute for Experimental
Group I upon the pretest. Again, both experimental groups
decreased their heart rates markedly upon post-test I and
lowered significantly more than did the Control Group.

From post-test I to post-test II, Experimental Group I in-
creased their mean lowering values--as a group§ they low¥
ered more upon post-test Il than upon post-test I, while
Experimental Group II and the Control Group dedreased
slightly in mean lowering values, they lowered less upon
post-test II then upon post-test I. The performance of
both experimental groups remained significantly different
from the performance of the Control Group, as evidenced by
mean values of =12.6887 beats per minute for Experimental
Group I, =-8.374% beats per minute for Experimental Group

II, and -0.7464 beats per minute for the Control Group.

Discussion df the Results

The significant change in ability to lower heart
rate from pretest to post-test I or post-test II is very
evident at all levels for both experimental groups. At no
point did either group fail to lower their heart rates upon
elther post-tast, whereas the Control Group increased their
mean heart rate at level 1h0-160 beats per minute upon the
'SQound post-tLest. The smalleol incldence of lowering for
“both experimental groups upon elthcr post-test occurred at

~level 100-120 beats per minute, as evidenced by mean values
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of —7.31 beats per minute for Experimental Group I upon posﬁ—
test I and -3.81 beats per minute for Experimental Group II upon
post-test II. The greatest amount of lowering for the Control
Group was a mean value of -2.96 beats per minute ﬁpon post-~test
I at level 140-160. Therefore, the greatest amount of lower-
ing for the Control Group was less than the 1east amount’of
lowering for either experimental group. The experimental
groups seem to have definitely been able to transfer the
ability to lower the heart rate from the sitting position to
the situation of exercise stréss.

Experimental Group II lowered their mean heart rate
to a greatef extent during the instrumental conditioning period,
seven of the ten sessions, than did Experimental Group I, but
could not retain the ability to the same degree at each level
upon both exercise post-tests. In other words, élthough Bx-
perimental Group I1I actually lowered their mean heart rate more
during the instrumental conditioning period, Experimental Group
[ lowered more during conditions of exercise stress. Experi-
mental CGroup I, who benefitted [rom immediate visual feedback,
could tell from the readout of the biotachometer almost exactly
when they had lowered the reqﬁir@d ten per cent decrement of
their resting heart rate. But Experimental Grbup II, who re-
ceived no visual feedback, did not know when they had reached
the decrement, or even if they were lowering their heart rates
at all; therefore, perhaps they made greater effort to attain
some type of internalized cues that they could acknowledge as
heart rate lowering. Several members of Experimental Group 1l

mentioned that they could feel an internal change as they
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attempted to lower their heart rates. Although there is no
proof of this awareness of change, ﬁhe response of heart rate
lowering could have been caused by a form of classical condil-
tioning~—cdnditioning to an internalized cue hot acknowledged
by the investigator. Another possible reason for the positive
performance of Experimental Group II could be caused by feedback
from their peer group. After the experimental sessions, it is
possible that members of Experimental Group I, who knew they
were lowering their heart rates, discussed their results with
members of Experimental Group II, who were not aware of their
results. Because members of Experimental Group I were successful
in thelr attempts to lower thelr heart ratés, members of Lxperi-
mental Group II assumed that they, too, were successful in heart
rate lowering. This form of peer group reinforcement served as
delayed feedback. The procedures followed in the post-tests
were the same as for the pretest. DBoth groups were allowed to
watceh the results of their performance upon the tachometer, but
most of the subjects in Experimental Group II preferred to at-
tempt the task of lowering the heart rate under exercise stress
during the post-tests as they had been conditioned--with no vis-
ual feedback. It should be noted that the membérs of Experimen-
tal Group II did not know the results of any of their condition-
ing sessions until after the experimental period was concluded.

Out of twenty-four experimental subjects in both ex-
Périmental groups, twenty-two met the criterion of learning to
;ower the heart rate in a sitting position (each subject was re-

quired to lower her heart rate ten per cent of the daily resting

heart rate, three of the four trials presented each day, for two
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cénsecutive days). Thirteen of fifteen subjects in Experimen-
tal Group I who received feedback and nine of nine subjects in
Experimental Group II who did not receive immediate feedback
met this criterion. Both persons who did not meet this criteri-
on for learning wefe members of Experimental Group I who received
the immediate feedback, but upon the post-tests, both subjects
exhibited evidence of heart rate lowering under exercise stress.

Both experimental groups exhibited the greatest inci-
dence of lowering at level 160-180 beats per minute, as evidenced
by mean values of -12.69 beats per minute for Experimental Group
I upon post-test Il and -9.38 beats per minute for Experimental
Group I1 upon post-test I. The subjects themselves seemed to
feel that 1t was much easier to lower their heart rates from a
higher level, 160-180 beats per minute, than from a lower level,
100-120 beats per minute, and this is also evidenced by the values.
This is directly contrary to the findings of Mize who stated:

. +« o as the heart rate of the subjects accelera-

ted, and theoretically became more difficult to

control because of the increase occurring to

meet metabolic requirements, the tendency was

for the amount of control after the conditioned

stimulus to decrease (Mize, 1970:45).
The contrary finding may be caused by the difference in design
as Mize used a progressive test, while in the present study,
the heart rate was allowed to stabilize before the conditioned
stimulus was presented. It is also interesting to note that
~the least evidence of lowering of Experimental Group I was dur-
ing the pretest, a mean value of +2.60 beats per minute at level
160-180 beats per minute; the greatest evidence of heart rate

lowering during exercise shbross also occurred at level 160-180
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beats per minute--a mean value of -12.69 beats per minute

for Experimental Group I.

Summary

Chapter IV presented an analysis of the daté. The
subjects, who volunteered for the experiment, wefe assigned
randomly to one of three groups; two expérimental and one con-
trol, upon the basis of the mean resting heart rate obtéined
prior to the pretest period. Experimental Group I was com-
posed of fifteen subjects who practiced volitional control of
heart rate with visual feedback during the instrumental condi-
tioning period; Bxperimental Group 1l was éomposed of nine sub-
jects who also practiced volitional control of heart rate dur-
ing the instrumental conditioning period without the benefit of
visunal feedback or any other information that would allow them
to know the extent of their practice control until after the ex-
perimental period when the subjects were told if they met the
'criterion of learning; the Control Group was composed of eleven
subjects who did not participate in the conditioning period. The
purpose of this investigation was to determine if heart rate low-
ering could be conditioned instrumentally during exercise stress.

Mean resting heart rates of all subjects in each of
the three groups were initially subjected to a one-way analysis
of variance to determine the homogeneity of the groups. -The
I' ratio indicated that the three groups did not differ sig-
nificantly upon mean resting heart rates. Duncan's Multiple
Range Test showed that there was no significant difference

between groups upon performance in the pretest, indicating
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that the three groups did not differ significantly prior
to the beginning of the conditioning period upon ability
to lower the heart rate during exercise stress.

Mean lowering values of the two experimental groups
were presented with reference to the instrumental conditioning
period. Experimental Group II lowered more‘than did Experi-
mental Group I upon seven of the ten days of conditioning.

The values for the subjects in each of the three
groups upon the pretest and both post-tests were subjected to
a three-way analysis of variance with repéated measures upon
two factors. Highly significant differences wére found be-
tween groups, between tests, tests by levels, and between
groups by tests by levels at the .001 levely a significant
interaction was found between groups by tests at the .05 level.

Duncan's Multiple Range Test showed that Experi-
mental Group I differed significantly from the Control Group
at all levels with reference to heart rate lowering under
exercise stress; and that Experimental Group II differed sig-
nificantly from the Control Group at all levels except 100-120
beats per minute. Bxperimental Group I did not differ sig-
nificantly from Fxperimental Group II at any of the four
levels, although Experimental Group I lowered their mean heart
rate more than did the Experimental Group II at each of the
four levels upon each post-test.
| Chépter V will present a summary, a conclusion of the

study, and recommendations for further studies.



CHAPTER V

SUMMARY, FINDINGS, CONCLUSION, AND RECOMMENDATIONS
| FOR FURTHER STUDIES

Summary of the Investigation

Muéh controversy exists with reference to the
traditional belief that instrumental learning 1s possible
only for voluntary control of skeletal responses, and that
classical conditioning is possible only for involuntary
control of visceral and emotional respohses- The assump-
tion that visceral responses cannot be learned in the same
way as can skeletal responses has been refuted recently by
research. Miller has postulated that there is only one
kind of learning; therefore, visceral responses can bé
learned just as skeletal responses can be learned. Research
has shown positive results with reference to the instru-
mental learning of visceral responses by animals and human
beings. | |

The stndy that brought the problem of instrumental
conditioning of visceral responses tb the attention of psy-
chophysiological profession was reported by Miller and
Carmona, who found that dogs could be conditioned instrumen-

tally to increase or decrease salivation. Trowill found that

74
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curarized rats rewarded for a slow heart rate decreased
their heart rate significantly; those rewarded for a fast
heart rate increased their heart rate significantly also.
Highly reliable changes in the heart rate of rats were re-
ported by Miller and DiCara. Other studies reported suc-
cessful operant conditioning techniques in increasing and
decreasing heart rate to avoid shock; in changes in intes-
tinal contraction and heart rate; in urine formationj; and
in systolic blood pressure.

Shearn published one of the first reports of con-
ditioning human heart raté operantly. He found that experi-
mental subjects were able to accelerate their heart rates
to delay shock pulses. Hnatiow and Lang, who found that
aversive reinforcement was unnecessary, and conditioned sub-
jects to decrease heart rate variability without this rein-
forcement.

Engel completed three studies with reference to
conditioning of heart rate by means of operant procedures:
five of ten experimental subjects learned to slow their heart
rates; all experimental subjects learned to speed their heart
rates; and subjects gained minute-to-minute chtrol of heart
rate when taught to increase and decrease cyclically.

Brener and Hothersall showed that under conditions
of augmented sensory feedback, subjects learn rapidly to con-
trol their heart rates. Using operant procedures to condition

subjeets to exercise voluntary control over heart rate,
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Frazier reported that punishment avoidance contingencies were
effective in imposing control over heart rate.

Mize investigated the possibility that heart raté
slowing could be conditioned instrumentally under exercise
stress. ©She concluded that instrumental conditioning dur-
ing the resting state appears to facilitate heart rate low-
ering in the exercise stress situation measured, but not to
a statistically significant degree.

These previous studies have indicated that heart
rate responses mediated by the autonomic nervous system can
be conditioned instrumentally, whether instrumental learning
of heart rate can occur during exercise stress has not been
determined. deVries states that "high‘heart rates are less
efficient than low rates, other things being equal. . . . The
slower the heart rate for any given workload, the more ef-
ficiently is the cardiac work performed." This concept is
based upon three ideas: (1) oxygen consumption of the heart
increases with increasing heart rate, even though the work-
load is held constant; (2) as the rate increases, the filling
time of the heart decreases, and (3) diastasis, the only
resting period for the myocardium, is disproportionately
shortened in faster rates, and may disappear entirely at high
rates. If a person is able to lower consciously her heart
rate during cxercise stress, the body may be able to adjust
and work more efficiently. Thus, because of the possible

adaptation of the body to the lower heart rate, several
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positive changes in performances could occur: (1) longer
duration of effort before exhaustion; (2) greater utiliza- 
tion of energy reserves; and (3) more rapid retﬁ}n of
heart rate and blood pressure to normal folldWing acti?ity.:
In essence, the volitional control of heart rate suggeéts |
~the potential of less circulatory stress duriﬁg physical
activity. | |

The genéral purpose of the study was to determiﬁé |
if heart rate lowering could be instrumentallyAconditioned '
during exercise stress. It was hypothesized that there woﬁid‘
be no significant difference in heart rate lowering of those
Subjects in Experimental Group I who received inétrumental
conditioning with immediate‘feedback, in Experimentai Groﬁp
1T who received‘instrumentai conditioning with deléyed feed-
back, and in the Control Group who received no éohditioning.

Thirty-five female volunteer students from Eastern
Illinois University in Charleston, Illinois, were selected
to participate in the study. The students were divided into
three groups, two experimental and one controlf‘ The Subjects
were found to be equated upon a mean resting heart rate taken
prior to the initial experimental meaéures.‘f |

A practice session was conducted prior ﬁo the experi-
mental session, in which all subjects were familiarized with |
the technique of treadmill walking. Another practice session
was held to establish approximate work loads for each indi-

vidual subject at each of the four Levels--100-120 beats per
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minute, 120-140 beats per minute, 140-160 beats per minute,
and 160-180 beats per minuté. The workload was the maximum
amount of work upon the treadmill which would allow the sub-
ject to stabilize her heart rate plus or minus five heart
beats within the leﬁel for at leastxone minﬁte duration. A
pretest was then given to all subjects in which they were
asked to lower their heart rates at a given conditioned
stimulus (the word "lower'" given by the investigator) after
they had reached the designated level, which was éssigﬁed
randomly. Thé experimental groups were then‘exposed to ten
days of conditioning, thirty minutes a day, in which they
. were given four trials each day to attempt to lower‘their
heart rates in a sitting position. After the conditioning
period was over, both the Control Group and the experimen-
tal groups were again given the test of heart rate lowering
dﬁring exercise stress as previously described. This post~
test was administered twice upon two consecutive days fo
provide a more reliable value for heart rate lowering during
exercise stress.

An analysis of variance technique was selected to
test the signifiéance of the difference between the three
groups at foﬁr levels upon three tests with respect to abil-
1ty to lower the‘heéft rate under exercise stress. A subse-
- quent test, Duncaﬁ{s Multiple Range Test, was utilized to
‘test the pair-wise differences between the thirty-six means

vielded by the three groups at four levels upon three tests.
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Findings of the Study

The following statements reveal the findings of

1.

Twenty-two of the twenty-four experimehtal

subjects exposed to instrumental conditioning

" over a ten day period met the criterion of

learning to lower the heart rate inba Sitting
position. The group included thirteen of fif-
teen members of Experimental Group I and nine
of nine members of Experimental Group II. The
two persons who did not meet the criterion for
learning were in Experimental Group I which
received immediate feedback, bﬁt upon adminis-
ﬁration of post-tests, both subjects exhibited
heart réte lowering during exercise stress.
Experimental Group II who received instrumental
conditioning with delayed feedback lowered
thelr mean heart rate to‘a greéter eitent during
the experimeﬂtal period than did Experimental

Group I who received instrumental conditioning

o with immediate visual feedback of the fesults.-

upon seven of the ten practice days. However,
Experimental Group I lowered more at each 1ével
upon both post-tests than did Experimentai |
Group II; |

Experimental Group I lowered their mean heart
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rate signifiéantly more than did the Contfol 3
“Group at all four leveis of exércise stress at
the .01 1evel. Experimental Group II lowered
their mean heart rate significantly more thah ‘
did the Control Group at all leVéls except =
level 100-120 beats per mingts. * AKlkhough Ho-
perimental Group I lowered their mean heart |
rate more than did Expérimental Group II ét
each\level upon both bost—tests,vnone of these
differendes was significant.

4. Both experimental groups éxhibited the greatest
ability to lower the heart rate at level 160-180
beats per minute, as evidehced by mean values ‘
of -12.69 beats per minute for Experimental
Group I and -9.38 beaté pér mihuté for Experi-

mental Group II.

Tests of vaothesié

The hypothésis stated ih the first chapter was teéted
upon the basis of the results of thé analysis of data through
| the application of a three~way anaiysis of variance with re-
peated measures ﬁpon fwo faétors and Duncan's Multiple Range
Test. The results of the applied tests are presented below.

There is no significant difference in hegrt
rate lowering of those subjects in Experi-
mental Group I who received instrumental
conditioning with immediate feedback, 1n
Experimental Group II who received instru-
mental conditioning with aclayed feedback,
and In the Conbrol Group who received no
conditloning.
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The data collected for this study provided sufficient.ihfor-
mation for the investigator to réject the hypotﬂesis. .Ex~
perimental Group I lowered their mean heart réte signifi-
cantly more than did the Control Group at ‘sach of the four
levels upon the post-test. Experimental;Gfoup IT lowered
their mean heart rate significahtly more than did the Con-
trol Group at each level except 100-120 beats per minute.
There were no significant differénces between experimental‘}

groups .

Conclusion of the Study

It may be concluded that volitionél control 6f the
heart rate may be successfully accomplished-uhder exeréisev
stress. Control of the heart réte in av:esting state ap-
pears to transfer and facilitate heart rate'lowéring:

during exercise stress.

Recommendations for Further Studies

The following suggestions have been“recommended
Tor further investigation: _
1. The ability to maintain a lower heart rate
during exercise stress for a prblonged period.
5. The measurement of cardiac output before, dur-
ing, and after volitional lowering of heart

rate during exercise stress.
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RAW DATA FOR HEART RATE LOWERING
DURING EXERCISE STRESS

Experimental Group I - Immediate Feedback

Resting
Subject Test Heart Level Before After Differ-
Rate Stimulus Stimulus ence

MA Pre- 80.88 100 - 104%.35 100.8% - 3.51
test 120 123.71 118.81 - 4.90

140 146. 34 142.86 - 3.48

160 160.00 166.67 + 6.67

Post-test 76.27 100 115.38 111,11 - 4.27
I 120 127 .66 118.81 - 8.85%
ho  142.86 131.87 =10.99%
160 171.43 162.16 = 9.27%

Post-test 79.97 100 113 21 107 . 14 - 6.07

11 120 127 .66 122.45 - 5.21

140 142.86 139.53 = 3.33
160 171.43 162.16 = 9.27%
BB Pretest 82,22 100 113.21 92.31 ~-20.90%

120 121.21 123.71  + 2.50
140 141.18 150.00 + 8.82
160 162.16 150.00  ~12.16%

Post-test 75.02 100 109.09 104%.35 = L.74
1 120 122.45 115.38 = 7.07

140  150.00 142,86 - 7.14
160 162.16 150.00 =12.16%
Post-test 87.4%9 100  100.8% 87.59  =13,25%
1T 120 126.%2 110.09  -16.23%

140 142.86 134.83 - 8.03
160 171.43 153.89  -17.58%

* € ten per cent of the resting heart rate
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Resting -
Subject Test Heart Level Before After Differ-
_ Rate . Stimulus Stimulus ence

SD  Pretest 65.8% 100 107.14% . 117.65  +10.51
‘ 120 120.00 121.21  + 1.21
140 142.86 150.00 + 7.1k

160 169.01 169.01 0
Post-test 54.55 100  11%.29  105.63 - 8.66%

I : 120 . 125.00  120.00 - 5.00

; 140 153.85° 151.90 - 1.95
160 166.67  160.00 - 6.67%*
Post-test 64.41 100 114,29 © 96,00 =18.29%
II 120 121.21 113.21 - 8,21%

140 - 146.3% - 141,18 - 5.16

160  180.82 175.47 -~ 5,35

SF Pretest 95.00 100  115.38  111.11 - k.27
- 120 125.00 133.33  + 8.33

140 150.00 144 .58 - g.42

160 171.43 181.82 +10.39

Post-test 86.18 100 115.38 11111 - 4,27

I : 120 120.00 118.81 - 1.19

140  140.53 138.93 - 1.60

160 162.16 157.89 - L4.27

Post-test 88.70 100  114.29 103.45  -10.84*

II 120 126.32 120.00 - 6.32

? 140 148.05 6.3 - 1.71.

160 169.01 162.16 = B35

TH Pretest  89.2 100  100.00 107.1%  + 7.1k
reres o 120 122.45 130.43 + 7.98

140 148.05 150.00 + 1.95

160 17647 187.50 +11.03
Post-test 71.61 100 115.38 . 105.26  =10.12%*

’ I et 7 120 125.00 122,45 -~ 2.59
140 148.05 129.03  =19.02%
160  166.67 146.34 -20.33%*

Post-test 86!00 100 107.14 108.11  + 0.97

o8 II{S _ 120  123.71 115.38 = 5.33.
140  150.00 129.03  -20.97*

160 179.10 150.00 -29.10%
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' Resting ‘ ,
Subject Test Heart Level Before After Differ-
Rate Stimulus Stimulus ence
EH Pretest  90.91 100 109.09 109.09 o
120 131.87 139.53 + 7.66
140 14, 58 142,86 . "~ 1.72
160  166.67 166.67 0
Post-test 96.04% 100  113.21  "111.11 - 2.10
I 120 127.66 127 .66 0
140 142.86 141,18 - 1.68
160  160.00 157.89 - 2.11
Post-test 90.12 100 104%.35 110.09 + 5.74%
11 120 127.66 125.00 =~ 2.66
: 140 148.05 129.03  =19.02%
160 171.43 160.00  =11.43%
MK Pretest  90.68 100  111.11 96.77 =14 .34x*
v 120  120.00 117.65 - 2.35
140 153.85 137.93  =15.,92%
160 171 .43 162.16 - G, 00%
Post-test 80.55 100 114,29 97.56  ~16.73%
I 120  120.00 103.45 = -16.55%
140 144,58 144,58 0
160 163.04 157.89 . - 5.15
Post-test 80.48 100 108.11 103.45 . - 4.66
11 120  125.00 108.11 -16.89%
140 151.90 129.03  -22.87%
160  162.16 146.34 -15.86%
RL Pretest  75.96 100  109.09 104.35 - L.74
: ren 342 120 123.71 117.65 - 6.06
140  157.89 153.85 - L4.04
160  166.67 171.43  + L4.76
Post-test 63.01 100 105.26 96.00 -~ 9.26%
I 120 125,00 113.21 -11.79%
140 148.05 133.33 -1, 7 2%
160 171.43  157.89  -~13.54*
Post-test 58.87 100 100.77 93.55 - 7.22%
°F IIeS 7057 120 125.00 103.45  -22.55%
1450  141.18 129.03  ~12.15%
160 166.67 153.85 - -12,82%
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Resting ' .
Subject Test Heart Level Before After Differ-
Rate Stimulus S_timulus ence
DM Pretest 88.29 100 105.26 106.19  + 0.93
120 127.66 125.00 - 2.66
140 148.05 137.93 -10.12%
160  164.38 166.67 + 2.29
Post-test 75.09 100 106.19 96.77 - 9.42%
I 120  125.00 125.00 0
140 150.00 148.15 - 1.85
160  160.89 154.90 - 5.99
Post-test 76.35 100 117.6Y 106.19 -11.46%
II 120 133.39 110.09 ~23.24%*
140 1hh. 84 137.89 - 6.95
160  160.00 136.99 23,01 %
KN Pretest  82.83 100 102.56 100.84% - 1.72
120  125.00 120.00 - 5.00
140 144,58 136.36 - 8.22
160 162.16 166.67 + 4,51
Post-test 61.45 100 107 .14 100.00 - 7.14%
I 120 125.00 120,00 - 5.00
140 142.86 137.93 - 4,94
160  160.89 151.05 - 9.8L4*
Post-test 77.06 100 107.1k4 100.00 - 3.1k
11 120 126.32 126.32 : 0
140 148.05 1ho.86 - 5.19
160 160.89 160.89 0
PP Pretest  87.33 100  112.15 105.26 6.89
120 120,00 117.65 - 2.35
140 142.86 139.53 3.33
160 166.67 166.67 0
st-test 73.1 100 105.26 96.77 - 8.40%
w0 tztes Sl 120  125.00 102.56  -22.44*
140 140.36 133.03 ~ F33%
160 166.67 160.00 =~ 6.67
Post-test 59. 100 101.69 90.23 -21.L6*
° Erfes e 120  122.45 101.69  -20.76%
140 146.34 133.33  =13.01*
160  162.16 157.89 - 4.27
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Resting
Subject Test Heart Level Before After Differ-
Rate Stimulus  Stimulus ence
KP Pretest  81.83 100 109.09 109.09 0
: 120  120.00 125.00 + 5.00
140 1%3.85 136.36  =17.49%
160 176 .47 190.48  +1L4.01
Post-test 61.67 100 115.38 . 120.00 + L.62
T 120 134.83 129.03 - 5.80
1H0o 141,18 131.87 = 9.31%
160 166.67 160.00 - 6.67%
Post-test 60.23 100 105.26 103.45 - 1.81
II 120 129.03 123.71 - 5,30
140 150.00 144,58 - 5.42
160  160.89 154.90 - 5.99
MS Pretest  70.09 100 100.00 92.31 - 7.69%
120 122.45 118.18 - 3.6k4
140 146.3k4 153,85  + 7.51
160  160.00 162.16 + 2.16
Post-test 62.78 100  103.45 107.1%  + 3.69
T 120 120.38 100.00  -20.38*
140 157.89 1h46.34 - =11.55%
160 179.10 162.16  =16.94x*
Post-test 63.81 100  105.26 100.00 - 5.26
II 120 121.11 110.00 =10.11%
140  150.00  141.18 - 8.82*
160 166.67 139.53 -27 . 1k
KS Pretest 49 100 107.14 1071k 0
e * 120 - 12371 125.00  + 1.29
140  153.85 157.80  + L.0k
160  171.43 169,07 - 2.42
Post-test 78.42 100 117.65 98.36  -19.29%
° 1 SHE 190 " 121.21 107.1%  =14,07%
140  142.86 127.66  =15.20%
) & =2 ’ (aﬂg{ 100 105-26 99017 = 6009 »
FogﬁfoSt i 120 130.43 113.21 %, DO
140 151.90 150.00 - 1.90
160 160.8% 155,55 - 5.84
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_ . Resting :
subject Test Heart Level Before After Differ-
Rate Stimulus Stimulus ence
SW Pretest 107.21 100 100.00 90.91 - 9.09
: 120 122.45 118.81 - 3.64

140 140.36 137.33 - 3403
160 164%.38 - 171.43  + 7.05

Post-test 88.38 100 113 .21 92.31  =20.90%

I 120 130.43 111.711 ~19.32%
% 140 155.84% . 134.83 -21.01%
160 162.16 142.86 ~19, 30%

Post-test 104.38 100 113.21 " 103 .45 - 9.76
1I 120 120.00 103.45 -16.55%

140 146.67 124,58 -22.09%

160 162.16 14634 ~-15.82%
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RAW DATA FOR HEART RATE LOWERING
DURING EXERCISE STRESS

Experimental Group II -~ Delaved Feedback

Resting
Subject Test Heart Level Before After Differ-
Rate Stimulus Stimulus ence
BJA Pretest 90.96 100 101.69 ~ 100.00 ' = 1.69
120 122.45 123.71  + 1.26
1Mo 142.86 131.087 -10.99%*
160 - 166.67 162.16 = L.51
Post-test 82.97 100 103.99 oL4.49 - 9.50%
I 120 121.21 120.00 = 1.21
o 142.86 139.53 - 3.33
160 164.38 157.89 - 6.49
Post-test 80.24 100 107.1k% 96.77  =10.37%
11 120 123.71 113.21 ~10.50%
g 140 141,18 136.36 - 4.82
160 162.16 153.85 ~ 8.31%
MAB Pretest  77.67 100 100.77 93.55 - 7.22
\ 120 127.66 111,11 ~16.55%
140 150.00 130.43 ~19,957%
160 162.16 162.16 | 0
Post-test 77.73 100 101.69 99.17 - 3.52
I f 120 127.66 122.&5 - 5.21
140 150.00 142,86 714
160 169.01 157.89 -11 12%
Post-test 80.44 100  109.09 100.8% - 8.25%
II 120 123.71 117.65 = 6.06
140 140,36 13443 - 5.93
160 164.38 152.87 ~11251%

*<ten per cent of the resting heart rate
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Subject Test Heart Level Before = After Differ-
' Rate v Stimulus Stimulus. ence

CB Pretest 75.67 100 107.1k 107 .14 0

‘ 120 130.43 122.45 - 7.98%°
140 4h,58 146.3% + 1.76

160 160.89  174.4%3  +13.54 -
Post-test 67.30 100 115.38 109.09 - 6.29
I 120 126.32  125.00 - 1.32

' 140 148.05 139.53 - 8.52%

160 166.67 157.89 - 8.708%

Post-test 67.30 100 115.38 103.45  -11.95%
- II - 120 133.33 120.00  -13.33%
' 140 150.00 130.43 -~ =19.57%
160  160.00 157.89 - 2.11
CE Pretest  81.83 100 109.09 107.1% - 1.95
120 122.45 113.21 = 9.2h4*x

140 140.36 141,93+ 1.57
160  160.00 160.00 | 0

Post-test 69.28 100 107.1k4 107.14 0
I 120 133.33 109.09  -24.oh4*

140 141.18 133.33 - 7.85%

160 160.00 150.00 = -10.00%

Post-test 78.80 100 107.1k4 103.45 - 2.69
IT | 120 127.66, 115.38  -12.28%
1o 142.86 136.36  -14.50%

160  162.16 . 153.85 - 8.31%*

CH Pretest 109.59 100  111.11 104.35 =~ 6.76
v 120 125.00 142.86 +17.36
1Mo 1h46.3k4 150.00 + 3.66

160 164.38 164.38 0
Post—test 81.59 100 111.11 . 89.55  -21.56%
I 120 120.65 110.1%  -=10.51%

140 146.34 142.86 - 3.48

160 162.16 155.84 - 6.32

Post-test 84.59 100 107.1% - 111.11 + 3.48
IT 120 125.00 127.66 + 2.66

| 1Mo 141.18 136.36 - 4.82

160  162.16 153. - 8.31
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: Resting >
Subject Test Heart Level Before After Differ-
Rate Stimulus Stimulus ence -
DL Pretest 84%.11 100  106.19 - 111.11  + 4.92
- 120 130.83 136.36 + 5.53
140 146,30k 144,58 - 1.76
160  164.38 166.67 - + 2.29
Post-test 75.67 100 116.50 111.11 - 5.39
I 120 120.38 106.69  -13.69%
1H0  140.93 114,29 = -26.64%
160  164.38 146.3% -18.0k*
Post-test 86.55 100  113.21  105.26 < 7.95
11 120 123.71 123.71 0
140 14,58 125.00 -19.58%
160 164.38 142.86 ~27 . 52%
DM Pretest 67.79 100  103.45 109.09 - 5.6%
: 120 125.00 125.00 | 0
140 142.86  141.18 1.68
160  169.01 162.16 - 6.85%
Post-test 65.73 100 - 108.11 107.1% = 0.97
I 120 120.0C 117.65 = 2.35
140 141.18 139.53 - 1.65"
160  160.00 162.16 + 2.16
Post-test 61.4% 100 101.96 110.24% + 8.28
11 120 122.45 120.00 -~ 2.45
1Mo 141,18 142,86 + 1.68
160  163.85 173.67  + 6.82
SR Pretest,  94.31 100 104%.35 104.35 0
120 120.50 111.1k% 9.36
140 142.86 139.53 3.33
160 166.67 166.67 0
Post-test 69.05 100  117.65 103.45  -14.20%
I 120 121.21 117.65 = 3.56
: 140 142.86 134.83 - 8.03%
160  162.16 157.89 - L4.27
Post-test 84.00 100  111.11 109.09 -~ 2.02
II 120 122.4%5 127.66 + 5.21
140 146.34 146.34 0
160  162.16 160.00 =~ 2.16
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T
Resting :
Subject Test Heart Level DBefore After Differ-
Rate Stimulus Stimulus ence
AS Pretest 7h.46 100  103.45 95.2% - 8.21%
. 120 © 125.00 125.00 0
140 1463k 139.53 -~ 6.081

160 160.00 172.16 +12.16

Post-test 83.73 100 100.17 102.69 + 2.52
I ‘ 120 123.71 114%.29 - 9.4ox

140 146.34 136.36 - 9.98%

160 164.38 142.86 -21.52%

Post-test 66.07 100  101.69 98.36 - 3.33
II 120 125.00 112.15  -12.85%

140 150.00 133.33  =16.67%

160 157.89 137.93  =19.96%
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RAW DATA FOR HEART RATE LOWERING
DURING EXERCISE STRESS

Control Grounv- No Conditioninz

Resting MR
Subject Test Heart Level Before = After Differ-
Rate Stimulus Stimulus ence
JB Pretest 96.36 100 105.26 103.45 - 1.81
120 11§.81 117.65. = 1.16
140 14L4.58 1h6.34% + 1.76
160 162.16 166.67  + 4.51
Post-test  64.83 100 106.19 103.45 - 2,74
I 120 120.81 122.00  + 1.19
140 140.53 142,18 = - 1.65
160  160.00 157.89 - 2.11
Post-test 86.20 100 111.11° 109.09 - 2.02
II 120 123.71  122.4%5 - 1.26
140 155.84% 153.85 - 1.99
160 164.38 6216 - 2.22
419! Pretest 95.89 100  100.84 105.26  + L. L2
: 120 122.45  130.43  + 7.98
140 146.34 142.86 - 3.48
160 160.00 166.67 + 6.67
Post-test  84.54 100  100.00 104.35  + L4.35
I 120  127.66 122.45 - 5,21
140 157.89 153.85 - L.O4
160 166.67 160.00 - 6.67
Post-test 90.12 100 106.19 98.36 -~ 7.83
II 120 127.66 126.32 = 1.3kL
140 150.00 160.00 +10.00

160 171.43 153.83 -17.60%

* < ten per cent of the resting heart rate
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. Resting - XA 'y
Subject Test Heart - Level Before = After Differ-
- Rate Stimulus Stimulus ence
AG Pretest  82.49 100 112.1% 105.26 - 6.89
120 120,00 ° 107.1%  =12.86%
140 0 142,86 0 133.33 -19.53%
C 160 0 176047 0 1620160 ~1h.3TH
Post-test 91.87 A 1oo 11,11 113.21 + 2.10
I ‘ 120 - 126.32 . 123.71 - 2.61
140+ 146.34% 150,00 + 3.66
o160 162,16 0 167.83 -+ 5.67
Post-test 81.21 100  106.19  113.21 .+ 7.02
11 120 139.53  133.33 = 6.20
o140 b, 58 14k, 58 0
© 160 160.00  162.16 + 2.16
SM Pretest 82.97 100 109.09 - 111.11 + 2.02 -
' . 120 0 .120,00 0 139.53 0 +19.53
140 - 148.05 © 150.00  + 1.95
160 164.38  160.00 - L4.38
Post-test 82.99 - 100 109.09 86.96  -22.13%*
I s 120 122.45 . 125.00 + 2.55
140 . 150.00  141.18 - 8.82%
160 169.01 160.00 - 9.01%
Post-test 67.31 100  110.09  112.15 + 2.06
1I 120 0 120.00 0 121.21 0+ 1.21
140+ 146.3%  150.00 + 3.66
160 160.00  160.00 0
M Pretest 83.90 100  103.45 107.1%  + 3.69
120  120.00 127.66 + 7.66
140 142,86  137.93 - 4.93
: 160  162.16  155.84% - 6.32
Post-test 80.89' 100 110.09 107.14% = - 2.95
I . 120 122.45 +  125.00 . + 2.55
v 8 ' 140 144,58 142,86 - 1.72
160 160.00 166.67 + 6.67
Post-test 91.1 100 107.1%  113.21  + 6.07
OStIICS 9 / 120 120.50 124.00 + 3,50
140 140,53  151.00 +10.47
160 162.16  160.00 -~ 2.16
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. - Resting )
Subject Test = Heart Level Before After Differ-
Rate Stimulus Stimulus ence
EP Pretest 82.66 100 111.11 90.91 -10.20%
' : 120 125,00 ~ 125.00 0
140 141,18  139.53 - 1.65
160 162.16  162.16 0
Post-test 81.24 100 111.11 - 105.26 - 5.85
I 120 123.71 123.71 0
. 140 142.86 . 141.18 - 1.68 -
160 160.89 - 158.84% - 2.04
Post-test 87.27 100 110.09  111.11 .+ 1.02
II 120 127.66  130.43  + 2.77
' 140 140.36 - 143.53 + 3.17
160 160.00 . 160.00 0
JR Pretest 111.40 100 119.%45 114,65 - 4.80
120 125.00 * 117.65 = 7.35
140 150.00 " 141.18 - 8.82
160 171.43 176.47  + 5.04
Post-test 71.75 100 114,29  120.00 + 5.71
I ‘ 120 126.32  121.21 4+ 5.1
. M0 142,86  137.93 - 4.93
160 164.38  157.89 - 6.49
Post-test 87.99 100 100.36 111.09  +10.73
II 120 122.45  117.65 - 4.80
' 140 150.00 148.05 - 1.95
160 162.16  164.38 + 2.22
LR Pretest  96.28 100 109.09  104.35 = L.7k4
’ 120 120.00  134%.83  +14.83
e 142.86 1h6.3% + 3.48
160 164,38 160.00 - 4.38
Post-test 88.00 100 107.1%  105.67 - 1.47
I 120 122,45  131.76 + 9.3
140 148.05 147,21 - 0.8k
160 169.01 167.99 - 1.02
Post-test 76.96 100 103,45 105.26 + 1.81
II 120 121,21 125.00 + 3.79
' 140 146.3% 141.18 - 5.16
160 166.67 169.01 + 2.3k
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. ‘ Resting ‘ .,
Subject Test Heart Level Before After  Differ-
Rate Stimulus Stimulus ence

LS  Pretest  64.37 100  103.45  110.09 + 6.6k

120 122.45  122.45 o
140 146.3%  142.86 - 3.48
160 171.43 160,00 -11.43%
Post-test 52.83 100 107.1% ° 105.26 -~ 1:.88
I 120 120.65  118.38 - 2,27
140 141.18 136.36 - 4.8
160 160.84% 165.00 + 5.84
Post-test 59.26 100 106.26 104.35 - 1.91
II 120 120.00° 117.65 .~ 2.35
140 144,58 148.05  + 3.47
160 160.89 163.00 + 2.11
SB Pretest  81.15 100 105.26 101.69 - 3.57

120 100,45 122,45 o
140 142,86 141.18 '
160 162.16  171.43

+

NECO NN O —
o, L]
Il

Post-test 84.92 100 101.69 99.17
I 120 125.00  122.45

140 148.05 . 139.53
160 160.00 - 153.85

Post-test 77.67 100 105.26  104.35

TI 120 126.32 120.00 - 32

140 140.93 136.36 . - 57

160 160,00 j57.89 - Tatl

) Prete 4.1k 100 103.%5 103;45 0
W retest # 120 120,00  111.11 8.89%*

140 146,34 144,58 - 1.76

160 166.67 169,01 + 2.34

Post-test .61 100 100. 17 96.24 - 3.93

o8 I °e re - 120 122.45 123.71 + 1.26

140 150.00  150.75  + 0.75

160 162.16 169.01 + 6.85

- b5 100 103.45  104.35  + 0.90

PosélfeSt ] 120 121.21 126.32 + 5.11

140 1%1.18  144.58  + 3.40
160 164.38  171.43  + 7.05
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RAW DATA FOR INSTRUMENTAL CONDITIONING PERIOD
EXPERIMENTAL GROUP I--IMMEDIATE FEEDBACK

Resting
Heart Decre- - Before After Differ-
Subject Day Rate ment Trial Stimulus Stimulus ence
MA 1 80.97 8.10 1 81.08  76.92 - k.16
. 83.33 71.43 -11.90%
3 83.33 78.95 - 4-38
L 81.08 76.92 - L. 14
2 87.58 8.76 1 - 92.31  83.33 - 8.98%
‘ 2 . 85.71 82.19 - 3.52
3 89.55 88.24 o Jed]
L 88.24 85.71 - 2.53
3 87.22 8.72 1 82.19 75.95 - 6.18
2 - 8h.51 78.95 - 5.56
3 92.31 78.95 -13.36%
L 86.96 85.71 - 1.25
4L 93.22  9.32 1 103.45 76.92 -26.53%
4 s ‘ 2 92.38 83.33 - 8.98
3 92.31 81.08 -11,23%
L o 95.24 84. 51 -10.73%
5  76.02 7.60 1 76.92 77.92 + 1.00
2 75.95 75.9% 0
3 75.00 75.00 0
' l81.08 23.17 - 9.81%
6 94.69  9.47 1 90.91 90.91 0
: 2 98.36 82.19 -16.17%
3 103.45 90.91 -12.5k4*
L . 96.77 86.96 - 9.81%
85.85  8.59 1 - 103.45 80.00 ~23 . 5%
v s 2 82.19 78.95 - 3.24
3 85.71 83.33 - 2.38
L 81.08 78.99 - 2,13
8 86.50 8.65 . 1 75.00 75.00 0
’ > 2 88.2k% 72.29  =15.95%
3 107.1k% 72.29 -34.85%
. L 90.91 70.59 ~20.32%
9 . 95, .55 1 100.00 89.55 -10.45%
? - SRR Sl 2 105.26 89.55 =15.71%
‘ 3 95,24 8k.51  ~10.73*
: b 107,14 96.77 =10, 37%
10 107.8%  10.78 110245 96.77 - 6.68

oo 417,17 98.77 12,7 5%
' T .75 -21.63%
| b 107.7k% 93.75 -13.39*%

* € to 10% decrement
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- nesting .
- Heart Decre- Bef'ore After Differ-
: _ment Tric Stimulus Stimulus ence

66 .67 63.83 - 2.84%
76.92  63.83  -13.09%
61.22 62.50 + 1.28
75,00 63.83 ~11.17%

BB 1 70.88 7.09

o 68.16 6.82 58,25  58.82 4 0.57
66.67 - 60.00 - 6.67
C60.61 ¢ 61.22 + 0.61
_ (N 63.83 60.00 - - 3.83
3 84.92  8.49 81.08  81.08 - 0
89.55 - 83.33 - 6.22
95,24 77.92 - . ~17.32%
81.08 ‘v81.o8 ‘ 0
b 94,36 9.uk ~100.00 89.55  -10.45*
. 93.795 8k.51" - 9.2k4
90.91 84.51 - 6.40
196.77  83.33 =13l
5 23.90  9.° 92.31  88.24 - 4,07
’ St ).39 93.75 81.08 = -12.67%*
92.31 85.71 = = 6.60
| 89.55  81.08 - 8.47
6 82.¢ 8.30 96.77 - 85.71 -11.06%

88.2%4 - 77.92 «10.32% .
95,24 81.08 -14.16*‘

95.24 - 85.71
88.24  76.92 -11.32%
89.55 . 76.92 ~12.63%
96.77 - 75.00 -21.77%*

i
O
L ]
A2
o

*

1
5.

b

1

2

3

L”.
S

2

3

L

1

2

5

)+~.

1

2

3

i

1

2

3

L

1

5

3

L

1

2

It

8 86.6 8.6 90.91  81.08 - 9.83%
- g 4 . 88,24 - 78.95 - 9,29%
86.96 76.92 -10.04*
90,91 76.92 -13.99%
9 4.25  8.43 1 92.31 - 83.33 - 8.99%
: 2z 85.71 75.00 -10.71%
3 96.77 80.00 =16.77%
' 88.94 - 8.8¢ 1 96.77 84,51 -12.26%
s »9 ’ P 90.91 - 81.08 - 9.83%
90.91 76.92 ~13.99%

! 8. 51 81.08 - 3.3
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SD

- Resting
Heart Decre-

—
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" Resting
Heart Decre- Before After Differ-

: Tria imuyl Stimul ce :

SF 1 92.79  9.28 1 93.79 . 90.91 - 2.84
o e, 93.75 90.91 - 2.84
3 93.75 . 83.33 -10.42%
L 98.36  89.55 . - 8.8
2 86.97 8.70 1 88.24 81.08 @ - 7.16
| 2 93.75 . 83.33 ~10. k2%
3 86.96  83.33 = - 3.63
L 90.91 ~ 78.95 -11.96%
3 95.86 = 9.59 1 96.77 - 86.96 - 9.81%
- 2 88.24 - 92.31 + 4,07
3 96.77 90.91 - 5.86
. b 90.91  92.31  + 1.40.
L 83.77  8.38 1 100.00 ~ 81.08 -18.92%
2 82.19 - 78.95 = - 3.24
3 90.91 - 71.43 -19,.48%
b 83.33 . 77.92 - 541
5  95.76 9.58 1 101.69  85.71 -15.98%
2 93.75 . 86.96 = 6,70
3 89.55 © 89.55 0
Ly 96.77 83.33 . =134
6 86.85 8.69 1 83.33 2%4,07 - 9.26%
' 2 88.24 - 78.95 - 9.29%
3 '89.55  80.00 - 9.55%
Ly 88. 2% 83.33 - 4.9
85.86  8.5¢ 1 92.31  83.33 - 8.98%
d ’ 77 2 93.75 - 83.33 -10.4o*
3 86.96 80.00 - 6.96
L 92.31 83.33 - 8.98%
8 87.5% 8.76 1 85.71 75.95 - 9.76%
Teh 70 2 86.96 =~ 75.95  =11.01%
3 89.55  77.92 -11.63%
Lt 85.71 76.92 - 8.79%
8.10 . 7.81 1 85.71 - 71.43 ~14,28%
4T / 2 90.91 71.#3 -12.;2*
‘ 76.92 - 73.17 - 35
i 78.95 68.97 - 9.98%
10 - 8k. 8.46 1 83.33 77.92 - 5.41
7 2 85.71 78.95 - 6.76
3 85.71  80.00 - 5,71
L 89.55 81.08 - 8.4y
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Resting
Heart Decre- Before After Differ-
pubject Day Rate  mout Trial Stimulus Stimulus ence

TH 1 93.79 9.38 90.91 83.33

. ‘ 85.71 83.33
90.91 81.08
88.2% 78.95

.38
.83*

7
2
9
9.
o 79,80 7.98 84%.51 75.00 - 9.51%
: 83.33  78.95 - 4.38
85.71 78.95 - 6.76
.33 . 76,92 - 6.41
3 84.29  8.43 78.95  73.17 - 6.78
96.77 76.92 -19.85%
83.33 78.95 - 4.38
‘ 78.95 75.00 -~ 3.95
L 95.25  9.53 92.31  81.08 -11.23%

93.75 81.08
93.75 83.33 ~10.42%

FWN = FWh = Fwh—= Fwh —

o
o

i

—

N

o

N

*

_ 90.91 81.08 - 9.83%
5 88.67  8.87 1 81.08 83.33 + 2.25
2 83.33 78.95 - 4.38
3 78.95 76.92 - 2.03
: Ly 86.96 82.19 - L4.77
6 86.09  8.61 1 90.91 77 .92 ~-12.99%
, e 92.31 78.95 ~13.36%*
3 88. 24 78.95 - 9.00%
L 92.31 82.19 ~10.12%
85.88  8.59 1 95,24 78.95 -16.29%
’ 5 ’ 2 93.75 81.08 ~12.67%*
3 93475 76.92 ~16.83%
- n 8L. 51 76.92 - 7.59
8 .31 43 1 82.19 74,07 - H.12%
[ 7 2 73.17 63.83 - 9.34*
3 77 .92 64,52 ~-13.40*
. - L 81.08 68.18 -12.90%
¢ 76.6 7.66 1 83. 74,07 - 9.26%
) 76.60 766 g2y A3% Lioliex
' 3 88. 2k 75.00 -13.24%
L 76.92 75.00 - 1.92
10 79.21 7.92 1 2.31 75.00 -17.31%
7 /7 2 88. 2% 75.00 ~13.24*
3 83.33 69.77 -13.56*
Ly 88.24 EPRL -1 5. 07%
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Resting ‘ .
R : ) Decre- . .1 . Before After Differ-
fubjeet Day %i;;; ment Trial Stimulus Stimulus ence
EH 1 - 83.51 8.39 1 83.33 82.19 = 1.14
o o *, 81.08 86.96 + 5.88

3 81.08 85.71 + L.63

L 85.71 89.55 + 3.84

2 79.37 * 7.0k 1 83.33 76.92 - 6.41

. g 71.43 71 .43 0

3 73417 71.43 o+ 1.74

L 78.95 71.43 - 7.52

3 92.5% 9.25 1 86.96  75.00 =11.96%
> 90.91  83.33 - 7.
3 88.24 81.08 - 7.16

©90.91  82.19 -8

—
—+

1 103 .45 81.08  -22.37%

2 89.55 80.00 - 9.55
3 100.00 8L. 51 -15.49%

Ly 82.19 _81.08 - 1.08
89. 8.96 1 103.45  90.91  -12.5L4*
5 777 ’ 2 100.00 88.24  -11.76%
3 90.91 88.2% - 2.67

L 90.91 88.24 - 2.67

6 94,84 9.4 1 103.45 89.55  ~13.90%
2 89.55 88.24 - 1.31

3 83.33 84.51 + 1.18

L 96.77 88.24 - 8.53

87.11 8.71 1 98.36 88.24 -10.12%

i ’ ¢ 2 85.71 83.33 - 2.38
3 88.2% 82.19 - 6.05

L 85.71 81.08 - L4.63

100;0 10.01 1 105.26 95.24  -10.02%

’ / 2 101.69 90.91 -10.78*
3 100.00 85.71 =14, 29*

Ly 96.77 89755 - 7.22

.00 0 1 92.31 88.24% - 4.07

7 77 77 2 86.96 75.95  -11.01%
3 96.77 90.91 - 5.86

L 89.55 78.95  =10.61%

;'; 10.1€ 1 11111 96.77  =14.3h*
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A
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Differ-

it Resting Decre-~ . Before After
Subject Day %i;if “ment  Trial  ginplus Stimulus  ence
MK 1 97.0  9.70 1 107.14 90.91 ~16.23%
‘ 2 81.08 88. 24 + 7.16
3 85.71 85.71 0
n 90.91 90.91 0
5 107.19 10.72 1 96.77 - 90.91 - 5.86
2 100. 00 93.75 - 6.25
3 101.69 88.24 -13.45%
- 90.91 93.75 .+ 2.84
3 80.41 8.04 1 78.95 75.00 - 3.95
2 74,07 71 .43 - 2.6k%
3 85.71 76.92 - 8.79%
It 7500 71.43 - 3.57
4 95.13  9.51 1 105.26 88.24 -17,02%
2 101.69  90.91 -10.78%
3 111,11 B86.96 -24 .1 5%
L 93.75 90.91 - 2.84
5. 77.68  7.77 1 7143 71.#3 _'7 0
2 92.31 74 .07 -18.24%*
3 92.31 72 .29 -20.02%
L 88.24 75.00 13 .24
6 80.13  8.01 1 93.75 73 .17 =20, 58%
2 76.92  74.07 - 2.85
3 83.33 68.97 14 .36%
L 78.95 75.00 - 3.95
7 88.16 8.82 1 85.71 70.59 -15,12%
: 2 90.91  -73.17 -17 J7L*
3 103.45 72.29 -31.16%
b 95.24 73.17 -22.07*
8 85.36 8.5% 1 - 100,00  68.18  -31.82%
2 83.33 73.17 ~10.16% °
3 86.96 69.77 ~17.19%
h 78.95 75.00 - 3.95
9  88.44  8.8% 1 75.00 76.92 + 1.92
2 83.33 75.00 -12.33%
3 7143 75400 + L.43
Iy 88,204 71.43 ~16.81*
10 62.57  6.006 1 §1.08  62.50  ~18.58%
; 2 78.99 6Y%.22 ~13.73%
3 86.96 63.83 ~23.13%
L 68.18 61.86 ~ a2
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o A . e Before After Differ-
Subject Day ’Hgéftret ment T¥i8l  stimulus Stimulus ence
RL 1 7771 777 1 83.33  74.07 - 9.26%
2 74,07 69.77 - 4.30
3 74 .07 67 42 - 6.65
L 75.95 71.43 - L4.52
2 60.85 6.09 1 68.97 5%4..05 ~-14.,90%
- . 63.83 58.82 - 5.01
3 61.86  58.25 - 3.61
L 57.69 52.63 - 5.03
3 68.48 6.85 1 7143 61.22  =10.21*
‘ 2 71.43 64 .52 - 6.91%
3 73.17 60.00 ~13.,17%
L4 33.33 - 63.16 -20.17%
L 81.51 8.15 1 88.24 74,07 -1k, 17%
2 83.33 73,17 -10.16%
3 85.75 71.43 -14.32%
L 90.91 2%:17 =1 F
5 80.49  8.0% 1 88.24 68.18 -20.06%
", 82.19 71 .43 -10.76%
3 76.92 65.22 -11.70%
L 90.91 72.29 -18.62%
6 2.67 o 2 1 71 .43 65.93 - 5.50
t S 2 - 81.08 67 42 -13.66%
3 73.17 68.97 - 4.20
L 78.95 71.43 - 7.52%
7 68.77  6.88 1 00 63.16  —11.8L4x
7 68.77 6 5 gg.oo Eh.5s  —10.L8%
3 75.00 63.16 ~-11.84x*
b 78.95 65 .22 -13.73%
{ .10 - 7.4 1 6.92 65.93 -10.99%
LT a 2 28.18 61.22 - 6.96
3. 7.5.00 62.50 -12.50%
L 72.29 61.22 -11.07%
¢ 8k 7.58 1 78.95  62.50  =16.h5*
> P 7.5 2 71 .43 62.50 - 8.93%
3 71.43 62+ 50 - 8.93%
L 75.00 60.00 -15,00%
L. 29 7Y 1 80.00 68.97 -12.03%*
10 7%.39 7%, o8lgs  65.93  -13.02%
3 80.00 67 42 -12.58%*
L 81.08 67 .42 -13.66%
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' -Resting D ' | :
Subiec _ : ecre- ., . Before After Differ-
abject Day H}.?;trg ment Trial Stimulus Stimulus encer

DM 1 92.80  9.28 1 96.77 93.75 - 3.02

2 96.77 - 96.77 0
3 100.00 93.75 - 6.2
| b 90.91 93.75 + 2.8
2 78.98  7.90 1 81.08 80.00 - 1.08
. ‘ 2 80.00  72.29 - 7 71
3 85.71 76.92 - 8.79%
" 84.51 76.92 -~ 7.59
3 83.7%  8.37 1 85.71 70.59 -15.12%
) 85.71 82.19 - 3,52
3 78.95 85.71 + 6.76
L 92.31 83.33 - 8.98%
L 97.4h 9.7k 1 96.77 93.75 - 3.02
, 78.95 85.71 + 6.76
3 81.08 89.55  + 8.47
Iy 95,24 89.55 - 5.69
5 9341 9.34 1 100,00  100.00 0
2 105.26 90.91 -1 ,35%
3 113.21 96.77 =16, 4l*
L 105.26 93.75 -11.51%
6 90.2%  9.02 1 88.24 81.08 - 7.16
2 95,24 89.55 - 5.69
3 92.31 90.91 - 1.40
| I 92.31 88.24 = k07
7 94 .36 9.4k 1 95,24 93.75 - 1.49
2 101.69 89.55 ~12 1%
3 100.00 95.24 - 4.76
L 93.75 81.08 -12.67%
8 96.29 9.63 1 105.26  100.00 - 5.26
P 107.14 93.79 -13.39%*
3 107.14 96.77 =10, 37%
| | L 107. 14 92.31 -14.83%
9 83.64 B8.36 1 103.45  90.91  -12.54
| 2 100.00  100.00 0
3 109,09 89.55 ~19., 5h*
Iy 100,00 88. 24 -11,76%
10 82,98 8.30 | B8y .71 81.08 - 4.63
R, .77 75.95 w30 o 3 2
83.33 81.08 - 225

3 :
I 86.96  76.92  -10.0kx
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Resting'Decren

. , : Before After Differ-
Subject Day .%iiif ment Tri2l  gyimulus Stimulus  ence
KN 1 84.97 -8.50 1 85.71 78.95 - 6.76
. 2 83.33 55,71 + 2.38
3 85.71 78.95 - 6.76
b 88.24 76.92 -11.32%
2 76.32 7.63 1 68.97 68.18 - 0.79
2 73.17 68.97 - 4.20
3 69.77 68.18 - 1.59
Iy 7L, 07 68.18 - 5.89
3 71,06 7.11 1 76.92  73.17 - 3.75
: 2 75.00 69.77 - 5,23
3 69.77 66.67 - 3.10
ok 75.00 66.67 - 8.33%
Lo o7h 1y 7040 1 80.00 75.00 - 5.00
2 75.95 72.29 - 3.66
3 2.29 71.43 - 0.76
L 73,17 7143 - 1.7%
5  82.70  8.27 1 80.00 78.95 - 1.05
. 2 80.00 75.00 - 5.00
3 76.92 77.92 + 1.00
L4 85.71 80.00 i
6 87.39 8.74 1 89.55 85.71 - 3.8%
2 92.31 82.19 -10.12%
3 89.55 83.33 - 6.22
L 86.96 77.92 ~ 9.04*
7 '6.70  7.67 1 85.71 71.43 -14,28%
o~ o 7B.95  78.95 0
3 78.95 77.92 - 1503
4 75.00 75.00 0
8 87.83 8.78 1 89.55 80.00 - 9.55%
) 7R ( 2 90.91 81.08 - 9,83%*
3 83.33 76.92 - 6,41
N Iy Bl . 51 75.00 - 9.49%
9 <97 }60 1 78.95 71 .43 - T 52
o0t o 7 2 75.95 68.18 - 7.77%
3 7143 69.77 1.66
L 71.43 71 .43 0
10 T8 778 1 81.08 69.77 -11.31%
e 2 73.17 73.17 0
3 72429 73,1_2 + 0.88
L 75.00 78.95 i 3205
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Resting s

g : Before After Differ-
b jeet Day H;;gt ment Ir lal Stimulus Stimulus enczr
PP 1 78.31 0 7.83 1 76.92 71.43 - 5 L9
2~ 81.08 71.43 - B.65%
3 o~ »73.17 69.77 - 3.40
Ly S 71.43 71.43 | 0
D 73,52 7.35 1 7 68.18 68.97 + 0.79
2 75.00 62.50 -12.50%
3 75.00 61.86 =13 1%
b 81.08 63.16 -17.92%
3 89.64 8.96 1 89.55 80.00 - 9.55%
2 100.00 82.19 -17.81%
3 0 92.31 76.92 -15.39%
L 93.75 82.19 - 9.56%
L 83.33  8.33 I 81.08  72.29 - 8.79%
2 . 83.33 78.95 - 4.38
3 .. 98.36 72.29 -26,07*
_4 . 83.33 75.95 - 7.38
5 62.88 6.29 1 58.25 61.22 + 2.97
2 - 63.83 63.83 0
3 60.00 61.22 + 1.22
L 71.43 58 .25 -13.,18%
6 73.81  7.38 1 77.92 70.59 - 7.3
2 77.92 71.43 - 6.49
3 77 +92 69.77 - 8.15%
ly 7792 68.97 - 8.95%
7 67.17  6.72 % 70.59 68.97 = %, 68
- 2 80.00 74.07 - 5.93
3 78.95 67 142 -11.53%
L 78.95 65.93 MER L
g  81.24 - 8.12 1 83.33 68.97  -1k,36%
‘ 2 83.33 68.97 -4, 36%
3 75.00 69.77 - 5.23
Lt Bl . 51 68,18 ~16.33%
9 83.0% 8.30 1 85.71 72.29  -13.L2x
2.+ 83433 75.00 - 8.33%*
3 83.33 68.97  -1h.36%*
L 78.95 73.17 - 5-78
10 5,031 7. 1 76.92  70.59 - 6.33
o 7eh3 2 81.08 73.17 - 7.91%
3 76.92 70.59 - 6.33"
b 85.71 78.95 - 6.76
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Resting Deare . Before Aft Diff

5 - o e e b EITer=

Subjeat Dey ) Hﬁ:tr; ment ‘[rl?l Stimulus Stimulus  ence
KP 1 88.14  8.81 1 . 78.95 75.00 . = 3.95
5 83.33 75.00 © -12.33%
3. . 90.91 70.59 -20.32%
B .. -B8.2k4 69.77 - -18.h47%*

2 69.39  6.94 1 73.17 70. 59 - 2.58
2 74,07 67 .42 ~ 6.65
3 69.77 62.50 - 7.27%

L 73.17 68.18 - 4,99

3 76.35 7.64 1 . 73.17 71 .43 - 1.74
2 - 82.19 65.22 -16.97%

3 68.97 64 .52 - i3 48
i 73.17 6L4.52 - 8.65%

b 101.71 10.17 1 103.45 . 93.75 = - 9.70
2 103.45 89.55 -13.90%

3 95.2% - 90.91 - 4.33

b 96.77 89.55 - 7.22
5 81.00 8.10 1 98.36 75.00 ~23.36%
2+ L 83433 75.00 - 8.33%*
3 86.96  75.00 -16.96%

L 71,43 71.43 0
6 : 8.00 1 % . 95.77 69.77 -27 .00%
79:99 > - 88.24 75.00 -13.24*
3 0 89.55 7792 -11.63%*
I 75.95 67 42 - 8.53%
7 85.14  8.51 1 - 88.24 F5+95 .  12.29%
2 82.19 73.17 - 9.02%
3 78.95 68.18 107 T
Lt 81.08 71 .43 - 9.65%

8 63.46  6.39 1 65,22 63.83 - 1.39
} 03 SRS D 7?.#3 56.#1 «12,02%
3 - 81.08 63.16 -17.92%
Lo 8.5l 62.50 ~22,01%*

8.86 6.8 1 69.77 71.43  + 1.76

¥ & g 7 65.22  62.50 8,90
3 7317 65.22 - 7.95%
L 70.59 60.00 -10.59%

10 82.66 - 8.2 1 8k 51 76.92 - 7459
. T, 00.91  75.95  ~14.96%

3 82.19 76,92 - 9.27

L 81.08 75.00 - 6.08
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Resting Decre- Before After Nnifer-

FLEjedy ey Hg;é;_.‘ment' Trial .Stimulus Stimulus ence
MS 1 66.19  6.62 1 68.18 - 63.83 - 4.35
. - 2 62.50 63.83  + 1.33
3 65.22  65.22 ° o
o 76.92  68.18 ~ B.74*
2 69.3%  6.93 1 66.67 - 66.67 0
v C 68.18  66.67 - 1.51
3. 76.92 63.16 13.76%
L - 61.86 63.83 - + 1.97
3.0u T30 1 L7317 59 .41 ~13.76%
7 2 : 3,17 ¢ 58.82 1L ,35%
3 59 L4 56.60 . - - 2.081
Ly 57.97 - 58.82  + 0.85%
W 77.27 70730 1 77.92  68.18 - 9.7k
, 2 80.00 63.83 ©  =16.17%*
3 - 83.33 65.22 ~18,11%
L 75.00 6l 52 ~10,4%8%
5 85.50 8.9% 1 - 82.19 - 73.17 - 9.02%
’ ’ 2 97.95 70.59 - 7.33
3 76.92  69.77 - 7.15
L 78.95 65.22 - =13.,73*
6 72.03  7.20 1 69.77 = 62.50 - 7.27%
' 2 76.92 - 63.83 -13.09%
! 93.75 . 62.50 -31.25%
L 80.00 63.33 -16.17%
81.10 8.11 1 88.24 72 29 -15.95%
4 v, 88.24 22 29 -18.3;:
5.00 93 = 9,
i ;é.92 68.18 -,8-7H*
8  65.03 6.50 . 1 80.00  61.22  -18.78%
7S ’ 2 76.92  59.41 ~-17.51%
72.29 60.61 -11.68%
ﬁ 7%.07 67 L2 - G GhH%
g  mE.al. B.O% 80.00  62.50  =17.50%
) 29 33 793 ; o5 25 76 T30 %0+
3 8.95 68.18 =10, 77 %
L Ly 78.95  65.22 -13.73%*
3 .1 86.96  61.22  -25.74*
10 86 3 Bebs 2 73,17 68.18 - 6.99
3 71.43 63.83 < 7,60
L 71.43 6L, 52 - 6.91
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‘Resti ’ - ‘
Subject Day Hearﬁg Decre- q.;,7 Before After biffer-
Ralte ment — Stimulus Stimulus  ence

KS 1 79.28 7.93 1 85.71  78.95 - 6.76
2 76.92 69.77 -~ 7.15
3 83.33 © 71.43 -11.90%
L 83.33. 66.67 -16.66%
2 74,18 7.2 1 74.07  68.18 - 5.89
2 76.92 68.18 - 6.74%
3 71.43 68.97 - 2.46
L 78.95 69.77 - 9.18%.
3 67.72 6.77 - -1 .17 65.22 . 62.50 - 2.72
-2 - 75.00 63.83 . ~11.17%
3 L 62.50 61.22 - 1.28"
s 75.00 63.83 . -11.17%*
L 75.71 7 .57 1 72.29 - 63.83 - 8.h46%
2 65.22 = 65.93 + 0.71
o3 71.43 - 58.82 ~12.61%*
L - 82.19 66.67 ~15.52%
5 82.62 8.26 . 1 84. 51 75.00 - - 9.51%
2 . 71.43 74.07  + 2.6%
3 83.33  71.43 -11.90%
6  73.16  7.32 1 - 67 .42 - 61.22 - 6.20
2 - 62,50  57.14% . - 5,36
3 61,22 62.50 + 1.28
L 69.77 . 61.22 - 8.55%
3 75,10 7.51 1 81.08 = 66.67  -1h.h1*
2 72.29 65.22 . = 7.07
3 88.2%  65.93 -22.31%
L - 80.00  60.00 -20.00%*
8 80.70 8.07 1 86.96 75.95 -11.01%
2 95,24 76.92 -18.32%
3 88.24 78.95 - 9.20%
L 77.92 78.95 + 1.03 -
9 7773 777 1 83.33 7317 -10.16%*
2 78.95 69.77 - 9.18%
3 76.92 71.45 - 5.47
L 77.92 65.93 -11.99%

88.24%  69.77  -18.k7%
93.75 70.59 -23.16%
83.33  70.59 -12.74*
80.00 71.43 - 8,07

10 83.0% . 8.30

PN —

-
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Sulbgect Day Hﬁstr; - ment Trial Stimulus Stimulus ence

SW 1 9%.97  9.48 1 100.00 90.91 -~ 9.09
D 107 .14 90.91 -16.23%
3 - 90.91 90.91 0
4 93.75  90.91 - 2.8k
> 100.82 10.08 1 89.55  93.25  + 3.70
2 107. 14 96.77 -10.37%
3 107.1% 0 92.31 - -14.83%
L 107.1% 93.75  -13.39%
3 96.99  9.70 1 101.69  81.08  -20.61%
2 88.24 88.24 . 0
3 - 89.59 93.75 = 4.20
N 105.26 85.71 -19.55%

4 97.92  9.79 1 98.36 75.00  =23.36%
2 96.77 72.29 -24, L 8%
3 . 98.36 73.17  =25.19%
L - 103.45 77 .92 -25,53%
5 105.41  10.5% '1 107414 85.71 -21.43%
- 2 109.09 88.24 -20.85%
3 111.11 8. 51 ~26.60*
L 111011 74,07 -37 .04 *
6 107.84% 10.78 1 107.14%  78.95  -28.19%
/ / 2 96.77 82.19 -4, 58%
3 92.31 75.00 -17.31%
L 101.69 72.29 -29.L0*
7 104.18 10.42 1 109.09 81.08 L2701
. 109.09 78.95 -30. 14*
3 111.11 83.33 - =27.78%
It 101.69 81.08 -20.61%
8 95.25  9.5" 1 95,24 69.77 -25.47%
¥oass 3 2 96.77 75.00 -21.77*
3 88.24 72.29 ~15.95%
I 93.75 70.59 ~23,16%
ok.186 10.42 1 107.14 84.51 B2 P
s + 2 103.45 82.19 «21.26%
3 103.45 86.96 -16.49%
Ly 96.77 72895 -17.82%

03.51 - 10.35 1 103.45 72.29 =3T.16%
10 103.51 39 g L0758 Bl 57 ~20.75%
3 101.69 71.43 -30.26%
i 117.65 80.00 -37.65%



RAW DATA FOR INSTRUMENTAL CONDITIONING PERIOD
- EXPERIMENTAL GROUP II--DELAYED FEEDBACK

Resting p...._ Before After . Differ-

Subject Day ﬁg;é; ment Trial Stimulus Stimulus . ence
BJA 1 87.%9  8.75% 1. 93.75 - 81.08 -12.67%
2 88.24 " 85.71 . - 2.53
3 85.71 -~ 81.08 - 4,63
L 90.91 __83-33 = 7.58
2 93.10  9.31 1. 98.36  88.24  -10.12%
27 100.00 ~ 92.31. . - 7.69
3 100.00  88.24% ~11.76%
L 93.75 = 85.71 - 8.0k
3 °95.83  9.58 1 96.77  83.33  -13.ulx
2 . 100.00 - 82.19  -18.81%
3 98.36 88.24 -10.12%
L 90.91 83.33 . = 7.58
4 88.64 8.86 1 93.75 84.51 - 9.24*
2 90.91 81.33 7. = 7,58
3 96.77 89.55 - 7.22
L4 95.2k4 88.24 - 7,00
5 90.49  9.05 1 93.75  78.95 ©  -1L.80%
2 92.31 78.95 -13.36%
3 90.91 78.95  -11.96*
L. 88.2k - 76.92 - -11.32%
6 93.9%  9.40 1 92.31  82.19 -10.12%
9343, # P 88.24% - 75,95  -12.,29%
3 93.75 81.08 -12.67%
L 88.24 s 17 -15,07%
.05  8.61 1 83.33 73.17 -10.16%
7 86.05 5 B2.96  76.92  -10.0u4*
3 82.19 80.00 - 2.19
L 85.71  80.00 - 5.71
8 848 85 1 98.36 89.55 - 8.81
o0 A3 2 90.91 83.33 - 7.58
3 95,24 88.24 - 7,00
L 93.75 85.71 - 8.04
5.36 1 3.75 8L, 51 - 9.2L*
9 8536 Bl 2 33.§§ 8. 51 - 5.04
3 93.75 85.71 - 8.04
) 10345 83.33 -1 12%
; O ot a o 1 96 .77 86.9(’ - ()‘8‘]*
10 59980, 9.2 b ooonibhmsan D glmye
3 95, 2k 88 .2k - 7.00
L 95, 24 88.24 - 7.00
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Resting Baspte

Subiect D . Before After Differ-
- Jec ay }Hﬁ;&; - ment . Trial Stimulus Stimulus enc:r
MAB 1 83.37  8.3% 1 85.71 . 73.17 -12.5L*
2 85.71 71.43  =14,28%
3 76.92  76.92 0
‘H 76.92 71.43 - 5,49
2 76.67 - 7.67 1 83.33 - 68.97 -1, 36%
2 71 .43 67 42 - U, 01
3 74.07 . 71.43 0 = 2.64
L 85.71 . 69.77 -15.94*
3 86.35  8.64 1 90.91  75.00 -15.91%
2 7+ 85.71 75.00 «10.71%
3 82.19 73,17 - 9.02%
L 96.77 65.22 ~31.55%
4 75.72  7.57 1 76.92  69.77 - 7.15
- 2 - 80.00 69.77 w11.23%
3 - 82.19 - 68.97 1 =13.22%
Lt - 81.08 71.43 - 9.65%
5  80.57 8.06 1 ©82.19 . 67.42 -1H;77*'
2 83.33 63.18 -15,15%
3 90.91 69.77  =21.14*
I 8l 51 70.59 -13.92%
6 91.01 9.10 1 95.24  78.95  -16.29%
- 90.91 76.92 . =13.99%
3 88.24 73.17 - =15.07%*
L 96.77  68.18 - -28.59%
7 92.86 9.29 1 95.2% ~ 77.92  -17.32%
2 93 .75 85.71 - 8.04x*
3 83.33  78.95 - 4.38
L 101.69 84.51, -17.18%
8 . 86.15  8.62 1 89.55 80.00 - 9.55%
- 83.33 7599 - 7.38.
% 90.91 75.95 ~-14.96% -
L 100.00 80.00 -20.00%
9  92.68 @ 9.27 1 100.00 81.08 ~-18.92%
2 100.00 83.33 -16.67%*
3 95,24 83.33 -11.91%
Ly 90.91 83.33 - 7.58
10 88.83  8.48 1 100.00 75.00 -25.00%*
‘ \ oo 977 .92 75,00 - 2.92
3 8. 51 77.92 - 6.59
L 83.33 76.92 - 6.41
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Resting Decre—

Subs . . Before ' After  Differ-
ubject Day H;:;:-' ment Tr;gl Stimulus Stimulus enc:?:
CB T 95.07 9.5 1 81.08  81.08 LT
2 85.71 0 273,17 . - =12.54*
3. 93.75 © 76.92 . -16.83*
oo 88.2k . 78.95 - 9.29
2 79.85 7.99 1 . 76.92 68.18 - 8.74*
2 . 75.00°  69.77 . - 5.23
3 78.95 63.83  -15.12%
L 82.19» - 60.61 - -21.58%
'3 70.86  7.29 1 73.17  66.67 - 6.50
' 2 69.77 6. 52 - B.P5
3. .0 63.83  61.22 .
b 66.67 63.16 - 3.51
L 73.89  7.39 1 70,29 .. B5.22 0 =~ 7.07
: : 2 71.43 60.00 11 . 43%
3 65.93 60.00 - 5.93 -
L - 70.59  62.50 - 8.09*
5  83.37 8.34% 1 88.24 | 73 17 -15.07*'
' 2 83.33 73.17 -10.16%
3 81.08 75.00 - 6.08
Lt 185.71 72.29 13 .40%
6 91.01  9.10 1 92.31 = 68.97  -23.3h*
2 84,51 73.17 -11.34*
- % 83.33 68.97 ~14.36%
L 1 81.08 70.59 -10.49%
7 64.18 6.2 1 61.22  49.59  -11.63%
P 61.86 51.72 -10.14*
3 - 63.83 51.28 -12.55%
L 97.69  53.57 - k.12
8 90.03  9.00 1 93.21 78.95 -14.26%
! 2 93.75 76.92 -16.83*
3 86.96 81.08 -~ 5.88
L 92.31 75.00 =17 .31%
9  90.28 .03 1 93.75 86.96 - 6.79
¢ 2 95,24 86.96 . - 8.28
3 98.36 84.51 -13.89%
L 98.36 ©  83.33 -15.03*
10 74.60 7.46 1 90.91 62.50 -0 L1 %
' ‘ 2 229 66.67 - 5.62
3 75.00 60.00 -15.00%
n 76.92 57 .69 -19.23%
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Resting DeGre—
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et . , ; Before  After Differ-
Subject Day Hﬁ;&: | ment Trial Stimulus Stimulus ence
CE 1 275,67 -~ 7,57 1. 88.24 6.92 ~11.32%
> paiee 3198 10095+
3 - 82.19 71.43 ~10.76%
L 66.67 . 70.59 + 3.92
2 73.81  7.38 1 ©73417 69.77 = - 3.40
2. 68.18 63.83 - k.35
3 70.59 65.93 - L4.66
L o 73.17 69.77 - 8.06%
3 76,28 7.63 - 1 - .75.00  71.43 - 3.57
2 69.77 70.59 + 0.82
3 88.24 71.43 ©  -16.81%
L 72.29  69.77 --2.52
4 88.58 8.86 1 83.33 75.00 - 8,33
2 . 81.08 76.92 - 4.16
3 - 83.33 69.77 -13.56%*
L 81.08 68.18 -12.90%
5 .. 77.87  7.79 1 83.33 73«17 -10.16%*
2, 98.36 70.59 < OF Spep ek
3 83.33 71 .43 -11.90%
It 73.17 62.50 -10.67%
6 85.7%  8.57 1 84.51  70.59  -13.92%
i -)7 2 84. 51 73.17 -11.34*
; 82.19 73417 - 9,02%
g 78.99 68.97 - 9.98%
7 74,08 7.1 1 75.95 68.18 - 7.77%
: 2 83.33 66.67 ~16.66%
3 75.95 65.22 -10.73%
o 86.96 68.97 -15.99*
8 65.83 6.58 1 69.77  61.22 - 8.55%
2 85.71 60.00 -25.71%
3 72.29 58.25 -4, OL*
L 69.77 6122 = 8. 55%
.85 .99 1 7317 63.83 - 9.3Lx
7T A 2 75.00 69.77 - 9.23
3 83.33 66 .67 -16.66%
L 85+ 71 66.67 -19.,0L*
10 111.91 11.19 1 117.65 84 .51 ~33 .14
? ) 109.09 75.95 3314
3 100.00 85.71 -1, 29%
L 100.00- 85.71 -1 2%



Resting Decre-

ot 3 » Before . After Differ-
Subject Day Hﬁséf ment <718l stimylus Stimulus  ence
CH 1 93.27  9.33 1 103.45 . 90.91 ~12.54*
: 2 108.11 100,00 m Bl
3 107.1% - 93.75 -13.39%
) ‘ | 4 100.00 - 100.00 0
2 108.03 . 10.80 = 1 103 .45 90.91 =12, 5Lk
: 2 108.11 100.00 - 8.11
B! 107.1h 93.75 -13.39%
| Ly 100.00  100.00 0
3 87.49  8.7% 1' 83.33 76.92 « 6.1
' 2 78.95  78.95 0
3 78.95 78.95 0
L 76.92 78.95 + 2.03
L . 86.72 8.6 : 1 .93.75 74,07 ~-19,68%
sl / - X 80.00 76.92 - 3.08
3 81.08 73.17 - 7,091
L 81.08 71.43 - 9.65%
5 87.07  8.71 1 82.19  77.92 - 4,27
2 85.71 75.00 o071 %
5 - 85.71 81.08 - 4.63
I - 83.33 77.92 - 5.1
6 91.43 9.1k 1 90.91  72.29  -18.62%
R o2 81.08  75.95 - 5.13
3 83.33 70.59 ~12.7hx
i 33.33  74.07 - 9.20%
| 88.20 8.82 1 100.00 75.00 -25.00%
/ ' L2 96.77 78.95 -17.82%
3 86.96  77.92 - 9.0L*
" 8%.51 82.19 - 2.32
76 .42 ok 98.36 71 .43 -26.93%
5 76 ,7 ’ 2 78.55 70.59 - 8.36%
3 84. 51 71143 ~13.08%*
0 74,07 69.77 - 4.30
74,82 . 7.48 1 85.71 75.00 10471 %
9 782 7 5 85.71  B3.33 - 2.38%
3 83.33 78.95 - 4.38
Iy 76.92 66 .67 -10.25%
: g 0 ( 25 %] 75 L 00 ~17.31%
10 )().()(E) )-()1 ;]’ 3{) '}Lj :‘SC)).OO ().(-)‘)+
) 9. Y1 76.92 ~15.99*
It 8.5 82.19 = 2.32
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. - Resting poqne. \ Before After Differ-
Fublect Day , -Hgsget - ment kirlal - Stimulus Stimulus ence

DL 1 90.97 9.10 1. 90,91 85.71 -~ 5.20
' 2 © 90.91 88.24 - 2.67
.. . 9097 93 %75 + 2.84

L . 96.77 76.92 -19.85%

2 84,52 8.4y 1 95.24% 82.19 -13.05%
2 90.91 - 84.57 - 6.40

3 98.36 81.08 ~-17.08%

L 96.77 86.96 - 9.81%

3 99.53  9.95 1. 103.45  90.91  -12.5u*
' 2 96.77 90.91 - 5.86
3 96.77 92.31 - 4 L6
b 93.75  88.2% - 5.51

4  95.69 - 9.57 1 115.38 96.77 -18,61%
. 2 0 93.75 89.55 - 4.20

3 107. 14 93.75 -13.39%
L 101.69 93.75 - 7.9%4%

5  99.09 9.91 ] 103.45 85.71 157 s Pl
2 98.36 89.55 - 8.81

3 105.26 83.33 -21.93%
L 96.77 88.2k4 - 8.53

6 97.34  9.73 1 98.36 88.24 -10.12%

-2 95.2k4 75.95 -19.29%*

3 96.77 86.96 - 9,81%
L 95.2k% 88.24 - 7.00

.85 < o 98.36 88.24 -10,12%

79785 9T 829 90.91  -10.68%

3 103.45 90.91 -12.54*

b 107. 14 93.75 -13.39%

8 7. 29 5" 1 98.36 80.00 -18.36%

a3 B 2 96.%7 84, 51 -12.26%

3 100.00 85.71 -14,00%

Lt 103.45 83.33 . =~20.12%

9 95,76 9.58 1. 100.00 88.2k4 ~11.76%
. 2 96.77 89.55 - 7.22

3 100.00 88. 24 =11 76%

L 96.77 85.71 -11.06%

10 102.32 10.2 1 109.09  85.71  -23.38%

: . 2 113.21 95.24%  =17.97%

3 111.11 93.75 -17:.36%

Lt 103.45 88.24 -15.21%
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‘Before

o Resting poore- = After Differ-
oubgect;Day ‘H§;§: ment Trial ~Stimulus Stimulus éncgr
DM 1 56.15 5,62 1 55,56 50.85 et By T
| % - g?.oo gz.gg -_2.%1
© 51,72 . + 2.
. 54,55 60.00 3 5.4%
2 56.93  5.69 1 55.56 46.88 - 8.68%
2 56.07 = 56.60 + D.53
3o Sk 55 54 95 0
L 60.00 57 .69 - 2a31
3 52.71  5.27 1 72,29 46.15 ~26. 14
» 2. . 55.0% 54,55 - 0.50
3 50.85 46.15 - 4.70
L 50.00 51,28 + 1.28
b 50.1%  5.02 1 50.85 47,24 - 3.61
2 48.39 48.00 0.39
3 © 52.63 52.63 0
L 50.85  L5.45 - 5.40%
5 57.24  5.72 1 53.57  93.57 0
2 -~ 55.05 5357 1.48
3 56.07 49.18 - 6.89%
L 51.72 50.85 ~ D07
6  81.83 8.18 1 81.08 75.00 - 6.08
o 86.96  70.59 -16.37%
3 88,24 76.92 ~11,32%"
| i 83.33 74.07 - 9.26%
7 63.91  6.39 1 63.16 55.56 - 7.60%
2 62.50 55.56 - 6.94%*
3 56.07 L4L8.78 - 7.29%
Lo 67.42 52,17 -15.25%
8  74.02  7.%0 1 85.71 66 .67 -19.04*
2 75.95 67.42 . = 3.53%
3 95. 24 61.22 ~34,02%
L 70.59 69.77 - 0.82
61.72  6.17 1 62.50 60.00 - 2.50
7 i 4 2 68.18 60.00 - 8.18%
3 60.00 62.50 + 2.50
L 58.82 58.82 0
10 67.4 6. 1 75.00 65.22 - 9.78%
7 74 2 8h.51 72.29 ~12.22%
3 71143 64.52 - 6.91%
I 74,07 65.22 - 8.85%
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Resting Fizsaypan. .

| _ Before After Diffe -
Subject Day %ziif ment‘ Trldl“ Stimulus Stimulus encer‘-
SR ] 90.02  9.00 | 1 85 71 . 76.92 = - .8.79
SR .08 75.00 - -.6,08
3 103.#5 0 85.71 0 =17.7h*
& - 96.77 . 85.71 -11.06%
o 85.86 8.59 1 83.33  81.08 = - 2.25
> - 81.08  75.00 = - 6.08
3 81.08 72.29 - 8.79%
L 86.96 713 -15.53%
3 89.11  8.91 1 88.24  85.71 -~ 2.53
2. .100.00 89.55  -10.45%
3 - 88.2k4 85.71 - 2.53 -
Sk 89.55 86.96 - 2.59
4 87.04 8.70 1 83.33  78.95 = - 4.38
2 83.33 80.00 3.33
3 . 81.08 . 81.08 - 0
L 85.71  81.08 - k.63
5 82.9%  8.29 1 90.91 - 82.19 - 8.72%
2 90.91 85.71 5.20
3 88.24 - 88.24 0
Ly - 89.55 - 81.08 - 8.47%
6  77.71  7.77 1 78.95  76.92 = - 2.03
2 76.92 ©  73.17 = 3.75
% 75.00  76.92  + 1.92
L . 81.08 75.95 - 5.13
7 82.58 8.26 . 1 85.71  78.95 - 6.76
o 95.24 68.97 -26.27%*
3 82.19 75.95 - 6.24
L 85.71 = 75.00 -10.71%
8 95,91 7.59 1 86.96  70.59  -16.37%
St 759, p 8Lh.51 - 67.42 -17.09%
3 78.95 7317 - 5.78
1y 88.2k4 69.77 -18.47%*
79.73 - 7.97 1 98.36 73,17 -25.19%
9 7973 7T 2 90.91 75.00 ~15,91%
3 88.24  75.00  =13.2k%
1 76.92  73.17 -~ 3.75
10 86.38  8.64 1 98.36  73.17 ~25.19%
' 2 83.33 77.92 -~ 541
3 90.91 81.08 - 9.83%
L - 81.08 26.92 - 4,16
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Resting poope- " Before After  Differ-

SubJect Day Hﬁ;gt . ment Trigl - Stimulus Stimulus  ence
A8 1 82.62 8.26 1 1 83.33 - 76.92 - 641
- 2 "85.71 . 81.08 - 4.63
3 83.33 :-78.95 =~ - L.38
we e i b 76.92  75.00 . - 1.92
2 86.69 8.67 1 90.91 = 83.33 - 3.63
: ot A 2 - 93,75 85.71 - 8.0k4
3 88.24 83.33 " - L.91
b . BR.3Y .0 88.24 - 4,07 -
3 90.51  9.05 1 90.91 ' 84.51 - 6.40
3 85.71 84,51 - 1.20
3 95.24 81.08 ~14.16%
L 92.31 83.33 - 8.98
L 76.65 7.67 1 78.95 69.77 - 0,18%
2 8§'89 ‘ 7?.80 - 7.19"
3 75.00 - 71.43 ~ 3.57
L - 78.95 71.43 - 7.52
5 83.3%  8.33 1 78.95 . 73.17 - 5.78
. L R 81.08 77.92 - 3.16
3 85.71 . 81.08 - 4.63
L 81.08 78.95 -~ 2.13
6 - 91.32  9.13 1 92.31 82.19 -10.12%
2 85.71 75.95 - 9.76%
3 90.91  83.33 - 7.58
i 90.91 80.00 -10.91%
7 85.82 8.58 1 86.96 77.92 - 9.0L*
2 88.24 78.95 -~ 9.29%
3 82.19 77.92 - k.27
| Lt 86.96 76.92 -10.04*
8 84.82 8.48 1 89.55 80.00 - 9.55%
2 86.96 80.00 - 6.96
3 100.00 90.91 - 9.09%*
n 88.24 78.95 - 9.29%
9 8.3k4 83 1 88.24 77.92 =10.32%
J 3 { 2, 85.71 ~ 82.19 - 3.52
3 88.2k4 80.00 - 8.24x
| Ly 89.55 83.33 - 6.22
10 85.38  8.54% 1 88.2%  80.00 - 8.24
‘ 2 83.33 75.00 - 8.33
3 85.71  81.08 - 4.63
I 90.91 82.19 - 8.72%
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PERSONAL DATA SHEET FOR EXPERIMENTAL GROUP I

Subject

Age

e
b

-

oo
—

Height

Weight

Rate of

Learning

Mary Anderson
Brenda Brooks
Sue Dahl

Sue Finley
Tari Henson
Ellen Horn
Mary Knazavich
Ricka Levy

- Donna Mitchell
Kathy Nagy
Peg Padula

Kris Patton

Marylou Schick

'Kathy Stiegemeler

Sara Wright

18 years 68 ins.

20
.19

18

19
21

66
63
i
65
62
69
64
66
67
67
66
65
68
-

557 lbs. 9.days

120 7

153
180
121

£ ~3 <3 o

1&7
125
140

0 £ o

136

*

T}O
122
127
138
133
135

T Ui NN oy W

* * Did not reach criterion level for learning

Rate of learning was based upon the -ability of

the experimental subject
for heart rate lowering.

ject to lower her heart

the mean of her resting : _ .
presented each day, for two consecutive days, while in the

sitting position.

s to meet the criterion established

This criterion required the sub-
rate significantly--ten per cent of
heart rate--three of the four trials



PERSONAL DATA SHEET FOR EXPERIMENTAL GROUP II

Subject ~_ Age  Height = Weight = Rate of
, . ‘ W, : Learning -

B. J. Armstrong 28 yrs. 62 ins. 94 1bs. 6 days

Mary Ann Bandy‘ i9 62 130 #‘

Cindy Burke 20 6L 12.’-+ 6.

Carmen Edwards 22 .6.8 128" 6

Cathy Hall 20 69 139 7

Debbie Lynch 19 66 149 7

Dean Mathis 21 66 162’ 7

Sue Roy 20 61 116 9

Amy Shook . 19 64 152 7
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PERSONAL DATA SHEET FOR CONTROL GROUP

Subject Age Height Weight
Janet (Penny) Barrett 31 yrs. 66 ins. 136 1bs.
Connie Comstock 18 67 147
Ann Goold 2 63 125
Sue Magruder 19 67 130
Gail Moses 21 65 155
Eva Patton 18 64 135
Judi Rueter 20 66 203
Linda Roy 20 63 1'05
Linda Stfemming 20 65 135
Sue Bruemmer 19 69 170

Pam Wesner 19 65 145
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