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CHAP'I'EH 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 1nstrumental 

learning is possible only for voluntary contr·ol of skeletal 

responses and that only classical conditioning is possible 

for involuntary control of visceral and emotional responses 

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 activities of the entire nervous system could be di

vided into a "voluntary" part and an "involuntary" part. As 

the result of the work of an American physiologist, Langley 

(1892), the existence of two specialized, yet interrelated, 

nervous systems was well established. The "voluntary" sys

tem was called the cerebrospinal nervous system, and the 

"involuntary" system was divided further into the sympathet

ic nervous system and the parasympathetic nervous system. 

Both systems--sympathetic and parasympathetic--Langley 
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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 trunk; 

(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 

vol nn tary part and an 1nvolwrtary part, so has the field of 

luarning been dJvided tradit:Lona11y .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 tho change which is taking place. 

In an experimental situation, the response is under the con

trol or the investigator who decides when and how the sub

;jrict L . .:; to respond and th0n t r·ains him to respond. 1'he un-

c on d .i. t :i. orw d :::: t irn ul us s e r v e s a .l. so as th E) r- e info re er . In in -

strumental condttioning, the subject must initiate the be

havior--nothing is done by the investigator to elicit the 

response. After a correct response is made by the subject, 

a reward or reinforcement is applied. A particular response 

is required for reinforcement, and the responsibility for 

the response rests with the subject. The reinforcement fol

lows, rather than precedes, the 1espo~se. Therefore, the 



tr·aditional belief that Jnstrwnental learning is possible 

onl y for voJ.untary control of skeletal responses and that 

only classical conditioni.ng is possible for involuntary 

control of visceral responses developed. Miller described 

succi.nctly this traditional be.lief Jn the :f.'ollowing way: 

• . . i.nstrumental 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 
involm1tary, visceral and emotional re
sponses mediated by the inferior auto
nomic nervous system (Miller, 1969:435). 

Kimbell (1961) stated relatively recently that "for 

autonomical.ly mediated behavior, the evidence points un

equivocally to the conclusion that such responses can be 

modif.ied by classJeal, but not instnunental, tra:Lning 

methods." Mi. lle r ( 19t+ 1 ) r(~fused to ack.now1 edge 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 responses that could be acquired . 

through classical conditioning. 

Many investigators accepted the challenge that 

· ln::il~r·t11nental lc::icu·rLiOrt~'. nf v1~;(~ur·a.l rc:~,ponses ::i.s poss:i.blo. 

· i3uvt.Jral ~:; tnd i.o:.-.i llaV1'. bucn ,~und 1ietnd ntil:LzJng j n~~ t eumenta.L 

.learni.ng in an1rnals. In one of the first experiments 

3 
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reported, Donald Shearn (1962) modified heart rate in 

rabbits. Mi11er and Carmona (1967) brought the problem to 

the attention of the psychophysiologicaJ profession when 

they shuwed that the response of salivation (which is con

trl).lled autonoml.cal.ly) can be mod if iod by an i.nstrwnental 

tra.ining 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, 1967; DiCara and Miller, 1968a; DiCara and Miller, 

1968b; and DiCara and Miller, in press); intestinal contrac

tions (Miller and Banuazizi, 1968); urine formation (Miller 

and DiCara, 1968); stomach contractions (Carmona, Miller, 

and Demierre; Jn preparation); peripheral vasomotor responses 

(UiCara and Miller, 1968b; D:iCara and Miller, 196Bd); blood 

pressure (DiCara and M:ill.er, 1968c); emotionality (DiCara 

and Weiss, 1969); brain waves (Miller, 1966; Carmona, 1967); 

and glandular response (Miller, DiCara, and Wolf, 1968). 

The results of these studies upon animals led ultimately to 

investigations of operant conditioning of visceral responses 

in humans. Al.though several visceral responses have been 

tested, the more relevant stucHes with reference to heart 

rate will. be reported 1n Chapter II. 

These prev:Lous stud:ie s have ind.teated that heart rate 

·1•--)s r 011 l ·1·,. ·t · J by· -1-- L- · (,_·111·t;u.r1om1·· e nEl,:r·vous systern car1 be . t .. t) · sos me<A .. a AH1. vl.le . _ 

cund1Lioned i.nsLtu.rnu.nbd .. Jy, whef·her or not inst:nunental 

Jc1c1rning of heart rate can occur dur:lng E1xercis1;:~ stress has 
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not been determined. deVries (1966) states that "high 

heart rates are less efi'icient than low rates, other things 

be .ing equal. . . _ • 'rl10 slower the heart rate for any given 

workload, the more efficiently is the cardiac work per

formed." This is based upon three ideas: ( 1 ) oxygen con

srnnption of the heart increases with increasing heart rate, 

even though the workload is held constant; (2) as the rate 

increases, tho filling t.irno 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 (deVries, 1966:73). If a 

person is able to lower consciously her heart rate during 

exercise stress, the body may be able to adjust and work 

rnore 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 exhaustion; (2) greater utilization of energy 

reserves; and (3) more rapid return of heart rate and blood 

pressure to normal following activity. In essence, the vo

litional control of heart rate suggests the potential of 

less circulatory stress during physical 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

versJty, Charleston, Illinojs, during the surnrnor 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 groups: 

Experimental Group I, who received instrumental conditi.oning 

w:Lth vtsual feedbaek; Experimental Group II, who were al

lowed to practice the volitional control of heart rate lower

ing in the same manner as the first experimental group but 

weru not provided any immed.iate:; feedback or other Information 

that would allow them to know the extent of their practj_ce 

cuntroJ. untJJ aftcir the experj_rnental. period, when the sub

jects were told if they had reached the criterion of learning, 

and the Control Group, who received no condj_tioning. The 

number of experimental sessions numbered ten for all ex

perimental subjects. Heart rate was measured by a Narco 

Bio-Systems Biotachometer before and after the experimental 

por:i.od of ten days. A conelus1on was drawn concerning 

changes ln the~ pr➔ rfo:rmanee of heart :rate lowering by sub

jects .i.n both e:x.pc.:ir:Lmental groups in comparison with each 

other and in comparison wJth the Control Group. 

Defi.ni ti.ons 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 decrea~.ie in the heart rate of 



the subJeet after receiving the conditioned stimulus. A 

ten per cent decrement of the resting pulse rate of the 
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subject upon command was considered the level of acceptability. 

Exercise 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 thj_s process a reinforcement, or reward, 
1s gi.ven whenever the desired conditioned 
response ls el:1.cJted by a concU.tioned 
stimulus (such as a certain signal) .... 
In instrwnental learning ... the rein
forcement strengthens any immediately pre
ceding response; a given response can be 
reinforcc~d 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 

tho dial of the Narco Bio-Systems Biotachometer, BT-1200, 

and the reJnf'orcoment for gxpe d.mental Group II was delayed 

vurbal. foodbaek given rJ.f'tor the exped.mE:n1tal per1od, but 

prior to the post-tests. 

tations: 

Delimitations of the Study 

~L1his study was subject to the following delimi-

1. Thirty-five womer s~udents enrolled in Eastern 

Illinois University, Charleston, Illinois, 
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during the summer quarter of the academic 

year of 1970-1971. 
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Participation of the subjects in one-half hour 

experimental sessions in which they attempted 

to lower thfJir heart rates during a resting 

state each day for a max.imum of' ten days. 

j. The C;Xtent to which heart rate lowering can bu 

condi ti one cl th r·ough :i.nstrumental learning 

during exercise stress. 

Purposes of the Study 

The general purpose of the study was to determine 

if heart rate lowering could be instrumentally conditioned 

_during exercise stress. Specifically, the following null 

hypothesis was tosted: There .is no significant difference 

in hc➔ art rate lowering of those subjects in Experimental 

Group I who rece1ved :instrumental conditioning with j.mrm~d

iate feedback, in Experimental Group II who received instru

mt:mtal eonditioning w.ith delayed feedback, and in the Con

trol Group who re ee :i ved no cond.i tioning. 

Swnmary 

Much controversy exists with reference to the tra

ditional belief that instrumental learning is possible only 

for voluntary control of skeletal responses, and that clas

s:Leal condi t:i.on:Lng is possj_bl~ cmly for involuntary control 

of vi ::3eu ra] and omot 1ona:J response~: . 'I'he assumption that 

vt~;cu r·al rc!spon!·w~? eannot bn .Lea.rned :in the sarnG way as can 
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skeletal responses has been refuted recently by resear~h. 

Miller has postulated that there is only one kind of learn

ing, therefore vi.sceral responses can be learned just as 

skeletal responses can bu learned. Research has shown pos

it=Lve results with referE!DC(-:: to the instrumental learning of 

v.isceraJ responses of animals and human beings. 

The purpose of this investigation was to determine 

if heart rate J.owering could be instrumentally conditioned 

under oxcrcise stress. The investigator hypothesized that _ 

there would be no signi.f:tcant difference in heart rate low

ering of those subjects in the Experimental Group I who re

cEdved instrwnentaJ conditioning with immediate visual feed

back, of thosn subjects in Expc:!rimontal Group II who re

ceived instrumental condi.tioning with delayed verbal feed

back, and those subjects in the Control Group who received 

no condition:i.ng. 

Thirty-f'l.ve students from Eastern Illinois University 

were selected to participate in the study. The subjects were 

divided 1nto three:) gr·ou_ps, Experimental Group I who received 

instrumental conditioning wtth imrnedtate vi.sual feedback, Ex

porimental. Group II, who received :instrumental conditioning 

and delayed verbal feedb~ck, and the Control Group who re

ceived no conditioning. The number of experimental sessi.ons 

numbered ten for all experimental subjects. 

Chapter II presents a .t'(;_;view of the literature that 

was found pertinent to the investication. 



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, 

lc~aving the :involuntary glandular and vi.scera.l responses 

and emotions as the inferior functj_ons. 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 "inferior 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 cerebra
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 learning theorists differentiate 

between two types of learning. The first and more ele

mentary form--classical conditioning or Pavlovian condi

ti.oning--is thought to be involuntary and therefore in

ferior. The second form--instrumental or operant condi

tioning--is clearJ.y under voluntary control and therefore 

superior to the classica1 conditioning. Traditionally, 

the bel:Lef 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 i .t would modify only the 

voluntary, skeletal responses. But this distinction was 

not supported by al.1 .learning theorists. Neal E. Miller 

of Rockefeller University for many years has held the con

cept that there is only ono 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 rath.(3r 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 situations, some of the specific de
tails of learning vary with the specific condi
tions of learn:i.ng. Fail:Lng to see any clear
cut cLlchotomy, I have assumed that there is 



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) 

12 

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 is possible. 

Operant Conditioning in Animals 

Donald Shearn (1961:456) was one of the first to 

conduct an experiment wlth reference to the instrumental 

learning of v1sct; ral responses. He concluded that the 

activity of tho heart changes significantly in amplitude 

and rate when condi t:ionod st:imu1i are present. In sub

sequent stud:i.es, Shearn ( 196;.?.) 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 

completely free from tho lnfluence of other bodily systems." 

Miller and Carmona (1967) undertook several ex

porlments with reference to the sa.1:i.vation of dogs dur:Lng 

· an Jn~:; t t'tnnun tt.t"I t 1:aJn Jng po r:l od. Ono group of dogs was re

warded w J th wa Lor· for· saJ i vatJng; the u tlw r· group was re

warded for not salivating. The results showed that the 



I'E.~sponse of salivation (which is controlled autonorn

ically) can b~) mod:i.fied by an instrwnental training pro

cedure--those rewarded for salivating showed progressive 

increases in salivation and those rewarded for not sali

vating showed progressive decreases in salivation. 

13 

«Tay Trow ill ( 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 1 n<.➔ ans of a partial cor

rcd.ation of the data, Trowill felt a more conclusive con

trol of muscular :react:Lon was necessary. By means of the 

drug, cur·ar(3, 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 rewarded for a slow heart rate 

showed a statistically reliable decrease, and those rats 

rewarded for a fast heart rate showed a statistically re

Li.able i.ncrease. 

Using a "shaping" technique--progressively shifting 

rats to a more difficult criterion after they had learned 

to meet an easier one," Miller and DiCara (1967) rewarded 

rats, paraJ.yzod by eurar~~ and respired artificially, by 

o l.(:1ctrtea.l stimulation or thu 111edial for(Jbrain, for j_n

croasi.ng cyr decroa:3lng the:Lr heart rates. Twenty-one of the 



twenty-three rats showed highly reliable changes. 

DiCara and Miller (1968a) investigated heart 

rate changes in rats condit:loned instrumentally to avoid 

shock. All changes in heart rate--increases for the fast 

group and decreases for the slow group--were significant 

at the .001 level of significance. 

Miller and Banuazizi (1968) investigated the 

spee1fici ty of visceral 1~~arni.ng in rats that were paralyzed 

by curare and nw..i.ntalned by artificial reSJJiration, and re

wa. niud by e lcctr1cal ::itirru(Lation of the bra.in. Intestinal 

con t r· a c t i on s and h C:! a r t rates we re re corded for a 11 rats , 

but ha.Lf we rr:-~ rewarded for changes in intestinal contrac

tions and half were rewarded for changes in· heart rate. 

The intestinal contraction group was divided further into 

an increase in contractions group and a decrease in contrac

tions group, and the heart rate group was divided into an 

:increa.se tn hc~art rate group and into a decrease in heart 

::·ato group. The re s111 ts !Jhowed that those rats rewarded for a 

de crf~ase in l ntc-;~:;ttnal eon t eaction decreased s ignifican tl.y 

and those r·owa1·di::d fol' an inerc~aso in intesti.nal contract.ton 

1ncroasnd s:i.gnlf:LcantJ..y, but neither group showed a signlfi

cant changn :in hnart rato. ~r:hose 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 

ti.mes of urj_ne-d r·op format1.on were rewarded, the rats 

showed decreases j_n tho r·a te of urinE; formatj_on; when 

shortened perJods were rewarded, thEi rats showed :increases 

tn the r-a to or 1.u·ine f'orrna tion ( p < . 00·1 ) • 

The thesis that learnj_ng can occur when changes in 

systol:Lc blood pressure aru reinforced specif:ically was 

1:;x.amined by Di Cara and Miller ( 1968c). Curarized rats 

either increased or decreased the:lr systolic blood pressure 

and were rewarded by escape and/or avoidance of electrical 

shock. Without except:lon, all rats changed their blood 

pressure :ln the rewarded direction. 

Instr1Jffi(~ntal Condition.lng in Human Beings 

One of the first reports of operant conditioning 

of hoart rate tn human b(~ings was published by Shearn ( 1962). 

Ifo attempted to "mani.pulate heart rate through response-

cont tngent tc~ chn.iq ues." T.he human subjects were conditioned 

operantly to accelerate their heart rates to delay shock 

pulses. 

Twelve male subjeets 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 stimuli; 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 

s~bjects received the same number of shocks at the interval 

of the exper:imental 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 length of the interval between the regular 

intervals. Three subjects in the experimental group and 

their thr(;e 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. 

Hold eonstant was the total number of possible shocks--the 

group experiencing the sixty-second interval was tested each 

day for sixty minutes; the group experiencing the twenty

second shock interval was tested for forty minutes each day, 

and shocks were given only fifty per cent of the time. 

A mod:L.fiE~d S.ldman-avoi.dance schedule ( Sidman, 1953) 



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 is nressed to 
.L 

delay the shock. In the modification of Shearn, five 
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heart beats within a criterion interval had to occur to 

delay the shock impulses. Five per cent of the average 

time required for five beats was subtracted from this 

average time durlng the preceding few minutes to estab

lish the criterion. An Jlluminated 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 contro1 subJects. By means of the Mann-Whitney U 

Test, a significant differonce was found between the change 

in perfo~mance of tho two groups at the .03 level of signi

ficance. 

The subjects experiencing the twenty-second shock 

:interval--both C:¼Xperi!rienta.l and control--exhi bi ted many · 

more criterion accelerations than did the group upon the 

sixty-second shock interval. Not one subject upon the 



sixty-second interval showed as high a percentage of ac

e(:1lE~rations reaching criterion level as did the subjects 

upon the twenty-second interval. Wi.th reference to the 

sclwdul1:.1s of shock impulses, overall heart rate was af

fected markedly by the difference in intervals--but not 
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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 shoeks at the .005 level of ', signifi-

cance. Shearn states that there was a. st(a_e,per downward 

tJ.·frnd J.n lH;art rate and also a greater tendency for short

term 1ncreasos in he1art rate of criterion magn1tu.de for 

the subjocts upon the twEmty-second "interval shock schedule 

than f'or subJccts upon the s:ixty-sE~cond 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 procoduro, the number of shocks tended to decrease 

w1th oaeh session. Shearn recommE:mded an experiment of 

longGr dura t:lon to detc~.rrnirn":l the reason for this effect. 

No attempt was made to control respiration, although 

lt was recordod. Irnmed1ately preceding and durlng heart 

1·ato aceoloratJon~; wh:i.c.:h roachod cr:i.terion J..0veJ., resplra-

t i.on autplltude wa~, groatn r- than whon heart rate acoeJ.1:n•a

tions did not reach criterion level, significant for 
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eombi.ned treatments at th•~; . O;?. level of significance • . 

W1th reference to the group which was conditioned operantly 

and the yoked-control group, there was no significant dif

ference concerning amplitude of respiration. 

Just before the first criterion acceleration of 

heart rate, the persons subjected to operant treatment 

showed a higher re spi.rat:ion rate than did the control group, 

s:ignif:Lcant at the .05 level. Although there were impor

tant d.ifferences :Ln heart rate between the groups who were 

subjected to shock at sixty-second intervals and those who 

were subjected to shock at twenty-second intervals, respira

t:ion rate showed no s:i.gniftcant differences between these 

groups. 

The subjects in the experimental group accelerated 

thoir heart rates a greater number of times throughout five 

datly practice sessions than did the yoked-control subjects 

who receivecl shock upon a non-contingent basis. The shorter 

interval between shocks--twenty-seconds--produced more ac

celerations 1n heart rato, but also a faster .adaptation was 

shown. 

Hnati.ow and Lang (1965} completed a study in which 

they attempted to bring the varlabili ty of ·heart rate under 

experimental control of human subjects. The general purpose 

of the experiment was to assess the degree of stability of 

the heart rate attained when the experimental subjects re

ceived immediate feedback concerning the stability of their 



heart 1·ate, as opposed to the control group which re

ceived no atCTiliary information. Forty male students in 

good physical health from the University of Pittsburgh 

served as subjects in partial fulfillment of an intro~ 

ductory psychology r<.:1 search requirement. Twenty of the 

subje c ts were sE-:1ected randomly to form the experimental 

group \vhich was told to "keep their heart rate as steady 

as pos s .i ble during the exper:Lment." The remainder of the 

subjects formed the control group and were told to "keep 

their bodily processes at a steady level during the ex

perirnunt." 
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An t)paquc projectur presented the display of heart 

r·at(} to Lhe subject. 'l'he visna.1 display apparatus con

sisted of a po-.Lnter whose Jateral i11overnents were synchro

nL.'.ed w Jth a Fels 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. 'rl1e apparatus was adjusted for 

e ach subject so that the center of the red stripe repre

sented his average heart rate . . 

A da.rkened, sound-proofed and electrically shielded 

1·oorn was utLL.i zud for the expe d.ment. While seated in a 

1·1.H>l :inln~J. l.oungn cha:Lr, u J.netr·oclos wHro attn.ehed to cd.thor 

s.ide ur thc-) 1·Jb l~age to HJEH-1.surt:) electrocardiographie 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 

stabi]ity, 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 assistance in the com

pletj_on of ~~he task. Although the control subjects re

ceived visual f'eE~dbaek from the display, they were not told 

that the display was representative of their heart rate. -

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 w:ith the heart rate of the control 

subject--its movements merely simulated cardiac output. The 

v:isual di.splay was observed for all subjects for a five min

ute per1od inoit:Lal.l.y, followed by a sixteen minute period 

of adaptation--.followed by two moro five minute trials with 

seven mi.nute inte rva.ls between trials. For nondisplay 

puriod s, trH1 SCl'()en was i.J.lurninated by a green light--no 

vi sw.11 feedback uf 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 

Gl.ther on or :Ln bt~twetm the blue stripes. Total time on 

the target WH!.; rncordod for ea.eh five minute period of dis

play and 1·1)r thu :f'lrst t'lvo m:i.nutos 01.' the noncl:lsplay 
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ped.ods. 

Analysis of variance of the time on target scores 

for the twenty subjects in the experimental group revealed 

a difference between display periods and nondisplay periods 

at the .01 level of significance. The standard deviations 

of the heart rates of the experimental group were lower for 

the d1splay 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 

d1splay Jnformation 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 durlng the display periods, there was no dj_fference 

between thr1 two groups. By mE1ans of a Pearson Product 

Moment Co:rreJ..a·U.on, no rci1 ationship was found with reference 

to chango tn the variabi.llty of heart rate and of' respira

tion. 

HnatJow 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 variab1Li.ty, the experiment did not s_upport the 

idea that learned control of heart rate affects greatly a 

changn i.n r·c sp ira t :i o:n. 

li:nge l rJl'1d llan~wn ( 1 966) attempted to d E.!te rmi.ne if' 

the sl.uwi.ng of heart l'c\.te could be conditioned operantly. 



The subjE~cts were not aware that heart rate slowing was 

the response being studied and rf:dnforced. 
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Fifteen male college students were selected for 

participation in the experiment--ten experimental subjects 

"for whom response and reinforcement were contiguously 

associated" and five yoked-control subjects "for whom re

sponse and re1nforcement 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 response turned 

on a light and a clock--the :U.ght was the cue for a · cor- · 

rect response. The clock accumulated time of correct re

sponses for the subjects who _were paid · one-half cent per 

second of correct response time. 

Thrf:;e phaso s constituted the six experirnental ses

s1ons for each subject. Phase ·1 was an adaptation perlod 

which enabled the subject to stabilize his resting heart 

rate for thirty itdnutes without benefit of the clock or the 

light; 2hase 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-love:}1 heart rate was found that would keep the 

J.Jght on .for na<'l1 ::;abject cJ.ghty pu r: cent of the~) t1me--a 

h.lgh ratci o.t' r·cdnforcnr1tont and analogous to "shaping tech

niques" used in other operant conditioning studies. 
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Throughout the last four experimental sessions the operapt

level. 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) change 

in percentage time of heart rate below trigger level (ten 

samples each twenty-five seconds during 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 slx and combined for a singJ.e significance 

test. A t tc! st wa!:"1 us Gd to test the difference in change 

:in percentage t .i me and the change ln heart rate. 

F:Lve subjoets met all three critoria for learning-

tncrGase tn 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 thos~ subjects who met at 

least one criterion of learning. 

Four- concluding statements were drawn up by the 



1 • 

2. 

3 . 

4. 

Some normal 8s can be taught to slow 
their HR by means of an operant con
ditioning procedure. 
Ss seem to learn this response better 
when they do not infer correctly what 
response they are controlling. 
The 12iffect does not seem to be media
ted through changes in breathing. 
Reinforcement, per se, is not adequate 
to lower HR (Enge1 and Hansen, 1966:186). 

It is interesting to note that of' the five learners, none 

1nferred that slowing the heart rate was the response to 

be reinforced, while four of the five nonlearners infer

red tho correct response. 
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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 pairt $1 .50 per hour. No groups were formed-

each subject was treated j_ndivj_dually. 

The apparatus is described by the authors: 

The cardiotachometer used to record heart 
rates converts the EKG wave form to a stan
dard square-wave pulse and records the inter
vals between successive heart beats (inter
heart beat IBI distribution) on a bank of 
30 el.ectromagnetlc counters. A heart rate 
analysis circuit was used to classify each 
IBI in terms of a prespecified criterion. 
This criterion was set separately for each 
subject at the mode of his basal IBI dis
tribution. Each IBI wa:then classified ac
cording to whether it was longer or shorter 
than this critefion. 



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'ei Physiograph (Brener and Hothersall, 
·1966: 24). 
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: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 s~bject to · 

emit fifty IBI's), followed by thirty seconds of darkness. 

A l't~d Jamp was then li.ghted. Only when one of these lamps 

was lighted would the subJect hear a succession of high and 

low .rrequency tones through hf~adphones. 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 

lnh1bit hi.gh tones when the red light was on. Control of 

tones was to be through "mental processes" only--no bodily 

movnments w,~ 1·0 Lo be used. AJtorna.ting g:reon and red pe:r

tods, .!.'our· uf oach, compound an o.x.por:imonta..l perJod. 

W.ith refe r·once 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, signi- . 

ficant at the .01 level. More erratic respiration patterns 

were found during the green period than during the red per

iod. No subje~t 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
crim1nator 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

ctse experimental or environmental control over heart rate. 

Male undergraduate students were employed to serve 

as experimental subjects. Criteria for the selection of 

sub,j(~Cts were that they had no recent illnesses or injuries, 

no excessive omotional.i ty, and no heart rate exceeding 180 

beats per minute during expe~imental sessions. 

Heart rate of the subjects was conditioned and eval

uated 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 al.one to cause t .he d(:;Sired 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 pm1ishment 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 st1mulus and HR changes (Frazier, 
1 966: 1 89). 

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. Aftor the two hour experimental sessions, all 

sub,iects showed heart rate control, and were able to maintain 

th:Ls control over continuous forty-minute periods • . Frazier 

concludes w j_ t.h this sta temont: "These find in gs demonstrate 

that pun.-I.shnnmt avoidanco eontingencies can be used to im

pose effeetive control over card1ovascular 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, 

1 966) • 

Ten male college students were selected to partici

pate in the study--fi.ve experimental subjects "for whom re

sponse and reinforcement were contiguously associated;" and 

five yoked-control subjects "for whom response and reinforce.:. 

ment were dissociated.'' (Enge1 and Chism, 1966:418) The 

subjects were awarEJ 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 c.l.ock accumulatod time of correct response, for 

which the subJ ects we re pa:id one-half cent per· second. 

1I1l1ree 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; 

Pha so 2 cons j_ st i;H1 of a period of five to eight minute s d ur

ln g whi.ch a heart rate level was established above which 

tho sub«iect would be ro1nforcecl; Phase 3 was a training 

per.i.od of twonty-f"i..vc m:inutns during which the light and 

elock wore under t.he cont r·oJ of the subJect. The light and 

clock W(;J'O inopcirable durJng the fj_rst two phases. The 

procedures wore hlent.ical to t.hoso 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 



30 

rates, Engel and Chism drew three conclusions: the speed-

ing of' heart rate 1s easier to learn than the slowing of 

heart rate; 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

E!l':.rntly conditlon human subjects to increase and decrease 

cyclically thej_r heart rate. A differential operant condi

tioning procedure was utilized. Five female college 

students were Selected to participate in the study. · They 

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 

w:ith a strain gauge placed around the chest of the subject 

to record breathing. To monitor cardiac potential, elec

trodes wr:;rG placed upon the arms and chest of the subject. 

Thr·e~3 lJghts 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 approximately twenty

five minutes. Wh:ile that light was on, the subjects were 

i.n control of the middle red light. When they made the cor-

rect response (E:1ither increas1ng 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 wcHe condi.tioned 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 .Lt was a more dif .Li.eu1 t task to lncrease 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 is 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 



control of heart rate. When a speeding response was re

quired, the mean heart ratE1 was significantly greater 

( p < . 01 ) than tlw mean heart rate when a slowing response 

was requirod. 
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Mize (1970) completed a study to determine if heart 

cate slowing could be instrumentally conditioned under 

exercise stress. She found that eleven of the fifteen 

experimental subjects exposed to instrumental conditioning 

over a two week period did meet the criterion for learning 

to lower their heart rate while in a resting position. 

The total h(:1art rate change, determined by a summation of 

the heart rato d:Lfferences upon the three levels of exercise 

stress, was not signt.f' j_cantly di.fferent between the . experi

mental subjects who met the criterion for learning and re

ceived instrmnentaJ. condit:Loning and the control subjects 

who received no condi t:Loning. 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 

dJfferent for the experirnE"mtal subjects as compared with 

the contro1 subjects. The sign.i.ficant difference was be

lievnd to be relatc~d to the length of practice provided .for 

thu slOWE) r· loarrrn:r~-;; hoa r·t rat,·i lowod.ng for the experi

mental group w::..1.s not sJ grLLf ieant1y di.f'feront from the con

trol group at any of th e~ three specific levels of exercise 

stress measured. However, when the data were subjected to 
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further statistical treatment, there was a signif.icant mean 

difference between the eleven subjects in the experimental 

group who met the criterion for learning to lower their 

heart rate in a resting position and the control subjects 

to whom they were equated upon the bicycle argometer test 

of exercise str'ess at heart level 100-120 beats per minute; 

the data collected for this study failed to provide suf

ficient information for the investigator to reject the 

hypothesis. As a result of the statistical findings, it 

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. 

Summary 

For many years Neal E. Miller has held the idea that 

there is only one kind of learning--this belief contrary to 

the traditional. eoncept of classical or involuntary condi

tioning and instrumental or voluntary conditioning. These 

two types of conditioning had been associated similarly with 

thr: muscular rE~ sponse s: voluntary skeletal responses and 

instrunwntal condi. tionJng, and involuntary visceral responses 

and classical conditioning. To uphold his belief, Miller 

attempted to show that so-called "involuntary" visceral re

spow]os could bo cond:i.t.Lonnd by tradi.tlona.l :.lnstrumenta] 

mu t h () d :.:, • 

In a ~-:; t, u d y w ht c b b r (>Ugh t t1'1 (~ prob 1 em to the at tent ion 



of tho psychophysiological profession, Miller and Carmona 

found that dogs could be conditioned instrwnentally 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. 1rrowill found that 

curar:Lzed rats l' f;Ward0d 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 shock; in changes in intestinal contraction and 

heart rate; i.n urine formation; and in systolic blood pres-

Slll'E:~ . 

f3hoa r·n publishod one of tlrn first reports of con-

cLi. t1onh1g hrnrwn heart rate operantly. He found that exper1-

mental subjects were able to accelerate their heart rates 

to delay shock pulsE::S. Hnatiow and Lang found that aversive 

reinforcement was unnecessary, and conditioned subjects to 

decrease heart rate variability without this aversive rein

forcement. 

Engel took part ln three studies with reference to 

c,::mdJt :i.un.lng of h(~art 1·atc by means of operant procedures: 



five of ten experimental subjects were taught to slow 

their heart rates; all experimental subjects learned to 

speed their heart rates; and subjects gained minute-to

minute control of heart rate when taught to increase and 

decrease cyclically. 

35 

Brener and Hothersall showed that under conditions 

of augmented sensory feedback, subjects learn rapidly to 

control their heart rates. Using operant procedures to 

cond:i tj_on sub(iects to exercise voluntary control over heart 

rate, Frazier reported that punishment avoidance contin

gencies were effective in imposing conttol over heart rate. 

Mize invE~stigated thE:1 possibility that heart rate 

slow:Lng could be conditi.oned instrumentally under exercise 

stress. She concluded that instrwnental 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 followed in 

the development of the study. 



CHAPTER I II 

PROCEDURES FOLLOWED IN THE DEVELOPMENT 

OF THE STUDY 

The prescmt investigat1on cintaLled a study of 

th1rty-five students ,Hvide:d ·Lnto ono eont r·ol and two ex

per j_men tal groups who we r·e enroll nd in F:as tc rn 11.1 inoL s 

UnJvc~rsj_ty in Char.l.(3Ston, Illino1s, to deterrn1ne if 

heart rate loworj_ng during exorcisn stross could be j_n

strumentally conditioned. In this chapter, methods of 

collect.ing data, and procedures followed 1.n 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, 

c r i. t e r i a f o r the s e 1 e ct ion of tho inst r 1-une n t ~~ , so 1 e ct ion 

and de s c r i pt l on of the inst rum c~ n t s , p r· o c e d ur e s .f o 11 ow r~ d 

in the collection o.f the data, organization and treatment 

of the data collectf:'.}d, and preparat1on of the final 

written 1·eport. 

Preliminary Procedures 

Prior to the actual collection o.f data, a series 

of preliminar·y procedures was rn~cessary. These procedures 
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included surveying, studying, and assimilating all avail- . 

able literature pertinent to the study; securing permis

sion from the Dean of the School of Health, Physical 

Education, and Hecreati.on at Eastern 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':! Stud .h~s. 

Selection of Subjects 

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, dur .ing the summer quarter of 19'70-1971. 

The first thirty-five voltmteers were selected to partici

pate in the study 

Selection and OrientatJon of Persons to Aid in the 

Adrnin.:Lstrati.on and Seoring of Tests 

The .i.nvcstlgator solectGd an ur1dergraduate student 

in the School of He:H1lth, Phyf;;:i.cal Education, and Recreation 

of East o n1 I 11.i no j_ s lJ n 5. v e rs it y j_ n Char le st ion , I 11 in o i s , to 



serve as a laboratory assistant. This student partici

pated in several orientation and practice sessions to 

achieve consistency and skill in the placement of elec

trodes and in the operation of the equipment--the tread

ml.11 and tho tachometer. 

Criteria for the Selection of the Instruments 
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Prior to the selection of' the instruments, criteria 

for the selection were established. A survey of authori

tative sources--Willgoose (1961:24), Mathews (1969:24-28), 

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-1 ~?00, precludes that the instruments were 

reliable and val .id for measu.ri.ng beat-by-beat heart rate 

w:i th tlrn subli ects Jn a r1.:i sting posi ti.on and during exercise 

upon thu troadrni.LJ. A bu:ilt-1n calibration device upon the 

Nurco BJ.o-Systems Physiograph Four insures an objective 

measurement for each subject. All pieces of equipment 

were available at the Hwnan Performance Laboratory of. the 

School of Health, Physical Education, and Recreation at 

Eastern Illinois Univorsi.ty, 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 in using a skill with which everyone is familiar 

(walking or jogging). Furthermore, it seems to bring 

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, 1966:146). 

Electrodes were placed upon either side of the rib cage, 

and a ground elE~ctt·ode was placed just below the xiphoid 

process after: consultation with a Narco Bio-Systems rep

rosentative. 

Procedures Followed .tn the Collection of Data 
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Pr 1or to the expe r· .Lmen ta.1 per .iod, 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 approhnnsion. The practice sessions 

consi.sted of two tcin-rni.nute: tr .ials upon two consecutive 

days. In addJ t :.i. on, buJ'o re th(:! rn·ote st, all subjects 

w u r ( i tu !3 to d u po 11 th u L n~ ad m .LI.. J to cl cite rm :L.n e the work 1 o ad 

for EH1ch lndividuaJ whi.ch wou1d allow the hoart rate to 

stabilize for at l(~ast one m5.nute, 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 sessions. 

AfteI' the practice~ sessions had been completed and 

the work loads determi.ned for each individual, the subjects 

wc1re randomly dj stri buted .into thrc~e groups, two experimental 

and onn control, i::iquated for trw rosting heart rate of the 

~rnh,jc~ctt;. Onu ~roup (>f fi..l'tccm subJects took part :in the 

ex.p t:! ritnun tal sessions eons ls t:ing of instrumental learning 

of heart ratn loworing in the resting state--this group was . 

<fosignated 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 

pracU.ce ec>ntro..l. 11.ntJ l arter thfl expo.r:imental period, when the 

sub,jects wc-:rn told j_f they had reachod the criterion of 1.E-)arn

i n g- - th J s g r ~)up was d u s i g n au~ d as B: x p E:1 r i. men ta 1 G :r o up I I . The 

ControJ Group of' u1.even sub,i ects was tested prior to the ex

perimental puriocl and again at the end, but no practice took 

place between tests. The total n1mber of subjects was 

thirty-five. 

Each experimental sub,jet?t in both experimental 

groups met individually, each day for ten days for a 

th 1 rt y· rn 1· n t· ) :.i • i · · · · · . .. u ~ n e UH, 1 ~ 1 or n n g s e s s um . The subjects were 



provided a ton minute period at the beginning of each ex

perimental session to establish a base level heart rate 

in the resttng position. Ten minutes was chosen as the 

base level upon the basis of a previous investigation 

(Mize, 1970). A re sting lH:Wr t rate was established from 

41 

a sitt=Lng 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 

m1nutes prior to all testing (Brooke, Hamley, and Thomason, 

1.970). A mean heart rate was established each day upon the 

basts of thosr~ sc1octc~d heart beats. A ten per cent decre

ruc.mt of tho mean resLLng heart rate of tbo subject upon 

eornrnand was cunsldored as the level of acceptability for 

heart rate:.~ .1oweri.ng while sittJng and while under 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 rosting state, heart rate lowering was 

mnasurr~d by the :lowest ten con~:;ocutive beats in the thirty 

s u con d s t .L rn u l us - re s po n s u p f1 1: i o cl and then n x trap o lated to 

or.w mJ nut(). 

A condit.i.oned , stimtllus for hear·t rate .lowering (the 

W() r·cl '' low(~ 1· '' g l vun by tho tr1vo ~-; t 1 gator) was presented to 

the sub,.ioct four tirno~;; Eiac~h exporl.rnental period. A thirty 

second interval, after the verbal command, was established 



througt1 preliminary investigation as adequate time for 

heart rate 1owerlng to occur. The mean heart rate per 

minute as determined by the ten heart beats immediately 

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 C(:;nt decrement of the resting 

heart rate mt~asured at the beginning of the session was 

taken. The lowest ten consecutive beats per minute dur

:i.ng th(~ thj_rty second post stimulus period were measured 

to determine ability in heart rate lowering. Each stim

ulus-response pattern or trial was followed by a two 

minute relaxation pertod before the next trial. Each 

experirnc-:"!ntal subject was rt=;quired to lower her heart rate 

significantly--ten per cont of the daily resting heart 

rate--thrr~e of the four td.als presented each day, for 

two consecut1ve days to rneE':it the~ criterion establ:ished 

for learning Jn this study. ftach subject continued the 

eondittoning period for tho full ten days even :Lf' they 
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met the critc eion levE~l sooner. Learning times and curves 

are pre smrted 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. Expurimental Group I was 
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aJlowed to watch the visual display of their heart rate as 

fuedba.ck in order that they would know how they were pro

gressing from day to day with reference to different tech

niques of heart rate lowering. Experimental Group II was 

attached to the tachometer·, but were not allowed to watch 

the visual display--they were not provi.ded any immediate 

feedback or reinforcement until after the experimental . 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 

predeterrninnd work load JeveJ. The levels are defined as the 

load nec(~S~3ary to stabilize tho hear·t rate at 100-120 beats 

p u r rn J. nut e , a t 1 ::' 0- 1 L1-0 be a L s p lH' m J nut e , at 1 ltO- 1 60 beats p c-3 r 

minute, and at 160-180 bcJats p1_➔ r rnJnute. The designated levels 

of heart rate wcn·c~ assignud randomly for each subject for the 

pretest and for both post-tests. At least 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 

tho randomization was to control for carry-over effects of 

learning at each levrd. The treadmill was selected to induce 

nxe r·c J so [::it r·(i ~rn be eausu it :involves a fundamental skill, that 

t' 1 \'lllit·(:~i .lit.Ll.11 :H'.(~li111lti;1,ati,in t(J irrnur·u va..l ·i<Ji.ty and ru.lla-

h i J l Ly • 'l.' lt, ~ tn t , : 111 I 1, : :u · L r · u t. u p u 1 • n I i n u t ( ! d u t n 1 • 1n J. n H d by t <:!J 1 h ~Hi r- t 



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 

dut·.-ing the thirty second post stimulus period were measured 

and extrapolated to one minute to determine ability in 

lH:~ a rt rate lowering. 

Data sheots were eonst.ructed to record the heart 

r·ate o.f the subJeet du:r·ing tht} oxperimontal sessions. A 

e umula ttv8 re co rd of tho condi.tion(~d re~, ponse under exercise 

st r-ess was cornpLLod upon the establ.ished data sheets lo

cated in the Appendi.x of the study. 

Organization and Treatment of 

the Data Collected 

Tlrn procedures which follow include those related 

to ~3tudytng the stat:L!;tlcal evidence collE?cted dur:ing the 

p r n t e s t , po s t - tu s t s , and tho (-J x p n r :i. men t a J. s e s s ion s , s e 1 e ct in g 

tho ~;tatist:ical t<.ichn:Lqtln~:;, and truati.ng th(j data. The data 

W(:~t·n tabulatud v✓ tth J'(!Spect to cvidonce of heart rate lower

lng as me:) a~; u r•(~ d by Uw btotae home tor. 

The pu.rpose·or the study as set forth 1n the hy

pothesis was reviewed. To test the difference· .in the ability 

to lower heart rate during exer<'.ise stress between the three 

groups, analysis of variance was utilized--a three-way 

analysis of variance with repeated mea3ures upon two factors 
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( Bruntng and Kintz, 1968: 7 2-83) • The . 05 level of 

significance was selected by the investigator as requisite 

to the reJection of' the null hypothesis. Duncan's Multiple 

Range Test was used to test the differences between the 

th1rty-sJ.x means yielded by the three groups at four levels · 

upon three to sts ( Bruning and K=Lntz, 1968: 11 5-1 ·17). The • 01 

level was choslrn as the level of significance with. reference 

to th(~ Duncan's Mu.1 tip le Range Te st. 

Procedures Related to Writing the Final Report 

Upon the completion of the statistical treatment of 

the data, the investj_gator summarized the report, stated a 

conclusion to tho study, and discussed the implications of 

tliu study. The f:Lna1 procedures includt;d making recom

mondat 1ons for furthnr- studles, compiling a bibliography, 

and dove lo J.i i. n g a r 1 up pend ix • 

~3ummary 

The proc(}dures followed in the development of the 

study were outlined in this chapter. These procedures in

cluded those which were related to methods of collecting 

data, and those which were preliminary to the collection of 

the data. Prelim1nary procedures involved the selection,of 

the instruments. 

Thn .i.nstrument soloctcd for use in the study was the 

N:11·<·1) i{i,J-r.;y!:l.u1n:: IH,)l.nd1,,rno1.,:r:, HT-J ;;.>()(>, t<> rnorri.tur a <.:o.n

t:. i11uu.l lhit1L-l>:;-hc);•1t l1uu1•I, 1•i.tLc!. 'l1l1c t1·c}adrnJU via!:) chosen to 

·irnlUc"!o E!XC?rct~)c str·nss. UubJncts for thu study W<::H·e thirty-
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five students enrolled in Eastern Illinois University in 

Charleston, Illi.nois, during the swnrner 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 instr1mental 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

ment; Experimental Group II was allowed to practice the vo

:Utional control of heart rate lowering in the same manner 

;.:ts thr~ f'.irst c~xpc~1'lmentu1 group but was not provided immediate 

t\H_;dbad{ or othe 1· rl":inforeerne:nt until after the experimental 

period when the subjects were to].d if they had reached the 

crj_ tc t'lon of learning; tbe 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 

sesslon was eonciucted in which all subjects were familiarized 

wJ th the tochniqlle of trfJadmLl.1 wa1k:i.ng. Anotrwr practice 

seE3~:d.nn was hcild to (:')Stabll ~Jh a_pprox:imatc? work loads for 

uach indtvi.dt.tu1 :rn.bJeet at oach of the four levels--100-120 

beats po r m Jnutc, 1 ~~0- 1 i+o boa.ts per minute, 1 t+0-1 60 beats pEJ r 

rn:.i.nute, and 1 C>O- ·1 eo beats per m.inute. The work load was thE3 

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 



W(?re randomly distributed .into three groups, two experi

ill(~ntal and one control, equated for the resting heart rate 

of the subjects. A pretest was then gi.ven to all subjects 

in which they wer-<3 asked to lower thGir heart rates at a 

given signal after they had reached the designated level, 

which was assigned randomly. The experimental groups then 

were: exposed to tt::n days of conditioning, · thirty minutes a 

day, in wh1ch they attompted to lower their heart rates in 

a sitting position for four trials prir day. After the con

ditioning period was over·, both the Control Group and the 

exper:imenta1 groups were again given the test of heart rate 

lowering dur:i.ng exc~rc:i.se stress as previously described. 

This p0;3t-test was aclm'inistcred twicn upon two consecutive 

days to prov1de a morc:~ reliable seore for heart rate lower

ing d u ring n x c r c .L s (:! st re s s . 

An analysis of variance technique was selected to 

test the signJ.fj_canco of the cU fferences between the three 

g1·oups :in thu ab.Ll.i ty to eont r·o1 the heart rate under exer

cise stress. The .05 level of significance was accepted as 

tho po1nt for the rejection of the null hypothesis. Duncan's · 

Mu 1 t j_ p 1 e Hang(! Tu ~; t w a :3 1 l t i. ] i z E~ cl to t e st the di ff e re n c e s 

but ween the t 11 i rt y - s ix rn c: rn1 r:;; y i e J. de d by the three groups at 

t'l)Hr ] nvels upon th rec tests. The assigned levnl of sig-

n.i f'Leancn f<ir• Durw:in's Mlllt.Jpl<~ Hangt-:; Tnst was thn .01 .lr!vel. 

ll.'!11! l.'i11ul pt'()<~od1Jr11!·:i i11cl.11dc1d Lh1lS<! 1·0Jatc!d to :;w11m£u·.izlne 

an<l wr·ittng t:.f1(i f.'Lr1al . r·0~1)ur·t. 
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Chapter IV is the presentation and interpretation 

of the findings. 



CHAPTER IV 

PHESENTA'rION AND INTERPRETATION OF THE FINDINGS 

The purpose of the Jnvestigation was to determine 

ln heart rate lo·wering could be 1nstrumentally conditioned 

during exercise stross. It was hypothesized that there 

would be no significant difference in heart rate lowering 

of those subjects in Experimental Group I who received 

instrumental conditioning with immediate feedback, in 

gxperimental Group II who received instrumental condi

tioning with delayed feedback, and in the Control Group 

wbo reeeived no cond i.tiordng. The subjeets, who volun

teered for the experiment, were assigned randomly to one 

of thr(H~ groups pr.Lor to trw 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 

l+9 
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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 Experimental 

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 standat'd doviati.on 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 13.55 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 that the 

groups were equatt1d. 

11ABLE 1 

SUMMARY TABLE FOH ANALYSIS OF VARIANCE 
OF Ml~~AN RESTING HEART RATES 

Sour·ce 

Betwel=:in Groups 
Within Groups 

rr1otal 

F ( • 0 5) -·· 
( ") -J ') ) 

( _ ',)<. 

ss 

r14 ) ,-->UQ 
L • .. J (._ 7 

I. ') C): 8 ') l ') 1::' + ,.. - • I .• L_ ") 

1+ ·.2 ') ') • c:'17 1 ~) 
.. )'•· '- ·· ) ..,. 

d.f 

'1 ~) .),._, 

ms 

12.1645 
11+3.3200 

F 

0.0905 

The applicati.on of the one-way analysis of variance resulted 

in an F ratio of 0.0905. 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 throe groups were homogeneous with 

respect to mean rnsting .rwart rate obtained prior to the 
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pretest period. 

A Description of the Groups upon the Pretest 

The conditioned stimulus for heart rate lowering 

(the word "1ower" given by the investigator) during exer

cise stress was presented to each subject at each pre

determined work load level during the pretest. The levels 

were defined as the 1oad rwcessary to stabilize the heart 

rate at 1 00-1 ~.?0 beats per mi.nute, at 120-140 beats per m:i.n-

ute, at 140-160 beats per minute, and at 160-180 beats per 

minute. The designated levels of heart rate were randomly 

assigneci for each 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 

adrninj_stered at another 1E!Vol. Descripti.ve data for the 

pre: t(1 st arc~ shown 1n Ta bln ;_>,. 

Ml·i:AN CHANGE SCOHI~S FOH 'ITlE THHEE GROUPS UPON 
THE PRETEST ( IN BE:ATS PEH MINUTE~) 

Group Level Level Level 
1 00-1 ~?0 120-140 140-160 

Expe 1·imen tal -J.6380 +0. ;~247 -2.8873 
Group I 

Experimental -1 • 6967 -2.0533 -4.1278 
Group II 

Control Group -·1 .3e55 + ·1 • 791+5 -2. 5582 

.PI' i ut· to Ll11.! 

Level 
160-180 

+2.6013 

+ 1 • 81+7 8 

-1 • 1809 

rnc:u La.L Ur·uup I, ei~. Ul+ beats po 1· minuto .for gxper:i.mEmta.l 
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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 lower 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:1 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 cotiditioned 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 pc~r cent decrement of' the mean resting heart rate• 

When the heart rate was maintained between 160~180 beats 

per mJ.nute, 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 



ability to lower the heart rate under exercise stress 

during the pretest. 

Comparison of the Experimental Groups During 

the Instrumental Conditioning Period 

53 

Each experimental subject in both experimental groups 

met every day for two days for a thirty minute individual in

strumental conditionj_ng 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 posi.tion. 

A ten per eent 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 da.ily 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 t~ven if she met the cri.tericn level sooner. It should 
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be noted that Experimental Group II, the group which did 

not receive 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 ') . 
..) 

presents data with reference to learning times during the 

conditioning period. Figure 1 presents the learning curves 

for each experimental group. 

Day 

') 
c .. 

.3 
l+ 

5 
6 
'l 
B 
9 

·10 

TABLE 3 

MEAN CHANGE SCORES OF INSTRUMENTAL 
CONDITIONING PERIOD* 

Experimental Group I Experimental Group II 
(n == 9) (n = ·1 5) 

X for X for 
X for Four X per X for Four X per 

All Ss Trials trial All. Ss Trials Trial 
per day per s per day per s 

-3 1 1 • 59 -~?0. 77 - 5. ·19 -245.99 -27.33 - 6.83 
-.335-55 ') ') 3 7 - 5. 59 -289.04 -32. 1 2 - 8.03 -(__, __ ." 
_l+L~ 5. ~I(~ -29. 61 - 7.42 -268.74 -29.86 - 7.47 
-661 .303 -44.09 -1 1 • 02 -277.42 -30.82 - 7.71 
- 5'? 5. B9 - ·.)[L 39 - 9.60 -351 .01 -39.00 - 9. 7 5 __ ) ~ 

-615.63 _l+1 .04- -10.26 -410.2)+ -45-58 -11 . 40 
-'738.65 -l+9 • 24 -12.31 -385.22 -42.80 -10.70 
-737-95 _l+9. 20 -12.30 -467. 1 6 - 51 . 91 · -12. 98 
-635.83 -42.39 -10.60 -352 .45 -39-16 - 9.79 
-713.19 -47. 55 -11 . 89 -4-60.74 - 51 . 19 -12.80 

*On the first day of the instrumental conditioning period, 

the subjects in Experimental Group I lowered their 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 trials (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). 

It would appear that a plateau had been reached 

around the <:iighth 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 in the instru

mental conditiordng period would probably not have led to 

a significant 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 I, 

and Post-test II 

To determine tho differences between the perform-

ances of each subject :in the thr(rn groups at level 100-120 

boats per minute, level -1?0- ·140 beats per minute, level 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 upon 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 ST fil~SS ( IN BEATS PER MINUTE) 

Group 

Exp<D rimental 
Group I 

Experimental 
Group II 

Control 
Group 

Level Pretest Post-test I Post-test tI 

100 -].63B0 -7. 8053 - 7. 5067 
120 +0.221+7 -9.0287 -11 • 9733 
140 -2.8873 8 5c"'">7 -10.4-413 - • ?'-
160 +2.6013 -9.694-0 -12.6887 

100 -1 • 6967 -6. 5456 - 3.8122 
120 -2.0533 -7-9455 - 5. 5111 
140 -4.1278 -8.5133 - 9-3567 
160 + 1 . 847 8 -9-3755 - 8.3744 

100 _., .3855 -2.8464 + 1 • 5400 
120 +1.7945 -0.0809 - o. 5355 
140 -2-5582 -2.9645 + 1 • 8636 
160 -1 . 1 809 -1 .8000 - 0.7464 
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TABLE 5 

SUMMARY TABLE FOH ANALYSIS OF VARIANCE FOR GROUPS 
UPON Tlm FOUR LEVELS DURING THE PRETEST, 

POST-TEST I, AND POST-TEST .II 

Source ss df ms F p 

Between Sub;jects 6' 11+0. 1 5 ')4 
.) 

Groups 2,91.3.15 2 1456.78 14 .45 < .001 
Errorb 3 1")2 ,. 60 32 100.83 , c:..._b. 

Within Subjects ;21,105.36 385 
Tests 2,461 • 78 2 1230.89 7.76 < .001 
Levels 137 . l~4 3 45. 81 0.97 > .05 
G X T 1,720.;.~9 4 430.07 2.71 < .05 
G X L ·188. 02 6 31 .34 0.66 > .05 
T X L 692. 0·1 6 11 5. 34 24.08 < .001 
G X T X L ;~8B.78 12 24.07 5.03 < .001 
Error -1 10,155.99 64 1 58. 69 
Error ,. , I i;·41 t56 96 47.31 +,) ·- . 
Fr r·or ~:: 9·1 9 •1+9 192 4.79 J . ·• . j 

Total :?. 7 r) L~ ~~ r.' 1 ,(_ )•) l11 ') 

F ( • 001 ) = E3. '7'7 
( '') 3 ,·) ) C' r.'.. 

F' ( • 001 ) = 3. 74 
(6,192) 

F (.001) = 2.74 
(12,192) 

Based upon the data presented in Table 5, there was 

a highly s.i.gnificant di.fference :in ability to lower heart 

rate ur1der exercise stress between the three groups at the 

.001 level; there ~as a highly significant difference in 

ability to lower heart rate during exercise stress with 

t•ufc rnnce to the JH'<:)to st, pos t-tEi st 1, and post-test I I 

at tho .001 lovel; there was no sign.lflcant difference in 

ability to lower heart rate under different levels of 
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exercise stress; there was significant interaction in terms 

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 significant 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 dif.ferencc;s 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 1.eve.U.; 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, Duncan'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 

Experimontal Group I showed s.ignificantly more lowering than 

d:i.d the Control Group during post-test II. 

At level 120-140 beats per minute, the performance 

of Experimental Group I in terms of ability to 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 
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Group 

[1; I 
E I 
E I 
L~ II 
E II 
E I 
E I 
E II 
E II 
E II 
E I 
E I 
E II 
E II 
g II 
E II 
E I 
C 
E I 
C 
C 
E II 
C 
E 11. 
C 
C 
C 
C 
C 
~,, I 
C 
C 
E II 
C 
E I 

TABLE 7 

ORDERED MEANS AND RE:SULTS OF DUNCAN I S MULTIPLE 
RANGE TEST WITH RESPECT TO VALUES YIELDED 

UPON HEAR'T RATE LOWERING DURING 
EXRRCISE STPESS BY THREE 

Test 

Post II 
Post II 
Post II 
Post I 
Post I 
Post II 
Post I 
Post I 
Post I 
Post II 
Post I 
Post I 
Post II 
Post I 
Post II 
Pro 
Post II 
Pre 
Post I 
Pre 
Post I 
Pru 
Pru 
Post I 
pr'(} 

Pre 
Pre 
Post II 
Post II 
Post I 
Pre 
Post II 
Pro 
Pre 
Post II 
Pre 

GROUPS AT FOUR LEVELS 
UPON THREg TESTS 

Lc~vel 

160 
1 ;20 
1 l+0 
160 
160 
1 lt0 
1 ~?.0 
140 
14-0 
160 
120 
100 
100 
100 
1 ~?0 
1 l+0 
100 
100 
1 l+O 
111-0 
100 
1 l+() 
1 ~-:o 
160 
100 
100 
160 
160 
L20 
1 ~20 
L.?.0 
100 
120 
160 
140 
160 

Mean 

1 r) , 9 - c . • b -

-11 • 97 
-1 0. l+4 
-9-69 
-9.38 
-9-36 
-9.03 
-8.55 
-8. 51 
-8.37 
-7. 95 
-7. 81 
-7. 51 
-6.55 

J h1 -5-J 
-4. 13 
-_3.81 
-,3.64 

,.., 96' - c.. . • ,-, gn 
-,~-- • l 

'""> c3 h -r. '. . • (. ) 

<?. 56 
') 05J 

- L- • 

-1. 80 
-1 • 70 
-1 • 39 
-1 • 1 8 
-0. 7 5 
-0. 54 
-0.08 
+O. 22 
+ 1. 54 
+ 1. 79 
+ 1. 85 
+ 1 • 86 
+2.60 

Significance* 

61 

*Any means not connected by a common line are significantly 
dj_f.fercnt. 
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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 

mean change values of Experimental Group I upon post-test I 

and post-test II were not significantly different. Per

formances of the Control Group and Experimental Group II 

did not differ significantly during the pretest or during 

either post-test. The values of the three groups were not 

significantly different from each other at the pretest of 

level 1 20-1 l+0 beats per minute at the . 01 level. During 

post-test I, both experimental groups differed significantly 

from the ControJ. Group--exhibiting the ability to lower the 

heart rate significantly more during exercise stress at 

Jevel ·1 ~~0-1 ltO bc-;a.ts per minute than did the Control Group-

as evidenced by mean values of -9.03 beats per minute tor 

Experimental Group I, -7. 9 5 b<3ats per minute for Experi

mental Group II, and -0.08 beats per mi.nute for the Control 

Group; the two oxperimental groups were not significantly 

different from each other during post-test I. During post- · 

test II, the mean values of gxperimental Group I were signi

ficantly lower than those of the Control Group, while no 

other differences were significant during post-test II at 

J.evel 1 ?0-1 ltO bc~ats per m1nute. 

No signif.i.cant d1fferences in mean values were found 

at level 1 l.~0-160 beats per minute for the Control Group or 

1,:x pu t·.Lrnnntal Ch-unp I I du r·lng the protest or fdther post-test• 

'l'1·1c) pu t't'<)r.·m:111<:~c):.: 1)f.' LIH: :::11bJnd.G :tn L1:xpcu·imonta.l. Group .I 



63 

were different at the .01 level of significance between the 

pretest and post-test II, with mean values of -2.89 beats 

per minute upon the pretest, and -10.44 beats per minute 

upon post-tost IL Other mean values of Exper.imental Group 

I did not differ significantly during other test compari

s ons. The mean change between the three groups did not 

differ significantly upon either the pretest or upon post

test I. However, both experimental groups were different 

from the Control Group at the .01 level of significance 

upon post-test II, but the experimental groups did not 

differ significantly from each other upon this test. 

Leve l 160-180 beats per minute yielded no signifi

cant differences for the Control Group between pretest and 

either post-test; the valuBs of both experimental groups 

showed a significant difference between the pretest and 

both post-tests, while the post-tests did not differ from 

each other. There were no significant differences between 

groups upon the pretest at this 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-

,:• l r•r-• (' .... • ) ., • •• , .::> i:>' basc)d upon the se1ected significance level. 
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a - Pretest 
b - Post-test I 
c - Post-test II 

-lt.97 

: ~-~t) • • • • •-o.~4 

a b c 
At 120-140 

beats per minute 

-tl.G9 

•• -(),7~ 

a b c 
At 160-180 bpm 

Experimental Group II-----

Fig. 2.--Mean values of heart rate lowering de
picting the interactions of the three groups at four levels 
upon three tests. 
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At level 100-120 beats per minute, both experimen-

tal groups made marked increases in ability to lower heart 

ratG during exercise stress from the pretest 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 boats per minute upon post-test I 

for Experimental Group I, -1 .'/0 beats per m.inute upon the 

pretest to -6.55 beats per minute upon post-test I for Ex

perimental Group II, and -1 .39 beats per minute upon the 

pretest to -2. 85 bE~ats per minute upon the post-test I for 

the Control Group. From post-test I to pos;t-test II, Ex

per irnental Group II and the Control Group dropped markedly 

in their abJJ.:i.ty to lower heart rate during exercise 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 

bt1ats per minute during the pretest. Values upon post-test 

I revealed that Experimental Group I lowered their heart 

rates more than F:xpt:lrirnental Group II, although both groups 

incr·eased gT"EH.l t1y tn the1 r abil:Lty to lower heart rate during 

exorcise 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 

fr1.Jm -/. 05 boats per minute upon post-test 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 

tho e.x.perimental groups increased their ability to lower 

the heart ratu to almost identical mean values of -8.55 

beats per minute for Exper:Lmental Group I and -8.,51 beats 

pt) r m i.nute for Ex.pE:n·imental Group II upon post-test I, 

wh.ile the Control Group remained virtually the same. Both 

experimental group$ 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 

evldenced by mean values of -2.96 beats per minute upon 

post-test I to +1 .B6 beats per m1nute upon post-test II. 

1~h .is decrease by tho Control Group was probably responsible 

for the fact that both (:rxpor:i.rnontal groups lowered significant

ly moro than did thn Control Croup upon post-tE3St II. 

At level 160-180 boats 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 th<.=! second post-test as they did upon the first post

test, as moan change values d r·opped from -7. 95 beats per 

mJnute:; upon post-test I to -:5. ~51 beats rm r minute upon 

pnst-tust .II. 

Experi.mE:inta1 Group II continued to perform better 

th;:.i.n E0 _i. ther the Expc.n·imental Group I or the Control Group 

at levu 1 1 1~0-160 beats pur minute upon the pretest. Both 

the oxperi.mc:mtal groups j_:ncreased 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 

Gxper1Jrnental groups lncroased agaj_n--they lowered their 

l1ear-t rates mo t'e upon post-test II than upon post-test I-

wh1le tho Control Group dJd not lower their mean heart rate 

a~~ m1Jch upon post-test II as they did upon post-test I, as 

0vJdenCf::!d by mean values of -? . 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 signi.fi

cantly more than did the Control Group upon post-test II. 

At level 160-180 beats per minute, the Control Group 

was tho only group to lowffr- their mean heart rate, as a. 

g t'01.1p, upon tlw pro tf:JSt ( mean :.: -1 • H~ beats per minute)-

b u th c x rw r • J m, m t .- 11 g r· <'Ju. p s i n c r ·n a ~w d -t-, h ed. r h ca rt rate s , as 
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shown by mean values of +1 .85 beats per minute for Experi

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 dld the Control G1·oup. 

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 II than upon post-test I, while 

Experimental Group II and the Control Group decreased 

slightly in mean lowering values, they lowered less upon 

post-test II th(~n upon post-test I. The performance of 

both expo r=Lrncmta] groups remaj_ned significantly different 

from the performance of the Contro1 Group, as evideneed by 

moan valnE.:!S _of -12. 688? beats per minuto for Experimental 

Gtoup I, -n.y74l+. buats pc~r m:1.nute for Experj_rnental Group 

II, and -0. 71+64• b<:.H1ts per minute for t.tw Control Group. 

Discussion of the Results 

The significant change in ability to lower heart 

ratH :from protest to post-test I or post-test II is very 

evident at all levels for both experimental groups. At no 

po1:nt d:Ld either group fatl to lower their heart rates upon 

et Uw r post - tu st , w h c re as the Cont r o 1 Group inc re as e d the i r 

moan rwa.rt ratn at lnvcl 11HJ-160 boats per rrd.nutEJ upon the 

s,~c·und pust-tust. Thu sm:.1. .-1 lc .. ,L .incJ.dcnc:o or lowuring for 

both exp r~ r :i. mun tu l g 1 • o ups 1.1 po n <d th c; r post- t e st o c curred at 

- level 100-120 beats per minute, as evidenced by mean values 
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of -? . 31 beats per mi.nute for Experimental Group I upon post

test I and -J.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 upon post-test 

I at level 140-160. Therefore, the greatest amount of lower

ing for the Control Group was less than the least amount of 

lowering for either experimental group. The experimental 

groups seem to havo def:LniteJ.y been able to transfer the 

abi1ity to lower the heart rate from the sitting position to 

the s1tuation of exercis<:~ stress. 

Exp(~l'imental Group II J.owered their mean heart rate 

ton greater 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, although Ex

perimental Group II actually lowered their mean heart rate more 

du.r.i.ng the :in~:;trnmental ·conditj_oning period, gxperimental Group 

I Jowered morn dur-1ng cond:itions of exercise stress. Experi

rne11tal Group I, who benufi.tted .f.'r.•om immedl.ate visual feedback, 

eould tcLl from the r•r::)adout of.' the b:Lotachorneter almost exactly 

when thf-JY had lowo1·ud the rcquir(:id ten per cent decrement of 

their l'(.=)Sting hc~art rat~::. But Experimental Group 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 

lrnart ratr~ 1owc~ri.ng. Soveral members of Experimental Group II 

monti.oned that t.h.ey cou.ld fE~ol 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, the response of heart rate 

lowering could have been caused by a form of classical condi

tion1ng--condi tioni.ng to an inte rna1ized cue not acknowledged 

by the lnvE::st1gator. Another posslblc reason for the positive 

performance of Experimental Group II could be caused by feedback 

from their peer group. After Uw experimental sessions, it is 

possible that members of Experimental Group I, who knew they 

wero lowering their heart rates, discussed their results with 

members of Experimental Group II, who were not aware of their 

results. BeGause members of Experimental Group I were successful 

in their attempts to lower their heart rates, members of Experi

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. Both groups were allowed to 

watch tho results of their performance upon the tachometer, but 

most of the subjects in Experi.mental. Group II preferred to at

tempt ttrn task of lowc~ ri.ng the heart rate under exercise stress 

dur.ing the post-tests a:3 Uwy had been condi tioned--wi th no v1s

ua.1 feedback. It [ihou1d be noted that the members of Expertmen

tal lh•oup II did not know the results of any of their condition

ing sessions until after tho experimental period was concluded. 

Out of twenty-four experimental subjects in both ex

perimental groups, twenty-two met the criterion of learning to 

lower 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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consecutive 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 were 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 experimentaJ groups exhibited the greatest incJ

dence .of lowering at level 160-180 beats per minute, as evidenced 

by mean va1 ues of -1 ~?. 69 bna ts per minute for Experimental Grou.p 

I upon post-test II and -9-38 beats per minute for Experimental 

Group II upon post-test I. The subjects themselves seemed to 

feel that it was mu~h 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. 

Thi.s J.s directly contrary to the f:i.ndings of Mize who stated: 

..• as the heart 1.·u.to of the subjects accelera
tod, r1.nd tl1corc!t:Lcall.y bucamu moeo difficult to 
contrc)OI .. bc)causc of t~10 i.ncrease oecurring to 
meet metabolic roq uirmnents, the tendency was 
for the amount of control after the conditioned 
stimulus to ciGcreas(~ (MiZl3, 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 

1(>0-1<30 beat~:; per.· rnJoutn; thu grc~atesL evJ.dence of heart rate 

lnw 1)r•l1q: dur·ing c:x_(it.·c.i.::;10? sLl't)~3r; a .1:30 occurTnd at lcVf!l 160-1BO 
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beats per minute--a mean value of -12.69 beats per minute 

for Ex.perirnE:n1tal Group I. 

Summary 

Chapter IV presented an analysis of the data. The 

subjects, who volunteered f'or the experiment, were assigned 

randomly to one of three groups, two experimental and one con

trol, upon the basis of' the mean resting heart rate obtained 

prior to the pretest period. Experimental Group I was com-

posed of fifteen subjects who practiced volitional control of 

heart rate w1th visual feedback during the instrwnental condi

t.ioning period; Experi.mental Group II was composed of nine sub

jects who also practiced volitional control of heart rate dur

:i.ng the instrum(:3ntal conditioning period without the benefit of 

vi.sual feedback or any other information that would allow them 

to know the extent of th<:.Ll.r 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 

sub,j ects who did not participate in the conditioning period. The 

purposo of this investigation was to determine if heart rate low

ortng could b01 conditioncJd instr·umental1y during exercise stress. 

Mean resti.ng heart rates of.' all subjects in eaeh o.f' 

Uw three g r·ou.ps W<H'E:l in1tially subjected to a one-way analysis 

of varJ:u1ce:! Lo dotorrn1ne the hornogoneity of the groups. The 

E r·atl.o J.nci i catu(! that thEi thre,·, groups did not differ sig

nificantly upon mean resting heart rates. Duncan's Multiple 

Range Test showed that there was no signi.f'icant 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 instrwnental conditioning 

period. Experimental Group II lowered more than did Experi

mental Group I upon seven of the ten days of conditioning. 

The values for tho subjects in each of the three 

groups upon the pretest and both post-tests were subjected to 

a threo-way analysis of variance with repeated measures upon 

tw<) factors. Highly significant differences were found be

twoen groups, between tests, tests by levels, and between 

groups by tests by levels at the .001 level; 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

nLficantly from thu Control Group at all levels except 100-120 

beats pen· m.tnutc:. Kxperimental Group I did not differ stg

nifLcantly from F:xper..Lmu:ntal Group II at any of the four 

love] s, a.Lthough l◄~xper:imental Group I lowored their mean heart 

· rate more than did the Experimental Group II at each of the 

four levels upon each post-test. 

Chapter V will present a summary, a conclusion of the 

study, and recommendations for further studies. 



CHAPTER V 

SUMMA.RY, FINDINGS, CONCLUSION, AND RECOMMENDATIONS 

FOR FURTHER STUDIES 

Summary of the Investigation 

Much controversy exists with reference to the 

traditional belief that instrwnental learning is possible 

only for voluntary control of skeletal responses, and that 

classical conditioning is possible only for involuntary 

control of visceral and emotional responses. The assump

tion that viseeral responses cannot be learned in the same 

way as can skeJ.etal responses has been refuted recently by 

research. Miller has postulated that there is only one 

kind of learning; thereforo, visceral responses can be 

learned just as skeletal responses can be learned. Research 

has shown posit:Lve results with reference to the instru

mental 1earn1ng uf' visceral responses by animals and human 

beings. 

T'he study that brought the problem of instrumental 

contHt :Loning of visceraJ responsfJS to the attent1on of psy

chophysiologieal profession was reported by Miller and 

Carmona, who found that dogs could be conditioned instrumen

tally to increase or decrease salivation. Trowill found that 



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. 

Hi.ghly rellable 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 formation; and 

in systolic blood pressure. 

75 

Shearn published one of the first reports of con

ditioning hwnan heart rate operantly. He found that experi

mental subjects were able to accelerate their heart rates 

to delay shock pulses. Hnatj_ow and Lang, who found that 

avcr.sivE: rr:inforcement was unnecessary, and conditioned sub

Jucts to decrc~ase heart rate variabiLLty 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-mj_nute control of heart 

r·ato when taught to :i.ncrease and decrease cyclically. 

Brener and Hothersall showed that under conditions 

of augmentod snnsory feodback, sub;jeets learn rapidly to con

tr•uOJ tl1el.r· hoar·t r·atoD. Uf_i :ing t>p<3rant procedures to conditj_m 

<• l • t · ·1 t corlt.~ :·o1 over }mart rate, .:>lJ),JC!l:·;s tl, nxer·c1~•jU vo._ 1.m ·· a.1·y 
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Frazier reported that punishment avoidance contingencies were 

effective in imposing control over heart rate. 

Mize investigated the possibility that heart rate 

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 

rat~J 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 "h.igh heart rates are less 

efficient than low rates, other things being equal .... The 

slower the heart rate .fo.r any given workload, the more ef

i'.i..ciently is the cardiac work performed." This concept is 

based upon three ideas: (1) oxygen consumption of the heart 

increases with inereasi.ng 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 myocardiU111, 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 exercise stress, the body may be able to adjust 

and work more) ef'f1ciontly. Thus, because of the possible 

:.Ld::.1.ptat.i.un of thu body to the l ovrer hnart rate, several 



positive changes in performances could occur: (1) longer 

duration of effort before <:~xhaustion; (2) greater utiliza

tion of energy reserves; and (3) more rapid return of 

heart rate and blood pressure to normal follo~ing activity. 

In essence, the volitional control of heart rate suggests 

the potential of less circulatory stress during physical 

activity. 
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The general purpose of the study was to determine 

j_f heart rate lowering could be instrumentally conditioned 

during exercise stress. It was hypothesized that there would 

be no significant difference in heart rate lowering of those 

subJects in Experimental Group I who received instrumental 

conditioning with immediate feedback, in Experimental Group 

II who received instrumental. condition1ng with delayed feed

back, and in the Control Group who received no 6onditioning. 

Thirty-fl vE:1 female volw1teer students from Eastern 

I .LL1nois University in Charleston, 111.inois, were selected 

to participate in the study. The students were divided into 

thre e groups, two experimental and one control. The subjects 

were found to be equated upon a mean resting heart rate taken 

prior to the initial experimental measures. 

A practice session was conducted prior to the experi

mental session, in which all subjects were familiarized with 

the technique of' treadmill walkj_ng. Another practice session 

was held to f1stablish approx:imato wbrk loads for each indi

vJ.dua.l. sub,j0<.;t at nael1 of tho four lc~ve.1.s--100-1?0 beats per 
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minute, 120-140 beats per minute, 140-160 beats per minute, 

and 160-180 beats per minute. 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 level for at least one minute duration. A 

pretest was then given to all subjects in which they were 

askecl 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 assigned 

randomly. The 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 th~ experimen

tal groups were again given the test of heart rate lowering 

during ex(➔ rcise stress as previously described. This post

test was administered twice upon two consecutive days to 

provide a more reli.able value for heart rate lowering during 

exercise stress. 

An analysis of variance technique was selected to 

test the significance of the difference between the three 

groups at four levels ·upon three tests with respect to abil

ity to lower the heart rate under exerci~e stress. A subse

quent test, Duncan's Multiple Range Test, was utilized to 

· test the pair-wise differences between the thirty-six means 

Yielded 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 experimental 

subjects exposed to instrumental conditioning 

over a ten day period met the criterion of 

learning to lower the heart rate in a sitting 

position. Tb.e group included thirteen of fif

tecrn members of gxperimental 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, but upon adminis

tration of post-tests, both subjects exhibited 

heart rate lowering during exercise stress. 

;?. • Experimental Group II who received instrumental 

conditioning with delayed feedback lowered 

the:Lr mean 1·1l~art rate to a greater extent during 

the nxperimental period than did Experimental 

Group I who rece1ved Jnstrumental conditioning 

with immed :iate visual feedback of the results 

upon seven of the ten practice days. However, 

Experimental Group I lowered more at each level 

upon both post-tests than did Experimental 

Group II. 

3. Experimental Group I lowered their mean heart 
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rate significantly more than did the Control · 

Group at all four levels of exercise stress at 

the .01 level. Experimental Group II lowered 

their mean heart rate significantly more than 

did the Control Group at all levels except . 

level 100-120 beats per minute. Although Ex

perimental Gr'::Hlp I lowered their mean heart 

rate more than did Experimental Group II at 

each level upon both post-tests, none of these 

differences was significant. 

4. Both experimental groups exhibited the greatest 

ability to lower the heart rate at level 160-180 

beats per minute, as evidenced by mean values 

of -12.69 beats per minute for Experimental 

Group I and -9.38 beats per minute for Experi

rne:ntaJ Group II. 

Tests of Hypothes:is 

'l'he hypothesis stated in the fj_rst chapter was tested 

upon the basis of the results of the analysis of data through 

the application of a three-way analysis of variance with re

peated measures upon two factors and Duncan's Multiple Range 

Test. The results of the applied tests are presented below. 

There is no significant difference in heart 
rate lowering of those subjects in Experi
mental Group I who rece ived instrwnental 
cond i.tioning with :immediate feedback, in 
Expe:rimnntal Group II who recei.ved instru
m<in ta]. cond:Lti.011j_:ng wJth aclayed feedback, 
r1.nd ln the Control Gro11p who rece.Lved no 
(: 1.>nd Lt :l.nrt .i.ng. 
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The data collected for this study provided sufficient infor

mation for the investigator to reject the hypothesis. Ex

perimental Group I lowered their mean heart rate signifi

cantly more than did the Control Group at ~ach of the four 

levels upon the post-test. Experimentali Group II lowered 

their mean heart rate significantly more than did the Con

trol Group at each level except 100-120 beats per minute. 

There were no significant differences between experimental 

groups. 

Conclusion of the Study 

It may be concluded that volitional control of the 

heart rate may be successfully accomplished under exercise 

stress. Control of the heart rate in a resting state ap

pears to transfer and facilitate heart rate lowering 

dur:ing exercise stress. 

Recommendations for Further Studies 

'rhe fol.lowlng suggestlons have been recommended 

for further investigation: 

1. The ability to maintain a lower heart rate 

during exercise stress for a prolonged period. 

2. The measurement of cardiac output before, dur

ing, and after volitional lowering_ of heart 

rate during exercise stress. 
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.HAW DATA FOR HEART RATE LOWERING 
DURING EXERCISE STRE:ss 

ExQerimental GrouQ I - Immediate Feedback 

Resting 
Subject Test Heart Level Before After Differ-

Rate Stimulus Stimulus ence 

MA Pre- 80.88 100 104. 3 5 100.84 - 3. 51 
test 120 1 23. 71 118.81 - 4.90 

·140 1l~6.34 142~86 .3. 48 
160 160.00 1 66. 67 + 6.67 

Post-test 76.27 100 11 5. 38 111.11 - 4.27 
I 120 1 27. 66 118.81 8.85* 

140 142.86 131 • 87 -10.99* 
160 171.43 1 62. 1 6 - 9 -27* 

Post-test 79.97 100 ·113.21 1 07. 14 - 6.07 
II 120 127.66 122.45 - 5.21 

140 142.86 139. 53 - 3-33 
160 171.43 1 62. 16 - 9-27* 

BB Pretest 82.22 100 113.21 92.31 -20.90* 
120 121.21 123.71 + 2. 50 
140 141. 18 1 50. 00 + 8.82 
160 1 62. 1 6 1 50. 00 -12.16* 

Post-test 7 5. 02 100 109.09 104.35 - 4.74 
I 120 122.45 11 5. 38 - 7.07 

140 1 50. 00 1 42. 86 - 7 .14 
160 1 62. 1 6 1 50. 00 -12.16* 

Post-test 87. tr9 ·100 100.84 87. 59 -13.25* 
II 120 126.i2 11 0. 09 -16.23* 

1 Lf-0 1 l+2. 6 134.83 - 8.03 
· 160 ·171 • 43 1 53. 85 -17. 58* 

* Sten 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 .84 100 1 07. 14 117.65 + 10. 51 
120 120.00 1 21 • 21 + 1 • 21 
140 142.86 1 50. 00 + 7. 14 
160 1 69. 01 1 69. 01 0 

Post-test 54. 55 100 114. 29 1 05. 63 - 8.66* 
I ·1 ~!O 125. 00 120.00 - 5.00 

· 140 1 53. 8 5 1 51 • 90 - 1.95 
160 1 66. 67 160. 00 - 6.67* 

Post-test 64.41 100 114. 29 96.00 -18.29* 
II 120 121.21 113.21 - 8.21* 

140 146.34 1 41 • 1 8 - 5. 1 6 
160 180.82 17 5. l+7 - 5. 3 5 

SF Pretest 95 .oo 100 11 5. 38 111.11 - 4.27 
120 1 25. 00 133.33 + 8. 33 
140 1 50. 00 1 44. 58 - 5.42 
160 171.43 1 81 • 82 +10.39 

Post-test 86. 18 100 115.38 111.11 - 4.27 
I 120 120.00 118.81 - 1.19 

140 140. 53 1 38. 93 - 1.60 
160 1 62. 1 6 1 57. 89 - 4.27 

Post-test · 88. 70 100 1 ·14. 29 103.45 -10 .84* 
II 120 126-32 120.00 - 6.32 

140 148.05 1 46 • .34 - 1 • 71 . 
160 169. 01 1 62. 1 6 - 6. 85 

TH Pretest 89.27 100 100.00 1 07. 14 + 7. 14 
120 122. 1+5 130.4.3 + 7.98 
·140 11+8. 0 5 1 50. 00 + 1.95 
160 176.47 187. 50 + 11 • 03 

Post-test 'l 1 • 61 100 11 5. 38 105. 26 -10.12* 

I 120 125.00 122.45 - 2.55 
140 148.05 129. 03 -19. 02.* 
160 166. 67 146.34 -20.33* 

Post-test 86.00 ·100 107. 14 1 08. 11 + 0.97 

II 1 ;20 123.71 11 5. 38 - 8 . .33 
140 1 50. 00 1 29. 03 -20-97* 
160 1'/').10 1 50. 00 -29-10* 
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Resting 
Subjeet Test Heart Level Before After Differ-

Rate Stimulus Stimulus ence 

EH Pretest 90.91 100 109.09 109.09 0 
120 1 31 • 87 13 9. 53 + 7. 66 -
140 144. 58 142.86. - 1.72 
160 1 66. 67 1 66. 67 0 

Post-test 96.04 100 113.21 ·111.11 - 2 .10 
I 120 127.66 1 27. 66 0 

140 142.86 141.18 -- 1 • 68 
160 160.00 1 57. 89 - 2. 11 

Post-test 90.12 100 104. 3 5 11 0. 09 + 5 .74 
II 120 127. 66 125. 00 - 2.66 

·140 1 L1-8. 05 1 29. 03 -19.()2* 
160 171.tn 160.00 -11 .43* 

MK Pretest 90.68 100 111.11 96-77 -14.34* 
120 120·. 00 117.65 - 2 .35 
140 1 53. 8 5 137.93 -15.92* 
160 171 .43 1 62. 16 - 9-27* 

Post-test 80.55 100 114. 29 97. 56 -16.73* 
I 120 120.00 103.45 -16.55* 

140 1 l+4. 58 144. 58 0 ·. 

160 1 63. 0lt 1 57. 89 . - 5 .1 5 

Post-test 80.48 100 1 08. 11 103.45 - 4.66 
II 1 20 12 5. 00 1 08. 11 -16~89* 

140 1 51 • 90 1 29. 03 -22.87* 
160 1 62. 1 6 146.34 -15.86* 

HL Pretest 75-96 100 109.09 104. 3 5 - 4.74 
120 ·123. 71 1 F/. 65 - 6.06 
140 1 57. 89 153. 85 - Lt. 04 
160 166.67 171 •1+.3 + 4.76 

Post-test 63. 01 100 105.26 96.00 - 9.26* 
I 120 125. 00 113.21 -11.79* 

140 148.05 133.33 -14.72* 
160 171 .43 1 57. 89 -13-54* 

Post-test 58. 87 100 100.77 93.55 - 7.22* 
II 120 125.00 103.45 -22.55* 

140 1 t1-1 • 1 8 129. 03 -12 .1 5* 
160 166.67 1 53. 85 -12.82* 
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Resting 
Subject Test Heart Level Before After Differ-

Rate Stimulus Stimulus ence 

DM Pretest 88. ;~9 100 105.26 1 06. 19 + 0.93 
120 127. 66 125.00 - 2.66 
140 1 l+8. 05 137.93 -10.12* 
160 164.38 1 66. 67 + 2.29 

Post-tE! st 75. 09 100 1 06. 19 96.77 - 9.42* 
I 120 125.00 125. oo 0 

140 1 50. 00 148 .1 5 - 1.85 
160 160.89 1 54. 90 5.99 

Post-tu st 76. 3 5 100 117.65 1 06. 19 -11.46* 
II 120 1)) ~ ') 11 0. 09 -23 • 2l+-* .J .) •. _) 

11+0 ·144. 4 ·137.89 - 6. 95 
160 ·160. 00 136-99 -23.01* 

KN Pretest 82.g3 100 102. 56 1 00. 84 - 1.72 
120 125. 00 120.00 - 5.00 
140 144. 58 136 -36 - 8.22 
160 1 62. 1 6 1 66. 67 + 4. 51 

Post-test 6·1 .45 1 o_o 107. 14 100.00 - 7. 14* 
I 120 12 5. 00 120.00 - 5.00 

1 t+o 142.86 137.93 - 4.94 
160 160.89 1 51 . 05 - 9.84* 

Post-test 7'7.06 100 1 07. 14 100.00 - 3.1L~ 
II 1 20 126.32 126. 32 0 

140 11+8. 0 5 142.86 - 5.19 
·160 160.89 160. 89 0 

pp Pr·e test 87 . . 1i 100 ·112.15 1 O 5. 26 - 6.89 _L 
1 ;?0 120.00 117.65 - 2 .35 
·140 ·142.86 139. 53 - 3.33 
160 1 66. 67 166. 67 0 

Post-test 7.3.17 100 105. 26 96.77 - 8.49* 
I 120 12 5. 00 102. 56 -22.44* 

140 140.36 133.03 - 7-33* 
160 166.67 160.00 - 6.67 

Post-test 59.73 100 101.69 90.23 -21.46* 

II 120 122 .45 101 • 69 -20.76* 
140 11+6.34 133.33 -13.01* 
160 ·1 62. 16 1 57. 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 53 .85 136.36 -17.49* 
160 176.47 190.48 +14.01 

Post-test 61 • 6'7 100 11 5. 38 120.00 + 4.62 
I 120 134.83 1 29. 03 - 5.80 

140 141 • 1 8 1 31 • 87 - 9-31* 
160 166.67 1 60. 00 - 6. 67* 

Post-test 60.23 100 105.26 103.45 1. 81 
II 120 129.03 1 23 .. 71 - 5 .32 

140 1 50. 00 144. 58 - 5.42 
160 160.89 1 54. 90 - 5.99 

MS Pretest 70.09 100 100.00 92-31 - 7.69* 
120 122.45 118.18 -·3 .. 64 
140 146.34 1 53. 85 + 7 .. 51 
·160 160.00 1 62. 1 6 + 2. 1 6 

Post-test 62.7e 100 103.45 1 07. 14 + 3 .69 
I 120 120.3B 100.00 -20.38* 

1 lt0 1 57. 89 146. 34 -11.55* 
160 179.10 1 62. 1 6 -16.94* 

Post-test 63.81 100 105.26 100.00 - 5.26 
II 120 121. 11 110. 00 -10.11* 

140 1 50. 00 141.18 - 8.82* 
160 166.67 13 9. 53 -27.14* 

KS Pretest 93.49 100 107. 14 . 107. 14 0 
120 1 23 • '71 125. 00 + 1.29 
140 1 53. 8 5 1 57. 89 + 4.04 
160 171 . 43 1 69. 01 - 2.42 

Post-test 78)+2 100 117.65 98.36 -1'9-29* 
I 120 121 • 21 1 07. 14 -14.07* 

140 142.86 1 27. 66 -15.20* 
160 160.00 153.85 - 6. 1 5 

Post-test 69 j') 100 105. 26 99 .17 - 6.09 . -· , .. 
II 1 2C) 130.43 113.21 -17.22* 

1 ltO 1 5·1 • 90 1 50. 00 - ·1. 90 
·160 1 r~o. 84 1 55. 55 - 5.84 
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Resting 
Subject Test Heart Level Before After Differ-

Rate Stimulus Stimulus ence 

SW Pretest 1 07. 21 100 100.00 90.91 - 9.09 
120 122.45 118.81 - 3.64 
140 140.36 137.33 - 3.03 
160 164. 38 171.43 + 7.05 

Post-test 88. ·38 100 113.21 92.31 -20-90* 
I 120 130.43 111.11 -19-32* 

140 1 55. 84 134.83 -21.01* 
160 1 62. 1 6 142. 86 -19-30* 

Post-test 104.38 100 113.21 103.45 - 9.76 
II 120 ·120. 00 103. 1+5 -16.55* 

140 146.67 · 124. 58 -22.09* 
160 1 62. 1 6 146. 34 -15.82* 



Subject 

B:fA 

MAB 

*<.ten 

RAW DATA FOR HEART RATE LOWERING 
DURING EXERCISE STRESS 

Experimental Group II - Delayed Feedback 

Hesting 
Test Heart Level Before After 

Rate Stimulus Stimulus 

Pretest 90.96 100 101 . 69 100. 00 
120 122.45 12.3.71 
·140 142.86 1 :3"1 • 87 
160 166.67 1 62. 16 

Post-test 82.97 100 1 03. 99 94 . 1+9 
I 120 12·1.2·1 1 20. 00 

140 142.86 139. 53 
160 1 61+. 38 157. 89 

Post-test 80.24 100 107. 14 96.77 
II 120 123.71 113.21 

140 141. 18 136.36 . 
160 1 62. 1 6 1 53. 8 5 

Pretest 77.67 100 100.77 93.55 
120 127.66 111.11 
140 1 50. 00 130.43 
·160 162. 16 1 62. 1 6 

Post-test 77.73 100 101 • 69 99 .17 
I 120 127.66 122.L~5 

·140 1 50. 00 142.B6 
160 169.01 1 57. 89 

Post-test ao. 41+ 100 109.09 1 00. 84 
II 120 123.71 1 ·17.65 

1 LtO 140.36 ·134.43 
160 164.38 1 52. 87 

per cent of the resting heart rate 

f38 

Differ-
ence 

' - 1.69 
+ 1.26 
-10.99* 
- 4. 51 

- 9. 50* 
- 1.21 

J -3 - .J. j 
- 6.49 

-10.37* 
-10.50* 
- 4.82 

8.31* 

- 7.22 
-16.55* 

. -19. 57* 
0 

- 3. 52 
- 5.21 
- 7 .14 
-11.12* 

- 8. 25* 
- 6.06 
- 5.93 
-1 1 • 51 * 



Resting 
Subject 11est Heart Level Before After Differ-

Rate Stimulus Stimulus - ence 

CB Pretest 75. 67 100 107. 14 107. 14 0 
120 130.43 122.45 - 7-98* 
1 Lf-0 144.58 146.34 + 1 .76 
160 ·160.89 174.Li-3 + 13. 54 · 

Post-test 6'7.30 100 115.38 109. 09 - 6.29 
I 120 126.32 . 125 .oo ·1 -32 

1 t+o 148.05 13 9. 53 8. 52* 
160 166.67 1 57. 89 - 8. 78* 

Post-test 67 .30 100 11 5. 38 103.45 -11.95* 
II 120 133 • .33 120.00 -13 -33* 

140 1 50. 00 130. 1+3 -19. 57* 
160 160.00 1 57. 89 - 2. 11 

CE Pretest 81. 83 100 109.09 1 07. 14 1.95 
120 ·. 122.45 · 113.21 - 9.24* -
140 11+0. 36 - 141.93 + 1.57 
160 160.00 ·160. 00 0 

Post-test 69.28 100 1 07. 14 1 07. 14 0 
I 120 133.33 109.09 -24.24* 

140 141.18 1.33.33 - 7. 8 5* 
160 160.00 1 50. 00 -10.00* 

Post-test 7tL 80 100 1 07. 14 103.45 - 2.69 
II ·120 127.66 11 5. 38 -12.28* 

140 142.86 136.36 -14.50* 
160 1 62. 16 -153.85 - 8.31* 

CH Pretest 109. 59 ·100 111.11 104. 3 5 - 6.76 
120 125.00 142.86 +17.86 
·1 1+0 146.34 1 50. 00 + 3.66 
160 1 6L1-. 3 8 1 64. 38 () 

Post-tGst 81 . 55 100 111.11 · 89. 55 -21. 56* 
I 120 1~~0.65 110.14 -10.51* 

140 146.34 142.86 - - 3 .48 
160 1 62. 16 1 55. 84 - 6.32 

Post-test 84. 59 100 107. 14 111.11 + 3.48 
II 12.0 125.00 1 27. 66 + 2.66 

140 141.18 136.36 4.82 
160 1 G2. 1 6 1 53. 8 5 - 8.31 
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Resting 
Subject Test Heart Level Before After Differ-

Hate Stimulus Stimulus ence 

DL Pretest 84. 11 100 106. 19 111.11 + 4.92 
120 1ao.83 136.36 + 5. 53 
140 1 6.34 144. 58 - 1.76 
160 164.38 1 66. 67 + 2.29 

Post-test 7 5. 67 100 116. 50 111.11 - 5 .39 
I 120 120 .38 106.69 -13.69* 

140 11+0. 93 ·11t+.29 -26.64* 
160 164.38 146.34 -18.04* 

Post-test 86.55 100 11.3.21 105. 26 - 7.95 
II 1 ~~o 12.3.71 ·123.71 0 

11+0 ·1 l+Lt • 5B 125. 00 -19-58* 
160 161+ • .38 11+2.86 -;21. 52* 

OM Pretest 67.79 100 103.45 109.09 ·+ 5.64 
120 12 5. 00 12 5. 00 0 
1 ltO 142.86 141. 18 - 1 • 68 
160 1 69. 01 1 62. 1 6 - 6.85* 

Post-test 65-73 100 1 08. 11 1 07. 14 0.97 
I 120 120.00 117.65 - 2 .3 5 

140 141.18 139. 53 - 1 • 6 5 
160 160.00 1 62. 1 6 + 2. 1 6 

Post-test 61 .ltlt 100 1 01 . 96 1·10. 24 + 8.28 
II 1 20 122. 1+5 120.00 - 2 .45 

1 L1-0 11+1.18 11+2. 86 + 1 • 68 
'160 163.85 173.67 + 6.82 

SH Protr-.1 st 94d1 100 ·1Ol+.35 104.35 0 
1?0 120. 50 111.·14 - 9.36 
140 1 L1-2. 86 13 9. 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 1 34. 83 - 8.03* 
160 1 62. 16 1 57. 89 - 4.27 

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 1 62. 1 6 160.00 - 2. 16 
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Resting 
Subject Test Heart Level · Before After Differ-

Rate Stimulus Stimulus ence 

AS Pretest 74.46 100 103. 1+5 95 .24 - 8.21* 
120 125.00 125. 00 0 
140 146.34 13 9. 53 - 6. 81 
160 160.00 172.16 +12.16 

Post-test 83.73 100 1 00. 17 102.69 + 2. 52 
I 120 123.71 114. 29 - 9.l+2* 

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. 8 5* 

140 1 50. 00 133.33 -16.67* 
160 1 57. 89 137.93 -19-96* 



Subject 

JB 

cc 

* ~ ten -

HAW DATA FOR HEART RATE LOWERING 
DURING EXERCISE STRESS 

Control Group - No Conditioning 

Resting 
Test Heart Level Before After 

Rate Stimulus Stimulus 

Pretest 96.36 100 1Qh'.26 · 103.45 
120 11~.81 117.65 . 
140 144. 58 . 146.34 
160 1 62. 16 166.67 

Post-test 64.83 100 106. 19 . 103.45 
I 120 120.81 122.00 

140 140. 53 142. 18 
160 160.00 1 57. 89 

Post-test 86.20 100 111.11 109.09 
II 120 1 2.3 . 71 1 22. 45 

140 155.84 . ·1 53. 85 
160 161+. 38 • 62. 1 6 

Pretest 95 .89 100 100.84 10 5. 26 
120 122.45 . 1 30. lt3 
140 146.34 142.86 
160 160.00 1 66. 67 

Post-test 8l1- • 51+ 100 100.00 1Ol+.35 
I 120 127.66 122. 4 5 

140 1 57. 89 153.85 
160 166.67 160.00 

Post-test 90. 12 100 106.19 98. 36 
II ·120 127.66 1 26. 32 

140 1 50. 00 160. 00 
160 171 • 43 1 53. 8 3 

per cent of the resting heart rate 

92 

Differ-
ence 

1. 81 
- 1. 16 
+ 1. 76 
+ 4. 51 

- 2.74 
+ 1. 19 
- 1 • 6 5 
- 2. 11 

2.02 
- 1 . 26 
- 1.99 
- 2.22 

+ 4.42 
+ 7.98 
- 3.48 
+ 6.67 

+ 4.35 
- 5.21 
- 4.04 

6.67 

- 7.83 
- 1 .34 
+10.00 
-17.60* 
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Resting 
Subject Test Heart Level Before After Differ-

Rate Stimulus Stimulus ence 

AG Pretest £32. 4-9 100 112.15 105. 26 - 6.89 · 
120 120. 00 . 107. 14 -12.86* 
140 142. 86 . 133.33 -19. 53 * · 

· 160 176.47 . 1 62. 1 6 -14.31* 

Post-test 91 • 87 . · 100 · 111.11 113.21 + 2. 10 
I 120 · 126.32 1 23. 71 - 2.61 

140 ·1 1+6 .34 . 1 50. 00 + 3.66 
. · 160 1 62. 1 6 1 67. 8.3 + 5.67 

Post-test s-1 '_) 1 . '-··· 100 106.19 113.21 + 7.02 
II 120 ·1 3 9. r:3 133.33 - 6.20 ·- J . 

11+0 · 144. 58 1 4L1-. 58 0 
160 160.00 1 62. 16 + 2. 16 

SM Pretest 8~?. 97 100 · . 109. 09 111.11 + 2.02 
·120 · . 120. 00 . 139. 53 + 19. 53 . . 
·140 · 148. 05 1 50. 00 · + 1.95 

· 160 164.38 160.00 ' - 4.38 

Post-test 82.99 100 109.09 86.96 -22.13* 
I 120 122.45 12 5. 00 + 2.55 

1 i+o 1 50. 00 141.18 - 8.82* 
160 '• 1 69. 01 160.00 - 9.01* 

Post-test 67.31 100 11 0. 09 112.15 + 2 .• 06 
II 120 120.00 12 ·1 .21 + 1.21 

·140 146.34 1 50. 00 + 3.66 
160 160.00 160.00 0 

GM Pretest 83.90 100 103.45 107 .14 + 3.69 
120 . 120. 00 127.66 + 7.66 
140 142.86 137.93 - 4.93 
·160 162.16 1 55. 84 - 6.32 

Post-test 80.89 100 110. 09 107. 14 2. 95 
I 120 122.45 125. 00 + 2.55 

140 144. 58 142.86 - l.72 
160 160.00 166. 67 + 6.67 

Post-test 91 • 17 100 107. 14 . 113.21 + 6.07 
II ·120 1 ~,)0. 50 . 124 .oo + 3. 50 

1 t1-o 1 40. 53 1 5'1 • 00 + -1 o~ 47 
160 1 6? . 1 6 160.00 - 2 .16 
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Resting 
Subject TE~st Heart Level Before After Differ-

Rate Stimulus Stimulus ence 

EP Pre test 82.66 100 111.11 90.91 -10.20* 
120 125.00 125. 00 0 
1 lrO 141.18 139. 53 - 1 • 65 
160 ·1 62. 1 6 162 .16 0 

Post-test 81. 24 ·100 111.11 105. 26 - 5.85 
I 120 123.71 1 23 • '71 0 

·140 142.86 141 • 1 8 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 Prett=.~st ·111 • 40 100 119.45 114.65 - 4.80 
120 125.00 117.65 - 7. 3 5 
140 1 50. 00 14·1.18 - 8.82 
160 ·171.43 ·176. 47 + 5.04 

Post-test 71. 7 5 100 114. 29 120.00 + 5-?1 
I 120 126 • .32 121.;~1 + 5. 11 

140 142.86 137.93 - 4.93 
160 164. 38 1 57. 89 6.1+9 

Post-test 87.99 100 100.36 111 • 09 +10.73 
II 120 122. 4 5 117.65 - 4.80 

140 1 50. 00 148.05 - 1.95 
160 1 62. 1 6 164.38 + 2.22 · 

LR Pretest 96.28 100 109.09 104. 3 5 - 4.74 
1 ;?O 120.00 134.83 +14.83 
1 l-1-0 14~~.86 146.34 + 3.48 
·160 ·1 61+ • .) 8 160.00 - 4. 38 

Post-test 88.00 100 · 10'7 • 14 · 105.67 - 1. 47 
I ·120 1 ;?.2. 4 5 131.76 + 9. 3 ·1 

1 l+O 1Lf-8.05 147. ?1 · - o.84 
160 169.01 167.99 1 • 02 

Post-test 76.96 100 103, 45 ·105. 26 + 1. 81 
I.I 120 121.21 125. 00 + 3.79 

140 146. 34 ·141.18 - 5.16 
160 166. G7 1 69. 01 + 2.34 
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Resting 
Subtiect Test Heart Level Before • After Differ-

Rate Stimulus Stimulus ence 

LS Pretest 61+-37 100 103.45 1 ·1 0. 09 + 6.64 
1 ;20 122.t+5 . · 122.45 0 
1 L1-0 ·146.34 . 14? . 86 · - 3.48 
160 ·171.43 160.00 -11 .43* 

Post-test 52 .83 100 107. 14 ·. 10 5. 26 - 1 • 8c3 
I 120 120.65 118.38 - 2 .27 · 

1 ltO 141.18 136.36 - 4.82 
160 160.84 · 165. 00 + 5.84 

Post-test 59.26 100 106.26 104. 3 5 - 1.91 
II 120 120.00 117.65 - 2. 3 5 

·140 144. 58 148.05 + 3.47 
160 160.89 163.00 + 2. 11 

SB Pretest SL 15 100 105.;!.6 101.69 . - 3. 57 
120 122.45 122.45 0 
1 t+o 142.86 . 141.·18 - 1 • 68 
160 1 62. 1 6 : 171-43 · + 9.27 

Post-test 84.92 ·100 101 • 69 99 .17 - 2. 52 . 
I 120 125 .00 122.45 - 2 55 

1 L1-0 148.05 . 139. 53 - 8. 52* 
160 160.00 . 153.85 . - 6. 1 5 

Post-test 77.67 100 1 O 5. 26 104. 3 5 - 0.91 
II 120 126.32 120.00 - 6.32 

140 140. 903 · 136.36 . - 4. 57 
·160 160.00 1 57. 89 - 2. 11 

7lt. 14 ·100 103.45 103.45 
., 

0 PW Pretest 
1 ~~o 120.00 111.11 - 8.89* 
1 l+O 146.34 144. 58 - 1.76 
160 166.67 169. 01 + 2 .34 

Post-test 77. 61 100 100. 17 96.24 - 3.93 
I 120 122.45 123. 7 ·1 + 1.26 

140 1 50. 00 150.75 + 0.75 
160 1 62. 1 6 1 69- 01 + 6.85 

Post-test 74. 57 100 103. 4 5 104. 3 5· + 0.90 
II 120 121.21 126.32 + 5. 11 

140 141.18 144. 58 + 3.40 
160 164.38 171 .43 + 7.05 
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RAW DATA FOR INSTRUMENTAL CONDITIONING PERIOD 
EXPERIMENT AL GROUP I--IMMEDIATE FEEDBACK 

Resting 
Heart Deere- Before After Differ-

Subject Day Rate ment Trial Stimulus Stimulus ence 

MA 1 80.97 . 8. 10 1 81.08 76.92 - 4. 16 
') 83.33 71. 43 -11.90* c.... 

3 83.33 78.95 4. 38 
4 · 81 . 08 76.92 - 4. 14 

2 87. 58 f3. 76 1 92.31 83.33 8.98* 
2 85. 71 82 .19 - 3. 52 
3 89.55 88.24 1 . 31 
4 88.24 85. 71 - 2. 53 

3 87.22 8 7r> . 1 82. 19 7 5. 95 - 6. 18 • c. 

2 84. 51 78. 95 - 5. 56 
3 92.31 78. 95 -13-36* 
4 86.96 85. 71 - 1.25 

4 93.22 9.32 1 103. 45 76.92 -26.53* 
') 92.38 83.33 - 8.98 L 

3 92.31 81.08 -11.23* 
4. 95.24 84. 51 -10.73* 

5 76.02 7.60 . 76.92 77.92 + 1.00 
2 75.95 75. 95 0 

~ 75.00 75.00 0 
~31 . 08 73-1'7 - 9.81* 

6 94.69 9 -1+7 1 90.91 90.91 0 
2 98. 36 82. 19 -16.17* 
3 · 103.45 90.91 -12.54* 
lt- - 96.77 89.96 - 9.81* 

7 85. 85 8. 59 1 1 03. 45 80.00 -23. 45* 
2 82 .19 78.95 - 3. 24 · 
.3 85. 71 83.33 - 2. 38 
4 81 .08 78. 95 - 2. 13 

8 t36. 50 B.65 1 75.00 7 5. 00 0 
2 88.24 72.29 -15.95* 
3 107. 14 72.29 -34. 85* 
4 90.91 70. 59 -20.32* 

9 95. 53 9.55 1 100.00 89.55 -10. 45* 
2 105. 26 89.55 -15-71* 
) 9r::' '">4 84. 5-1 -10.73* _.) '). r:... 

l+ 1 07. 1 t+ 96.77 -10.37* 

10 ·1 07. B1+ lC r7 u 10~_: •1+5 96-'7'7 - 6.68 
.). I U 

I) 'i 1 1 • 1 1 98.77 1 9 7 ~'.~* 
,.·.., - e:... 7 

j 11~:;.38 93 .75 -21. 63* 
" 

l+ 107. 1 4 93 · 7 5 -1.3.39* 
*. < to ·1 0% doc re men t 
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iie sting 
Heart Deer·e- Before After · Differ-

Subj e~:t I2a~· Ha!.~ m~ot l' L' !JiJ § t .l m11J. \!§ Stimulll~ evce 

BB 1 70.88 7.09 1 66.67 63.83 - 2.84 
2 76.92 63.83 -13.09* 

. 3 . 61.22 62. 50 + 1. 28 
4 75.00 63.83 · -11.17* 

2 68 .16 6.82 1 58.25 58.82 + o. 57 
2 . 66. 67 · 60.00 - 6.67 
3 60. 61 61. 22 + o. 61 
4 63.83 60.00 - 3.83 

3 8l+. 92 8.49 1 81 .08 · 81 • 08 0 
2 89.55 .· 83. 33 . - 6.22 
3 95.24 77.92 -17-32* 
4 81.08 81 . 08 0 

4 94.36 9.44 1 100.00 89.55 -10.45* 
2 93. 7 5 · 84. 51 · - 9.24 
3 90~91 84. 51 - 6.40 
4 96.77 83 .33 · -13.44* 

5 )3 .90 9.39 1 92.31 88.24 - 4.07 
2 93.75 81 .08 -12.67* 
3 92.31 85 .71 - 6.60 
4 89.55 81 .08 - 8.47 

6 82.99 8.30 · 96. 77 .· 85.71 · -11 • 06* 
2 88.24 80.00 - 8.24 
3 88.24 77.92 -10.32* 
4 95.24 81 .08 -14.16* 

7 86.98 8.70 1 95 .24 85 .71 - 9. 53* 
2 88.24 76.92 -11 -32* 
3 89.55 76. 92 . -12.63* 
4 96. 77 · 75.00 -21.77* 

8 86.65 8.67 1 90.91 81 .08 - 9.83* 
I) 88.24 78.95 - 9.29* c.. 

3 86.96 76.92 -10.04* 
l+ . 90. 91 76.92 -13.99* 

9 '+. 25 8 •1+ 3 . 92.31 83.33 - 8.99* 
: '") 85. 71 75.00 -10.71* . (._ 

3 96.77 80.00 -16.77* 
l+ 85 .71 76.95 - 8.76* 

10 88.94 a.a9 1 96.77 84. 51 -12.26* 
'") 90.91 81. 08 - 9.83* ,:-;, 
• ·1 90.91 76.92 · -13. 99* .) 

1+ Sli-. 51 8 ·1 • 08 . - 3 .43 
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· Resting 
Heart Deere- Before After Differ-

Sub ·isi:t Ua~ Hate Ol~Dl~ 'i'r :isl 12t imJJ.lJJ.lii Stimyly~ ~nee 

SD 1 · . 60. 06 . 6.01 1 60.00 58.82 - 1 ~ 1 8 
2 50.00 53. 57 + 3. 57 
3 53. 57 . 51 • 7 2 ... 1 . 85 
lt 58.82 55. 56 - 3.26 

2 72. 59 · 7.26 71 .43 58. 82 · -12.61* 
2 55-56 63.83 . + 8. 27 
3 63 .16 58.84 - 4.34 
4 57 .69 54. 55 - 3 .14 

3 61. 85 6 .19 1 61. 86 57 .69 - 4-.17 
2 52.63 55. 56 + 2.93 
3 61. 22 55-56 - 5.66 
4 70. 59 58. 25 . -12.34* 

4 68.26 6.83 1 69.77 63 .16 - 6. 51 
2 81.08 68.18 -12.90* 
.3 80.00 65 .22 -14.78* 
4- 70. 59 66.67 · · - 3. 92 

5 67.42 6 .74 ·1 71+. 07 55-56 . -18.51* 
2 81 . 08 54-55 -26.53* 
3 58.82 58.82 0 
4 7 3. 17 51. 72 -21 .45* 

6 S7. 28 6.73 1 63 .83 63 .16 ·- 0.67 
2 75.00 66.67 - 8.33* 
3 83.33 63. 83 -19-50* 
l+ 75 .95 60.00 ·. · -1 5-95* 

7 61 . 12 6. 11 1 60.00 52 .17 - 7.83* . 
2 65-22 52 .17 ' -13. 05* 
3 76-92 57 .14 -19-78* 
4 78.95 · 54.05 -23-90* 

8 55 .79 5.58 1 53 .1 O 50.00 - 3 .10 
2 68.18 55.05 · -13.13* 
3 51 .72 50.00 - 1. 7 2 
4 68.18 55.56 -12.62* 

9 76. 59 '7.66 1 88.24 73 .17 -1 5. 07* 
2 75 .00 66~67 - 8 .33 * 

~ 72.29 65. 93 . ~. 6.36 
76.92 58.82 -18.10* 

10 47.63 4.76 66.67 48.39 . -18.28* 
? 65.22 52.63 -12.59* 
3 57. 69 47.24 -10.44* 
4 54.05 50.00 - 4.05 
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' Re sting 
Heart Deere- Before After Differ-

Subject Da:y Bate ment Irial Stimulus Stimulus ence 

SF 1 92.79 9.28 

2 -86. 97 8.70 

3 95. 86 9. 59 

4 83 .7'7 8.38 

5 95 .76 9. 58 

6 86.85 8.69 

7 85.86 8.59 

87. 55 

9 78. 1 O 

10 84. 59 8.46 

1 
2 
3 
4 

1 
2 
3 
4 

1 
2 
3 
4 
1 
2 
3 
4 

1 
2 
3 
4 

1 
2 
J 
l~ 

1 
2 
.3 
4 

1 
2 
3 
l~ 

1 
2 
3 
4 
1 
? 

3 
l+ 

93 __ • 7 5 90. 91 
93.75 90.91 
93.75 · . 83.33 
98. 3 6 ,- 89. 55 
88. 24 .. · 81 • 08 
93.75 83.33 
86.96 83.33 
90.91 · 78.95 
96. 77 86 .. 96 
88.24 - 92.31 
96. T? 90. 91 
90.91 . 92.31 . 

1 00. 00 . 81 • 08 -
82 . 1 9 · 7 8 . 9 5 
90.91 . 71.43 
83.33 77.92 

101.69 · 85.71 
93.75 86.96 
89.55 89.55 
96.77 83.33 
83 .33 74. 07 -
88.24 78.95 
89.55 80.00 
88.24- 83.33 
92.31 83.33 
93.75 83.33 
86.96 80.00 
92.31 83.33 

85.71 75.95 
86. 96 7 5. 95 
89.55 77.92 
85.71 76.92 
85.Tl · 71.4-3 
90.91 . 71 .43 
76.92 · 73.17 
78. 95 68. 97 
83.33 77.92 
85.71 78.95 
85.71 80.00 
89.55 81 .08 

_. 2. 84- · 
- 2.84 
.... 10. 42* 
- 8. 81 
- 7 .16 
-10.42* 
- 3. 63 . 
-11 . 96* 
- 9.81* 
+ 4.07 
- 5 .86 
+ 1 • 40 . 

-18.92* 
- 3.24 
-19.48* 

· - 5.41 
· -15.98* 

- 6.70 
0 

-13.44* 
- 9.26* 
- 9-29* 
- 9. 55* 
~ 4. 91 
- 8.98* 
-10.42* 
- 6.96 
- 8.98* 

- 9.76* 
-11.01* 
-11 • 63* 
- 8.79* 
-14.28* 
-19.48* 
- 3 .75 
- 9.98* 
- 5 .41 
- 6.76 
- 5. 71 
- 8.47* 



100 

He stoi ng 
Hnart Dnc.r·c~- Bu for(~ After Differ-

S.U.b hu~ t Wa:i H~~ t(~ mc:r1 t, TL·Ja.L ~>t L!nld,l U~3 ~3LLrnulus ence 

TH 1 93 .75 9. 38 1 90.91 83.33 - 7. 58 
2 85.71 . 83 .33 - 2.38 
3 90.91 81,-. 08 - 9.83* 
4 88.24 78.95 - 9.29 

2 79.80 7.98 1 84. 51 75.00 - 9. 51 * 
2 83.33 78.95 - 4.38 
3 85. 71 78.95 - 6 .76 
4 83.33 76.92 - 6.41 

3 8l~. 29 8.43 1 78.95 73 .17 - 6.78 
2 96.77 76.92 -19. 8 5* 
3 83.33 78.95 - 4.38 
4 78.95 75 .00 - 3.95 

4 95 .25 9. 53 1 92.31 81. 08 -11 . 23 * 
2 93 .75 81 .08 -12.67* 
') 93 .75 83.33 -10.42* _) 

l+ 90.91 81. 08 - 9.83* 
r., 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 
4 86.96 82 .19 - 4.77 

6 86.09 8. 61 1 90.91 77.92 -12.99* 
2 92.31 78. 95 -13-36* 
3 88.24 78. 95 - 9-29* 
4 92.31 82.19 -10.12* 

7 85. 88 8. 59 1 95 .24 78.95 -16.29* 
2 93. 7 5 81.08 -12.67* 
3 93 .75 76.92 -16.83* 
4 84. 51 76-92 - 7. 59 

8 74.31 7 . t+-3 1 82.19 74.07 - 8.12* 
2 73 .17 63. 83 - 9.34* 
' ) 77.92 64. 52 -1_3.40* 
~ 81.08 68.18 -12-90* 

9 76.60 7.66 ·1 83 . .33 74.07 - 9.26* 
2 83.33 73 .17 -10.-16* 
3 88.24 75 .oo -13.24* 
)+ 76,92 75 .00 - 1.92 

10 '79.;21 7.92 1 92.31 75. 00 -17-31* 
2 88 ,. .. l 75.00 -1,3.24* .) • 2 + 
3 83 .33 69-7'7 -1.3,56* 
l+ 88. ~?. 4 73 .17 -1 5. 07* 



101 

Subject 
Resting 

Deere- T . . Before After Differ-Day· Heart · rial 
Rate ment Stimulus Stimulus ence 

EH 1 · 83. 51 8.3 5 1 83.33 82. 19 - 1 . 14 
2 81. 08 86.96 + 5.88 
3 81 .08 85. 71 + 4.63 
lt 85 .71 89.55 + 3.84 

2 79.37 7.94 1 83.33 76.92 - 6.41 
2 71 .43 71 . 43 0 
3 73 .17 71 .43 + 1. 74 
4 78.95 71 .43 - 7. 52 

3 92.54 9 r) 5 1 86.96 . 7 5. 00 -11 . 96* . '-· 
" ) 90.91 83.33 - 7. 58 c_ 

3 88.24 81 • 08 - 7 .16 
l+ 90.91 82 .19 - 8.72 

l+ 96. 8l+ 9.68 1 103. 45 81 . 08 -22-37* 
2 89.55 80.00 - 9.55 
3 100.00 84. 51 -15.49* 
4 82.19 81. 08 - 1 . 08 

5 -89. 57 8.96 1 103 .45 90.91 -12.54* 
2 100.00 88. 24 -11.76* 
3 90.91 88.24 - 2.67 
4 90. 91 88.24 - 2.67 

6 9l+.84 . 9 •1+l3 1 1 03. 45 89.55 -13-90* 
2 89.55 88.24 - 1 • 31 
3 83.33 84. 51 + 1 . 1 8 
4 96-77 88.24 - 8. 53 

7 B7. 11 8.71 1 98.36 88.24 --10.12* 
2 85. 71 83.33 - 2.38 
3 88.24 82.19 - 6.05 
4 85 .71 81 . 08 - 4.63 

8 100. 07 10. 01 1 105. 26 95 .24 -10.02* 
2 101 . 69 90. 91 -10.78* 
3 1 oo. 00 85. 71 -14.29* 
4 96-77 89.55 - 7.22 

9 99.00 9.90 1 92-31 88.24 - 4.07 
2 86.96 75 .95 -11. 01 * 
, 96-77 90. 91 - 5.86 
. ) 

4 89.55 78.95 -10.61* 

10 101.6~~ 1 o. 16 1 -r1·1.11 96.77 -1 l+. 3lt* 

~? ·1or7.14 · 93. 7 5 -13-39* 
_) ) 9~~-31 8E3. ~2Lr - 4.07 
l r 93 .7 5 85. 71 - 8. ())+ 
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Resting Deere- Before After Differ-Subject Day Heart Trial 
Hate ment Stimulus Stimulus ence 

MK 97.04 9 .70 107. 1 4 90.91 -16.23* 
') 
{ ... 81. 08 88.24 + 7. 16 
3 85 .71 85 .71 0 
4 90.91 90.91 0 

2 1 07. 1 9 1 o. 72 1 96.77 90.91 - 5.86 ,., 100.00 93 .75 - 6.25 c... 

3 1 01 • 69 88.24 -13. 45* 
4 90.91 93 .75 + 2.84 

3 80.41 8.04 1 78. 95 75.00 - 3. 95 
2 74.07 71 .43 - 2.64 
3 85. 71 76.92 - 8.79* 
4 75.00 71 .43 - .3 • 57 

4 95 .13 9. 51 1 1 05. 26 88.24 -17.02* 
2 1 01 . 69 90.91 -10.78* 
3 111. 11 "86.96 -24.15* 
4 93. 7 5 · 90. 91 - 2.84 

5· 7'7. 6(3 7.77 71 .43 71 .43 0 
') 92.31 74.07 -18. 2l+* ,._ 

3 9;~.31 72.29 -20.02* 
4 88.24 75.00 -13.24 

6 80. 13 8. 0·1 1 93 .7 5 73 .17 -20.58* 
2 76.92 74.07 - 2.85 
3 83.33 . 68. 97 -14-36* 
4 78. 95 75.00 - 3. 95 

7 88 .16 8.82 85. 71 70. 59 -15.12* 
2 90.91 -73.17 -17.74* 
3 103.45 72.29 - -31 .16* 
4 95.24 73 .17 -22.07* 

8 85 .36 8. 5lt ·1 100.00 68 .18 -31.82* 
2 83 . .33 73 .17 -10.16* 
3 86.96 69.77 -17.19* 
1+ 78.95 75.00 - 3.95 

9 8t3. 44 8.84 75.00 76.92 + 1.92 
') 83.33 75 .oo -12.33* 
{,. 

) 71.lt3 75.00 + 4.43 
.J 
1+ 8B.?4 71 .43 -16.81* 

1 0 ( ' > r''/ 6. :-~6 B ·1 • of3 t,. i: .. o -1B.)8* 
), .. . ) ),!. • 7 

') 17e 9c:' 6 5. 2~: -13-73* ,,· ... .i. / 

3 86.96 ( ") f.p -2].13* .) ..) . . .) 

l1- 68.18 61. 86 - (:' 30* ) • C. 



10.3 

Resting Deere- Before After Differ-
Subject Day Heart Trial 

Hate ment Stimulus Stimulus ence 

RL 1 77.7 ·1 7.77 83.33 74.07 - 9.26* 
') 74.07 69.77 4.30 '-~ 

3 74.07 67.42 - 6.65 
4 75.95 71 .tt3 - 4. 52 

2 60.85 6.09 1 68.97 54.05 -14.92* 
2 6.3.83 58.82 - 5.01 
3 61 .86 58 .25 - 3.61 
4 57. 69 52 .63 - 5.03 

3 68.48 6.85 1 71 .l+3 61 . 22 -10.21* 
r) 71 .43 64. 52 - 6.91* '-

3 73 .17 60.00 -13.17* 
4 83.33 63 .16 -20.17* 

4 81 .. 51 8. 1 5 1 88. 24 . 71+. 07 -14.17* 
r) 83.33 73 .17 -10.16* ,.,. 

3 85 .7 5 71 .43 -14-32* 
lt 90.91 73 .17 -17-74* 

5 80 •1+9 8.05 1 88.24 68 .18 -20.06* 
2 82.19 71 .43 -10. 76* 
3 76.92 65-22 -11 . 70* 
4 90.91 72.29 -18.62* 

6 7 2. 67 7 ')'l 71 .43 65-93 - 5.50 . ( _ 

2 81.08 67.42 -13.66* 
3 73. 17 68.97 - 4.20 
4 78.95 71 .43 - . 7. 52 * 

7 68.77 6.88 75.00 6a .16 -11 . 84* 
2 75.00 6 . 52 -1 0.lt-8* 
') '7 5. 00 63. 16 -11 . 84* 
_) 

4 78.95 65-22 -13-7.3* 

8 71+. 10 . 7 • l+ 1 76.92 65-93 -10.99* 
') 68. ·18 61.22 - 6.96 
{_ 

3 . 75.00 62.50 -12. 50* 
l+ 72.29 61 • 22 -11 • 07* 

9 75.84 7. 58 1 78.95 62.50 -16.45* 
2 71 .43 62. 50 - 8.93* 
3 71.43 62. 50 - 8-93* 
4 75 .oo 60.00 -1 5. 00* 

10 71+. 3 9 7.l-tl+ 1 80.00 68.97 -12.03* 
r) 78. 95 65-93 -13.02* 
( .. ., 80.00 e7.42 -12.58* 

) 

l+ 81 .08 67.4? -13.66* 
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. Resting Deere- Before After Differ-Subject Day Heart Trial 
Rate ment Stimulus Stimulus ence 

DM 1 92.80 9.28 1 96.77 93 .75 - 3.02 
2 96.77 96.77 0 
3 100.00 93. 7 5 - 6.25 
l+ 90.91 93.75 + 2.84 

2 78.98 7.90 81.08 80.00 ·1 .08 · 
2 80.00 72.29 - 7. 71 
3 85. 71 76.92 8.79* 
4 81+. 51 76.92 - 7. 59 

3 83.74 8.37 1 85.71 70. 59 -15.12* 
2 85. 71 82 .19 - 3. 52 
3 78.95 85 .71 + 6 .76 
4 92.31 83.33 - 8.98* 

4 97 • 4lt 9.74 1 96.77 93 .7 5 - 3.02 
2 78.95 85 .71 + 6.76 
3 81. 08 89.55 + 8.47 
1+ 95.24 89.55 - 5.69 

5 93.41 9. 3l+ 100.00 100.00 0 
,-) 1 05. 26 90.91 -14. 3 5* ,:. 

j 113.21 96.77 -16 .l-t4* 
l+ 105. 26 93 .7 5 -11 . 51 * 

6 90. 2lt 9.02 1 88.24 81 . 08 - 7. ·1 6 
') 95.24 89.55 - 5.69 L 

3 92. 31 90.91 - 1 .40 
Lt 92.31 88.24 - 4.07 

7 94.36 9 .. 44 1 95.24 93 .7 5 - 1.49 
2 101 . 69 89.55 -12.14* 
3 100.00 95. 24 - 4.76 
4 93 .7 5 81 . 08 -12.67* 

8 96.29 9.63 105.26 100.00 - 5.26 
') 1 07. 14 93 .7 5 -13-39* c .. 

3 1 07. 14 96.77 -10.37* 
l+ 107. 14 92.31 -14.83* 

9 83.64 8 - , 103. 4 5 90.91 -1 2. 5lt* .jo 
2 100.00 100.00 0 

3 109 .()9 89.55 -19. 54* 
I+ 100.00 8 8 °lt. -11 • '7 6* . • r. .. 

10 F ,_, q(~ 0.JU (V '71 e·1 .OB - tt. 6 3 
. .l •·•· . -· ( 

( ) . 
. ) ~)6. '17 75.95 -20.B2* 
j B3. J3 81 . 08 - 2.25 
4 86.96 76.92 ~·1 o. 04* 
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Resting Deere- Before After Differ-Subject Day Heart Trial 
Rate ment Stimulus Stimulus ence 

KN ·1 81+. 97 · 8. 50 1 85. 71 78.95 - 6.76 
2 83.33 85.71 + 2.38 
3 85. 71 78.95 - 6 .76 
4 88.24 76.92 -11.32* 

2 7 - 3 ° 7.63 68.97 68. 18 0.79 b. r .. 
') 7 3 .17 68.97 4.20 (_ -
3 69-'77 68.18 - 1.59 
Lt 7l+. 07 68.18 - 5.89 

3 '7 1 . 06 7. 11 76.92 73 .17 - 3. 7 5 
2 75 .oo 69.77 - 5.23 
3 69.77 66.67 - 3 .10 
l+ 75 .oo 66.67 - 8.33* 

l~ 71+. 1 3 i_ 7 .4·1 80.00 7 5.00 - 5.00 
') 75 .95 72.29 - 3.66 t: • . 

3 72.29 71.43 o. 76 
4 73.17 71 .43 - 1.74 

5 82.70 8 r)'7 80.00 78.95 - 1.05 •L 
') 80.00 75.00 - 5.00 (._ 

3 76.92 77.92 + 1.00 
4 85. 71 80.00 - 5.71 

6 87.39 8.74 89.55 85. 71 - 3.84 
') 92 . .31 82 .19 -10.12* c.. 

.3 89.55 83.33 - 6.22 
1+ 86.96 77.92 - 9.04* 

'7 - 76.'70 7. 6'7 85.71 71 . 43 -14.28* 
') 78. 95 78. 95 0 ,:. 

3 78.95 7'7 • 92 - 1 • 03 
4 7 5.00 7 5 .oo 0 

e 87. 8j 8. '1 E3 1 89.55 80.00 - 9. 55* 
') 90.91 81 . 08 - 9.83* ,. 
.3 8.3.33 76. 92 . 6.41 
l+ 84. 51 7 5. 00 - 9.49* 

9 7 5.97 7.60 ·1 78.95 71 .43 - 7. 52 
2 75.95 68 .18 - 7-77* 
.3 71 .43 69.77 - 1.66 
4 71.43 71 .43 0 

10 77.78 -7. 78 1 81 .08 69.77 -11.31 * 
2 73. 17 73 .17 0 
3 72.29 73 .17 + o.88 
4 75.00 78.95 + 3. 95 



106 

Resting Deere- Before After Differ-Subject Day Heart Tri.al 
Rate · ment Stimulus Stimulus ence 

pp 78.31 7.83 1 76.92 71.43 - 5. 49 
2 81.08 71 .43 - 8. 65* 
3 73 .17 69-77 3.40 
l+ 71.43 71.43 0 

' ) 73. 52 · 7.35 1 68.18 68.97 + o. 79 £.. 

2 '7 5. 00 62.50 -12. 50* 
3 7 5.00 61.86 · -13.14* 
4 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 92.31 76.92 -15-39* 
lt 93. 7 5 82 .19 - 9-56* 

lt 83 .33 8.33 1 81.08 72.29 - 8.79* 
2 83 .33 78.95 - 4.38 
3 98.36 72.29 -26.07* 
4 83.33 7 5 .95 - 7 .38 

5 6:>. 88 6.29 1 58.25 61 . 22 + 2.97 
2 63.83 63.83 0 
3 . 60. 00 61 . 22 + 1.22 
4 71 .43 58 .25 -13.18* 

6 73 .81 7 • .38 77.92 70. 59 - 7 ·a 1 
') 77.92 71 .43 - 6 • . 9 L . 

3 77.92 69.77 - 8 .1 5* 
4 77. 9;2 68.97 - 8.95* 

7 67 • 1 7 6.72 1 70.59 68.97 - 1.62 
2 80.00 74.07 - 5, 93 
3 '78.95 67.42 -11. 53* 
4 78.95 65-93 -13,02* 

8 81 • 2lt 8. 12 1 83.33 68.97 -14,36* 
2 83.33 68.97 . -14.36* 
3 75.00 69.77 - 5.23 
l,t B4. 51 68 .18 -16.33* 

9 83. Olt •. 8. 30 1 85 .71 72.29 · -13.42* 
2 83.33 75.00 - 8-33* 
3 83.33 68.97 -14 .J6* 
lf- 78~95 73.17 - 5.78 

10 7 5 .31 . 7 • 53 1 76~92 70. 59 - 6 • .33 
2 81.08 73 .17 . - 7.91* 
3 76-92 70.59 - 6.33 · 
4 85 .71 78-95 - 6.76 



107 

Resting 
Deere- Before After Sub ti ect Day Heart 11 rial Differ-

Rate ment · Stimulus Stimulus ence 

KP 1 88.14 8. 81 1 78.95 75 .oo - 3 · 95 
2 83.33 75.00 -12.33* 
3 90.91 70. 59 -20.32* 
4 88.24 99.77 . -18. 47 * 

2 .69 .]9 6.94 1 . 73 .17 70. 59 - 2. 58 
2 74.07 67.42 - 6.65 

~ 69.77 62.50 - 7 · 27 * 
7.3 .17 68.18 - 4.99 

3 76 .3 5 7.64 1 73 .17 71 .4 3 - 1.74 
') . 82 .19 65 .22 -16.97* t:.. 

3 68.97 64. 52 · - 4 45 
lt 73 .17 64. 52 - 8.65* 

lt 101 .7·1 1 0. 17 1 103. 4 5 9.3 .75 - 9.70 
r) ·103 .45 89.55 -1J.90* '- ·• 

3 q5 ')4 90.91 - 4.33 / . '---
l+ 96.77 89.55 - 7.22 

5 81 .00 8.10 1 98.36 75 .00 -23-36* 
2 83.33 7 5 .oo - 8.33* 
3 · 86. 96 75.00 -16.96* 
4 71 .43 71.43 0 

6 79.99 8.00 1 ··. 96.77 69-77 -27.00* 
r) 88.24 75 .oo -13.24* L. 

3 89.55 77.92 -11 .63* 
l+ 75. 95 67.42 - 8. 53* 

7 8~; .14 8. 51 . 1 . 88. 21+ 7 5 .95 -12.29* 
2 82.19 73 .• 17 - 9.02* 
j 78.95 68 .18 -10.77* 
lt 81. 08 71 .l+3 - 9. 65* 

e 63.46 (i.J~; . 6 5 r)') 6J. 8.3 - 1 • 3 9 
.) • c .. t.: •. 

') . 71 .43 59.41 -12.02* 
( ... 
") · 81 . 08 63 .16 -17-92* _) 

l+ 84. 51 62.50 -2~~.01* 

9 68. 86 . . 6.89 1 69.77 71.43 + 1 .76 
2 65.22 62. 50 - 2 .72 

3 73 .17 65 .22 - 7-95* 
4 70. 59 60.00 -l0.59* 

10 82.66 · 8. 27 1 . 84fl 51 76.92 - 7. 59 
2 90.91 75 .95 -14.96* 
3 82 .19 76.92 - 5 .27 . 
4 81.08 75.00 - 6.08 
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Resting Deere- Before After Differ-Subject Day Heart Trial 
Rate ment 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 0 
l+ . 76.92 68 .18 - 8.74* 

2 69.34 6.93 1 66.67 66. 67 · 0 
2 68. 18 . 66. 67 - 1 • 51 
3. 76.92 63. 16 -13.76* 
4 61. 86 63.83 + 1.97 

3 73.04 7.30 1 73 .17 59.41 -13.76* 
'I 7 3. 17 · .· 58. 82 -14.35* C. 

3 59 • Lf. 1 56. 60 . - 2. 81 
4 57 .97 58. 82 + o. 85 

4 77.27 7 .73 . 1 77.92 68 .18 - 9.74* 
2 80.00 .· 63. 83 -16.17* 

.. -) 83.33 ·. 65-22 -18.11* 
4 75.00 64. 52 -10.48* 

~ ..... 85. 50 8. 5.5 1 82.19 73 .17 9.02* ') -
2 77.92 70. 59 , . - 7.33 
3 76.92 . 69-77 - 7. 1 5 
lf- 78.95 65.22 -13-73* 

6 '7 2. 03 7.20 ·1 69.77 62.50 . - 7 · 27* . · 
2 76.92 63.83 -13.09* 
3 93 .7 5 62.50 . -31 . 25* 
4 80.00 63.83 -16.17* 

7 81 . 1 0 8. 11 . . 1 88.24 72.29 -15.95* 
2 88.24 . 69-77 -18.47* 
3 7 5.00 65-93 - 9 .07* 
l+ 76.92 68 .18 - 8. 74* 

8 65 .03 6. 50 ·1 80.00 61 .22 -18.78* 
2 76. 92 _ 59.41 -17. 51 * 

a 72.29 60.61 -11.68* 
71+. 07 67.42 - 6. 55* 

9 79.33 7.93 1 80.00 62.50 -17-50* 
I ) 93 .7 5 63 .16 -J0.59* · 
'-· · 

~ '78.95 68 .18 -10.77* . 
l~ 7c3.95 65-22 -13-73* 

10 86.32 8.63 1 86~96 61. 22 -25-74* 
2 73.17 68 .18 - 6.99 
3 71.43 63. 83 - 7.60 
4 71 . 43 64. 52 - 6.91 
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Resting Deere- Before After Differ-Subject Day Heart Trial 
Rate ment Stimulus Stimulus ence 

KS 1 79~28 7.93 1 . 85 .71 78.95 - 6.76 
2 76. 92 . 69.77 - 7.1 5 
3 83.33 71.43 -11.90* 
4 83. 33 . 66.67 -16.66* 

2 74 .18 '7.42 1 . 74. 07 . 68.18 - 5.89 
2 76.92 68. 18 - 6.74 .. 
3 71 .43 . 68. 97 - 2.46 
4 78.95 69.77 - 9. 1 8* · 

j 67.72 6.77 . 1 6 5. 2.2 62. 50 - 2 .72 · 
2 75.00 63.83 -11.17* 

~ 
· 6'> i:-'o 61. 22 - 1 . 28 . . . '··· . J 

75.00 6 ') 8-) -11.1'7* ; . _) 

4 75.71 7 · 57 1 72.29 63.83 - 8.46* : . 
2 65.22 65.93 + 0.71 
3 71 .43 58.82 -12.61* 
4 82 .19 66.67 -1 5. 52* 

5 82.62 8.26 1 ·. 84. 51 75.00 - 9. 51 * ·. 
2 71 .L~3 74.07 + 2.64 
3 83.33 . 71 .43 -11 •. 90* 
4 76.92 68 .18 - 8.74* 

6 7 3. 16 7.32 1 . 67.42 61. 22 - 6.20 
') 62.50 57 .14 - 5 .36 c.... 
') 61.22 62.50 + 1.28 
.,) 

4 69.77 61. 22 - 8.55* 

'7 '7~;·.10 7. 51 ' . 1 . 81.08 66.67 -14.41* 
') 72.29 65 .22 - 7.07 , ... 
.3 8c3. 24 65 .93 -22-31* 
4 . 80. 00 · 60.00 -20.00* 

8 Bo.70 8.07 1 86.96 · 7 5. 95 -11.01* 
') 95.24 76.92 -18.32* c.. 

3 88.24 78.95 - 9-29* 
4 77.92 78.95 + 1 . 03 

9 77.73 7.77 1 83.33 73 .17 -10.16* 
2 78. 95 69.77 - 9 .18* 
3 76.92 71 .45 - 5.47 
4 77.92 65 .93 -11.99* 

10 83.04 8. 30 1 88.24 69.77 -18.47* 
2 93. 7 5 70.59 -23.16* 
3 Q ·) -\ 3 70. 59 -12.74* 

•. ) .. . .) .• 
1,. Bo.oo 71 .l-H - (~ r'7 * \. . ) 
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Subject 
Resting Deere- Before After Differ-Day Heart 1rrial 

Rate · ment Stimulus Stimulus · ence 

SW 1 94.7'7 9.48 · ·. 1 100.00 90.91 - 9.09 ,-, 
c:. . 107. 14 90. 91 · -16.2.3* 
3 90.91 90.91 0 
4 93 .7 5 90.91 - 2.84 

r) 100.82 · 1 o. 08 . 1 89.55 93.25 + 3.70 {'_ 

2 1 07. 14 96.77 -10.37* 
3 107. 14 92.31 -14.83* 
4 1 07. 1 4 93 .75 -13.39* 

3 96.99 9.70 1 101 • 69 81. 08 -20.61* 
2 88~24 88.24 0 
3 89.55 93 .75 - 4.20 
4 105. 26 85. 71 -19.55* 

4 97.92 9.79 1 98.36 7 5 .oo -23-36* 
2 96. 77 . 72.29 -24 .• 48* 
3 98.36 73. 17 -25.19* 
t1- 103. 4 5 77.92 -25-53* 

5 105.41 10. 51+ ' 1 1 07. 14 85. 71 -21 .. 43* 
2 109.09 88.24 -20.85* 
~) ' 111.11 8l+ • 51 -26.60* ~.l 

4 111.11 74.07 -37-04* 

6 107. 84 10.78 1 ' 107. 14 78.95 -28.19* 
2 96.'77 82.19 -14.58* 
3 92.31 75.00 -17-31* 
4 1 01 . 69 72.29 -29.40* 

7 ·1 04. 1 8 1 0. 1+2 1 109.09 81.08 -27.01* 
2 109.09 78. 95 -30.14* 
3 111.11 83.33 -27. 78* 
1+ 101 • 69 81 • 08 -20.6-1* 

8 95 .25 . 9. 5.3 1 95 .24 69-77 -25. 47* 
2 96.77 75.00 -21 -77* 
3 88.24 72.29 -15.95* 
l+ 9.3. 7 5 70. 59 -23. 16* 

9 104. 1[3 1 0. lt2 107. ·14 84. 51 -22.63* 
') 103. 45 82 .19 -21.26* 
'-· 

3 . 1 OJ. lt 5 86.96 -16.49* 
l+ 96-?7 78~95 -17.82* 

10 1 03. 51 · 10. )') 103. 4 5 7 ;2. 29 -31.16* 
J., 

2 10~.26 84. 51 -20. 7 5* 
3 ·1 01 . 6C,) 71 .t+3 ") 0 1")6* 

- .;) • L. 

4 117.65 80.00 -37. 65* 



1 1 1 
RAW DATA FOR INSTRUMENTAL CONDITIONING PERIOD 

. . EXPERIMENTAL GROUP II--DELAYED · FEEDBACK 

Resting Deere- Before After Differ-Subject Day Heart ment Trial Stimulus Stimulus Rate en.ce 

BJ-A 1 87.49 8. 7 5 1 ' 93 .7 5 81.08 -12.67* 
2 88.24 . 85.71 - 2. 53 
) 85 .71 81 .08 - 4.63 ,) 

4 90.91 - · 83.33 - 7. 58 

2 9.3 .10 9.31 98.36 88.24 -10.12* 
') '' 100.00 92.31 - 7. 69 . ,:. 

3 100.00 · 88. 24 -11.76* 
4 . 93. 7 5 s5. 71 - 8.04 

3 ; 9 5. 83 9. 58 1 96-77 83.3.3 -1.3 .44* 
2 100.00 82 .19 -18.81* 
3 98.36 88.24 -10.12* 
4 90.91 83 .33 . - 7. 58 

4 88.64 8.86 1 ' 93 .75 84. 51 9.24* 
2 90.91 83.33 - 7. 58 
.3 96-77 89.55 - 7.22 
4 95.24 88.24 - 7.00 

5 90.49 9.05 1 93 .7 5 78. 95 -14.80* 
2 92.31 78.95 -13 -36* 
3 90.91 78. 95 -11.96* 
4- 88.24 76-92 -11.32* 

6 qi 9i:·· 9.40 1 92.31 82 .19 -10.12* 
/ ·- . ) 

~~ 88. 24 · ' . 7 5 .95 -12.29* 
3 93 .7 5 81 .08 -12.67* 
4 88.24 73 .17 -1 5. 07* 

7 86.05 8. 61 1 83.33 '7 3. ·17 -10.16* 
2 86.96 76.92 -10.04* 
3 82.19 80.00 - 2 .19 

, 4 85. 71 80.00 - 5.71 

8 98. ll-C\ 9.85 1 98.36 89.55 - 8. 81 
2 90.91 83.33 - 7. 58 
3 95.24 '88.24 ' - 7.00 
4 93 .7 5 85.71 _ - 8.04 

9 85 .36 8. 54 . 1 93 .75 84. 51 - 9.24* 
') 89.55 E.34. 51 - 5.04 c:. 

3 93 .7 5 85. 71 - 8.04 
): 10J. 1+5 8.3.33 -21. 12* 

10 t) l ' I l I .' ' q r' . 96. 7'7 B6.96 - 9.f31* 
, ") • r: ) ,· .. ) ,) 

9 ~. ?l+ 85.7"1 9. 53* ' ') -1,: 

j 9r' 21+ 8f3. 21+ - 7.00 J. -
4 9 5. 2lt 88.24 - 7.00 



11 2 

Resting Deere- Before After Differ-Subject Day Heart Trial 
Rate ment . Stimulus Stimulus ence 

MAB 1 83.37 8.34 1 85.71 73. 17 -12.54* 
•') 
c_ 85. 71 71.43 i -14.28* 
3 76.92 76.92 0 
4 76.92 71.43 - 5.49 

2 76. 67 · 7. 67 1 83 .33 .. 68. 97 -14.36* 
2 71 .43 67.42 - 4.01 
3 7L+ • 07 · 71.43 ~ 2.64 
4 85. 71 69-77 -1 5. 94* 

3 86.35 8.64 1 90.91 7 5. 00 . -15.91 * 
2 85. 71 75.00 -10.71* 
3 82.19 73 .17 - 9.02* 
4 96.77 65 .22 -31 • 55* 

4 7 5 .72 7. 57 1 76.92 69.77 - 7. 1 5 
2 80.00 69.77 -11 . 23 * 
3 · 82. 19 68.97 .: -13.22* 
l+ 81.08 71 .43 - 9.65* 

r.' cw 5r-i 8.06 1 82 .19 · 67 .42 -14.77* ) c. • I 
2 83.33 68 .18 -1 5. 1 5* 
3 90.91 69.77 -21 . 1 l+* 
l+ 84. 51 70. 59 -13-92* · 

6 91 .01 9. ·10 1 95 .24 78.95 -16.29* 
r) 90.91 76.92 -13-99* (._, , 

3 88.24 73 .17 -1 5. 07 * . 
Lt 96-77 68 .18 -28.59* 

7 92.86 9.29 1 95.24 77. 92 · -17-32* 
2 93. 75 85. 71 - 8.04* 
3 83.33 78.95 - 4.38 
4 1 01 • 69 84. 51 . -17.18* 

8 86.15 8 6r) 1 89.55 80.00 - 9-55* 
• L . 

2 . 83.33 75 .95 - 7.38, 
3 ,, 90.91 75 .95 -14.96* 
l+ 100.00 80.00 -20.00* 

9 9~~. 68 9 ')7 1 . 1 00. 00 81 .08 -18.92* . , __ 

··.1 100.00 83.33 -16.67* 
t.. .. 

.) 95.24 \83·.33 -11.91* 
l+ 90.91 83.33 - 7. 58 

10 8B. BJ · s .. m3 100.00 '7 5. 00 -25.00* 
'"> '7'7-92 75.00 - 2.92 ,_ 

) SLt-. 51 77.92 - 6.59 
. .) 

l+ 83.33 76.92 - 6 .41 



11 3 

Resting Deere- T ·. Before After Differ-Subject Day Heart ment . rial 
Rate Stimulus Stimulus ence 

CB 1 95 .07 9. 51 1 81.08 81. 08 0 
2 85. 71 73 .17 -12-54* 
.3 93 .75 76.92 -16.83* 
4 88.24 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* 
lt 82 .19 60. 61 -21.58* 

3 72.86 7.29 1 73. 17 66.67 - 6.50 
2 69.77 64. 52 - 5.25 
3 63.83 61. 22 - 2.61 
4 66.67 63 .16 - 3. 51 

4 7 3. 89 7.39 1 72.29 65.22 - 7.07 
2 71.43 60.00 -11 .43* 
3 65-93 60.00 - 5.93 
4 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 
4- 85 .71 72.29 -13.42* 

6 91 • 01 9. 10 1 92.31 68.97 -23. 34* 
2 84. 51 73 .17 -11.34-* 
3 83.33 68.97 -14.36* 
4 . 81. 08 70. 59 -10.49* 

7 64.1e 6.42 1 61. 22 49. 59 -11.63* 
2 61. 86 51. 72 -10.14* 
3 63.83 51.28 -12.55* 
l+ 57.69 53. 57 - 4. 12 

8 90.03 9.00 1 93.21 78.95 -14.26* 
2 93 .75 76.92 -16.83* 
') 86.96 81 • 08 - 5.88 
.) 

4 92.31 75. 00 -17-31* 

9 90.28 9.03 1 93 .75 86.96 - 6.79 
2 95.24 86.96 - 8.28 
3 98.36 84. 51 -13. 8 5* 
4 98.36 83.33 -15.03* 

10 74.60 7.46 1 90.91 62. 50 . -22 .41 * 
2 72.29 66.67 - 5.62 

l 75.00 60.00 -1 5. 00* 
76.92 57. 69 -19.23* 
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Subject 
Resting Deere- Before After Differ-Day · Heart Trial 

Rate ment Stimulus Stimulus ence 

CE 1 · 7 5. 67 . 7 · 57 1 · . 88. 24 76.92 -11.32* 
2 . 78.95 68.18 -·1 O. 77* 
3 . 82. 1 9 71 .43 -10.76* 
4 66.67 . 70. 59 + 3.92 

2 73.81 7.38 1 73 .17 69.77 - 3.40 
2 · 68 .18 63. 83 - 4.35 
3 70. 59 65-93 - 4.66 
4 73 • 17 69.77 - · 8.06* 

3 76.28 7.63 1 75. oo 71 .43 · - 3 • 57 
2 69-77 70. 59 + 0.82 
3 88.24 71 .43 -16.81* 
4 72.29 69.77 - 2. 52 

4 88. 58 8. 86 •' · · 1 83.33 75 .oo - 8.33 
2 81. 08 76.92 - 4.16 
3 83.33 69-77 -13-56* 
4 81. 08 68 .18 -12.90* 

5 77.87 7 .79 . 1 83.33 73 .17 -10.16* 
2 · 98.36 70. 59 -27 -77* 
3 83.33 71 .43 -11.90* 
4 73 .17 62. 50 -10.67* 

6 85.74 8. 57 1 84. 51 70. 59 -1J.92* 
2 84. 51 73 .17 -11.34* 

a 82 .19 73.17 - 9.02* 
78.95 68.97 - 9-98* 

7 74.08 7. 41 · 1 75.95 68.18 - 7-77* 
2 83 .33 66.67 -16.66* 
3 75 .95 65-22 -10.'73* 

· 4 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 -14.04* 
4 69-77 61. 22 - 8. 55* · 

9 79.85 7.99 1 73 .17 63. 83 - 9.34* 
2 75 .oo 69.77 - 5. 23 · 
3 83.33 66.67 -16.66* 
4 85.71 66.67 -19.04* 

10 111.91 11 . 19 1 117.65 84. 51 -JJ.14* 
2 109.09 75. 95 -33-14* 
j . 100.00 85-71 -14.29* 
l1. 100.00 e5.7·1 -1 1+.;~9* 



11 5 

Resting Deere- Before After Differ-
f)t:bj e ct Day Heart ment Trial Stimulus Stimulus 

Rate ence 

CH 93.27 9 • .33 1 ·103 .45 90.91 -12.54* 
2 1 08. 11 100.00 - 8.12 
3 1 07. 1 4 93 .75 1 ") -) 9* - ._). _) ·. 

l+ 100. 00 100.00 0 

;) 108.0J · 10.80 1 Oj. l+ 5 90.91 -12" 51+* 
') 
(._ ·1 08. 1 1 ·100. 00 - 8 - 11 
3 1 07. 1 4 93 .7 5 -13-39* 
4 100.00 100.00 0 

3 87.49 8. 7 5 83.33 76-92 - 6 .41 · 
' ) . 78. 95 78.95 0 C 

3 78.95 78.95 0 
4 76.92 78.95 + 2.03 

4 · 86. 72 8.67 1 · 9.3.75 74.07 -19.68* 
'") . 80.00 76.92 - 3.08 c:.. 

3 81. 08 73 .17 - 7.91 
4 -81 • 08 71 . 43 - 9. 65* 

5 87.07 8.71 1 82.19 77.92 - 4.27 
2 85. 7·1 75.00 -10.'71* 
3 85-7'1 81.08 - l+. 63 
l+ 83.33 T?-92 - 5.41 

6 91 .l.-3 9.1t+ 1 90.91 72.29 -18.62* 
'") 81. 08 75.95 - 5. 1 3 ,: ... 

3 83.33 70. 59 -12.'74* 
4 e·). 33 74.07 - 9.26* 

.) -

7 8r3 'Yi 8.82 1 100.00 75 .oo -25.00* . • c...c_ 

2 96.77 78.95 -17.82* 
3 86.96 77.92 - 9.04* 
4 84. 51 82.19 - 2.32 

8 7 6. 4;~ 7.64 1 98.36 71.43 -26.93* 
2 78.95 70. 59 - 8.36* 
3 84. 51 71 .43 -13.0B* 
4 '/4. 07 . 69.77 - 1+. 30 

9 7t1- g,· 7.48 85.71 7 5.00 ·- ·1o.71 * . ;. 
r) 85.71 83.33 - 2.JB* l:. 

.3 83.33 78.95 - 4. 3B 
l+ 76.92 66.67 10 r)r:':t: - • c..) 

1() 1)0. or~ <). () 1 9?.'·\1 71.: 00 - ·1 'l • -..) 1 * ) . ' ' , ) 

' ) n,). !5'5 f)(). 00 - 9. -~; '.i+ 
~ 9,J .\)'l '7 6 ()') -13.9<)* 

• ~ L 

l ~ td i.: ' ' e2.19 - r) '.J ') 
0 -te)I C • ._) '--
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Subject Day 
Resting Deere- . Before After Differ-Heart ment Trial 
· Rate Stimulus Stimulus ence 

DL 1 90.97 . 9. 10 1 90,91 85. 71 - 5.20 
2 90.91 88.24 - 2.67 

· 3 90.91 93 .7 5 + 2.84 
4 96.77 76.92 -19. 8 5* 

2 84. 52 ·. 8.45 . 1 95.24 82 .19 -13. 0 5* 
2 90.91 84. 51 - 6.40 

. 3 98.36 81 . 08 -17.28* 
4 96-77 86.96 -. 9. 81 * 

3 99. 53 9.95 1 103.45 90.91 -12-54* 
r) 96.77 90.91 - 5.86 c.... 

3 96.77 92.31 - 4 46 
4 · 93 .7 5 88.24 - 5. 51 

l+ 95. 69 9. 57 1 115.38 96-77 -18.61* 
2 93 .7 5 89.55 - 4.20 
3 107. 14 93 .75 -13-39* 
4 1 01 • 69 93 .75 - 7.94 

5 99.09 9.91 1 10.3. 4 5 85 .71 -17. 74* 
· 2 98. 36 89.55 - 8.81 

3 105.26 83.33 -21.93* 
4 96.77 88.24 - 8. 53 

6 97.34 · 9. 73 1- 98.36 88.24 -10.12* 
2 95.24 75 .95 -19.29* 
3 : 96.77 86.96 - 9.81* 
4 95.24 88.24 - 7 .00 

7 97.85 9.79 1 98.36 88.24 -10.12* 
') 1 01 • 69 90.91 -10.68* '·-
3 103.45 90.91 -12.54* 
l+ ·107. 14 93 .7 5 -13-39* 

F3 9~ ,. q 9. 5.3 98.36 80.00 -l8.36* . • ,:!, ;, 
'J 96-77 84. 51 -12.26* 
( .. 

3 100.00 8 5. 71 -14.29* 
lt 103.lt5 83.33 -20.12* 

9 95 .76 9. 58 1 . 100.00 88.24 -11 • 76* 
2 96.77 '89.55 - 7.22 
.3 100.00 88.24 -1 l.76* 
4 96.77 s5. 71 -11.06* 

10 1 02. 3 ~) 1 o. 23 1 109.09 85.71 -23-38* 
2 113.21 95.24 -17-97* 
3 111. 11 93 .75 -17-36* 
4 103. 45 88.24 -15.21* 
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Resting Deere- T . 1 . Before After Dlffer-Subject Day Heart ment :ria Stimulus Stimulus . Rate ence 

DM 1 56 .1 5 5.62 1 . 55. 56 50. 85 - t~. 71 
2 60.00 57. 69 - 2.~1 3 . 51 .72 54.55 + 2. 3 
4 54. 55 60.00 + 5-45 

2 56-93 5-69 1 . . 55. 56 46.88 - 8.68* 
2 56.07 56.60 + o. 53 
3 54. 55 54.55 0 
4 60.00 57 · 69 - 2.31 

3 52.71 5.27 1 ' 72.29 46 .1 5 -26.14* 
2 · 55 .05 54.55 - 0.50 
3 . 50. 8 5 46.15 - 4.70 
)+ 50.00 51 .28 + · 1 • 28 

4 50. 1 5 5.02 1 · · 50. 85 47.24 - 3. 61 
2 48.39 48.00 ;o ~)9 - . ..) 
3 52. 63 52. 63 0 
4 50.85 45.45 - 5.40* 

5 57 .24 5 .72 1 53. 57 53 • 57 0 
2 55.05 53. 57 - 1 .48 
3 56.07 49.18 - 6.89* 
1+ 51. 72 50.85 - 0.87 

6 81 . 83 8.18 1 81.08 75.00 - 6.08 . 
r) 86.96 70. 59 -16-37* ,_ 

3 88.24 76.92 -11 -32* . 
4 83.33 74.07 - 9.26* 

7 63. 91 6.39 1 63 .16 55.56 - 7.60* 
2 62.50 55-56 - 6. 9l+* 
3 56.07 48.78 - 7-29* 
lt- 67.42 52 .17 -1 5. 25* 

8 7l1- • 02 7.40 1 85. 71 66.67 -19.04* 
2 75. 95 67.42 ~ 8. 53* 
3 95.24 61.22 -34.02* 
4 70.59 69.77 - 0.82 

9 61. 72 6. 17 1 62.50 60.00 - 2. 50 
2 68 .18 60.00 _. 8.18* 

3 60.00 62.50 + 2.50 
4 58.82 58. 82 0 

10 67.47 6.75 1 75.00 65 .22 - 9.78* 
2 84. 51 72.29 -12 • .22* 
3 71 .43 64. 52 - .6.91 * 
4 '/4. 07 65.22 - 8.85* 
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Resting Deere- Before After Differ-Subject Day Heart Trial 
Rate ment Stimulus Stimulus ence 

SR 1 90.02 9.00 1 85. 71 76.92 -.8.79 
2 81. 08 75.00 -.6.08 
3 103. 45 85. 71 -17.74* 
4 96.77 85-71 -11.06* 

2 85 .86 8. 59 1 83.33 81 .08 - 2.25 
2 81 .08 75.00 - 6.08 
3 81. 08 72.29 - 8.79* 
4 86.96 71 . 43 -15-53* 

3 89.11 8. 91 . 1 88.24 85 .71 - 2. 53 
2 . 100. 00 89.55 . -10.45* 
3 88.24 85 .71 - 2. 53 
4 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 
4 85 .71 81.08 - 4.63 

[" B2.94 8.29 90.91 82 .19 8.72* ) -
') 90.91 . 85.71 - 5.20 (:. 

3 8t1. 24 88.24 0 
1+ 89.55 81 • 08 - 8.47* 

6 77.71 7.77 1 78.95 76.92 - 2.03 
2 76. 92 · 73 .17 - 3 .7 5 
3 7 5 .00 76.92 + 1 • 92 
4 81.08 75 .95 - 5. 13 

7 82. 58 8.26 1 85 .71 78.95 - 6.76 
2 95 .24 68.97 -26.27* 
3 82. 19 . 75 .95 - 6.24 
l+ 85. 71 7 5.00 -10.71* 

7 5. 91 '7. 59 86.96 70. 59 -16-37* 
') 84 .· 51 67.42 -1.7. 09* 
{ .. 

,3 78. 95 73 .17 - 5.78 
l+ 88. 21+ 69.77 -18.47* 

9 79. 73 . 7. 9'7 98.36 73 .17 -25.19* 
') 90.91 7 5. 00 -15-91* r,_. 

,) 88.24 75.00 -13.24* 
l+ 76.92 73.17 - 3. 7 5 

10 86.JB g ,·i 1 98.36 73 .17 -25.19* ..• () + 
2 83.33 77.92 - 5. 41 
3 90.91 81 . 08 - 9.83* 
4 · 81 • 08 76.92 - 4. 16 
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Resting Deere- Before After ·. Differ-Subject Day Heart Trial 
Rate ment Stimulus Stimulus ence 

AS 1 82.62 8.26 1 . 83.33 76.92 - 6.41 .· 
2 .. 85. 71 81 . 08 . - 4.63 
3 - 83.33 78.95 ~ 4.38 
4 76.92 75.00 - 1.92 

'") 86.69 8.67 1 90.91 83 .33 .3. 63 c;_ -
2 · 93. 7 5 85.71 . - 8.04 
3 88.24 8.3. 33 .· · - 4. 91 . 

. 4 92.31 . . 88.24 : - 4. 07 · 

3 90. 51 9.05 1 90.91 84. 51 · - 6.40 
2 . 85.71 8l+ • 51 - 1 • 20 
3 9 5. 24 . 81 .08 .-· -14.16* ' 
4 92.31 83.33 . - 8.98 

4 76.65 7.67 1 78.95 . 69. 77 - - 9.18* 
2 82 .19 . 7 5. 00 - 7. 19 -
3 75.00 · · 71 . 43 . - 3. 57 
4 78. 95 71.43 __ - 7. 52 

r--' 83.34 8.33 1 - 78.95 73 .17 5.78 ') -
. '") 81.08 77.92 - 3. 16 ,:. 

3 85 .71 81 . 08 - 4.63 
4 81.08 78. 95 · -2.13 

6 · 9·1 .3? 9. 13 1 92.31 82 .19 -10.12* 
2 85. 71 75. 95 - 9.76* 
3 90.91 83.33 -· 7. 58 
l+ 90.91 80.00 · -10.91* 

7 85. 82 . 8. 58 1 86.96 77.92 - 9.04* 
2 88.24 78.95 - 9-29* 
3 82 .19 77.92 - 4.27 
4 86.96 76.92 -10.04* 

B 8l.~. 82 . 8.48 1 89.55 80.00 - 9-55* 
2 86.96 80.00 - 6.96 
3 100.00 90.91 - 9.09* 
l+ 88.24 78.95 - 9-29* 

9 '18. 3~- 7. 83 1 88.24 77.92 "'.""10.32* 
2 85.71 82 .19 - 3. 52 
3 88.24 80.00 - 8. 24* 
4 89.55 83.33 - 6.22 

10 85 .38 8. 54 1 88.24 80.00 - 8.24 
2 83.3.3 75.00 "'."" 8.33 
3 e5. 71 81.08 - 4. 63 
1+ 90.91 82 .19 - 8.72* 
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PERSONAL DATA SHEET FOR EXPERIMENTAL GROUP I 

Subject 

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 Schi.ek 

Kathy Stiegemeier 

Sara Wright 

Age Height 

18 years 68 ins. 

20 

19 

18 

21 

22 

18 

20 

20 . 

18 

22 

22 

21 

19 

21 

66 

63 

65 

65 
62 

69 

64 

66 

67 

67 

66 

65 

68 

70 

Weight Rate of 
Learning 

1 57 1 b s • 9 days 

120 

1 53 

180 

121 

147 

125 

140 

136 

130 

122 

127 

138 

133 

1.35 

7 

6 

7 

7 

* 

8 

4 

9 

* 

3 

6 

7 

5 

5 

* Did not reach criterion level for learning 

Rate of' learning was based upon the ·ability of 
the experimental subjects to meet the criterion established 
for heart rate lowering. This criterion required the sub
ject to lower her heart rate significantly~-ten per cent of 
the mean of her resting heart rate--three of the four trials 
presented each day, for two consecutive days, while in the 
Sitting position. 
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PERSONAL DAT.A SHEET FOR EXPERIMENTAL GROUP II 

Subject Age " Height Weight Rate of · · 
Learning 

B. t1 • Armstrong 28 yrs. . 62 ins. 9tt lbs. 6 days 

Mary Ann Bandy 19 62 130 4 , 

Clndy Burke 20 64 124 6 

Carmen Edwards 22 68 128 . 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 1 52 7 



PERSONAL DATA SHEET FOR CONTROL GROUP 

Subject Age 

Janet (Penny) Barrett 11 yrs. 

Connie Comstock 18 

Ann Goold 22 

Sue Magruder 19 

Gail Moses 21 

Eva Patton 18 

Judi Rueter 20 

L . :.i R 2,? 1.nc.1.a oy _ 

Linda Stremming 20 

Sue Bruemmer 19 

Pam Wesner 19 

Height 

66 ins. 

67 

63 

67 

65 

64 

66 

63 

65 

69 

65 

122 

Weight 

136 lbs. 

14'7 

125 

130 

1 55 

135 

203 

105 

134 

170 

145 
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