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CHAPTER I
INTRODUCTION

The sedentary living habits so characteristic df a technologi-
cally advanced socloty bave slleviated mmch of the physical exertion
once required in the daily routine, This is especially noted with an
inerease in hypokinstic diseases attributed to & lack of physical
activity (1), Coronary heart disease is one such disease, occuring in
epidemic proportions teking more than 700,000 lives annuelly (2),

" A reslization that physical exercise will benefit the indivie
duzl's health has prompted many people to participate in some form of
exercise program as a posgible preventative measure, Conseguently,
numerous exercise programs have developed througheut the pation, Some
of the more popular programs include weight-liftirg, isémetrics, yoga,
aerobics, Canadlan XBX-5XBX, slimmestics, endurance and adult fitneés
Programs,

Vﬁlxhnugh & variety of programs are available, the sedentary
"adult is espsnially concerned with partieipating in a program which
will improve his cardiovascular fitness, thus decreasing his chances
of developing coromary heart disesse, Cardiovascular fitness cannot
be atitained from just any type of exercise program. The question then
arises as to what type of program produces cardiovascular improvenent,

Research (3, 4, 5) dealing with cardiovascular fitness reveals
that thres fastars wust be consldersd, Toess are intensity, freguency,

grd duration, The average edult vsnaily wants to werticipate in a
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program which requires a minimum amount of time; thus, intensity becomes
the most important factor,

A certain amount of intensity or stress is necessary for improve-
ment in cardlovascular fitness. An exercise program must include acti-
vities which work the heart muscle at & desired level, The miniwam
amovnt of stress required for & training effect to oceur is referred to
as the "threshold of training level”, One means of evaluating the
threshold level of training is through the utilization of heart rate
response toc 2 particulay exereise program,

The merits of heart rate as a measurement of cardiovasecular
stress have been well established (6, 7, 8). Heart rates taken during
exercise provide guldelines concerning the intensity of the program,
Therefore, existing programs may be evaluated to deterrine whether or
not thsy provide adequate heart rate for s training sffect to occur,

One such program designed to promote ecardiovascular improvement
wag instigated at Kansas State University in 1972, With cver 200 indi.
viduals participating in Kansas Statels Adult Fitness Program, an
evaluation of its benefits seems warranted. This pregram involves
rhythnical endurance setivities which include rumning and jogging inter=

sperced with a variety of ecalisthenties,

THE NEED FOR THE STUDY

It has been generally accepted that cardiovaseular fitness can
bs obtained through activities which elicit a substantial incresse in
hesart rate, such as ruming, Jjogging, swimming, or bicyeling, Exercise

programs generally involve a variety of different activities or



calisthenics, The fitness program at Kansas State University is one
program which is simil@r to many others in that several aspects of phys-
ical fitness are involved, i.68., strength, flexibility, courdinaticn,
muscular endurance, and cardiovascular fitness, Can such a progran
still fulfill the cardiovascular fitness needs?

To answer this gquesticn it ls first necessary to know how high
the hsart rate must be to insure cardiovascular fitneés. Nomerous
studles have been performed to find what heart rate is necessary to
elicit cardiovascular improvements, Karvonen (9) concluded from his
work that a heart rate of at least 140 beats per minute is necessary
for such improvements to occur, Faria ( 3) confirmed this with his
work on untrained males in which a significant inerease in physical
working czpascity was noted for those individuals who trained at a heart
rate above {40 beats per minute, Similar conclusions resulted from the
work of Sharkey and Holleman (10)., They concluded ﬁhat a heart rate
ebove 150 beats per minute was necessary for a cardicvascular training
effect to cccur, Although most of the research in this ares have lim-
ited their studies to males, the same princirles are applicable te women,

In order Lo assess the relative benefits of an exercise program
in conjunction with cardiovasenlar fitness, the heart rates cbtained
throughout the program must be determined., This study was especially
concaerned with the response of women who were participating in a pro-
gren designed to meel several aspscts and levels of fitnsss. Specifie-
cally, this study was to evaluate the effscls of a variety of excrelses

on heart ratesz throughout an exerclee period,



PROBLEM STATHMENT

The purpose of this investigetion was to study the heart rate
respenses of the women participating in Kansss Ststets Advlt Fitness
Prograin, More spueifically, thls study was to dstermin; (1) if the
intensity of the aexercises was suffleient for a threshold of training
lavel, (2) if the intensity was st threshold value, the amount cf time
it wos majintained, and (3) to compare the heart rate responses of high

and lsw fitness groups.

LYMITATIONS OF THE STUDY

Certain limitations were present in this study and should be
pointed ovt to the rezder:

1) "The exercise progran wag basicelly the seme from day to day
but varied sligatly as exercise lezaders changed,

2) Aithcugh thers was neo control over environmspisl eenditions,
the variations in temperature and humidity wers minimal throughout the

testing period,
|

DEFINITION OF TERMS

In order to gain a full undersiending of the study, certain
terns require definition:

1} Coronary Heart Disease (CiD) ~= general term for the forms
that apply to any or all of the conditions which cause narrcwing or

blocking of the coronary arteries ( 2).
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2) Aerobic -~ work or activity done in the precence of an ade-
quate supply of oxygen (11).

3) Threshold of Trainirg -- amount of work required to achieve
physiologicael charges that can be reflected by a lowered heart rate;
amount of work required to improve the exercise tolerance of the heart,
In this study intensity of work was the variable of convenience (11),

4)  Overlosd Principle =- use of a miscle or group of ruseles
which is greater than normal (12),

5) Maximal 0, Upteke (Max. VOZ) -n‘the maxirmm amount of oxygen
that the cardiovascular system is able to utilize during stressing exer-
cise (11). In this study the estimated Max. VO, per kilogram of body
weight will be referred to es estimated Max, VOZ'

6) Steady State == occurs when the oxygen unptake corresponds
to the demands of the tissues (13).

7) Cardiovascular Endurance == the ability to sustain a series
of repetitions of an activity without unduly taxing the physiolcgical
systems that furnish the fuel snd oxygen to the muscles (12),

8) Kilopond Meter (KFM) == unit of work; one kilogram raised

one meter against gravity.



CHEFTER IX

FEVIEW CF LITERATURE

This chapter prosents a review of literature pertinent to this
study, The studies trill include two main areas: (1) studies pertain-
ing to coronary heart disease and its réiationship to physical activity,

(2) studies invelving intenmsiiy, duration and I{requency of exercise,

Relaticnshiy of Physical Aetivity te Coronary Hesrt Diseass

Fhysical inactivity may have a direct relationship in the dovelw
cpuent of coronary heart disease, This is ospecielly noted in the tecii-
nologically advanced nations, whers thafa bas been a disastrouvs inciraace
in coronary hearid disease,

{me of the first studies which brought attention to the relgw
tionship of CHD and physicel achivity was conducted by Merris ot al, Q;Q&;

vl
London bus drivers, wno ware considered physically inactlve wore cpﬁ%ared
to conduetors who were active, Thay found a lower incidense of CHD among
the conductors, and the disessze which did appsur was at a later age send
less sever;. This sane duvestigaticn alse compared sedentary postal
workers, clerks, to carriers, It was again found that thers was a lower
inecidence of CHD in tha physically'activa indi?idualéo the carriers,

i similar stwdy conductsd by Charuwan and colleszgues (45) invese
tigated 2,252 Les Angeles civil service employses, Tho imvestigators
ware concerned with finding a practical method for the esrly delection

6
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of heasrt diseass. The subjects received medical examinations at intere
vals of 12-i8 months. Preliminary findings were recorded with respect
to physical exertion, weight, and blood pressure, The results indi-
catad that individuals involved in sedentary or light physical work were
more prone toward the development of CHD when compared to tlhiose involved
in medium or heavy work, |

Brunner and Manelis (16) studied individuals 1living in an Israeli
Kibbutzim, This study wes unigque because scciesl as well as economle face
tors, vhich affected persons in previous studies, were sliminated, Each
person living in the commune performed a specific work taslk; thus, the
nature of the jobs ensbled the dnvestigators to study nonesedantary work-
ers with the more sedentary. The results of this investigation showed
that 4a all ape braciets and foxr both sexss, sedentary workers had a
highar incidence of heart attacks thenm the non.sedentary workers,

The freguency of CHD over a pericd of ten yesrs in & hsart
disease epldemiclegy study in Framinghew, Massachusette, was investigated
by Kennel ord associates (17}, Again the subjects were classified accorde
ing to degree of ectivily. The investigators found ihat of the 207 indi-
viduals wheo developed corcnary hesrt disesss, Lhose persons were clase
. sified as most sedentary. These people also tended to have wore serious
attacks, often resuiting in death., The investigators éoncluded that
rodorate plysical exercise may protect the individual from & coronary
attack, Dawber and associates (18) continuved this epidemiological study
and they found that in women the development of this disease oceurred

aftor the age of forty-five,



Arnother approach to investigating the relationship between
physical activity and coronary heart disease was noted in a study cone
ducted of a eommunity in Tecumseh, Hichigan (19). The commnity stude
iled consisted of appreoximately 10,000 persons, A questionnaire survey
method wag nsed to determine the amount and frequency of physical actie
vity of men aged 20-64, The men were then classified as sedentary,
mederately active, or active according to their oeccupational exertion
and leisure time activitiss, Montoye and assccilates felt thét such
an investigation would provide more accurate findings than the previous
occup&tioﬁal studies because lelsure time activity would be included in
their results, When sn individualts activity classification was deter=
mined by both work and lelsure, the largest diffaTence§ in CHD »risk
tectors sppeared, It was found that active men had lower systelic and
diastelic bleood prass;re and significantly lower total serum cholese
terol.

Several concise summarieé of ths review of literature in this
area have been written by Fox (20), Fox and Haskell (21 ), Fox and
Skimnner (22), and Zuti (2 ), These reviews conclude that physically
active people, both occupationally and non~occupationally sctive, appasr
to bave 2 lower incidence of coronary heart disease, Furthermore, for
exsrcise to be of a bénefit for the prevention of cardicvascular
diseass, it must be continuous throughout cnets life, From these con-
elusions, in order to prevent a further increase in the opidemnic devela
opment of coronary heart disease, adults need to find a means in which

to incresse their activity and fitness levels,



Intensity, Duration, and Freguency Studies

In considering the relationship betwesn cardiovageular Pitness
and exercise, three variables encountered in sxercise p?ogramﬁ mst be
reviewed, These include intensity, duration, and freqqenqy, all of
which have an effect on the cardiovascular systenm.

One of the first studises to investigate the effect of wvaried
intensities on cardiovascular improvement was conducted by Karvonen et
al, { 9). Six untrained male students, aged 20-23, served as subjects,
The men were subjected to a 4-week training program in which they ran
on & treadmill for 30 minutes a day, five days a wesk, The speed of
the treadmill was adjusted so that each subject was working at & pre-
determined pulsc rate and this speed was pericdically adjusted so that
the subjects! heart rates remained at that speeific level, It was cone
cluded that in order to improve the exercise tolerance of the heart,
the exercise intensity must exceed a eritical threshold value, They
found that there was & significant decrease in the working heart rate
at an intensity which elicited heart rates abovs 60 percent of the
range from rest to maximum, The average thrashold value for training
was an intensity which elicited a heart rate of 140 beats per minute,

Faria (3) did a sirslar study which confirmed Karvonen's find-
ings when he studied 40 untrained males, aged 12«24, During a Y-week
training periecd, he studied the effects of three training heart rate
levels; 4120-130, 140-150, and 160-170. The subjects tested were rane
donly assigned to one of the three training groups, The training so8=
sions consisted of a constant workload, stepping on a 17' 1/2" bench,

for five consecutive days. The results of a pre and post test of
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physical working capacity was used to assess the effectivencss of the
intensities, The results indicated that a significant difference
appeared in the groups which trained te heart rates of 140-150 and 160
170 beats per minute. He concluded from these results that there may
be a threshold level for a training effect 6n the cardiovascular sys=
tem, He estimated that the threshold level of training for the normal
untrained male adult lies around 140 beats per minute,

Another investigation involving cardiorespiratory adaptations
to training at specific intensities was conducted by Sharkey end Hollee
man (10), They studied the effects of a six-week training program
which elicited heart rates of 120, 150, or 180 beats per minute, Site
teen college men, aged 18«19, were randomly divided into one of the
three training groups and & control group. The training seésions CONle
gisted of a treadmill walk for ten minutes a day, three days a weei,

A pre and post test using the Astrand-Rhyming Step=Test and the Balk
Preadmill Test served as gauges of work capacity and endurance, The
results showed that significant cardiovascular improvements were found
for individuals who trained at eiﬁher 150 or 180 beats per minute, The
invastigators concluded that a heart rate above 150 beats psr minute
was necessary for a training effect to occur.

These same results were also confirmed by Jackson (23)., He
studied the effect of training at different intensities of 130, 145, or
160 beats per minute, Twenty-one men, aged 17-25, were assigned to
work at one of the intensity levels, The training session consisted of
a treadmill workout 12 minutes per day, 4 days per week for six weeks,

The groups training at 145 and 160 beats per minute showed significant
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improvements in cardiovascular fitness, From these results Jackson
concluded that training at an intensity of 145 beats per minute or
hizher was necessary to improve cardicvascular fitness,

Roskamm (24) further emphasized the need to elevate the heart
rate in order to acquire 2 training effect, He investigated the
training effects of intensity on long-distance ski runners in Germany.
He found that heart rates of 130-135 are needed for a training effect
to occur, It must be pointed out that these individuals were in bet-
ter physical condition than the subjsels involved in the previous
studies and would have required lower heart rates to produce the same
relative change,

A subsequent study conducted by Roskamm et al, (25) involved
18 men, aged 18«60, and 6 wemen, aged 20.30 years, The subjects |
trained for 30 minutes daily for four weeks, The heart rate during the
training sessions for the younger sﬁbjects was about 150 beats per min
ute, The older individuals (5060 years)‘trained at a heart rate of
130 beats per minute, After 4 weeks of training a significant incroease
in cardiovascular fitness was noted; however, the training effect for
the 50-60 year old subjects was less pronounced,

The effects of rope skipping on the physical work capaecity of
women was investigated by Jones et al, (4#), Seven sedentary women aged
19-42 served as subjects, The exercise session consisted of 5 minmutes
of rope skipping daily. The mean heart rate during the rope skipping
was 168 beats per minute at the beginning of the program but dropped to
{145 beats at ths end, A significant difference in physical working

capacity was noticed at the end of the testing period,
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An attempt was made by Durnin and associates (26) to measurs
whether there was an improvement in physical fitness through varying
degrees of exercise which lasted for only 10 days, Forty-four untrained
men, aged 18-22, were divided into four groups, One group zcted as a
control and did only a minimum of exercise, while the other three
walked either 10, 20, or 30 KMs daily. A pre and post treadmill test
was used to assess the individualts fitness with respect to pulmonary
ventilation, oxygen extraction, oxygen consumption, and heart rate,
From the results obtained the investigators concluded that an affoctive
exercise for the improvement of cardiovascular efficiency during a2 short
timé was walking 20 KMs daily, Walking at 30 KMs proved teoo strenuous
for the subjects, These results diff'er from the previous investigations
which found that a heart rats above 140 beats por minute was necessary
for a training effect to occur, The highest heart rates obtained in
this study were 120-130 beats per minute, Although significant improve.
ment did occur, this can probably be attributed to the extreme duration
of the exercise period, which was much longer than the previous inves-
tigations which invelved 30 minutes of exercise, typical of most exer-
-¢ise programs,

Sharkey (5) studied the relationship between intensity and dur-
ation regarding cardiovascular endurance during a six-week training
period, Thirty-six male college students wsre randomly assigned to a
3X2 facloral design. Three levels of heart rate intensity, 130, 150,
and 170 beats per minute, and two levels of work producticn, 7500 KPM
and 15000 KF¥ were investigated, Actual work time averaged 15, 10, and

7 1/2 minutes for the 7500 KPM work output at the ebove corresponding
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heart rstes, For the 15000 KFM output, the work time was 30, 20, and

15 minutes respectively to produce the above heart rates, The subjects
rode a bicycle ergometer three days a week at an assigned intensity and
duration, Pre and post training estimates of Max, VOz were recorded
using the Astrand-Rhyming Step Test, Balke Treadmill Test, and Siostrand
PWC Test. The results indicated that there were no significant differ-
ences between intensity and duration or &n interaction of the two
regarding the extent of training changes which occurred,

An investigation of the effects of the interaction of freguency
and intensity of training on physical work capacity was conduected by
Crews (2?)q Forty-six sedentarv male subjects, fandomly assigned to
one of six training groups, participated in a seven-week exercise pro-
gram involving walking and jogging at a specific intensity level, Three
levels of frequency of training were studied; these included one, three
and five days per week, Two intensity levels of either'120 or 150
- heart beats per minute were also studied, A pre-post test on the fol=
lowing variables was used to assess the effects of the frequency-
intensity differences; physical work capacity, exercise and recovery
"heart rates, oxygen consumption, oxygen debt, respiratory quotient, ven-
tilation, and percent body fat, The results of the tests indicated a
greater training effect resulted for the 150 intensity level, A signie
ficant improvement in physical work capacity was noted in the three and
five day freguency groups,

' The effects of training 45 minutes, two days per week at varied
intensities of either 90% of maximal heart rate (173 beats per minute),

or BUf of maximal heart rate (161 beats per minute) was investigated by
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Pollock et al, (28), Thoir results showed that both groups improved
significantly in cardiovascular fitness. A simlilar study of the effects
of training two or four days per week in & program invelving running,
jogging, and walking was also conducted by Pollock et al. (29), It was
again found that there was no significant differeﬁces between exercise
groups, Jackson et al, (30) also coneluded that a frequency of two or
three times & week was sufficient to improve cardiovaseular fitness,
His study involved twenty womemn, aged 17-23, who ran on & treadmill
until their heart rates reached 180 beats per minute, Four training
groups were studied; the groups differed only in the number of days per
week that they trained,

A frequency of training three days per week in s 3045 minute
program of continuous rhythmical exercises was investigated by Elder
(31) to determine if improvements in cardiovascular fitness would oecur,
From the results obtained, he concluded that_sueh 2 program significantly
improved cardiovascular fitness, A similar study of the effects of pare
ticipating in a program of continucus rhythmical exercises for 5 days a
wesk was conducted by Tooshi (32), He concluded that a significant
'improvement in resting, exercise, and recovery heart rates resulted from
such & progranm,

Although intensity, duration, and freguency are all factors to
be considered in an exercise program, Wilmore and Haskell (33) feel that
intensity is the most lmportant varisble when prescribing an exercise
progran for the average adult, Activities porformed above certain
intensities could have serious medical consequences, An intensity which
corresponds to 75% of a person's prodicted maximsl 0, uptake can be

performed safely, They also stated that a duration of 15«20 minutes and
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a frequency of every other day is sufficient to improve cardiovascular
fitness, One~mndred and fifty subjects participated in this type of
exercise program for a three month periecd, Signifiecant cardiovascular
improvements were noted; thus, confirming the practicality of this
guideline,

Coopor (34) swmarized nis research dealing with exercise and
cardiovasculzr fitness and steted that certain principles must be fol-
lowed in order for a hemefizial sfiect to oceur, The exercise peried
mist be vigorous encugh to produce or sustain a heart rate of 150 bests
per minute, for at least 5 minutes, If the exerciss is not of this
1nténsity then the total period of time must be continued longer than
5 minutes,

In summarizing the literature review it ls svident that inten-
sity, duration, and frequency are factors which must be considered if
the exercise is to benefit the cardiovascular system, Thus, certalin
recczmendations seeimn appropriate to serve as guidelines for such pro-
grazs, The following guidelines are applicable to the average adult
desiring to increase his cardlovascular fitness;

1) Participation should occur at least 2-3 times per weslk,

2) Exorcises should be M“oxygen-demanding and carried out at
an intensity level of at least 140 beats per minute for periods of 5«15
minutes,

3) The lewsl of intensity and the length of the exercise peried
for any single participant chould take into account the subjectl?s inie-

tial level of fitness,



CBAPTER XII
PROCEDURE

The netheds and procedures unsed in this study included selece
tion of subjects, a proliminary test, evaluatien of motivation, col-

lection and statistical treatuent of data,

Subjects

The adult women studied in this investigation were volunteers
from the populetion of participants in Kansas Statels Adult Fitness
Progranm. Nineteen women with an age range of 24 to 39 served as sube
jects. This sample of women aversged 5'5" in height, 132 pounds in
weight, and had an average of 42/wli/fkg VOZ, These women regulaerly
participoted din the fitness program, exercising at leasi thres times a

woall,

The subjects were scheduisd for 2 ten minuts laboratory test-
ing perdod in wliich their cardiovasaulor fitness was estimated, At
that time resordings were alsu made concerning sge, helight, welght, and
amount of time in the fitness prograu., 4 motivation questicunsire was
then £illed oul by each woman.

Te satinate vardiovasenier fitnsss, en sssesspent of each sub-
jeet's maximal oxygen uvtake was delermined velng the Astrand-Rhyuing

Vvieyele west (35), This test required a sir rinute ride on a bieycle

16
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ergometer, The subjects rode at & given work load, 200-450 KFils, at a
constant frequency of 50 EPMs on a Monarch bileyele, An average hsart
rate, based on the last two minutes of the ride, was determined, This
average heart rate end the work load were then used to sstimate maxia
mal V02 (maxirmm oxygen uptake) using the Astrand-Rhyming nomogram with
the age correction factor included (36), The estimated max, VOZ was
then divided by the subject’s weight to obtain maximal VO, per kilogram
of bedy welight, |

Each subject filled out a questicnnairs, designed by this invesw
tigator, to quantify the extent of her motivation towsxrds the exercise
progran (see Appendix A4), Hotivation was determincd by a2 point system,
Those scoring the higher point totals were considersd to bhe more highly
motivated, From i to 5 points were awarded for sesch guesticn dependent
upoﬁ the subject¥s response, Fivéjpeints were awarded for ths response
Waoluwaye® which indicated the highest level of motivation, four points
for ths responss Yalmost always,® thres for “frequently," two for Yocecz-
sionally,® and one for "never," The curmlative point total from the
elght iten tost, was used as e rolaiive assossmant of the individual'ls
motivation, The reliabllity of the test wes established by its admine
istration to & ramdom selaection of ten stbjects on two seperate occa=
sisus (r=.78).

The Zmwvestigator folt that a motivational assessment was necese
sary to determane to whalt extent, if any, motivation affected the
degree of perticipation threughout the exercise program, The more
bizhly motivaled individual mzy tend te exert more effort durinz the

program, which could bs reflectsd by & hisher hesrt rate,



Collection of Dats

The heart rate responses of the women during the exercise pro=
gram wore telemetered using a Harco-bio systems tfansmitter, Fi{ recele
ver, and a 4 channel physiograph rescorder, Prior to eazh testing sese
sion, en explanation of the egquipment and its use was given to each
subject., This was to help alleviate anticipatory reactions which might
result dus to an apprehension of the equipment,

Two electrodes were placed on the subject's chest, one on the
upper part of the sternum and the other dirsctly belew the left breast
on the fifth intercostal space of the rib cage, Befors the electrodes
were placed in position the skin was carefully clesnsed with aleohol to
remove any excess dirt or oil., Toughn Skin was then sprayed over this
area to help secure the electredes, Adhesive washers placed on the
electrodes held them tightly in position., The wires wsre taped to the
chest to eliminate excessive movemsnt, The transmiiler was secured to
the chest in the same mammer, at a loestion which would not interfere
with movement during the exercise rouatine,

Each subject was tested once, all testing was completed within
an eight week period, Two subjects were telemetered during the exer-
cise testing sessions., Although the exercise sessions consisted of 5
minutes of passive stretch and 15 minutes of rhythmical endurance exere
cises, the hoart rates were only recorded during the 15 minutes of
gotive exercises, A continual recording of the exercises encountersd
during ths testing session was alse maintained, The exerecise progran
was baszically ths same bul varied slightly 2s exercise leaders changed,

A typlcal program ineluded:
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1) Five minute period of passive warm=ups
a., lateral stretches
b, cat backs
c. prone arches
d. bend and stretch
e, knes lifts
f, lateral leg lifts
g. arm circles
h, sitting passive stretches
2) Fifteen minutes of rhythmical endurance exercises
a. jogging
b, bent knee sit-ups
¢, Jog side straddle
d, back leg lifts
e, side kick hops
fo Jumping Jacks
. Jogping in place
h, jog=long stride steps
i. competition run
Jje partner pash and pull
k. sprints
1. pull-ups with partner
n. Jegring backward
After the data wore collected, heart rates were counted for
every 30 second interval of the bout, Each subjeét's aversgze heart

rate wes determined for minutes 1=3, 456, 7«Q, 10-i2 znd 13-15, These
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intervalys were chosen for the furpose of evaluating the extent te
which the subjects responded during the exercise period. Furthermore,
the effects of various exercises encountered during these intervals
~ ecould be assessed, ‘

In order to study the relationship between cardiovascunlar fit-
ness and heart rate response during the exercises, the subjecls were
categorized into two groups dspendent upon their estimated max, VOZ.
Astrand's classification of estimated Max, VOZ was used for this pur-
pose (36}, Group 1 comprised nine individuals with pocd to excellent

cardiovasenlar Titness, that was an estimated max, VO, of 43 ml/kg ox

2
above, The second group, ten women, included those individuals pose
sessing fair to average estimated max, VO, below 43 nl/ke.

Based on the literature, a heart rate of 140150 beats per mite
ute is generally considered necessary for a threshold level for trzin-
ing., Karvonen stated that this spscific level could be determined by
measuring 60 percent of the range from resting to maximal heart rate
(9). According to Astrand's work (37) a maxinal heart rate for this
age of woman would be 198 beats per minute and a resting heart rate of
72 beats per minute was used; thus, the threshold level of 148 beats

per minute would be needed during the exerciss program for a training

effect to occur.

Stztictical Trsatment of Data

Twelve variables were statistically analyzed in this investie.
gation. The relationship existing between the variables wis detor-
mined using a Pearson Product Correlation, The variables studied

neludod the following:
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1) Estimated maximal Vo, per/kg of body weight
2) Motivational score
3) Age
4) Weilght
5) Time in program
6) Average heart rate for 1-3 minutes of exercise
7) Average heart rate for 46 minutes of exercise
8) Average heart rate for 7.9 minutes of exercise
9) Average heart rate for 10-12 minutes of exercise
10) Average heart rate for 13«15 minutes of exercise
11). Aversge heart rate for the entire exercise period
12) Percent of time that the heart rates were at or above the
threshold of training level of 148 beats per minute
These variables were further amalyzed by placing the subjects
intoe two groups, Group 1 (est, max, VOZ.:' 43 mrfke) coﬁsisted of the
women possessing good to excellent cardicvascular fitness, Group 2
were those women with fair to average ranges in cardiovascular fitness
(est, max, VGZ < 42 ml/kg). 4 one way anslysis of variance was come
-puted to see if a2 difference existed between the two groups studied ou
all the variables with the exception of the 5 average heart rate interw
vals which were analyzed uging a repeatod measure ANOVA, The null
hypothesis was assumed and the .05 level was the criterion for statise

tic2l significance,



CHAPTER IV
RESTULTS AND DISCUSSION

This study investigated heart rate and several other variables
of women &s they were affected by an adult fitness program, The fole
lowing chapter presents the results obtained from this study and a
discussion of these rasults, The results will include (1) interrela-
tion of the 12 variables, (Zj ANOVA of all variables excluding hoart
rateo intervals, and (3) a repeated measure analysis of the 5 heart

rate intervals,

Interreiavion of the Variablas

The interecorrelations are presented in a 12 variable matrix,
As Table I indieates, significant correlations were found to exist
between several varizbles including estimated max, VOz, heart rate
intervals, average heart rate, and percent of time at or above thresh=
0ld level.
| Estimated maximal oxygen uptuke (voz) scoras significantly
eorrcluted to body weight, however it must egein be montioned that V02

soores were assessed by dividing welight inlo estimated max, VO, to

2
obtain the estimated max, VO, per kilogram of bedy weight, This was
theo only variable to which estinated max, VGZ wag significantly related,
The results zlse indicated that four other variables showed neo
interrelationships with each other or any of the other varisbles,

These include metivatienal score, age, weight, snd smownt of time in

22
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the fitness program, The only noted exceptioﬁ was body weight which
correlated significantly to the heart rates during the 7-9 (r = .5)
end 10-12 (r = .45) minute exercise intervals, '

The remaining variables which included heart rates during 13,
4ot, 7-9, 10=12, and 13-15 minute intervals, average heart rate and
percent of time at or above threshold level were significantly related
to one sncther, One exceptlion was found in the hsart rate intervals
of 10-12 and 13-15 minutes which did not significantly correlate to the
heart rates elicited in the {3 minute period,

ANOVA of the Varisbles

A one way ANOVA was performed to see if a difference existed
between group 1 and group 2 for the following veriables: estimated mex,
voz. motivation score, age, weight, time in program, average heart rate,
and percent of time at or above the assumed thréshold level, The mesan
scores for both groups are shown in Table II, The gresatest differences
in the means were found for weight and estimated max, VOZ. Only a
slight difference in mean scores was found between theAramaining varie
ables, The results showsd that the only significant difference was
fourd for the estimated max, VO, variable {see Table III), as would be
expscted since this was the variable used to group the subjects,

(Mean, SD, and ANOVA for sach variable can be found in Appendix C),

Reprated Measure Analysls of Variance

A4 repeated measure ANOVA of the heart rates during intervals
1=3, #=6, 79, 10-12, and 13-15 minutes are shown in Table IV, The
results indicated that thers were no significant differences between

the grbups for each of the intervals, However, significant differences



TABLE I1

GROUP MEAN AND STANDARD DEVIATION
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Varisble Units Mean S.D,
Est, Max, VO, ml/kg 42,00 6,58
Motivational scors - 21,24 3.39
Age yrs. 30,52 532
Weight ibs, 132,26 23,05
Time in program mos, 7.89 5.18
Avg, H.R. beats/per min, 161,81 8.51
4 of time above
threshold level % .92 A1




TABLE IIX

COMPARTSON OF MEAN AND STANDARD DEVIATION

cas
vy

Group I Groupn 1L
N=9 , N=10

Variable X sD x 5D

vo, 47,11 b, 78 37.40 4,08

Mot, secore 20,88 3,05 21,50 3.80

Age 30,11 6.00 30,90 4,93

Woight 123.55 16,62 140,10 25,93

Time in program 6,66 5,00 9,00 535

H.R. Avg, 160,59 10,32 162,89 6,90
% of time above

threshold 89 A4 % 07




TABLE IV

REPEATED MEASURE ANALYSIS OF VARIANCE

27

Source arf s5 ms £
Group i 62,16 62,16 1
Sub/group 17 6417,36 377.49
Time. b 3018,.41 754,60 14,46
Group x Time & 58,07 14,52 NS
Error 48 3547 .82 52,17
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were found between these heart rate intervals, The average heart rate
for 13 minutes of exercise wsre significantly lower than the heart
rates during the remaining intervals, It was alse found that the
heart rates during the 10-12 minutes were significantly hisher than
the heart rates during 13-15 minutes; however, there was no significant
difference between the intervals of 4=6, 7=9, and 13-15 minutes,

DISCUSSION OF RESULTS

The women cbserved in this study, average age 10,5 yrs,, weight
132.2 1bs., and est, max, VO, of 42 ml/ke of body weight, closely
resembled the subjects studied by Jones (4) and Roskamm et al, (25),
Their investigations, along with the present one, studied the cardio-
vascular responses of women to exercise, Jones found that improvement
in cardiovascular fitness would result from a 5 minute exercise session
in which the average hesart rate was 145 beats per minute, Roskarm
found that cardiovascular improvements resulted from a 30 minute exera
cise session with an average heart rate of 150 beats per minute, The

" present study, invelving exercise intensity, found that an average
heart rate of 161 beats per minute cccurred during a2 15 minute exerciss
program, A heart rate of 148 beats por minute was the assumed threshold
level of training,

The purpose of this study was to determine the extent the
women's heari rates responded to a particular exercise program involve
ing a variety of calistheniecs and cardiovascular endurance type of
exercise, OSpecifically, the objectives were to determine if a threshold

level of training, 148 beats per minute, was obtained and the percentage
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of time spent at or above this level, Tweslve variables were considered
in this investigation, |

The correlation matrix indicated that several of the variables
were interrelated, The first variable, estimated rmax, voz, had &
- significant correlation with 2 sscond varisble, weight (r = =,55),
This is understandable because the estimated max, VO, score was dstera

2
mined by dividing the subject's weight into her estimated maximal VO

2
per/ml/kg of body weight,

- A motivational score was assessed because the investigator felt
that the highly motivated subjects would tend te work harder during the
exercise periocd eliciting higher heart rates (38). The results indicated
that this was not so, Hotivation did not significantly correlate with
any of the other variables, This can probably be attributed to the faet
that this population of women were fairly equal in motivation because
they all voluntarily participated in the program for several months,

The questionnaire vsed to determine motivation was not tested for its
validity, therefore, it may not have sufficiently detected differences
existing between the subjects,

It was found that age, weight, and time in the fitness program
. did not significantly correlate with each other or any of ths other
variables, Although this was true of the age variable this result was

of value to the exercise program because during the program the heart

rate responses of subjeets of varying ages responded similarly. This
was especially noted bscause of the non-significant correlations between
age and the heart rate variables,

With one exception, estimated max, VOZ' weight did not corre-

late well with the other variablss, Weisht correlated with the heart
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rates during the intervals of 7-9 and 10.12 minﬁtes. This suggests
the subject's weight, especlally that of the heavier subject, may have
influenced heart rate response causing an elevation during this approx-
imate time period, Excess weight msy cause an added strain on the
heart reguiring it to work harder to meet the existing physiological
demands of the body for the exercises (13), The non-significant rela-
tionship existing tetween weight and heart rate during the 13-15 mine
utes suggested that the women slowed down their work pace, This
resulted in a lower heart rate than was noted during the previous two
intervals, thus enabling the women to finish the exercise session,

Significant correlations were found between almost all of the
heart rate-interVals, average heart rate, and the percentage of time
that the heart rates remained above the threshold level, Therefore,
this study indicated that an average heart rate obtained during the
exercise session may serve as a guideline to determine if the heart was
working at or above a threshold level, This is especially important
where large groups of individuals are involved in an exercise program,
They can take their own pulse rate several times, at intervals of 3=5
‘minutes, and get an assessment of their average heart rate, In this
mannef they can determine whether or not they are working at an inten-
sity sufficient enocugh to maintain an sdequate threshold of training
level,

The ANOVA showed that there was a significant difference between
the mean scores of group 1 and group 2 on estimated mex, voz. This
difference was valuvable in order to éscertain if individuals of varying

fitness levels would elicit similar heart rate responses during this
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type of open-ended exercise., The results from the repeated analysis,
elearly indicated that the subjects did have similar responses,
Altﬁough the lower cardiovascular fitness group appeared to maintain
higher heart rate levels during the exercises, these did not differ
significantly from the levels msintained in grovp 1. Fipure I shows
this relationship and the fact that beth groups were above threshold
level during all exercise intervals, |

The differences between each of the heart rate intervals, 1=-3,
beb, 7=9, 10=12, and 13«15 minvtes, showed that the heart rates were
siynificantly lower during the first three minutes cof exercise, This
suggested that the women began exercising at a lower intensity, and
then gradually increased their pace at a rate which they could comforts-
ably pursue, This was noted by the non-significant differences which
existed betwesn the intervals of 4«6, 79, and 13«15 minutss, Although
significantly highsr heart rates occurred during the 10=12 minutses, the
subjects appeared to alter their work intensity so that the heart rates
were again lowered during the remaining minutes,

Because there was no significant difference between the groups
regarding their heart rates during the intervals studied, it appeared
that the swbjects reguvlated thelr work out-put, Although work out-put
was hot assessed in this study, the degree of heart rate ranges found
throughout the exercise periods indicated that such a regulation was
occurring, The fact that the heart rates were never too hizh or too
low during the exercise perilod supported the idea that the women cone
trolled their worlk intensity.

This type of selfe-regulation is important to this exercise pro-

gram because the individuals partieipating in the program possess
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varying degrees of cardicvascular fitness, Consequently, each person
irvolved in the exercise session controlled her pace so that her hesart
rate did not elevate beyond a point which she could not pursus, 4n
exceedingly high heart rate could produce medical complications. With
numerous adults participating in exercises thicughout the country, an
occurrence of heart stroke, exhaustion, and coronary attacks (39) have
resulted from intense and highly regimented exercises. The exereiss
program in this present study is not strictly regimented, Thersfore,
it appesred that individuals were able to Yslack off! at times in order
to prevent such occurrences, and work harder at other intervals pere
mitting a constant heart rate level, For a person who is less fit, a
high heart rate could be extremely dangerous., Wilmore and Haskell (33)
stated that it is especlally important for middle aged adults to make
certain that the intensity at which they work was contrelled at a benew
ficlal level which is approximately 75 percent of one's maximal oxygen
uptake,

Although a variely of different exercises were encountered
during the exercise sessions, the resulis revealed that the sequence
of the program enabled the participants to maintain a heart rate suffie-
cient for a threshold level of training, 148 bests per minute, Karvonen
{9), Cooper (34), and Sharkey (5) stated that a heart rate of at least
140-150 beats per minute must be reached if cardiovascular improvement
was to occur, The subjects® average heari rate of 161 beats per minute
was therefore considered sufficlent for cardiovascular improvement, It
was also noted thet all the heart rate intervals had an average heart

rate above the thresheld level, Cooper stated that this threshold
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level must be maintained for at least 5 minutes for improvement to
result, The data revealed that the womsn were either at or above the
assumed threshold level 92 percent of the time, thus exceeding the 5
minutes requirement. Corbin and Rose (4g) found that this program did
improve cardiovascular f{itness, .Therefore, it may be stated that this
exercise program provided a sufficient heart rate intensity for improve=

“ment in ecardiovascular fiiness.



CHAPTER V
CONCLUSIONS AND RECOMMENDATIONS

The heart rate responses of nineteen women during a i5-mimute
‘exercise program wore recordad in order to assess the degrase of intene
sity encountered in the program. The following conclusions can be
drawn from the results of the data collected:

1) The rhythmical endurance exercise program is intense
enough to elicit and maintain average heart ratss at or above a
threshold of training value, |

2) The heart rates maintained ars above the threshold level
and ars consistent for subjects regardless of their {itneses level,

3) The women appeared to have the ability to repulate thair
work pace snd their heart rate duvring continuval rhythmical endurance
exerclses.

4) Age, weight, motivational level, and previcus exercise
experience do not appesr to affect the individual's performance during

the exercise progranm,

RECOMMENDATIONS

Based on the data it is evident that the intensity of ths exere
cise program provided a threshold level of training. It is recommesdsd
that this type of program be ineorporated into existing programs to

insure improvements in cardiovascular {itness,

35
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Further research is also needed ragarding threshold levels
obtained during existing exercise programs., The program investigated
provided sufficient intensity levels throughout the 15 minutes, It
would thersfore seem essential to study other programs to determine

whet heart rate levels are encountered,
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APFENDIX A

MOTIVATION QUESTIONNAIRE



M

PROCEDURES

Read the following questions and answer theum Never, Occasion-
ally, Froguently, Almost Always, or Always, Give the one answer that
bsst indicated the way you feel and place the nunber which corresponds
to your answer in the space provided,

1. Never
2. Occasionally

3. Frequently
L4, Alnost Always

5. Always

QUESTIONS

1. Does competition with individuals in the group help boost
your performance level?

2. Do you set weekly or monthly goals pertaining to your
performance in the fitness program?

3, How often does the feeling of fatigue or discomfort cause
you to U"slow down! during the exercise routine?

L4, How often de you exercise on your own outside of the
scheduled noon=hour program?

5, Do you consider yourself aggressive?

6, How often do you push yourself beyond the limits which
induce normal fatiguet

7. Have you participated in other scheduled exercise programs?

8, Fow do you rate the social atmosphere of the fitness group?
Indicate either Poor, Fair, Comfortable, Good,



APPENDIX B

INDIVIDUAL HEART RATE RESPONSES
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APPENDIX C

GROUP MEAN AND STANDARD DEVIATION FOR THE VARTABLES



ESTTMATED MAX. VO, SCORES

Group No. Means Standerd deviation
i 47,11 ; 4,76
2 | 37.40 . h,08

MOTIVATIONAL SCORES

i

v i i
Sits AR AR TR

Eare—y

Group Ho, Means Standard deviation
4 20,85 3.05
2 21,50 3,80
AGE
Group No, Means "~ Standard deviation
1 30,14 6,00

2 : 30,90 4,93




64

WEIGHT SCORES
Group No. Means Standard deviation
) 140,10 25,93
TIME IN PROGRLM
Group No. Means Standard deviation
1 6,66 5,00
2 9,00 ' 5.35
AVERAGE H,R.,
Group No. Means Standard deviation
1 160,59 10,32
2 162,89 6,90
PERCENT OF TIME AT THRESHOLD LEVEL
Group Ho. Heans Standard deviation
i .89 Jb
2

B .07




APFENDIX D

ANALYSIS OF VARTANCE FOR THE VARTABLES INVESTIGATED



ESTIMATED MAX, VO, SCORES

66

2
df 58 ms £ P
Treatment i his, 71 hhb, 7 22,78 . 0001
Within 17 333.28 - 19,60
Total i8 80,00
MOTYIVATIONAL SCORE
af §s ms £ P
Treatment 1 1,76 1,76 0.14 +70
Within i7 205,38 12,08
Total 18 207,15
AGE
daf 88 ms f P
Treatment 1 2,94 2,94 0,09 W75
Within 17 507,78 29,86
Total 18 510,73




WEIGHT SCORES

67

af ss ms £ p
Treatment i 1206,56 1296,56 2,6 0,12
Within 17 8267.12 486,30
Total 18 9563, 68
TIME IN PRCGRAM
ar ss ms £ P
Treatment 1 25 s ?8 25 . ?8 '] 95 e i Ll‘
Within 17 457,99 26,94
Total 18 1'1830 ?8
AVERAGE H.R,
df 88 ns 3 P
Treatument 1 14,59 14,59 <25 .62
Within 17 987,82 58,10
Total 18 1002,.42




PERCENT OF TIME AT THRESHOLD

daf 88 ms £ P
Treatment ¥ ,01 ,01 1.19 .28
Within 17 .21 Lol
Total 18 22




EVALUATION OF THE HEART RATE RESPONSE OF WOMEN
IN AN ADULT FITHESS PROGRAM

by

MARY LOUISE BASKER MORGAN

A, B,y Kansas Wesleyan University, 1970

AN ABSTRACT OF A MASTER'S THESIS
submitted in partial fulfiliment of the
reéuiraments Tor the degree
MASTER OF SCIENCE
Dagartmsnt of Health, Physical Education and Reereation

KANGAS STATE UNIVERSITY
Hanhatten, Kansas

1973



The purpose of this investigation was to study the heart rate
responses of nineteen female volunteers who were participating in Kansas
State's adult fitness program. Specifically the study was toldetermine
(1} if the intensity of the exercises was sufficient for a threshold of
training, (2) if the intensity was'at threshold value, the amount of
time it was maintained, and (3) to compare the heart rate responses of
high and low fitness groups. The heart rate responses were compared
to the following variables: estimated maximal VOo; motivation score;
age; weight; amount of time in program; heart rate intervals for 1-3,

4-6, 7-9, 10-12, and 13-15 minutes; average heart rate; and the per cent

of time the heart rates were above assumed threshold value of 148 beats

per minute for the group. The Astrand-Rhyming Test was used to divide

the sample into two groups so that a comparison of the heart rates of
motivational levels were determined by a questionnaire and used to study
effect of different motivation on intensity as reflected by heart rates.
Each subject's heart rate was telemetered and recorded using a physio-
graph during one fifteen minute exercise session. From the data collected,
the heart rates were studied to determine what relationship existed

between variables. A correlation matrix revealed a significant interrela-
tionship between all the heart rate intervals, average heart rate and

per cent of time above the threshold level. An ANOVA was calculated to see
if a difference existed between the two groups studied on all the variables
with the exception of the 5 heart rate intervals which were analyzed using
a repeated measure ANOVA. The only significant difference was found between
the mean scores for estimated maximal VO5. The data showed thét this
exercise program produced an average heart rate of 161 beats per minute and

that the subjects were at threshold level 92 per cent of the time. It was



therefore concluded that the variety and sequence of the exercises involved
in this self-regulation program were considered adequate to provide for

cardiovascular improvements without being dangerous to the less fit partici-

pants.



