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ABSTRACT
There were two purposes of this study.

The first

purpose was to determine whether exposure to a hot environ
ment with restricted activity would result in a signi
ficant improvement in cardiovascular efficiency.

The

second purpose of this study was to determine whether
running in addition to exposure would result in a more
significant improvement than just exposure to heat alone.
Fifty-two male students at Lamar State College of
Technology, Beaumont, Texas were randomly selected and
tested initially for cardiovascular efficiency by means
of the Harvard Step Test.
formed.

Four unequated groups were

Group I was designated as the control group and

engaged in no formal program; Group II served as the
running group and trained by running for fifteen minutes
a day; Group III, the sauna group, trained by sitting in a
sauna for sixteen minutes a day; and Group IV, the running
and sauna group, trained by running for fifteen minutes
followed by a sixteen-minute sauna.

The experimental

groups trained three times a week for six weeks and this
constituted their physical education activity for that
period of time.

At the end of the training period the
viii

subjects were again given the test of cardiovascular
efficiency.

Pulse rates were recorded for each of the

subjects in the experimental groups following the daily
training routines.

Oral body temperature readings were

recorded once a week on each of the subjects of the
experimental groups following the daily training routine.
For each group the gains from the initial to the
final test of cardiovascular efficiency were tested for
significance.

Analysis of covariance was employed in a

two by two factorial design to determine if there was a
difference among the groups in cardiovascular efficiency
and whether there was any interaction between the variables
running and sauna.
The main findings of this study were:
1.

All of the experimental groups improved signi

ficantly in cardiovascular efficiency, whereas the control
group did not.
2.

There were no significant differences between

the experimental groups in improvement of cardiovascular
efficiency.
It was concluded that running, sauna, and running
plus sauna will result in a more significant improvement
in cardiovascular efficiency than no activity or exposure
and that running plus sauna was not significantly better
than running or sauna alone.
ix

CHAPTER I
INTRODUCTION
The American public is in the midst of a physi
cal fitness movement.

One only need look at the number

of our nation's leaders who have expressed their interest
in and support of active physical fitness programs.
The President's Council on Physical Fitness and Sports
indicates continuing high-level interest in this impor
tant subject.

Along with the President's Council,

others have been interested and are becoming more
interested in physical fitness.

Notable among these are

cardiologists, along with other professional medical
personnel, and professional physical educators.

As a

consequence of such a variety of interest groups becoming
involved in physical fitness programs the term "physical
fitness" is necessarily ill-defined.

When several

different groups are independently interested in a
particular phenomenon then each group will perhaps view
the phenomenon differently.

Thus some view physical

fitness as encompassing essentially muscular strength
and/or muscular endurance, to some it is merely freedom
from disease, and to others it may simply be the pro
ficiency in gymnastics, skiing, boxing, etc.

Physical

2
fitness is also thought of as being merely an efficient
cardiovascular system.

However, there are those who

view physical fitness as encompassing all of these, and
flexibility and balance as well.

There are also those

who always ask the question "fitness for what?"

This

element of society is perhaps concerned with that which
can increase longevity but see no need for big muscles
or high levels of endurance and especially the extreme
amount of physical work necessary to achieve total
fitness.
Regardless of the different concepts that exist
concerning physical fitness there is agreement as to
the need for some form of overload in order for physical
fitness to be improved.

This is accomplished by exposing

the body to some form of stress which in most cases is
exercise.

Although exercise is the most widely researched

form of stress, another form, environmental heat, might
produce like results in terms of physical fitness.
This form of stress is becoming quite popular in this
courtry through the medium of the "Sauna Bath".
Although the sauna bath has only recently gained
in popularity in this country, this does not imply
that the sauna is a modern invention.

On the contrary,

the sauna has been in use in various forms for centuries.

3
Hasan^ says that.

. .

in spite of considerable research,
the origin of the Finnish sauna has not
been traced with certainty.
The custom
probably originated amongst the Slavs
of Eastern Europe and was carried along
by the Finno-Ugrian races migrating to
the area which today is Finland.
Today the sauna is held in such high esteem
by the Finns that in the countryside almost every dwell
ing house has a small sauna building adjacent to it and
located on the shore of a small lake or river.

The popu

larity of the sauna in Finland is perhaps best depicted
by Dr. Karvonen, Chief of the physiology department at
the Institute of Occupational Health, in Helsinki, when
he states that "in Finland one experienced great diffi
culty when trying to study long-term effects of sauna
bathing because of the lack of controls.

This lack of

controls was a result of almost all Finns taking regular
sauna b a t h s . T h i s

problem along with the idea that

the sauna is a panacea has retarded scientific research
into the physiological effects of the sauna.

However,

interest is currently being generated, and questions are
being asked concerning the effects of the sauna.

^Jeddi Hasan, "The Finnish Sauna," World Medical
Journal, (July, 1964), 196.
Article, "Increase in Lung Cancer May Have Con
nection with Sauna Bathing," Medical Tribune, XIV, 1964, 8.
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The journal of the American Medical Association
had this to say concerning value or danger from the use
of the sauna.
The Sauna (a hot steam bath taken in
an enclosed room heated by a stove on which
water is sprinkled at intervals) has been
used in Scandinavia, notably in Finland,
for centuries.
It is used by people of all
ages, even in cases recovered from coronary
thrombosis.
Although it may be difficult
to demonstrate any objective beneficial
effect on health and physical performance
capacity, the Sauna is generally considered
to contribute to a feeling of well being.
It is conceivable that some harm could
result in older individuals unless care is
taken to increase the exposure gradually.
The effects on the cardiovascular system
are essentially those which would be expected
to result from exposure to heat.
A. Eisalo
(Effects of the Finnish Sauna on Circulation,
Mercatorin Kirjapaino, Helsinki, 1956)
observed in normal subjects an increase in
cardiac output, a decrease in circulation
time, increased pulse rate, a slight decrease
in systolic blood pressure, decreased
peripheral resistance, and increased venous
blood pressure.
In hypertensive patients
the same changes were observed, except that
in the hypertensive there was a significant
fall in both systolic and diastolic blood
pressures.3

Higdon* questions some of the claims of Sauna
promoters such as:

(1) Sauna enables you to lose

^From Questions and Answers, Journal of the American
Medical Association, CLXXXII, (October, 1962), 320.
*Hal Higdon, "What You Should Know About Saunas,"
Today's Health, XLV, No. 3 (March, 1967), 21.
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weight sensibly*

(2) Sauna clears up acne and blemishes.

(3) Sauna promotes fitness.

(4) Sauna cures arthritis

and bursitis, and removes poisons from the body.

He

says of these claims that they cannot be proved or else
can be accomplished in other ways, probably more easily.
When the body is subjected to a hot environment
the physiological changes that take place closely
parallel the changes induced by exercise.

In fact it

is said of the Sauna that it "increases blood circulation,
giving the effect of exercise.

In this manner you can

actually exercise while sitting down.
body receive a good
I.

The muscles and

w o r k o u t .

STATEMENT OF THE PROBLEM

If the effect of a hot environment is such that
... there is an increase in pulse rate and a subsequent
increase in cardiac output

then possibly a planned

program of exposure might result in an improvement of
cardiovascular efficiency.

5
Pamphlet from "Viking Sauna of Texas", 3322
Beauchamp, Houston 7, Texas.
®Cyril A. Keele, and Eric Neil, Samson Wrights
Applied Physiology, eleventh ed., 1965, 2o"7.’—
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II.

PURPOSES OF THE STUDY

The purposes of this study were:
(1) First to determine whether exposure to a hot
environment with restricted activity would result in a
significant improvement in cardiovascular efficiency,
and

(2) to determine whether running in addition to expo

sure would result in a more significant improvement than
just exposure to heat alone.
III.
Sauna.

DEFINITION OF TERMS

A sauna is usually a small closed spaco

in which hot, dry air is produced by special facilities
which utilize special river rocks.

Thus when the addi

tion of steam is considered desirable all that is
required is to pour water over the rocks.

The sauna

in this study consisted of a small eleven by eleven by
six foot room constructed of redwood in which a safe' /type electric motor moved the air over a series of
coils with an overall even heat balance of temperature
up to 200 degrees Fahrenheit.
IV.

DELIMITATIONS OF THE STUDY

This study was limited to fifty-two male students
enrolled in physical education classes at Lamar State

7
College of Technology in Beaumont, Texas.

The experi

mental groups were involved in their respective activi
ties only three days a week for six weeks.
The study was limited to only one form of exer
cise, running, and only one running program was
utilized.
V.
1.

LIMITATIONS OF THE STUDY

Although the investigator attempted to

control the subjects run in terms of having established
intervals of certain distances for running and for
walking, the total distance covered in fifteen minutes
varied among the subjects' due to varying abilities to
walk and run.
2.

Only male college students were utilized as

subjects in this study.
3.

Although the participating subjects were

randomly selected from volunteers from classes, group
assignments, for administrative purposes, were made
according to the time at which classes met.
4.

Although the subjects were asked not to engage

in exercise relative to the variables being studied,
it was impossible for the investigator to control this.

CHAPTER II
REVIEW OF LITERATURE
The incidence of heat stroke in the population,
and more specifically in industrial workers as a result
of the disturbance of the heat equilibrium mechanisms
of the body, has led to much research in the area of
exposure to heat.

However, the majority of the research

in the area of heat stress dealt with heat acclimation
and dehydration of subjects over a period of several
days or weeks of exposure.

Thus, much is known about

the harmful effects of exposure to heat of lengthy
duration.

Very little research, however, has been

accumulated as to the effects of exposure for short
periods, with restricted activity.

Host of the research

in this latter area has been as a result of the use of
the sauna bath.

Thus, the review of literature in this

study was limited to studies involving the use of the
sauna and other selected studies dealing with exposure
to heat.

8
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I. LITERATURE CONCERNED WITH
THE PHYSIOLOGICAL EFFECTS OF SAUNA
Fornoza* utilized six swimmers and three gymnasts
in attempting to determine the body's adaptation to stress.
The subjects were subjected to two forms of stress;
(1) exerciser and (2) sauna.

After first obtaining blood

samples from the subjects prior to any form of stress,
Fornoza then had the subjects indulge in normal exercise,
either swimming or gymnastics.

Blood samples were again

obtained after exercise and comparisons were made as to
the rise or fc‘ll in numbers of the various constituents
of the blood.

Four days later blood samples were again

obtained prior to and following exposure to the sauna
bath.

The subjects were exposed to the sauna for two

fifteen minute sessions at 176° F . , with a cold shower
between sessions.

The before and after blood samples

were again compared as to a rise or fall of the various
constituents.

It was concluded that there existed a

correlation between the values of the leucocytic formula
after exercise and after the sauna.

^Antonio Fornoza, "Modifications of the Hemogramme
in Swimmers and Gymnasts by Physical Exercise and the
Finnish Bath, Sauna.", Journal of Sports Medicine and
Physical Fitness, IV, too. 1, (March, 1964), 3J.
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Miettinen and Karvinen^ investigated the effects
of physical performance and heart rate response to work
of adult males after a sauna bath.

Nineteen males between

the ages of twenty-four and fifty-three were utilized
as subjects for the study.

The subjects were divided

into two groups and the experiment was conducted in two
sessions.

During the first session one group was exposed

to the sauna and the other was not.

Then after several

weeks duration the two groups were reversed and the
group that had previously been the no-sauna group was
exposed to sauna and vice-versa.

The sauna group for

each session was exposed to the sauna at 7:00 p.m. for
one hour at approximately 187°

V;

then at 8:00 a.m. the

following morning all subjects performed on the bicycle
ergometer and were tested for grip strength, back lift,
and vertical jump.

The resting heart rate was signifi

cantly lower after the sauna bath than with no sauna
and the heart rate response to the ergometer occurred more
rapidly after the sauna.

Performance in the back lift

was slightly facilitated after thj sauna.

No significant

differences were found to exist between the sauna and

^Matti Miettinen, and Esko Karvinen, "Effect of
Sauna Bath on Physical Performance,” The Journal of Sports
Medicine and Physical Performance, III, (December, 1963),
525.
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.no-sauna in grip strength and vertical jump.

The

findings suggested that performance in those events
which required rapid circulatory adjustments might be
enhanced by the sauna.
deVries

and associates investigated the effects

of sauna on heart rate, blood pressure, and electri
cal activity in two muscle groups.

Sixteen subjects

were tested before, after, and 1 hour and 20 minutes
after sauna for heart rate, blood pressure, and elec
trical activity.

As a control measure the same sub

jects were tested on another day, at the same time of
day, with a rest period substituted for sauna.

It was

concluded that there were no significant differences
between the sauna experiment and the control experiment
on the after heart rate and blood pressure.

It was

also concluded that those subjects with high pre-sound
electrical activity in one of the muscle groups

(an

elbow flexor) had a significantly greater reduction in
electrical activity following sauna than after rest.

A. deVries, et al., "Electromyographic
Evaluation of the Effects of Sauna on the Neuromuscular
System," The Journal of Sports Medicine and Physical
Fitness, V n V , _ No. l,~TJune, 1968) , 61-69.
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Hasan, et al.,^ investigated the effects of heat
stress and exercise on body temperature, perspiration
rate, and lactate content of sweat under conditions with
and without insulin hypoglycaemia.

No sigrfificant

differences in the rate and composition of sweat were
found between the imposed conditions.

The inducement

of hypoglycaemia by insulin injection resulted in
significantly lower rises in body temperature than in
those cases without insulin injection.
Haapanen5 utilized forty healthy male subjects
to determine the effects of sauna on electrolyte e x c r e 
tions and renal clearance.

It was concluded that since

concentrations of sodium in the urine decreased while chlo
rine levels remained unchanged, and even though potassium
levels increased, the greatest total loss of these minerals
in the sauna was due to sweating.

It was also concluded

that the renal plasma flow decreased as a result of a
short exposure to sauna but that it took a prolonged stay
to decrease the glomerular filtration rate.

4j. Hasan, A. Laamanen, and M. Niemi, "Effect of
Thermal Stress and Muscular Exercise, With and Without
Insulin Hypoglycaemia, on the Body Temperature, Perspiration
Rate, and Electrolyte and Lactate Content of Sweat," Acta
Physiol Scand, XXXI, 1954, 131-136.
5Haapanen, "Effects of the Finnish Sauna Bath on
the Electrolyte Excretions and the Renal Clearance," Ann
Med Exper Fenn, XXXVI, Suppl. 5, 1958, 82.
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Since fibrinolysis is sometimes suspected of being
linked with atherosclerosis, Miettinen® decided to
investigate the effects of Bauna on fibrinolysis.

Blood

samples were taken from twenty-four healthy subjects prior
to a sauna bath.

Twelve of the subjects were then

exposed to the sauna and the others acted as controls.
Blood samples were taken immediately following the sauna,
two hours later, and the following morning after expo
sure.

Api>roximately two weeks later thr two groups were

reversed, with the previous no-sauna

(control group) being

exposed to the sauna, and the same routine for taking
blood samples was followed.

It was concluded that the fibri-

nolyic activity of plasma following sauna increased as it
does following exercise and various other forms of stress.
Fornoza^ said that the sauna, as a result of its
effects on the cardiovascular system, is conducive to
good sports training and can serve as a substitute for
physical exercise, with the most significant effect on
the cardiovascular system being its contribution to the
lowering of peripheral resistance.

The author also states

®Matti Miettinen, "Effect of Sauna Bath on
Fibrinolysis," Journal of Applied Physiology, XV,
(September, m B T T ' W - m . ------- -----?Antonio Fornoza, "The Sauna as a Physical Means
to Maintain and Improve the Sportsman's Conditions,"
Hevistal Espanola de Educacio Fisica, Nos. 171-172, Enero,
’(Febrero,*T964J , lTTo.

14
that it helps to reduce blood pressure and that It is
necessary to use with caution as the sauna produces an
artificial fever.
Regarding body temperature Karvonen® said that while
in the sauna the body temperature starts to rise rapidly
with the skin temperatures rising first and highest (up to
107.6 degrees F.).

This rise in the skin temperature is

followed by a rise of internal body temperature which
reaches a magnitude of approximately 102.2 degrees F.
Reference was also made to the sauna's application in
hypertension cases whereby sauna results in a lowering of
blood pressure which lasts for more than an hour in those
cases suffering from this malady.
II.

SELECTED STUDIES INVESTIGATING
THE RESULTS OF EXPOSURE TO HEAT

Buskirk® and others Investigated the effects of
physical conditioning and heat acclimatization on work
performance after dehydration.

Three groups of five men

each were dehydrated in the heat overnight on two
different occasions.

When dehydrated, the subjects were

®M. J. Karvonen, "The Physiology of the Sauna Bath,"
Panorama, (September, 1964).
®E. R. Buskirk, et al., "Work Performance after
Dehydration: Effects of Physical Conditioning and Heat
Acclimatization," Journal of Applied Physiology, XXI,
1958, 184-189.
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asked to perforin two bouts of work, a walk followed by
•a run.

One group was trained in cross country running,

one was a control and the other group was acclimatized
to heat.

The results of this study indicate that work

performance during dehydration is enhanced by physical
conditioning; and that acclimatization to heat, super
imposed, on physical conditioning, does not further
enhance performance.
Blyth and Burt1® utilized eighteen males to deter
mine the effects of dehydration and super-hydration upon
the duration of all-out runs on a treadmill at a tempera
ture of approximately 120® F.

The subjects were classi

fied as eleven athletes and seven non-athletes who were
tested under three variations of water intake:

(1) normal;

(2) super hydration, as a result of the subjects drinking
two liters of water thirty minutes before the test; and
(3) dehydration, resulting from the subjects abstaining
from drinking water for twenty-four hours prior to the
test.

The subjects were further dehydrated by sweating

in a hot room until 3 percent of the body weight was
lost.

It was concluded that dehydration lowered endurance

!®C. S. Blyth, and J. J. Burt, "Effect of Hater
Balance on Ability to Perform in High Ambient Temperature,"
Research Quarterly, XXXII, 1961, 301.
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In both groups while superhydration increased endurance
in athletes and decreased endurance in non-athletes.
Bass, et al.*^ investigated the effects of high
temperature and exercise on heart rate.

The work load

imposed was a four m.p.h. walk at 120° F. and again at
77® F.

Heart rates of as much as 186 were found at 120° F.

and heart rates of only 120 at 77° F.
Human subjects were utilized by Hasan and N i e m i ^
to determine effects of thermal stress on metabolic
response*

Pulse rates, oxygen consumption, skin and rectal

temperatures were recorded during and after exposure to
a hot environment.

The metabolic rate was found to

increase during exposure and to subsequently decrease
after exposure.

Positive correlations were found to

exist between pulse rate, metabolic rate, skin and rectal
temperatures.
III.

SUMMARY OF RELATED LITERATURE

In summarizing the literature dealing with the
sauna Fornoza*3 compared the effects of physical exercise

E. Bass, et al. "Mechanisms of Acclimatization
to Heat in Man," Medicine, XXXIV, 1955, 13.
12

J . Hasan, and M. Niemi, "Metabolic Response of
Human Subjects to Severe Acute Thermal Stress," Acta Physiol
Scand, XXXI, 1954, 137-146.
*^Fornoza, loc. cit.

and the sauna.

It was found that the changes in the

leucocytic formula as a result of the sauna paralleled
the changes resulting from exercise.

Miettinen and

Karvinen,*^ £n investigating the effects of sauna on
physical performance, found that resting pulse rates
were significantly lower thirteen hours after sauna than
with no sauna.

It was also found that the heart rate

response to ergometer work occurred more rapidly after
the sauna.

deVries*5 and associates concluded from

their study that heart rate and blood pressure were not
affected 1 hour and 20 minutes after a sauna.

It was

also concluded that there was a significantly greater
reduction in muscle electrical activity following sauna
than after rest.

Hasan and others*® concluded that the

inducement of hypoglycaemia by insulin injection resulted
in significantly lower rises in body temperature when
exposed to the sauna than in those cases without insulin
injection.

Haapanen*? concluded that the greatest total

loss of electrolytes in the sauna was due to sweating.
Miettinen*® investigated the effects of sauna on fibrinolysis

**Miettinen and Karvonen, loc. c i t .
*^deVries, loc. cit.
*7Haapanen, loc. cit.

*®Hasan, et al., loc. c i t .
*®Miettinen, loc. cit.
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and concluded that the fibrinolyic activity of plasma
following sauna increased as it does following exercise.
Fornoza1-9 said that the sauna lowers the blood pressure
along with the peripheral resistance and can be substi
tuted for physical activity.

Karvonen29 found that body

temperature increases as a result of sauna.
Buskirk and others2-*- concluded that physical con
ditioning enhances work performance under dehydration;
and that acclimatization to heat, super-imposed on
physical conditioning, does not further enhance per
formance while dehydrated.

Blyth and Burt22 in their

study, dealing with the effects of water intake on
performance, concluded that dehydration lowered endurance
while super hydration increased endurance in athletes
and decreased endurance in non-athletes.

Bass et al.2^

found that heat super-imposed on a workload consisting
of a 4 m.p.h. walk, increased heart rate from 120 at
77* F. to 186 at 120° F.

Hasan and Niemi24 found that

the metabolic rate increased during and decreased after
a sauna.

*9Fornoza, l o c .c i t .
2^Buskirk, e t a l .

20Karvonen, l o c . c i t .

loc. cit.

22Blyth and Burt, loc. c i t .
2^Bass, et al. loc. c i t .
24Hasan and Niemi, loc. cit.

CHAPTER III
PROCEDURE
I.

OVERVIEW OF THE STUDY

The experimental method was used to determine
whether an improvement in cardiovascular efficiency results
from a program of exposure to a hot environment.

The

author first obtained the cooperation of subjects from
several of the regular physical education courses for men
at Lamar State College of Technology.

The subjects were

randomly selected from volunteers from three classes.
One class met from 8:00 a.m. to 9:00 a.m. three days a
week.

Although it was open to all students, it consisted

primarily of freshmen.

Another class met from 11:00 a.m.

until 12:00 noon three days a week, and was composed pri
marily of sophomores.

The third class utilized consisted

of physical education majors taking a health education
course.

For administrative purposes, the subjects selected

from the class that met from 8:00 a.m. to 9:00 a.m. were
randomly assigned to either Group II or Group IV.

The

randomly selected subjects from the volunteers from the
class that met from 11:00 a.m. to 12:0U noon were designated
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as Group III.

The criterion imposed for selection of

subjects from the health education class was that the
subject would not be participating in a varsity or intra
mural sport during the course of the study.

Those

subjects selected from the health education class were
designated Group I.

All subjects were tested initially

for cardiovascular efficiency and their weights taken.
Group I served as a control group and engaged in no
exercise or exposure to heat.

Group II engaged in a

running program involving fifteen minutes of continuous
movement a day, three days a week, for six weeks.

The

third group was exposed to heat for a period of sixteen
minutes a day, three days a week, for six weeks.
fourth group had two parts to their program:

The

(1) The

first fifteen minutes of each workout day the subjects
followed the same program as did Group II.

(2) In addi

tion to the running program they were exposed to the sauna
for sixteen minutes a day, three days a week, for six weeks.
II.

TESTING AND TRAINING EQUIPMENT

Viking Sauna.

This type of Finnish Sauna was used

for the artificial environment for exposure of the
subjects to heat.

It consisted of a redwood room eleven

by eleven by six feet and equipped with an electric motor
that heated the room up to temperatures of 200 degrees
Fahrenheit while keeping the humidity around 8 percent.
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Stopwatch and Eighteen inch Bench.

A stopwatch

and a bench eighteen inches in height were used to admini
ster the Harvard step test as the measure of cardiovascu
lar efficiency.
Cinder Track.

A cinder track of the type commonly

seen as part of most athletic plants was used for the
training program which consisted of fifteen minutes of
daily running.
III.

TESTING PROCEDURES

The test for cardiovascular efficiency consisted
of the five-minute Harvard step test.1

All subjects were

tested before and after the respective training programs.
The test consisted of each subject stepping up and down on
an eighteen inch be n c h , at a cadence of thirty Bteps per
minute, for five minutes.

The subject then had his

pulse rate recorded at the end of one minute, two minutes,
and three minutes after exercise.

The pulse was counted

for thirty seconds and was taken by two trained physical
education majors.
The pulse rate of each subject was recorded at
the end of each daily session.

The subjects in Group II

^Donald K. Mathews, Measurement in Physical
Education, first ed., 1958,”198.
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took their pulse rate at the end of one minute after
exercise each day.

Groups III and IV took their own

pulse count during the last thirty seconds of exposure
to the sauna.
In addition to having their pulse counts and weights
taken each day, all subjects had their oral body tempera
ture recorded once each week.

Five different subjects

in Group II were chocked for body temperature each day
immediately after their pulse counts were recorded.

Five

different subjects from Groups III and IV were tested
each day for body temperature immediately after the
termination of exposure to the sauna.
IV.

SUBJECTS

The fifty-two subjects in this study were equally
divided into four groups.

The grouping was such that

there were one control and three experimental groups.
Each of the three experimental groups was composed of
subjects participating in required physical education
classes meeting between the hours of 8:00 a.m. and
12:00 noon, on Monday, Wednesday, and Friday.

The subjects

in Groups II and IV were selected from a required
physical education class which met from 8:00 to 9:00 a.m.
The subjects in Group III were selected from a required
physical education class which met from 11:00 a.m. to
12:00 noon each training day.
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Students in the three experimental groups were
motivated by the investigator to perform with maximum
effort in the training and testing programs.
Group 1— The Control Group
The subjects comprising this group were selected
from a health education theory course.

The only criterion

imposed for selection eliminated those students in the
class who were engaged in some vigorous extra-curricular
pursuit such as competition in varsity or intramural
sports.

Thirteen subjects were then randomly selected

from the remaining students to serve

sb

the control group.

Group II— The Running Group
Thirteen subjects in this group trained by running.
The progressive running program was such that they started
off running the curves and walking the straight stretches
on an oval cinder track for a period of fifteen minutes

a

day.

A progressive, weekly increase in workload was

imposed upon the subjects in this group. , This increase
in workload was obtained by increasing the distance of
the run, during the fifteen minute a day workout, and
subsequently decreasing the walking distance.

Specifically,

the increase in workload resulted from the investigator's
increasing the length of the subjects run by twenty yards
per revolution each succeeding week.

Thus the length of
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the run was increased by twenty yards each week until
at the beginning of the sixth week the subjects were
running for the entire fifteen minutes of each workout.
Each subject was encouraged to cover as much
distance as possible during the fifteen minutes of each
workout.

The response to this encouragement was such

that by the end of the training program the1 least distance
covered was one and seven eighths miles in fifteen
minutes, while some of the subjects in this group covered
as much as two and one quarter miles in fifteen minutes.
Group III— The Sauna Group
The program of the thirteen subjects in this group
consisted solely of exposure to the sauna.

The exposure

program was administered in accordance with directions from
the Viking Sauna dealers and it was as follows:

after

first taking a lukewarm shower the subjects entered the
sauna for eight minutes with the temperature averaging
around 195° Fahrenheit.

The subjects sat in the sauna

with no exercise and a minimum of other activity.

At the

end of the eight minutes the subjects left the sauna and
took a cool shower of several minutes duration.

At the

termination of the shower the group re-entered the sauna
for eight minutes longer at about the same temperature.2

2 "Viking Sauna of Texas," l o c . c i t .
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The duration of the cool shower for this group
was arbitrarily set at three minutes.

This duration

of three minutes in addition to the two eight-minute bouts
of exposure gave a total of nineteen minutes for this
group's program.
The subjects in this group participated in this
program three days a week for six weeks and this consti
tuted their entire program.
Group IV— The Running and Sauna Group
The thirteen subjects in this group trained for
thirty-four minutes a day, three days a week for six
weeks.

During the first fifteen minutes of the program

the subjects in Group IV followed the exact running
program of Group II.

In addition to the running program

the subjects in this group were involved in nineteen
minutes of sauna bathing each training day.

Thus the

second part of this group's program consisted of the
entire program of Group III.
Statistical Design
The t-test for the significance of the difference
between correlated means was employed to analyze the
mean gains from initial to final tests for each group
in cardiovascular efficiency as measured by the Harvard
step test.
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A two by two factorial design was then utilized
to determine whether significant differences existed
among the groups in cardiovascular efficiency.
A correlation, between initial scores and gains
in cardiovascular efficiency, was ran in order to
determine the effect initial status had'on gains made.

CHAPTER IV
PRESENTATION AND ANALYSIS OP DATA
I.

INTRODUCTION

Two statistical techniques were used in this study
for purposes of determining the effects of the sauna bath
on cardiovascular efficiency.
were:

The two techniques employed

(1) the significance of the difference between

correlated means; and (2) analysis of covariance.
The data in this study consisted of pulse recovery
rate indexes, pulse rates, and oral body temperatures.
II.
ANALYSIS OF MEAN GAINS
IN CARDIOVASCULAR EFFICIENCY
As shown in Table I, the control group realized no
significant gain between the initial and final tests of
pulse recovery rate.

Group II, the running group, had a

mean gain from the initial to the final test of pulse
recovery rate of 9.0 which represented an improvement in
pulse recovery rate.

The resulting t-ratio of 4.7 was

significant at the .01 level of confidence.
The sauna group, Group III, showed a mean gain from
the initial to the final test of pulse recovery rate of
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10.3 which also represented an improvement in pulse
recovery rate.

The t-ratio of 3.10 for this group was

significant at the .01 level of confidence.
Group IV, the combined running-sauna training
group also improved in pulse recovery rate with a mean
gain of 13.3 which was significant at the .01 level of
confidence.

Therefore, it was shown that all three experi

mental groups significantly improved in their pulse recovery
rate as a result of their training program while the
control group experienced no change in pulse recovery rate.
TABLE I
MEAN GAINS IN PULSE RECOVERY RATE
FROM INITIAL TO FINAL SCORES FOR COLLEGE
MEN FOLLOWING THE VARIOUS TRAINING PROGRAMS

GROUP

MEAN GAIN IN PULSE RECOVERY RATE
MEAN
MEAN
SD
SE
N INITIAL FINAL GAIN DIFF. DIFF.

t

P

Group 1
(Control)

13

72.3

69.7

-2.6

5.1

1.4

1.84

—

Group II
(Running)

13

71.0

60.0

9.0

6.9

1.9

4.7

Group III 13
(Sauna)

64.7

74.9

10.3

12.5

3.3

3.10 .01

.01

Group IV 13
9.8
2.7 4.92 .01
67.5
80.6
13.3
(Running
t Sauna)
t needed for significance at the .65 level *=2.18 ; .01
level** 3.06
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III.

ANALYSIS OF COVARIANCE

Because significant gains had been found in the
t-tests the next step was to determine whether there was
any significant difference among the variables being
studied.
effects

Since the investigator sought to analyze the main
(running and sauna) as well as the interaction

effects of each variable in the presence of the other,
a factorial design was employed.

The analysis of covari

ance technique was applied to the data gathered in the
experiment for two reasons:

(1) no attempt had been made

to equate the groups in terms of initial ability; and
(2) a correlation between the initi

ll

scores and the gains

in pulse recovery rate scores yielded an r equal to -.56,
which indicated that there was an important relationship
between initial scores and amount of improvement.

This

relationship was such that those subjects with the lowest
initial index of pulse recovery rate made the greatest
improvement in recovery rate as a result of the training
programs.

Utilizing r^ to determine percentage of

predicted variation, it was found that over 32 percent
of the variance in the final index scores was due to the
initial scores.
With.l and 47 degrees of freedom, F-ratios of 4.04
and 7.2 were needed for significance at the .05 level
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and .01 level of probability, respectively.

It can be

seen in Table II that when the four groups were analyzed
through the covariance technique and the factorial design,
the resulting F-ratios of 14,3 for variable A

(Running)

and 6.76 for variable B (Sauna) were significant at the
.01 and the .05 levels of probability, respectively.

The

F-ratio for interaction of 2.2 did not achieve significance.
TABLE II
ANALYSIS OF COVARIANCE FROM
FACTORIAL DESIGN OF PULSE RECOVERY
PERFORMANCE FOR FOUR GROUPS OF COLLEGE MEN

SOURCE
OF
VARIATION

ADJUSTED
SUMS OF
SQUARES

DEGREES
OF
FREEDOM

MEAN
SQUARE

F-RATIO

P

A (RUNNING)

781.8

1

781.8

14.30

.01

B (SAUNA)

370.8

1

37°. 8

6.76

.05

AxB

118.0

1

118.0

2.20

NS

WITHIN

2577.7

47

54.8

TOTAL

3869.4

50

F-ratio needed for significance at .05 level=4.04j
level=7.2

.01

Since significant F-ratios were found to exist
concerning variables A

(Running) and B (Sauna), the adjusted

final means for the sauna and running groups were consulted.
Through covariance the final scores were adjusted for
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the variation that existed among the initial scores.
Consequently, the final score means were adjusted for
initial mean differences.
From Table III, it can be seen that Group I (control)
had a final adjusted mean on the test of pulse recovery
rate of 67.8; Group 11
of 78.6; Group 111

(running) had a final adjusted mean

(sauna) had a mean of 78.5; and Group IV

(running and sauna) was found to have a final adjusted mean
of 83.2.

For the comparison for the A variable, A^

represented the subjects who received no running in the
training program, and A 2 represented the two groups who
participated in running.

It can be seen that the adjusted

final mean for level A^ was 73.1 and the adjusted mean for
level A 2 was 80.9.

The significant F-ratio for A indicated

that level A 2 (running) was significantly superior to
level A^

(no running) in pulse recovery rates.

The adjusted final mean pulse recovery rate for
the groups not participating in sauna treatments
was 73.2.

(level B^)

The adjusted mean for the two groups who engaged

in sauna treatmerts

(level B 2 ) was 80.9.

Since the F-ratio

for the B variable in Table II was significant, it revealed
that sauna treatments resulted in significantly greater
pulse recovery rates than no sauna.

The non-significant

F-ratio for interaction indicated that the difference of

sauna versus no sauna remained uniform irregardless
of whether the subjects were participating in running
programs or not.
TABLE III
FINAL ADJUSTED MEANS FOR FOUR GROUPS OF
COLLEGE MEN ON THE TEST OF PULSE RECOVERY RATE

Group I
(Control)
Adj. mean=67.8
N=13
Group III
(Sauna)
A d j . mean=78.5
N“ 13
(No running)
Adj. mean-73.1
N=26

Group II
(Running)

(No Sauna)

Adj. mean=78.6

A d j . mean=73.2

N=13
Group IV
(Run and sauna)
Adj. moan=83.2
N=13
(Running)
Adj. mean=80.9
N=2G

N-26

(Sauna)
Adj. mean=80.9
N-26
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IV.

ANALYSIS OF BODY TEMPERATURE
AND PULSE RATE

Although it was not the purpose of this study to
compare body temperature gains nor gains in pulse rate,
it was believed that measures of these factors should be
recorded throughout the study.

The measure of pulse

rate was held to be necessary in order to have some
basis on which to attribute any improvement in pulse
recovery rate.

Since body temperature generally affects

pulse rate, measures of this factor were taken for
analysis along with pulse rates.
Figures 1-3 show the average pulse rate and body
temperatures of the thirteen subjects of each of the
three training groups following the average daily workout.
From Figure 1, it can be seen that there is little
graphic relationship between post-running body temperatures
and pulse rates.

However, there appears to be more of a

relationship between body temperatures and pulse rates
following

a

for
by

a

a

sauna.

few subjects,

As can be seen from Figure 2, except

a

shift in one variable is accompanied

similar directional shift in the other variable.

The

relationship of pulse rates and body temperatures from
Figure 3 is similar to that of Figure 1 in that it appears
that the variables shift independently of one another.
These results can probably be explained as follows:
the lack of an apparent relationship between body temperatures
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115
113

110
V.-*
106
105
104
103
102

101
100
99
98

SUBJECTS
—
—

Indicates overage body temperatures
Indicates average pulse rates
FIGURE 1

RELATIONSHIP BETWEEN AVERAGE DAILY
PULSE RATES AND AVERAGE WEEKLY BODY TEMPERATURE
MEASURES THROUGHOUT THE TRAINING PROGRAM FOR EACH OF
THE COLLEGE MEN FOLLOWING A FIFTEEN MINUTE RUNNING PERIOD
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135
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115
113
110
103

101
100

SUBJECTS
—
—

Indicates average body temperatures
Indicates average pulse rates
FIGURE 2

RELATIONSHIP BETWEEN AVERAGE DAILY PULSE
RATES AND AVERAGE WEEKLY BODY TEMPERATURE MEASURES
FOR THIRTEEN COLLEGE MEN FOLLOWING A SIXTEEN MINUTE SAUNA
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110
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101
100
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13

13

SUBJECTS
—
—

Indicates average body temperatures
Indicates average pulse rates
FIGURE 3

RELATIONSHIP BETWEEN AVERAGE DAILY PULSE
RATES AND AVERAGE WEEKLY BODY TEMPERATURE
MEASURES FOR THIRTEEN COLLEGE MEN AFTER FIFTEEN
MINUTES OF RUNNING FOLLOWED BY SIXTEEN MINUTES OF SAUNA
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and pulse rates In Groups II and IV, the running and
the running and sauna groups, is probably due to Beveral
physiological parameters affecting pulse rate aside from
body temperature.

The seemingly less independent action

of pulse rates and body temperatures in Group III

(sauna)

is probably best explained by the fact that increased
external body temperatures caused increased internal
temperatures, and consequently, corresponding increases
in pulse rates.

CHAPTER V
SUMMARY, FINDINGS, CONCLUSIONS AND RECOMMENDATIONS
I.

SUMMARY

The purposes of this study were
whether exposure to the heat

(1) to determine

(sauna) would result in

significant improvements in cardiovascular efficiency and
(2) whether running in addition to sauna would result in
significantly greater improvement in cardiovascular effi
ciency than sauna or running alone.

Subjects for the study

were fifty-two male students at Lamar State College of
Technology, Beaumont, Texas, who were enrolled in either
a regular physical education activity class or a health
education class.

Group I was designated as the control

group; Group II the running group; Group III the sauna
group; and Group IV served as the running and sauna group.
The study was conducted during the Fall Semester of
1968-69.

The training program extended over a six-week

span with the three '-raining groups engaging in their
respective programs three days a week.
their class activity for the day.

This constituted

The control group

subjects participated in no physical activity other than
38
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was involved in normal living.

All subjects were given

the Harvard Step Test, as the measure of cardiovascular
efLiciency, before the training program began and also
at its termination.
Pulse rates of all training groups were recorded
daily and body temperatures for all groups were recorded
weekly.

The mean gains for each of the four groups b e 

tween the initial and final Harvard Step Test scores
were tested for significance.

A Factorial Design employ

ing analysis of covariance was utilized to determine whether
significant differences existed due to the running pro
gram, the sauna program, and the interaction of running
with sauna.

Directional Bhifts between the variables

pulse rate and body temperatures were analyzed by use of
graphs.
II.
1.

FINDINGS

The subjects in the sauna group, improved

significantly in cardiovascular efficiency as a result
of sixteen minutes a day, three days a week, exposure
to the sauna bath.
2.

The subjects running for fifteen minutes a day,

three days a week, significantly improved in cardio
vascular efficiency as measured by the Harvard Step test.
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3.

The subjects in Group IV, whose weekly program

consisted of three bouts of fifteen minutes of running
followed by sixteen minutes of exposure to the sauna
made significant gains in cardiovascular efficiency over
a period of six weeks.
4.

No significant change in cardiovascular effi

ciency was found for the control group.
5.

Running proved to be significantly better than

no running in the improvement of cardiovascular efficiency.
6.

Sauna was found to improve cardiovascular

efficiency significantly better than no sauna.
7.

No significant interaction was found between

the effects of the running and sauna programs.
III.

CONCLUSIONS

Within the limitations of this study the following
conclusions were considered justified:
(1) Exposure to a hot environment

(sauna) of sixteen

minutes duration a day, three days a week, for six weeks
will result in more significant improvement in cardio
vascular efficiency than no exposure.

(2) Running of

fifteen minutes duration a day, three days a week, for
six weeks in addition to the same program of exposure to
heat does not significantly improve cardiovascular effi
ciency over the exposure to heat alone or running a l o n e .
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IV.

RECOMMENDATIONS

From reviewing raw data scores for each group it
appears that the significant gains of the subjects in
the sauna group came from those subjects of low initial
cardiovascular efficiency.

With this in mind, the author

would like to recommend a future study investigating the
influence of initial cardiovascular status and exposure
to the sauna bath on cardiovascular efficiency.
mendations for several future studies might be:

Recom
(1) to

investigate the effects of daily exposure to the sauna
on cardiovascular efficiency;

{2) to investigate the

effects of exposure to the sauna on the retention of
acquired cardiovascular efficiency; and

(3) to determine

the effects of variations in time exposed and tempera
ture of exposure on cardiovascular efficiency.
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APPENDIXES

APPENDIX A
RAW DATA OF INITIAL, FINAL, AND GAINS IN
PULSE RECOVERY RATE
GROUP I
GROUP II
FINAL
INITIAL
INITIAL
FINAL
INDEX
SUBJECT
INDEX
GAINS
INDEX
INDEX
1

78.6

72.8

-5.8

1

70.4

81.0

2

86.6

63.0

-23.6

2

78.6

77.4

3

78.1

81.5

3.4

3

50.4

68.5

4

81.1

78.5

-2.6

4

75.7

74.2

5

74.6

68.8

-5.8

5

69.9

78.2

6

56.0

56.3

.3

6

74.2

89.9

7

66.4

63.2

-3.2

7

69.7

79.3

8

70.3

63.8

-6.5

8

80.7

88.7

9

69.4

78.5

9.1

9

76.5

95.1

10

77.7

79.4

1.7

10

73.5

73.1

IX

65.3

71.0

5.7

11

45.0

55.1

12

56.8

54.1

-2.7

12

76.5

82.9

13

79.6

76.1

-3.5

13

81.1

96.1

APPENDIX B
RAW DATA OF INITIAL, FINAL, AND GAINS IN
PULSE RECOVERY RATE
GROUP III
GROUP IV
INITIAL
FINAL
INITIAL
FINAL
INDEX
INDEX
GAIKS
SUBJECT
INDEX
INDEX
1

72.8

80.2

7.4

1

64.3

96.1

2

49.2

78.9

29.8

2

66.8

76.5

3

74.2

78.1

3.9

3

66.5

75.3

4

66.6

75.0

8.4

4

81.2

92.0

5

72.4

67.2

-5.2

5

72.8

75.3

6

63.2

72.1

8.9

6

51.8

66.6

7

55.1

75.3

20.2

7

79.4

93.1

8

65.4

73.5

8.1

8

68.3

83.3

9

70.4

72.4

2.0

9

74.3

79.3

10

70.1

66.8

3.3

10

61.6

76.9

11

68.8

75.4

6.6

11

77.7

82.8

12

74.3

80.6

6.3

12

44.3

78.9

44.6

78.5

33.9

13

67.8

73.5

APPENDIX C
DURATION AND PULSE COUNTS AT
VARIOUS INTERVALS FROM THE INITIAL AND FINAL
ADMINISTRATION OF THE FIVE-MINUTE HARVARD STEP TEST
GROUP I
DURATION IN MINUTES
SUBJECT
INITIAL
FINAL

1 MIN.

INITIAL
2 MIN.

PULSE COUNTS AFTER EXERCISE
FINAL
3 MIN.
1 MIN.
2 MIN.

3 MIN.

1
X

5:00

5:00

70

61

60

75

70

61

2

5:00

3:45

59

60

54

65

60

51

3

5:00

5:00

66

64

62

64

66

54

4

5:00

5:00

67

60

58

67

63

61

5

5:00

5:00

68

68

65

82

69

67

6

3:43

4:02

68

67

64

74

71

70

7

3:10

3:11

52

47

44

54

49

48

8

5:00

5:00

77

71

65

83

78

74

9

5:00

5:00

76

70

70

67

63

61

10

5:00

5:00

70

63

60

67

62

59

11

5:00

5:00

83

75

72

75

72

64

12

3:48

3:44

75

66

60

75

67

65

13

5:00

5:00

70

61

58

69

64

64

00

APPENDIX D
DURATION AND PULSE COUNTS AT
'VARIOUS INTERVALS PROM THE INITIAL AND FINAL
ADMINISTRATION OF THE FIVE-MINUTE HARVARD STEP TEST
GROUP II
PULSE COUNTS AFTER EXERCISE
DURATION IN MINUTES
INITIAL
FINAL
SUBJECT
INITIAL
FINAL
I MIN.
2 MIN.
3 MIN.
1 MIN.
2 MIN.

3 MIN,

1

4:40

5:00

74

65

60

67

62

56

2

5:00

5:00

64

67

60

70

63

60

3

3:36

4:30

78

70

66

75

63

59

4

5:00

5:00

68

70

60

73

66

63

5

3:48

5:00

51

58

54

70

64

58

6

5:00

5:00

70

67

65

60

57

50

7

5:00

5:00

77

70

68

68

62

59

8

5:00

5:00

69

59

58

62

55

52

9

5:00

5:00

72

62

62

61

51

46

10

5:00

5:00

73

68

63

74

68

63

11

2:46

3:56

71

56

57

82

72

60

12

5:00

5:00

71

64

61

64

61

56

13

5:00

5:00

66

60

59

58

51

47
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APPENDIX E
DURATION AND PULSE COUNTS AT
VARIOUS INTERVALS FROM THE INITIAL AND FINAL
ADMINISTRATION OF THE FIVE-MINUTE HARVARD STEP TEST
GROUP III
PULSE COUNTS AFTER EXERCISE
DURATION IN MINUTES
INITIAL
FINAL
SUBJECT
INITIAL
FINAL
1 MIN.
2 MIN.
3 MIN.
1 MIN.
2 MIN.
3 MIN.
1

5:00

5:00

75

67

64

67

60

60

2

2:56

5:00

67

60

52

69

62

59

3

5:00

5:00

71

67

64

66

65

61

4

5:00

5:00

83

74

68

71

66

63

5

5:00

5:00

69

70

68

81

73

69

6

5:00

5:00

83

80

74

72

67

69

7

3:45

5:00

72

67

64

70

66

63

8

5:00

5:00

78

78

74

71

68

65

9

5:00

5:00

78

70

65

78

67

62

10

5:00

5:00

75

71

58

80

75

72

11

5:00

5:00

76

71.

71

71

65

63

12

5:00

5:00

68

67

67

63

62

61
o

13

3:20

5:00

82

73

69

66

63

62

APPENDIX F
DURATION AND PULSE COUNTS AT
VARIOUS INTERVALS FROM THE INITIAL AND-FINAL
ADMINISTRATION OF THE FIVE-MINUTE HARVARD STEP TEST
GROUP IV
PULSE COUNTS AFTER EXERCISE
DURATION IN MINUTES
INITIAL
FINAL
SUBJECT
INITIAL
FINAL
1 MIN.
2 MIN.
3 MIN.
1 MIN.
2 MIN.
3 MIN.
1

4:06

5:00

69

63

59

60

49

47

2

5:00

5:00

83

73

68

70

66

60

3

4:57

5:00

83

72

68

73

65

61

4

5:00

5:00

66

60

58

60

53

50

5

5:00

5:00

78

67

61

77

64

58

6

3:57

5:00

84

77

68

81

75

69

7

5:00

5:00

68

63

58

58

53

50

8

5:00

5:00

83

70

67

67

60

53

9

5:00

5:00

71

67

64

68

66

59

10

4:30

5:00

78

73

68

67

63

61

11

5:00

5:00

70

64

59

66

59

56

12

2:56

5:00

73

65

61

70

62

58

13

5:00

5:00

82

71

68

71

68

65
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