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ABSTRACT

The purpose of the study was to analyze differences among four
computations of the cardiovascular index scores obtained between two
groups of females during three conditions of bench stepping. The sub-
jects consisted of fifty-eight females enrolled at Appalachian State
University during spring quarter of 1973. Group I was composed of twen-
ty-nine femsles with standing heights of 61-63 inches; Group II was com-
posed of twenty-nine females with standing heights of 67-69 inches.

Fach subject was required to perform a stepping task at levels
of thirteen inches, twenty-one inches, and a height adjusted to the
height of the subject's patella at a rate of twenty-four steps per min-
ute for three minutes. Heart rate was monitored throughout the testing
segsion by means of a Schwinn Heart Rate Indicator. Prior to exercise,
two consecutive heart rate readings were taken and during exercise,
readings were taken at thirty second intervals for the 180 second exer-
cise period. Recovery heart rates were tsken at one, two, and three
minutes following the cessation of exercise.

Four methods of computing the cardiovascular indices were util-
ized: the classical computation, the rapid computation, the new classical
and the new and rapid (NARSS) computation. Data from each method of compu-
tation was analyzed through a two by three, repeated measures, analysis
of variance to determine the difference between the height groups, step-
ping levels, and the interaction of these variables upon the computed

cardiovascular indices.



The findings of the study were as follows:

1. The difference between the height groups' cardiovascular
indices was not significant for all experimental conditions regardless
of the method employed to compute the indices.

2. The classical computation of the cardiovascular indices
yielded significantly higher cardiovascular indices at thirteen inches
than at twenty-one inches; patella height yielded significantly higher
indices than at twenty-one inches.

3. The rapid computation of the cardiovascular indices yielded
significantly higher cardiovascular indices at thirteen inches than at
twenty-one inches; patella height yielded significantly higher indices
than at twenty-one inches.

i, There was a significant difference among the cardiovascular
indices as computed by the new classical computation in favor of the
thirteen inch stepping level.

5. There was & significant difference among the cardiovascular
indices computed by the NARSS computation in favor of the thirteen inch
stepping level.

6. The four computational methods yielded non-significant inter-
actions between the effects of height groups and stepping levels on the
cardiovascular indices.

The following conclusions were drawn from the study:

1. Differences in individual standing heights do not affect

computed cardiovascular indices derived from a stepping task.



2. Lower stepping levels will increase cardiovascular indices,
regardless of individual standing height.

3. The four computational methods for the cardiovascular in-
dices: the classical, the rapid, the new classical, and the NARSS are

valid computational methods of cardiovascular efficiency.

x1




CHAPTER I

INTRODUCTION

The development of adequate levels of physical fitness and a means
of evaluating levels of physical fitness has received notsble consideration
in recent years. This prominent increase has been the outgrowth of studies
which have shown that a physically fit individual has an increased sense of
well-being and reduced fatigability. Also, evidence suggests that myo-
cardial infarction was reduced in a physically active person.

"Physical fitness may be defined as the complex of qualities which

e Often, the aspect

enables the individual to perform physical activity."
of cardiovascular efficiency has been measured to determine the degree of
physical fitness. A variety of step tests, treadmill tests, and the bi-
cycle ergometer tests have emerged as means of assessing cardiovascular
efficiency. Quite often the Harvard Step Test or a variation of the step
test has been employed.

Physical activity elicits adaptations that allow the body to per-
form additional activity. Physiological adaptations occur locally and are

accompanied by total body adjustments which are often striking, especially

lJ. L. Patterson, A. Graybiel, H. F. Lenherdt, and M. J. Madson,
"The Evaluation and Prediction of Physical Fitness, Utilizing Modified
Apparatus of the Harvard Step Test," American Journal of Cardiology, XIV
(1964), p. 811.

21bid.



in the cardiovascular system.3 Brouha and Radford indicate that oxygen
consumption and cardiac output can be maintained at a steady state with
submaximal effort. During maximal effort oxygen consumption reaches its
upper limits and the muscles rely heavily on anaerobic processes, decreasing
the duration of muscular activity. Maximum oxygen consumption depends on
the limitations of total cardiac output. The circulatory responses of the
individual play an important part in determining that individual's ability
to continue to exercise because of the importance of cardiovascular adapta-

) : : < .
b If the continuance in exercise depends upon cardiac

tion during exercise.
output, then cardiac efficiency can be described as the body's ability to

adjust to and recover from strenuous muscular activity over an extended

period. The Harvard Step Test is a very appropriate test of cardiovascular
efficiency. The test is strenuous, relstively lengthy, and can be ad-
ministered to a number of subjects without sophisticated apparatus.

In addition to the evaluation of fitness, the stepping task has been
used by researchers to develop cardiovascular fitness. Weber and Knowlton
conducted research concerniﬁg a comparison of physique and performance mea-
sures resulting from short-term fitness courses. Using male college freshmen
as subjects, the researchers employed the Harvard Step Test as one of the train-

ing methods in the short-term physical fitness courses. The results of the

research indicated desirable circulorespiratory changes in the subjects.

3Elwood Davis and Gene Logan, Biophysical Values of Muscular
Activity with Implications for Research (Dubuque, Iowa: William C. Brown
Company, 1961), pp. 58-59.

thcien Brouha and Edward P. Radford, Jr., "The Cardiovascular
System in Muscular Activity," Science and Medicine of FExercise and Sports,
ed. Warren R. Johnson (llew York: Harper and Brothers, 1960), p. 178.




The Harvard Step Test scores decreased from 187.19 to 172.71, or 1L.L8
mean pulse beats per minute.5

Since its development during World War II, the reliability of
the step test has become an important factor. Meyers conducted a study
investigating the reliability of the Harvard Step Test. A reliability
coefficient of .65 was found and was considered creditable since pulse
readings had been tsken by inexperienced subjects.

However, when the Harvard Step Test was performed or the physi-
cal fitness indices were computed, no adjustment factor was considered
for individual differences in height. The investigator has observed in
previous research involving a step test that individuals of shorter sta-
ture subjectively appeared to exert more effort when performing the task
than did individuals with greater standing height.T Since the subjects
of shorter stature appeared to exert greater effort during the step test
than did individuals of greater standing height, it would seem logical

that the heart rate would increase to a greater degree thus prolonging

the recovery rates for the shorter subjects.

PHerbert Weber and Ronald G. Knowlton, "A Comparative Study of
Physique and Performance Measures Resulting from a Short-Term Physical
Fitness Course," The Research Quarterly, XXXIX (December, 1968), p. 1113.

GCarlton R. Meyers, "A Study of the Reliability of the Harvard
Step Test," The Research Quarterly, XL (May, 1969), . U23.

7Kathy Doughty, "The Effect of Variant Temperature on Heart Rate
in Female Athletes," An Independent Study (Roanoke College, 1972).



The amount of force exerted when an individual steps upon a step-
ping platform depends upon the angle of pull of the muscle. Mechanically,
the most efficient angle of pull which would produce the most efficient

8

force is the pull at a right angle to the lever. The force arm is longest
at this position creating the greatest moment of force and securing the
greatest mechanical advantage.g The greater the deviation from the right
angle, the less efficient is the angle of pull.lo

Such is the case when persons of shorter stature are required to
bench step at the identical levels as those of taller stature. For those
of shorter stature, the angle of pull of the muscle at the hip and knee
Joints is less than a right angle which decreases the efficiency of force.
One must assume that the decrease in efficiency results in an increase in
the workload. An additional load could result in earlier fatigue due to
the increased production of lactic acid which introduces a corresponding
increase in heart rate to assist in the removal of metabolic waste products.
One must also assume that individuals of greater standing height bench step
with the angle of pull of the muscle at the hip and knee joints approaching
a right angle. lence, the more efficient force is produced and the physi-

cal exertion is reduced. Heart rate is reduced and recovery occurs more

quickly as indicated by a higher cardiovascular fitness index. Therefore,

8Laurence E. Morehouse and Augustus T. Miller, Jr., Physiology of
Exercise (St. Louis: C. V. Mosby Co., 1963), p. 82,

9John W. Bunn, Scientific Principles of Coaching (New York: Pren-
tice-Hall, 1955), p« 51.

lOMorehouse and Miller, loc. cit.




can the results of the step test be considered valid measures of cardio-
vascular efficiency?
Frequently the long or short form computation for the Harvard
Step Test is employed in computing the index score. However., neither
formula considers individual differences in total stepping time. It is
possible for one who steps for a shorter period of time to have a higher
index score than one who completed the required stepping bout. A reduction
in stepping time results in rapid heart recovery and a higher index score.
There appears to be a dearth of information dealing with the Har-
vard Step Test in the areas of differences in standing heights and various
methods of computing the Harvard Step Test cardiovascular index score.

This study will investigate these areas to determine any differences.

STATEMENT OF THE PROBLEM

What are the discrepancies in the cardiovascular indices resulting
from different stepping levels among individuals of selected heights and

the different methods of computing the cardiovascular indices?

PURPOSE OF THE STUDY

The purpose of the study was to analyze differences among four
computations of the cardiovascular index scores obtained between one group
of females having a standing height of 61-63 inches and a second group
having a standing height of 67-69 inches, during three conditions of

bench stepping.



DEFINITION OF TERMS

Cardiovascular Efficiency - The ability of the circulatory and

respiratory systems to adjust to and recover from prolonged, strenuous
exercise.

Adjustable Stepping Platform - A platform that can be adjusted

from levels of ten inches through thirty inches, depending on the de-
sired level of the experimental condition.

Schwinn Heart Rate Indicator - A battery operated Schwinn Heart

Rate Indicator, Model X-21, ulilizing electrodes attached to the subject's

chest which reflected the subject's heart rate on a visual indicator.
Inning - One inning of bench stepping consisted of the subject

stepping upon the platform with the foot of their choice and bringing

the remaining fool beside the foot already on the platform; then, step-

ping down with one foot, followed by the other.

DELIMITATIONS OF THE STUDY

Fifty-eight female college students of sslected standing heights
wvere utilized in the study. Each subject's performance task consisted
of three conditions of bench stepping at heights of thirteen inches,
twenty-one inches and a height adjusted to the sibject's patella. Heart
rate response was measured before exercise, during exercise, and following

the cessation of exercise.

LIMITATIONS OF THE STUDY

An initisl limitation developed with the heart rate indicator.

During the exercise phase, the heart rate of soms individuals surpassed




180 beats per minute which could not be monitored by the indicator. A
second limitation occurred when individuals had a great deal of adipose
tissue at the site of electrode placement, resulting in erratic readings.
A third limitation developed with the subjects' motivation to
continue the stepping task for three minutes at each stepping level.

Several subjects stopped stepping before completing the exercise bout.



CHAPTER II
REVIEW OF RELATED LITERATURE
INTRODUCTTION

In the review of related literature, the examination concentrated
upon the various types of step tests which have been used to evaluate
cardiovascular efficiency. Also, variations in the procedures of the
step tesﬁs were examined to determine the affect that these variations
had on the measure of cardiovascular efficiency. Variations in the methods
of computing the cardiovascular index score were also investigated.

STUDIES RELATED TO THE EVALUATION OF CARDIOVASCULAR
EFFICIENCY THROUGH STEP TESTS

The Harvard Step Test was developed during World War II to measure
the ability of the body to adapt to and recover from hard work. The test
was designed to classify differences in fitness levels among young men
as to the measures of least’fit, fit, and most fit.

When performing the Harverd Step Test, the subject exercised on a
twenty inch bench for five minutes at a cadence of thirty steps per minute.
A long and short form of the test could be utilized. The long form re-
quired the pulse count to be taken from one to one and a half minutes, two
to two and a half minutes, and three to three and a half minutes following
the cessation of exercise. Computing the index of cardiovascular fitness
was based on the following formula:

» -
44 L=

Q

(Duration of exercise in sec :
2 (Sum of pulse counts in I-covery)

Index =




The result of this computation indicated the degree of fitness when com-
pared to the following standards: %below 55, poor; 55-64, low average;
65-79, average; 80-89, good; above 90, excellent.

The short form necessitated that the recovery pulse count be
taken from one to one and a half minutes following the cessation of ex-

ercise. The formula utilized in the short form was asgs follows:

Today = (Duration of exercise in seconds) X 100
) 5.5 X Recovery Pulse Count

The result of this computation was compared to the following standards:
below 50, poor; 50-80, average; above 80, good.l

A modification of the Harvard Step Test for girls was developed
by Skubic and Hodkins. Skubic's and Hodkins' test as reported by Mathews
vas executed on an eighteen inch bench at a stepping rate of twenty-four
steps per minute for three minutes.2

The Ohio State University Step Test (also known as the Ohio State
University Cardiovascular Fitness Test and the Ohio Step Test) was a sub-
maximal cardiovascular test'devised to estimate the fitness of men eighteen
years and older. The test was based on the finding that the time in which
the heart increased from a resting state to 150 beats per minute was a valid
indicator of a subject's cardiovascular capacity for exhaustive work.

A bench with a split level of fifteen and twenty inches in height
with an adjustable hand bar was utilized as the testing apparatus. The

test consisted of a total of eighteen innings of fifty seconds duration

lDonald K. Mathews, Measurement in Physical Fducation (Philadelphia:
W. B. Saunders Company, 1968), pp. 217-18.

2
Tbid., p. 219.
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and three workloads. Xach workload was comprised of six innings. Every
inning was divided into a thirty second work period and a twenty second
rest period. During the rest period, the pulse count was taken for ten
seconds beginning at the fifth second and ending with the fifteenth
second. Testing was terminated when the heart rate reached 150 beats per
minute or the subject completed the entire eighteen innings. An individ-
ual score was the number of consecutive innings completed.

The three workloads were as follows: six innings of stepping at
a cadence of twenty-four steps per minute on the fifteen inch bench; six
innings of stepping at a cadence of thirty steps per minute on the fifteen
inch bench; and six innings of stepping at a cadence of thirty steps per
minute on the twenty inch bench.3

The reliability and validity of the Ohio Step Test as a submaximal
stress test to predict maximal cardiovascular endurance of college women
was investigated by Ford. The test-retest correlation for reliability was
.928 + .032. Correlations of .5L6 for time to exhaustion and .158 for
oxygen consumption were fouﬁd when the submaximal Ohio Step Test was cor-
related with the exhaustive Bruce Multistage Capacity Test. Ford con-
cluded that the Ohio Step Test was not a valid measure of maximal cardio-
vascular endurance among college women.h

After modifying the Harvard Step Test, Skubic and Hodkins analyzed

the test to determine its reliability and validity. The reliability and

31bid., pp. 223-2k.

llApril Ford, "The Reliability and Velidity of the Ohio State Uni-
versity Cardiovascular Fitness Test for College Women,' micro-carded thesis
(University of Washington, 1970), p. 50.



3l

validity coefficients were obtained from the following four groups of sub-
jects: trained girls, 11-17 years of age; untrained girls, 12-16 years of
age; active women and sedentary women, 1T7-23 years of age. The researchers
tested all subjects on an eighteen inch bench at a stepping rate of twen-
ty-four steps per minute for three minutes. Heart rate was telemetered by
a radioelectrocardiograph.

The results of the study indicated that the stepping task was a
valid measure of cardiovascular efficiency in girls and women. However,
the investigators failed to report a validity coefficient. A reliability
coefficient of .820 was reported for the test-retest.

A significant difference was found among the groups. The trained
group's heart rate recovered more quickly than the sedentary, t=9.35; the
trained group's heart rate recovered more quickly than the active group,
t=4.50; and the active group's heart rate recovered more quickly than the
sedentary group, t=L.T3.

The researchers concluded that the modification of the step test
was sufficiently strenuous té be classified as hard work for girls and
women. The test discriminated among those in excellent physical condition,
those moderately active, and those sed_entary.5

Bookwalter undertook a study of the Harvard Step Test using 1,269
Army Specialist Training Program Students at Indiana University. The re-
searcher administered the Harvard Step Test with the bench height adjusted

to nineteen inches. Non-significant correlations were obtained between

“Vera Skubic and Jean Hodkins, "Cardiovascular Efficiency Test for
Girls and Women," The Research Quarterly, XXXIV (May, 1963), pp. 191-97.
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the relationship of the Harvard Step Test and the factors of age, height,
weight, the Army Test, 100 yard pick-aback, and 300 yard dash.6

Sloan also modified the Harvard Step Test for women utilizing two
groups of subjects and two experimentsl procedures. The first group, fif-
teen female physiology students ranging in age from 17-21 years, performed
the step test three times on three separate days: once on a twenty inch
stool, once on an eighteen inch stool, and once on sixteen inches. The
fitness indices of these subjects were compared with those of a group of
forty-six male medical students who performed the test on a twenty inch
stool. The second group consisted of sixteen women medical students rang-
ing in age from 17-21 years. These subjects were tested on stools at
heights of eighteen, seventeen, and sixteen inches. The closest agree-
ment of the fitness indices comparisons were between the women at eighteen
inches and men at twenty inches. In the second comparison, the closest
agreement was between the women at seventeen inches and the men at twenty
inches.

Sloan suggested the Harvard Step Test was a useful test of the
capacity for strenuous exertion by women. However, the investigator felt
the twenty inch step had a particular disadvantage for women in that the
limiting factor was often local fatigue of leg muscles and thus the test
was not a valid measure of the capacity of the body as a whole. Sloan
concluded from the results that seventeen inches would be a suitable

T

height for women to bench step.

6Kar1 Bookwalter, "A Study of the Brouha Step Test," The Physical
Educator, V (May, 1948), p. 55.

Ta. w. Sloan, "A Modified Harvard Step Test for Women, Journal of
Applied Physiology, XVI (1959), pp. 985-86.
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While at Radcliffe College, Clarke resolved to provide the stu-
dents enrolled in swimming, field hockey, crew, tennis,ldance, volleyball,
and archery with information which would indicate the degree of physical
fitness as it related to the physical education courses. The initial
test was administered on a bicycle ergometer, but the test discriminated
against those who did not ride bicycles regularly and against lighter and
heavier girls.

The investigator modified the testing procedure to include a step
test. ©Skill and practice effects were reduced to a minimum and the dif-
ferences in weights among subjects was not a penally to anyone since all
had the problem of moving their own body weight up and down stairs daily.

The bench test consisted of stepping up and down on an eighteen
inch bench every two seconds to the beat of a drum. Exercise continued up
to four minutes. Recovery pulse was taken at the same intervals as the
Harvard Step Test and the physical fitness index was computed and evaluated
in the same manner as the Harvard Step Test. Although no statistical
evidence was presented, the‘investigator reported the test results indi-
cated that the greatest cardiovascular improvement was attained by those
enrclled in swimming classes.

In addition to measuring cardiovascular efficiency, the step test
has been utilized to reflect changes in the training of basketball players.
Michael and Gallon tested seventeen members of a basketball team every

three weeks during the sixteen week basketball season. A one minute step

BHarriet Clarke, "A Functional Physical Filness Test for College

tember, 1943), pp. 358-59.
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test with a stepping cadence of thirty-six steps per minute on a seven-
teen inch bench was administered to each subject. At the conclusion of
each bout of exercise, a recovery heart rate was taken at one, two, three,
four and five minutes.

Following the basketball season, the subjects detrained for ten
weeks and the test was re-administered. Summer vacation resulted in an
additional twenty week detraining period and the subjects were again ad-
ministered the test after a total of thirty weeks of detraining. The re-
sults of the study indicated significant changes in the recovery pulse
after three and six weeks of training. Maximum changes occurred during
the sixteen weeks of the basketball season. Recovery to the original
resting heart rate during training was accomplished in two to three minutes.
However, detraining resulted in failure of the recovery pulse to return to
the original resting level even after five minutes of recovery.9

STUDIES RELATED TO VARYING BENCH HEIGHTS
AND RECOVERY RATES

Cairns studied undiscernable changes in the bench height on Har-
vard Step Test performance in women. Fifteen college females were utilized
as subjects. Fach subject performed the Harvard Step Test twice at stepping
levels of U5.72 centimeters, L48.26 centimeters, and 50.80 centimeters.

Five minutes following the cessation of exercise heart rate was taken at

intervals of one to one and one half minutes, two to two and one half

9Frnest D. Michael and Arthur Gallon, "Periodic Changes in the Cir-
culation During Athletic Training as Reflected by a Step Test," The Re—
search Quarterly, XXX (October, 1959), pp. 303-11.
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minutes, and three to three and one half minutes for the purpose of
calculating the Harvard Step Test index. Data were analyzed through
a repeated measure, one way classification, analysis of variance. Non-
significant differences among the mean Harvard Step Test scores were ob-
tained at the different stepping levels.lo

As previously reported, Sloan conducted research involving a
lower stepping height for women. Rather than utilizing the twenty inch
step, the investigator's results indicated that a seventeen inch step was
more suitable for women. Local fatigue of leg muscles was a particular
disadvantage for women at the twenty inch step.ll

Miller and Ebel reported in the review of literature in their in-
vestigation, the results of an unpublished study conducted by Ebel and
Green in 1946. The study involved bench stepping at various heights of
12, 1k, 16, 18, and 20 inches for exercise periods of thirty and sixty
seconds. A standardized cadence of twenty-four steps per minute was em-
ployed. Ebel and Green found that the pulse rate in healthy male subjects
taken one minute after exercise returned to approximately pre-exercise
level regardless of the height of the bench or the duration of the exer-

cise.l?

loMarilyn A. Cairns, "The Effects of Undiscernable Changes in
Bench Height on the Harvard Step Test Performance of Women," Completed

Research in Health, Physical Education, and Reereation, XI (1969), p. 1h7.

llSloan, Joc. cit.

12yaldo A. Miller, and Edwin R. Ebel, "The Effect Upon Pulse Rate
of Various Cadences in the Step Up Test," The Research Quarterly, XVIII
(December, 1946), p. 26k,
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Sloan's and Keen's investigation dealt with observations on the
Harvard Step Test. Interest in such a study was first directed to the
influence of stature and leg length on the ease with which the subjects
were able to bench step. The authors noted: "when the test [Harvarad
Step Test] was introduced into a practical physiology course, that the
tall, long-legged students seem to have less difficulty than their shorter
fellows."

The Harvard Step Test was administered to seventy-five young men,
fifty-one medical students and twenty-four physical education students.
On each subject the investigators measured stature, weight, leg length
(as measured from the iliac crest), bi-iliac diameter and resting pulse
rate. The results of the study indicated the mean stature and leg length
in the two groups were the same. A non-significant correlation resulted
among stature, weight, leg length, and bi-iliac diameter. The authors
concluded that the results of this study failed to justify any lowering

of the step for shorter men .13

STUDIES RELATED TO VARIOUS METHODS OF
CALCULATING THE CARDIOVASCULAR INDEX
With the widespread use of the Harvard Step Test as a measure of
evaluating physical fitness, there has developed a variety of ways for com-
puting the fitnegs indices. Chrastek, Stolz, and Samek analyzed three

methods of computing the cardiovascular index to determine if a difference

13g, N. Keen and A. W. Sloan, "Observations on the Harvard Step
Test," Journal of Applied Physiology, XITII (1958), pp. 2hkl-k3.
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resulted in the indices. The investigators eanalyzed the following formu-
las:

(Duration of exercise in seconds) X 100

Classical -
2 X Sum of the three 1/2 minute pulse counts

Abbreviated — (Duration of exercise in seconds) X 100
5.5 X Pulse Count for 30 seconds

Prolonged - (Duration of exercise in seconds) X 100
2 X Sum of the four 1/2 minute pulse counts.

The authors utilized both trained and untrained subjects. For
men, the stepping task was administered accordihg to the original descrip-
tion of the Harvard Step Test; for women, Clarke's modification of the
Harvard Step Test was employed. The results indicated a non-significant
difference among the abbreviated, the classical, and the prolonged compu-
tations when comparing the groups.lh

Carver and Winsmann indicaled the Harvard Step Test scoring for-
nmula was inadeguate when an individual did not complete the prescribed
duration of the test. The investigators utilized a linear function suita-
ble to indicate the relationship between the Harvard Step Test score and
the duraéion of stepping. The investigators developed new scoring formu-
las which were more sensitive when the individual stopped exercising be-
fore the end of the prescribed duration of the test. Three maximum stepping
durations were administered to twelve subjects prior to and subsequent to
running two miles each day for nine days. The results indicated that both

the rapid and classical computations of the indices were insensitive to

by, Chrastek, I. Stolz, and L. Samek, "On Determination of Phy-
sical Fitness by the Step Up Test," The Journal of Sports Medicine and
Physical Fitness, V (1965), pp. 61-66. '
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those subjects who completed the prescribed exercise and that the follow-

ing formulas were more appropriately applied to the Harvard Step Test:

New Classical Step Test Score Classical Harvard Step Test Score +
.22 (300 - Duration of stepping in

seconds)

New and Repid Step Test Score Rapid Harvard Step Test Score +

.22 (300 - Duration of stepping
in seconds).l?

SUMMARY OF RELATED LITERATURE

In reviewing the literature, two methods of evaluating cardio-
vascular fitness were described: the Harvard Step Test and the Ohic
Step Test.l6 The subsequent literature dealt with modifications of the
Harvard Step Test as applied to men and women. One study suggested a
stepping height of nineteen inches for men, another suggested seventeen
inches for women and two suggested a stepping height of eighteen inches

17,18,19,20

for women. One study utilized the Harvard Step Test as a

method of reflecting changes in the training of basketball players.gl

15R. P. Carver and F. R. Winsmann, "Study of Measurement and Experi-
mental Design Problems Associated with the Step Test," The Journal of Sports

Medicine and Physical Fitness, X, No. II (June, 1970), pp. 1-10.

16Mathews, loc. edit.
17Bookwalter, loe. cit.
l881oan, loe. cit.

19skubic and Hodkins, loe. cit.

2OClarke, loe. cit.

2lMichael and Gallon, loc. cit.
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Four studies were reviewed in which bench heights were changed

to determine subsequent changes in recovery rates. DNone of the studies

indicated a significant change in recovery T&teS.22’23’2h’25

Variations in computing the cardiovascular index was reviewed in

two studies. One study found no difference among the cardiovascular index

26

scores computed by different methods. The remaining study developed new

formulas more representative of the cardiovascular fitness indicated by

27

the index score.

22Cairns, loe. cit.

23Sloan, loe. cit.

2hMiller and Ebel, loc. cit.

25, - .
Keen and Sloan, loc. cit.

26

Chrastek, Stolz, and Samek, loc. cit.

27

Carver and Winsmann, loc. cit.



CHAPTER IIT
PROCEDURE OF THE STUDY
OVERVIEW

The study utilized fifty-eight female subjects of selected standing
heights enrolled at Appalachian State University during spring quarter of
1973. The subjects were divided into two groups: Group I was composed of
subjects with a standing height of 61-63 inches; Group II was composed of
subjects with a standing height of 67-69 inches. A familiarity period was
conducted immediately prior to the first testing session to explain the
purpose and the experimental procedures of the study to the subjects.

The testing sessions involved three experimental conditions of step-
ping levels of thirteen inches, twenty-one inches, and a level adjusted to
the individual subject's patella height. A stepping rate of twenty-four
step; per minute was maintained. Heart rate was monitored at intervals of
30, 60, 90, 120, 150, and 180 seconds during exercisé. Recovery rates were
monitored at one, two and three minutes following the cessation of exercise.
The testing sessions required ten minutes to administer and were completed
with a pericd of twenty-four to forty-eight hours elapsing belween each

session.
SELECTION OF THE SUBJECTS

Subjects were obtained from the required physical education classes
‘

and the women's dormitories at Appalachian State University during spring

20
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quarter of 1973. Information concerning the experiment, its purpose, the
number of testing sessions, and the length of each session was explained
to the subjects.

The subjects were placed in one of two groups since the investi-
gator was concerned with the subjects' differences in standing heights.
Only those subjects with a standing height of 61 to 63 inches and 67 to
69 inches were utilized in the study. Group I consisted of twenty-nine
subjects with a measured standing height of 61 to 63 inches. Group IT
consisted of twenty-nine subjects with a measured standing height of 67

to 69 inches.
TESTING APPARATUS

Stepping Platform - A custom built, adjustable platform designed

to permit various height adjustments was utilized in the study. The plat-
form measured sixteen inches in length, eighteen inches in width with a
vertical height variation of ten to thirty inches.t Figure 1 illustrates
the stepping platform.

Schwinn Heart Rate Indicator - A Schwinn Heart Rate Indicator,

model X-21, was used to measure heart rate responses of the subjects during
the three phases of the study. The indicator permitted controlled continu-
ous readings of the cardiac muscle.2 Figure II shows the heart rate indi-
cator.

General Flectric Cassette Tape Recorder - A General Electric cas-

sette tape recorder, model M8500, was utilized to record all directions and

lManufactured by Christian's Metals, Bristol, Tenn.

2Manufactured by Schwinn Bicycle Co., Chicago, I1l. 60639



FIGURE I

ADJUSTABLE STEPPING PLATFORM
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FIGURE II

SCHWINN HEART RATE INDICATOR

23
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the stepping cadence utilized in stepping. This recording permitted uni-
formity among the directions and cadence given to each subject.3
Stop Watch ~ An Elgin stop watch was utilized to measure the bench

stepping bout for each subject. The stop watch insured the interval con-

sistency for the monitoring of the heart rate.
PROCEDURE FOR MONITORING HEART RATE

The Schwinn Heart Rate Indicator was utilized to monitor heart
rate during each phase of testing. Prior to electrode placement, the
subject's skin was abraded and cleansed with alcohol to insure adequate
transmission of the heart rate. The black coded electrode was attached
below the right nipple on the bony part of the rib cage. The red coded
electrode was attached below the left nipple on the bony part of the ribd
cage. If an inconsistent reading was obtained at this position, the black
coded electrode was attached below and to the left of the sternum; the red
coded electrode was attached above the sternum, just to the right of cen-

]
ter.” Pigures 111 and IV illustrate the former and latter electrode place-

A continuous heart rate was monitored throughout the three phases
of the experiment (pre-exercise, exercise, recovery). The electrodes trans-
mitted the electrical impulses of the heart to the indicator which inter-

preted the heart rate.

3Manufactured by the General Electric Co., Utica, New York 13501

hSchwinn Heart Rate Indicstor Owner's Manual, Schwinn Bicycle Co.,
Chicago, Illinois 60639, p. 12.



FIGURE IIT

STANDARD ELECTRODE PLACEMENT

25



FIGURE IV

ALTERNATE ELECTRODE PLACEMENT
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PROCEDURE FOR MONITORING HEART RATE PRIOR TO EXERCISE

After placing the electrodes on the subject, Phase One of the
investigation necessitated that the subject assume and maintain a
seated position for a period of six minutes while the heart rate was
monitored to determine its resting value. If consistent reading for
the fifth and sixth minutes, plus or minus three beats, were not ob-
tained, heart rate was monitored until two consistent readings were ob-

tained for two consecutive minutes.
PROCEDURE FOR MONITORING HEART RATE DURING EXERCISE

During the bench stepping exercise, heart rates were monitored
and six readings were taken. One reading was taken at each of the fol-

lowing intervals: 30, 60, 90, 120, 150, and 180 seconds.
PROCEDURE FOR MONITORING THE RECOVERY HEART RATE

Following the cessation of exercise, the subject once again as-
sumed the identical position as prescribed prior to exercise. The re-
covery heart rate was monitored at one, two, and three minutes following

the conpletion of exercise.
BENCH STEPPING PROCEDURE

Fach subject performed a bench stepping test following a counter-
balanced schedule of three- experimental conditions in order to avoid train-
ing effects. The experimental conditions were as follows: Experimental
Condition One - stepping upon a bench thirteen inches in height at a

cadence of twenty-four steps per minute for three minutes; Experimental
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Condition Two - stepping upon a bench twenty-one inches in height at =
caedence of twenty-four steps per minute for three minutes; Experimental
Condition Three - stepping upon a bench adjusted to the mid-point of the
subject's patella as measured from the floor, at a cadence of twenty-
four steps per minute for three minutes. Hereafter, these conditions
will be referred to as Experimental Condition One, Two, and Three.

Every subject was tested on three occasions with twenty-four to
forty-eight hours separating each testing session. Subjects were in-
structed to bench step for a period of three minutes at the prescribed
height. The subject was allowed two innings to regain the stepping
cadence at which time if the subject was unable to maintain the stepping
cadence, the testing session was concluded. The bench stepping time and
heart rate were recorded on a standard data sheet (Appendix A).

The following directions for bench stepping were recorded on
tape and played to each subject tc insure consistency in the directions:

"You will be participating in an experimental program designed

to measure the effect of different levels of bench stepping

upon the assessment of cardiovascular efficiency in individuals

of different heights. You will be tested on three different

occasions with no more than forty-eight hours occurring between
each testing session. The testing sessions will consist of one
session of bench stepping at thirteen inches, one session of
bench stepping at twenty-one inches and one session of bench
stepping at a height adjusted to the height of your patella.

The ader of the stepping heights will be counter-balanced.

Fach testing session will consist of three phases. During Phase

One, which is prior to exercise, electrodes will be attached to

your chest for the purpose of monitoring heart rate during all

three phases of the experiment. After the electrodes have been
attached, you will assume a seated position for at least six
minutes or until consistent heart rates are acquired.

The second phase of the experiment will be the exercise phase.

Standing in front of the stepping platform you will be asked to
step up with the foot of your choice and bring the other foot
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beside the foot already on the platform. You must have the en-~
tire foot on the platform and you must be standing erect when
both feel are on the platform. You will then step down with
one foot, followed by the other. This stepping procedure nmust
be performed in cadence with the experimenter's taped recording
of up,up, down,down. You will exercise for a period of three
minutes and will be informed of the length of time you have
been bench stepping at one and two minute intervals.

When the experimenter tells you to stop, you will immediately
sit down in the chair beside the platform. The experimenter
will monitor your heart rate for three minutes and then remove
the electrodes to complete the testing session.

The experimenter will demonstrate the bench stepping procedure
to you before your first testing session. Are there any ques-
tions?

The exercise cadence was as follows: Please stand in front of

the platform. Prepare to exercise. Exercise, up,up, down,
down, ... Stop."

PROCEDURE FOR CALCULATION OF THE CARDIOVASCULAR INDICES

Four c;rdiovascular indices were calculated for each subject at
each experimental condition. The indices considered two factors: the
duration of time the subject exercised and the sum of the pulse counts
during the recovery phase of the experiment.

The classical index was computed from the following formula:

(Duration of exercise in seconds) X 100.
Sum of the pulse counts in recovery

The rapid index was computed from:

(Duratign of exercise in seconds) X 100.
5.5 X One minute recovery pulse count

The new classical index was computed from the following formula:

Classical Index Score + .22 (180% - duration of
stepping in seconds).
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The new and rapid index, hereafter referred to as NARSS, was
computed from the following formula:
Rapid Index Score + .22 (180% - dgration of stepping
in seconds).”’

PILOT STUDY

A pilot study was conducted to determine any areas of difficulty
which might be encountered in the experimental procedures. In addition,
the reliability of the heart rate indicator was investigated. Six fe-
male subjects, three with a standing height of 62 to 64 inches and three
with a standing height of 66 to 68 inches, were explained the testing
procedures and given the stepping test at two of the three experimental
conditions. No difficulties were encountered with the administration of
the test to these subjects.

Fifteen males from a general physical education weight lifting
class were employed as subjects in the testing of the reliability of the
heart rate indicator. The testing session consisted of monitoring each
Subject{s heart rate with the indicator and also manually on the carotid
artery during a rest period and two workloads of exercise on a bicycle
ergometer. The coefficients of reliasbility were as follows: resting,

.87; exercise one, .96; and exercise two, .97.

=
Carver and Winsmann, op. cit., p. 5.

¥A modification was made in these formulas since the subjects
stepped for only three minutes rather than five minutes as the original
formula intended.
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STATISTICAL ANALYSIS

The data used in the statistical analysis in this study were de-
rived from the four computations (classical, rapid, new classical, NARSS)
of the cardiovascular indices.

A two by three, repeated measures, factorial analysis of vari-
ance was utilized to analyze the difference hetween the computed cardio-
vascular indices of the groups, the stepping levels, and the interaction
of the groups and the levels for each of the four computations. A Tukey
Test was utilized to further analyze any significant differences obtained

in the analysis of variance.



CHAPTER IV

PRESENTATION AND ANALYSIS OF DATA

The @analysis of data consisted of utilizing the cardiovascular
indices computed by the classical, rapid, new classical, and NARSS
methods. A two by three analysis of variance with repeated measures

on the same subjects was calculated for each method of obtaining a car-

diovascular index score. Each calculation was analyzed at three levels:

TLevel A was the difference between the index scores of the tall and

short subjects; Level B was the difference among the experimental con-

ditions of bench stepping; and the A X B interasction of these variables.

ANATLYSTS OF THE EFFECTS OF THE THREE EXFERIMENTAL
CONDITIONS UPON THE CARDIOVASCULAR INDICES
COMPUTED BY THF CLASSICAL METHOD
In the analysis of the cardiovascular indices computed by the
classical method, differences between the groups &t each experimental
level were investigated. In addition, differences between the cardio-
vascular indices computed at each stepping level were determined. Fi-

11y, the significance of the inleraction of these two variables was

=]
::;\

determined.

Comparison of the Two Height Groups on the Cardiovascular Indices Com--
puted by the Classical Method

Comparison of the cardicvascular index scores computed by the

classical method for the tall and short subjects yielded a non-significant




33

difference hetween the groups throughout the three experimental con-
ditions. The mean cardiovascular index score for all short subjects
and all experimental conditions was 51.99; for tall subjects, the mean

value was 48.04%. Table I revezls the non-significant F ratio of 2.86.

Comparison of the Stepping Levels of Thirteen Inches, Twenty-One Inches
L i p,& > b2 ,Y 9

Table I reveals a significant F ratio of 129.31 at the .01 level

of confidence for those indices computed by the classical method at the
stepping levels of thirteen inches, twenty-one inches, and patella height.
The mean cardiovascular indices for all subjects at the three stepping
levels were as follows: thirteen inches, 60.83; twenty-one inches, 39.57;

and patells height, 49.65.

TABLE T

ANALYSTS OF VARTANCE OF THE CARDIOVASCULAR INDICES COMPUTED BY
THE CLASSICAYL, METHOD FOR FIFTY-EIGHT SUBJECTS COMPOSING TWO
HEIGHT GROUPS AND BENCH STEPPING AT THREE EXPERIMENTAL LEVELS

Source of Variation 89 ar MS F P
A 679.70 1 679.70 2.86 N.S.
Between Subject Error 13315.79 56 237.78

B 13119.75 2 6559.88 129,31% .01
AB Interaction 175.28 2 87.6h 1.73 N.S.
Within Subject Error 5681.48 112 50.73

TOTAL 32972.00 173

¥An F ratio of 7.08 required for significance.
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Further analysis utilizing the Tukey Test yielded significant
differences among the cardiovescular indices computed by the classical
method. Table I1 reveals the cardiovascular index differences among
the stepping levels. The stepping level of thirteen inches yielded
significantly higher cardiovasculaf indices than twenty-one inches and
patella height; patella height yielded significantly higher cardiovas-
cular indices than the stepping level of twenty-one inches.

Interaction Effect of the Height Groups During Bench Stepping at Levels

of Thirteen inches, Twenty-One Inches, and Patella Height Upon the
Classical Computation of the Cardiovascular Indices '

A non-significant ¥ ratio of 1.73 was obtained from the inter-
action of variables at Levels A and B. The result indicates that no dif-
ference existed between the tall and short groups' cardiovascular indices
during the stepping conditions of thirteen inches, twenty-one inches,
and patella height. Table I reveals the non-significant F ratio.

Chart I illustrates the means for the interaction of Levels A and B.
ANATYSTS OF THE EF?ECTS OF THE THREE EXPERIMENTAL
CONDITIONS UPON THE CARDIOVASCULAR INDICES
COMPUTED BY THE RAPID METHOD

The cardiovascular indices computed by the rapid method were

analyzed to determine differences between the height groups., among the

stepping levels, and the interaction of these variables.

Comparison of the Two Height Groups On the Cardiovascular Indices Com-—

puted by the Rapid Method

In comparing the indices calculated by the rapid method, a non-

significant F ratio of L.15 was obtained between the two height groups
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CHART I

MEAN CARDIOVASCULAR TNDICES OF THE CLASSICAL
COMPUTATION FOR THE INTERACTION OF
SUBJECTS' STANDING HEIGHTS AND
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for the three experimental conditions. The mean cardiovascular index
score for short subjects was 25.88 while the tall subjects had an in-

dex of 23.L43. Table III illustrates this non-significant relationship.

TABLE ITII

ANALYSTS OF VARTANCE OF THE CARDIOVASCULAR INDICES COMPUTED BY THE
RAPID METHOD FOR FIFTY-EIGHT SUBJECTS COMPOSING TWO HEIGHT GROUPS
AND BENCH STEPPING AT THREE EXPERIMENTAL LEVELS

Source of Variation S8 arf M5 F P
A 260.77 1 260.77 L.15 N.S.
Between Subject Error 3517.67 56 62,82

B 3574.19 2  1787.10 14l , 8% .01
AB Interaction ha.01 2 20.51 1.66 N.S.
Within Subject Error 1382.10 119 12.34

TOTAL 8775.7h 173

¥An F ratio of T7.08 required for significance.

Comparison of the Effects of the Stepping Levels of Thirteen Inches,
Twenty-One Inches, and Patella Height Upon the Cardiovascular Indices
Compute€d by the Rapid Method

A significant difference existed among fthe cardiovascular indices
computed by the rapid method at the stepping levels of thirteen inches,
twenty-one inches, and patella height. Table IIl reveals that a significant
F ratio of 1L4L.82 was obtained. The mean cardiorsscular indices computed
by the rapid method for all subjects at the three stepping levels were as
follows: thirteen inches, 30.39; twenty-one inches, 19.31; and patella
height, 2kL.27.

The Tukey Test was employed to further =zmalyze the data. This

analysis yielded significant differences between the cardiovascular indices
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computed by the rapid method. The cardiovascular indices computed at the
stepping level of thirteen inches were significantly higher than those

al twenty-one inches or patella height:; the cardiovascular indices com-
puted at patella height were significantly higher than those computed at
twenty-one inches. Table IV reveals the cardiovascular index differences
obtained among the experimental conditions.

Interaction Effect of the Height Groups During Bench Stepping at Levels of

Thirteen Inches, Twenty-One Inches, and Patella Height Upon the Cardio-
vascular Indices Computed by the Rapid Method

The analysis of data yielded a non-significant F ratio of 1.66 for
the interaction effects. This indicated that these differences in cardio-
vascular indices between the height groups was uniform throughout the ex-
perimental conditions. Chart II reveals the differences obtained through
the interaction.

ANALYSIS OF THE EFFECTS OF THE THREE EXPERIMENTAL
CONDITIONS UPON THE CARDIOVASCULAR INDICES
COMPUTED BY THE NEW CLASSICAL METHOD

Data were analyzed to determine differences between cardiovascular
indices computed by the new classical method between the two height groups,
among the stepping levels of thirteen inches, twenty-one inches, and pa-
tella height, and the interaction of these variables.

Comparison of the Two Height Groups on the Cardicvascular Indices Com-—
puted by the New Classical Method

An F ratio of .50 was obtained for the snalysis of the cardiovas-
cular indices computed by the new classical method for the height groups.
Table V reveals the non-significant F ratio. The mean cardiovascular in-

dex for &1l short subjects for all experimental conditions was 53.95; for

tall subjects the mean value was 52.39.
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TABLE V

ANALYSIS OF VARTANCE OF THE CARDIOVASCULAR INDICES COMPUTED
BY THE NEW CLASSICAL METHOD FOR FIFTY-EIGHT SUBJECTS
COMPOSING TWO HEIGHT GROUPS AND BENCH STEPPING
AT THREE EXPERIMENTAL LEVELS

Source of Variation 88 ar MS P P
A 106.04 1 106.0k .50 N.S.
Between Subject Error  11859.77 56 211, . T8

B 5502.21 2  2751.11 1L . 82% .01
AB Interaction 60.41 2 30.21 .16 N.S.

Within Subject Error 20790.41 112 185.63

TOTAL 36318.85 173

¥An F ratio of T7.08 required for significance.

Comparison of the Effects of the Stepping Levels of Thirteen
Twenty-One Inches, and Patella Height Upon the Cardiovascul
dices Computed by the New Classical Method

Inches,
ar In-

A significant difference was obtained among the cardiovascular
indices computed by the new classical method for the stepping levels of
thirteen inches, twenty-one inches, and patella height. Table V reveals
that the F ratio of 14.82 was significant at the .0l level of confidence.

Additional analysis of the data by the Tukey Test yielded signi-
ficant differences between the cardiovascular indices computed by the
new classical method. The cardiovascular indices obtained at the
stepping level of thirteen inches were significantly higher than those
obtained at levels of twenty-one inches and patella height. Table VI
reveals the cardiovascular index differences obtained among the experi-

mental conditions.
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Interaction Effect of the Height Groups During Bench Stepping at Levels
of Thirteen Inches, Twenty-One Inches, Patella Height Upon the Cardio-
vascular Indices Computed by the New Classical Method

No difference was obtained between the cardiovascular indices of
the two height groups among the three stepping levels. Table V reveals
the non-significant F ratio of .16 for the interaction. Chart III illus-
trates the mean values resulting from the interaction.

ANALYSTS OF THE EFFECTS OF THE THREE EXPERIMENTAL
CONDITIONS UPON THE CARDIOVASCULAR INDICES
COMPUTED BY THE NARSS METHOD
The cardiovascular indices computed by the NARSS method were ana-

lyzed to determine differences in three areas: between the cardiovascular

indices of the two height groups; among the cardlovascular indices computed

for each stepping level; and the interaction of the above variables.

Comparison of the Two Height Groups Upon the Cardiovascular Indices Com-
puted by the NARSS Method

In the analysis of the cardiovascular indices computed by the
NARSS mefhod, a non-significant difference was obtained between the two
groups. Table VII reveals the non-significant F ratio of .36. The mean
cardiovascular index score for all short subjects for all experimental

conditions was 28.32; for all tall subjects the mean value was 27.78.
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TABLE VII

ANATYSIS OF VARIANCE OF THE CARDIOVASCULAR INDICES
COMPUTED BY THE NARSS METHOD FOR FIFTY-EIGHT
SUBJECTS COMPOSING TWO HEIGHT GROUPS AND
BENCH STEPPING AT THREE EXPERIMENTAL

LEVELS
Source of Variation S8 af M5 P P
A 12.55 1 12.55 .36 N.S.
Between Subject Error 1977.98 56 35.32
B 511.97 2 255.99 1h.15% <01
AB Interaction 78.23 2 39,12 2.16 N.S.
Within Subject Error 2026.01 112 18.09
TOTAL L606.Th 173

¥An F ratio of T7.08 required for significance.

Comparison of the Effects of the Stepping Levels of Thirteen Inches,
Twenty~One Inches, and Patella Height Upon the Cardiovascular In-
dices Computed by the NARSS Method

in the analysis of data, a significant F ratio of 14.15 was ob-
tained at Level B which is illustrated in Table VII. The mean cardio-
vascular indices for all subjects at the three stepping levels were as
follows: thirteen inches, 30.39; twenty-one inches, 27.4k; and patella
height, 26.32.

Utilizing the Tukey Test, data were further analyzed and signifi-
cant differences were obtained between the indices. The cardiovascular
indices computed at the stepping level of thirteen inches were signifi-

cantly higher than those computed at twenty-one inches or patella height.
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Table VIIT reveals the cardiovascular index differences obtained among
the experimental conditions.
Interaction Effect of the Height Groups During Bench Stepping at Levels

of Thirteen Inches, Twenty-One Inches, and Patella Height Upon the
NARSS Computation of the Cardiovascular Indices

The analysis of data yielded a non-significant F ratio of 2.16
in the interaction of Levels A and B. Table VII illustrates this non-
significant difference. Chart IV illustrates the mean values resulting

from the interaction.
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CHAPTER V

SUMMARY, FINDINGS, DISCUSSION OF THE FINDINGS,
CONCLUSIONS, AND RECOMMENDATIONS

SUMMARY

The primary purpose of the study was to analyze differences be-
tween the cardiovascular efficiency as computed by different methods for
two height groups during three different stepping levels. The subjects
performed three stepping tasks at heights of thirteen inches, twenty-one
inches, and a height adjusted to the height of the subject's patella.

Each experimental condition consisted of the subject stepping upon the
required height for three minutes at a rate of twenty-four steps per
mimite. Heart rate was monitored throughout the testing session.

The subjects consisted of fifty-eight females enrolled at Appala-
chian State University during spring quarter of 1973. Group 1 was composed
of twenty-nine females with a standing height of 61-63 inches; Group II
was compesed of twenty—nine‘females with a standing height of 67-69 inches.

The cardiovascular indices were computed by four different methods:
the classical computation, the rapid computation, the new classical compu~
tation, and the new and rapid computation. ZEach method of computation was
analyzed through a two by three, repeated measures, factorial analysis of
variance design to determine the difference between the height groups,
stepping levels, and the interaction of these variables upon the computed
cardiovascular indices.

53
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FINDINGS

The findings of this study were as follows:

1. The difference between the height groups' cardiovascular
indices was not significant for all experimental conditions regardless
of the method employed to compute the indices.

2. The classical computation of the cardiovascular indices
yielded significantly higher cardiovascular indices at thirteen inches
than at twenty-one inches; patella height yilelded significantly higher
indices than at twenty-one inches.

3. The rapid computation of the cardiovascular indices yielded
significantly higher cardiovascular indices at thirteen inches than at
twenty--one inches; patells height yielded significantly higher indices
than at twenty-one inches.

h. There was a significant difference among the cardiovascular
indices as computed by the new classical computation in favor of the
thirteen inch stepping level.

5. There was a significant difference among the cardiovascular
indices as computed by the NARSS computation in favor of the thirteen
inch stepping level.

6. The four computational methods yielded non-significant
interactions between the effects of height groups and stepping levels

on cardiovascular indices.

DISCUSSION O THE FINDINGS

It was the assumption of the study that differences in standing

height would result in differences in computed cardiovascular indices




i

selected stepping levels. However, the results of this study indicate
that a significant difference did not exist between the height groups
at each of the three experimental stepping levels.

As stated in the introduction, the optimum angle of pull to
execute the most efficient mechanical force approximates a right angle.
The investigator assumed that the angle of pull of a person of taller
stature would closely approximate a right angle at the hip and knee
Joints when performing a stepping task. Since the force arm is longest
at this position, the greatest and most efficient moment of force is
produced. Workload decreases and cardiovascular efficiency, reflected
by a high cardiovascular index score would increase.

Bunn has cautioned investigators against applying the laws of
mechanics to human performance and then making absolute predictions
and drawing absolute conclusions. When dealing with the human body,
because of the variations in anatomy and physiology, all conditions are
not known and cannot be controlled or measured. FProblems develop with
the accuracy of measurementlwhen the angle at which a force is exerted
or the length of the weight arm and power arm are being determined.l
It appears from the results of this study that the most efficient angle
of pull necessary to bench step is not necessarily a right angle as
stated in the mechanical law.

In the review of literature, several studles placed emphasis

upon the use of various stepping tasks to develop and evaluate

Lsomm w. Bunn, Scientific Principles of Coaching (New York:
Prentice~Hall, 1955), p. 10.
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efficiency. The stepping tasks utilized a sténdard height of bench
stepping for each individual, regardless of height. The results of
this study support such usage.

Two factors must be considered in the findings of this study.

A primary consideration is the fact that many of the subjects did not
bench step the required three minutes. The subjects were given no ex-
ternal motivation to continue the stepping task. Often a subject ceased
to exercise, only one to two minutes of stepping, before the heart rate
had reached & maximum level and thus recovery occurred extremely rapid-
ly. Only one explanation can be offered as to why some subjects ceased
the stepping task before the prescribed three minutes. Psychologically,
a female will not exert herself without external motivation, unless it
is felt that the situation is of tangible benefit. The stepping task
could become quite uncomfortable to perform and the subject would cease
to perform rather than endure the discomfort since the results of the
task would not be a tangible benefit. Higher cardiovascular index
scores were obtained becausé of the fast recovery, but these scores were
not an accurate indication of the subject's cardiovascular efficiency
since the subject did not complete the exercise bout.

Unlike Cairns and Ebel and Green, the results of the study did
indicate a significant difference between the three experimental stepping
levels of thirteen inches, twenty-one inches, and patella height. An in-
verse relationship existed between the stepping levels and the computed
cardiovascular index score. At a stepping level of thirteen inches,

the highest cardiovascular indices were obtained. Such results indicate



that further research is warranted to determine which level provides
an accurate indication of cardiovascular efficiency.

In addition to an investigation of the differences obtained be-
tween the indices of the two height groups, differences obtained among
the four methods of computing the indices were also investigated. Sim-
ilar cardiovascular indices resulted from the four methods utilized to
compute the indices. Chrastek, Stolz, and Samek reported similar re-
sults in a study investigating the classical, abbreviated, and prolonged
computations. However, Carver and Winsmann developed new formulas which
considered the length of time a subject stepped. Supposedly these form-
ulas indicated the most accurate cardiovascular index score. To the con-
trary, the investigator determined that any of the four methods employed

to compute the cardiovascular index will provide e representative score.

CONCLUSIONS

The following conclusions were drawn from the study:

1. Differences in individual standing heights do not affect
computed cardiovascular indices derived from a stepping task.

2. Lower stepping levels will increase cardiovascular indices,
regardless of individual standing height.

3. The four computational methods for the cardiovascular indices:
the classical, the rapid, the new classical, and the NARSS are valid

computational methods of cardiovascular efficiency.
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RECOMMENDATIONS

The following recommendations have been proposed:

1. To conduct further research in the area of stepping tasks to
determine the most appropriate height to bench step when measuring car-
diovascular efficiency.

2. To conduct a study modifying the various methods of computing
the cardiovescular index scores and the standard scores for cardiovascular
indices of the Harvard Step Test to determine if differences obtained

warrant modifications in procedures.
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APPENDIX A

MODEL DATA SHEE]

NAME HETIGHT
DORM r WEIGHT -
P.0. BOX PATELLA HEIGHT
PHONE CLASS _ AGE o
i3" 21" Patella
PRE~ 1.
EXER. RATE
2l
30
EXERCISE
(sEC)
60
90
120
150
180 =
RECOVERY 1
(MIN)
2
3
COMPUTATION OF CARDIOVASCULAR INDICES
13" 21" , Patells
1. Classical |
2. Rapid N
3. New Clas-
ical
4. New Rapid
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APPENDIX B

STANDING HETIGHTS AND PATELLA HETGHTS

FOR ALL SUBJECTS

S - Short Group

T - Tall Group

SUBJECT STANDING HEIGHT (in inches) PATELLA HEIGHT (in inches)
S, 62 18
8, 63 19
83 61 17
S), 61 18
S €2 18
S¢ 62 18
ST 61 17
Sg 63 19
8g 63 18
slO 63 18
Sll 62 17
5.5 63 19
813 63 18
Slh 61 18
815 62 16
16 62 18
51 62 17
18 63 17
319 61 17

6l




APPENDIX B

61
63
62
63
62
61
63

o7
68
68
68
67

1/2

1/2

(Continued)

18
17
18
19
19
5
18
18
17
17
19
20
19
18
20
19
18
20
20
2l
19

20

19
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67
67
67
67
67
€9
67
67
68
68
67
67
67
67

67.

27
1/

1/

1/

1/2

2

2

)

(Continued)

18
18
20
20
20
19
18
18
2
20
18
20
19
19

20
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APPENDIX C

CARDIOVASCULAR INDICES COMPUTED BY THE CLASSICAL, RAPID,
NEW CLASSICAI, AND NARSS METHODS FOR ALIL THREE
EXPERIMENTAL CONDITIONS

W o

. Classical Computation
. Rapid Computation
New Classical Computation
. NARSS Computation
SUBJECT ' 13" oq Patell
= 1. 69.23 55.21 54,22
2. 35.96 27 .27 25.57
3. 69.23 55.21 5l 22
L, 35.96 27.27 25.57
S, ] 88.2L L47.kho 50.70
2. W6.75 22.73 25.37
3. 88.2hL h7.ho 50.70
L., L46.75 22.73 25.37
53 1. 65.h5 51.1hk £0.20
2. 35.93 2.2k 28,46
3. 65.545 51.1k " 60.20
L. 35.93 ok, 24 28.46
5), 1. 68.18 48.65 55.90
2. 35.96 ol .2k 26.61
3. 68.18 48.65 55.90
k., 35.96 2k, 2k 26.61
85 1. 59.h41 48.78 51.72
2, 32.17 2L, 2k 25.17
3. 59.L1 L8.75 51.72
Ly, 32.17 2k, 2k 25.17
8¢ 1. T1.71 4W7.kg 55.56
2. 37.62 22.26 27.50
3. T1.71 L7.ho 55.56
h, 37.62 22,26 27.50
s7 1. 75.31 65.69 100.00
2. 38.96 32.09 51.14
3. T%.31 65.6G 100.00
L, 38.956 32.09 51.1h
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E VUV
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W o

=w o wn =w o Fwne Fwno -

w o

w N

L 9

58.
30.
58.82
.30

30

.18
25.
Lo,
25.

58.
30.
58.
30.

37
18
3T

82
03
82
03

82
30
82

.92
ST
.92

i

TT
.29
.33
.29

o g |

e DD

.69
.62
.69
82

.86
97
.86
97

.63
.61
.63
.61

9.50
.05
9.50

36.05

(Continued)

L2,
21,
Lo,
21.

50.
255
50.
25.

Lé.
23,
L6.
23.

51
25
5.
25

51,
255
51.5
25.1

50.
23.
50.
23.

3.
20.
L6,
20.

36.
17.2
L3.
23.

.76
23.
1.38
30.

Lé

51

01
86

89

o7

Ly

53«
27
A1
2T

27
53
27

50.
26.
50.
26,

59.
30.
59.
30.

52
25.
52.
52.

Lo,
o
.18
2k,

ol
L9

22

62.
31..
62.
Ry

3

.67
22.
LY,
22.

L2
67
Lo

R
29.
58.
29.

48
Ll
48

N}

13
18
13
18

21

2
o

21
03
02
37
02
02

18

.00
.13
h.
22,

00
13

28
W7
28

68




APPENDIX C (Continued)

S 1. 61.22 L4, 48 55.38
17 2., 27.73 21.30 25.97
3. 61.22 Lo, sk 55.38

k., 27.73 26.36 25.97

518 1. 52.63 33.93 L2, 15
2. 26.61 16.94 20.98

3. 52.63 40.53 42,15

L, 26.61 23.54 20.98

819 1. 56.25 36.32 h7.ho
2. 25.97 17.81 23.83

3. 56.25 L) .68 LW7.49

b, 25.97 26.17 23.83

So0 1. 59%.73 h1.50 hr.75
2. 28.46 20.65 23.54

%y 5573 L9.76 U775

Ly, 28.46 , 29.01 23.54

o1 1. Lko.bs 29.77 L6.63
2. 2h.z2h 15.58 21.96

3. L9.Ls L2, 97 46.63

L, 24.24 28,78 21.96

322 1. 54.05 28.35 h5.11
2. 25.37 13.53 20.98

3. 54.05 39.13 45,11

b, 25.37 2L.31 20.98

503 1. 67.92 29.03 55.73
‘ 2. 32.73 13.52 o750
3. 67.92 48.83 55.73

h. 32.73 33.32 27.50

5,), 1. 79.30 29.61 53.57
; 2. 38.05 14,23 26.39
3. 79.30 49.h1 53.57

L., 38.05 3L.03 26.39

Boe 1. 61.02 28.45 55.38
’ 2. 30.59 14,17 o27.27
3. 61.02 L6.27 55.38

k. 30.59 31.99 27.27

S,¢ 1. 55.55 22.67 5. L5
2. 27.50 11.36 21.67

3. 55.55 k. kg L5.h5

k., 27.50 31.16 21.67
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1. U7.00 26.25 Lo.hs5
2. 23.21 12.32 19.96
3. L7.00 k2. 75 40.45
k., 23.21 28.82 19.96
1. Lé.o27 2h. 79 45,56
2. 23.54 12.21 21.82
3. 46.27 4L .59 45,56
k., 23.54 32.01 21.82
1. 60.20 22.26 52.68
2. 29.75 10.36 25.52
3. 60.20 49.32 55.5h
L, 29.75 37.k2 28.38
1. T8.26 43.89 4,55
2. Lo.ko 19.50 22T
3. T8.2 54.23 5357
4. Lo.bho 29.84 31.19
1. 56.96 49.58 49,31
2. 28.71 23.5k 23.5)
3. 56.96 49.58 49.31
y, 28.71 23.5h 23.54
1.. 45.91 50.8L 57.14
2., 23.38 2L h2 26.61
3. L5.91 50.8L 57.1.4
L, 23.38 2h. 42 26.61
1. T7.58 52.47 75.94
2. Lo.o1 25.17 36.36
3. T77.58 52.47 75.9)
L. L40.91 25.17 36.36
1. 56.42 49,31 Lg.86
2. 29.48 24,98 25.17
3. 56.h2 49,31 L9.86
L, 29.48 24,08 25.17
1. T76.92 L5 . hs 55.90
2. 38.05 22.57 25.97
3. T76.92 45.45 55.90
., 38.05 22.57 25.97
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T7 1. 75.00 57.50 69.49
2. 36.77 27.50 32.73
3. 75.00 57.50 69.4h9
b, 36.77 27.50 32.73
Tg 1. 60.81 40.54 45,92
2. 30.03 19.96 22,42
3. 60.81 Lo. 5k 45,92
4. 30.03 19.96 22.h2
Tq 1 56.96 Ly, 32 52.48
2. 27.27 22.h2 2h .61
3. 56.96 LWy 12 52.48
y, 27.27 22.42 oL .61
Fio 1. 53.h41 L6, oh L6. 0k
2, 27.05 22.73 22,57
3. 53.h1 46,04 L6. 0L
k., 27.05 2.73 22.57
T 1. 52.94 L3.97 Ll .18
2. 27.05 22.59 22.33
3. 52.94 Lh7.h9 L7. 04
Ly, 27.05 26.11 25.19
Ty 1. 62.28 45,64 47.83
2. 32.h0 20.69 23.08
3. 62.28 50.70 51.13
L. 32.40 25.75 26.38
Ti3 1. 73.17 h3.kg 42.85
2. 21.25 19.8&2 19.62
3. 73.17 48.5% L9.k5
L, 21.25 24.88 26,22
Ty ), 1. 56.96 38.96 50.8)
2. 29.75 19.3% 24.98
3. 56.96 45.56 50.84
h, 29.75 25.904 2,98
Tls 1. Lk4.88 37.22 Lk, 66
2. 22.73 18.18 21.82
3. L4kh.88 43.82 LY. 66
hy, 22.73 oL .78 21.82
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MEAN VALUES OF THE CLASSICAL COMPUTATION OF

APPENDIX D

THE CARDIOVASCULAR INDICES

ANOVA
Comparison

Experimental
Condition

Mean Cardio-
vascular Index

Average cardiovascular index
of all short subjects for all
experimental conditions

Average cardiovascular index
of all tall subjects for all
experimental conditions

Mean Difference

Average cardiovascular index
of short and {tall subjects &t
a stepping height of 13 inches

Average cardiovascular index
of short and tall subjects &t
a stepping height of 21 inches

Average cardiovascular index
of short and tall subjects at
a stepping height adjusted to
the subject's patella height

Mean Difference between the
cardiovascular indices of 13
and 21 inches

Mean Difference between the
cardiovascular indices at 13
inches and patella height

Mean Difference between the

cardiovascular indices at 21
inches and patells height

h

21.99

48.04

3.93

60.83

19.65

21.26

11.18

-10.08




AB
Interaction

APPENDIX D (Continued)
Average cardiovascular index
of short subjects at 13 inches

Average cardiovascular index
of tall subjects at 13 inches

Mean Difference

Average cardiovascular index
of short subjects at 21 inches

Average cardiovascular index
of tall subjects at 21 inches

Mean Difference

Average cardiovascular index
of short subjects at patella
height

Average cardiovascular index
of tall subjects at patells

height

Mean Difference

62.24

59 .42

2.82

Lko.70

38.43

2.27

53.03

46.26
6:TT

J




APPENDIX E

MEAN VALUES FOR THE CARDIOVASCULAR INDICLS
OF THE RAPID COMPUTATION

ANOVA Experimental Mean Cardio-
Comparison Condition vascular Index
A Average cardiovascular index
of all short subjects for all
experimental conditions 25.88

Average cardiovascular index
of all tall subjects for all

experimental conditions 23.43
Mean Difference 2.45
B Average cardiovascular index

of short and tall subjects at
a stepping height of 13 inches

w
o
w
\O

Average cardiovascular index of
short and tall subjects at a
stepping height of 21 inches 19.31

Average cardiovascular index of

short and tall subjects at a

stepping height adjusted to the

subject's patella height 2L, 27

Mean Difference between the
cardiovascular indices at
13 and 21 inches 11.08

Mean Difference between the
cardiovascular indices at
13 inches and patella height 6.12

Mean Difference between the

cardiovascular indices at
21 inches and patella height -5.96

16



AB
Interaction

APPENDIX E (Continued)
Average cardiovascular index of
short subjects at 13 inches

Average cardiovascular index of
tall subjects at 13 inches

Mean Difference

Average cardiovascular index of
short subjects at 21 inches

Average cardiovascular index of
tall subjects at 21 inches

Mean Difference

Average cardiovascular index of
short subjects at patella kreight

Average cardiovascular index of
tall subjects at patella height

Mean Difference

31.60

29.18

2.2

19.95

18.67

1.28

26.09

22 4}

3.65

T




APPENDIX F

MEAN VATLUES FOR THE CARDIOVASCULAR INDICES
O THE NEW CLASSICAL COMPUTATION

ANOVA Experimental Mean Cardio-
Comparison Condition vascular Index
A Average cardiovascular index of |
all short subjects for all ex-
perimental conditions 53.95

Average cardiovascular index of
all tall subjects for all exper-

imental conditions 52.39

Mean Difference 1.56
B Average cardiovascular index of

short and tall subjects at a

stepping height of 13 inches 60.81

Average cardiovascular index of
short and tall subjects at a
stepping height of 21 inches L7.46

Average cardiovascular index of

short and tall subjects at a

stepping height adjusted to the

subject's patella height 51.23

Mean Difference between the
cardiovascular indices at
13 and 21 inches 13.35

Mean Difference between the
cardiovascular indices at 13
inches and patella height 0.58

Mean Difference between the

cardiovascular indices at
21 inches and patella height -3.77
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AB
Interaction

APPENDIX F (Continued)
Average cardiovascular index
short subjects at 13 inches

Average cardiovascular index
tall subjects at 13 inches

Mean Difference

Average cardiovascular index
short subjects at 21 inches

Average cardiovascular index
tall subjects at 21 inches

Mean Difference

Average cardiovascular index

short subjects at patella height

Average cardiovascular index

of

of

of

of

of

of

tall subjects at patella height

Mean Difference

L7.45

b7 b7

-.02

50.27
1.93

19



MEAN VALUES FOR THE CARDIOVASCULAR INDICES

APPENDIX G

OF THE NARSS COMPUTATION

ANOVA
Comparison

Experimental
Condition

Mean Cardio-
vascular Index

Average cardiovascular index of
all short subjects for all ex-
perimental conditions

Average cardiovascular index of
all tall subjects for all ex-
perimental conditions

Mean Difference

Average cardiovascular index of
short and tall subjects at a
stepping height of 13 inches

Average cardiovascular index of
short and tall subjects at a
stepping height of 21 inches

LAverage cardiovascular index of
short and tall subjects at a
stepping height adjusted to the
subject's patella height

Mean Difference between the
cardiovascular indices at
13 and 21 inches

Mean Difference between the
cardiovascular indices at 13
inches and patella height

Mean Difference between the
cardiovascular indices at 21

inches and patella height

80

30.39

274}

26.32

k.07

1.12




AB
Interaction

APPENDIX G (Continued)
Average cardiovascular index of
short subjects at 13 inches

Average cardiovascular index of
tall subjects at 13 inches

Mean Difference

Average cardiovascular index of
short subjects at 21 inches

Average cardiovascular index of
tall subjects at 21 inches

Mean Difference

Average cardiovascular index of
short subjects at patella height

Average cardiovascular index of
tall subjects at patella height

Mean Difference

31.60

29.17
2.43

27.16

26.L5

-.26
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