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CHAYTsR I
THTRODUCTION

Physlological tests, especlally of cardiovascular-
resplratory nature, have been experimented with in this
country since 1884, It was first believed that the ability
of a muscle to perform was dependent upon the efflciency
of the circulatory system., 3ince then, many other experi-
menters have worked In this field, such as Clarke and
Cureton, measuring various qualities of cardiovascular effi-
clency, who also found that the cardiovascular system
performs a vital service in the performance of sustalned
ruscular aotivity.l

Whether referring to cardlovascular efficiency as
cardlovascular funection, functional health, physiological
efficiency, organic condition, circulatory endurance, or any
other term describing a person's abllity to perform a physi-
cal task, 1s immaterial, Physical educators are concerned
with the measurement of cardiovascular, or circulatory
endurance, This form of endurance involves the continued
activity of the entlre organism, during which major adjust-
ments of the cilrculatory and respiratory systems are

necessary, as in running, swimming, and climblng., This

1H, Harrison Clarke, Application of Measurement to
lealth and Physical iducation iﬂew ﬂersey: FFenEIce-HalI:
THC., 196i)’ Pe De
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form of endurance 13 not only dependent upon the strength of
the muscles involved in the activity but must rely greatly

on the effective functioning of the cardiovascular system.2
II. THL PROBLiM

Statement of the problem. The purpose of this study

was to inveatligate the degree of relationship which exists
between the Iarvard Step Test and a three minute Treadmlll

Test upon the cardiovascular efficlency of college males,

Statement of the hypothesis., There 1s no significant

difference in the relationship of the Harvard Step Test and

the three minute Treadmill Run on cardlovascular efficiency.

Importance of the study. This study was made in

order to investigate cardiovascular efficiency through two
cardiovascular teats, the Illarvard i5tep Test and the iread-
rnill Run, and to determine the relationship of the two
tests, if any, <This could be used as a gulde to help the
trained physical education teacher in evaluating physical
fitness and for the purpose of classification when the serv-
ices of a physiclan are not immediately available, or when
the need 1is for the determination of physical condition
rather than of the relative degrees of health,3

2Ibid,

3Mary Agnes Murphy, "A Study of the Primary Compo-
nenta of Cardiovascular Tests," Research Quarterly, XI

(1911-0)’ Pe 57-59.




3
Limitatlons of the study. This study involved sixty

rale students who were enrolled full-tire at Kansas utate
Teachers College of .imporla, during the spring semester of
1969, These students were enrolled in physical activity
clagses specifically designed for the development of phys-
ical fitness,

his study was not concerned with helight, welght,
age, claggification, attitudes, or general background of the
subjects, Nor was thls study concerned with any other
activities of the subjects being tested, such as eating,
gleeping, forms of recreation, or emotional problems, This
study was concerned with the testing of two qualities:
(1) cardiovascular efficiency as measured by the Harvard
Step Tesat, and (2) cardiovascular efficlency as measured by

the Treadmill,
IIT, D EINITION O ToRIW

Cardiovascular efficiency. Cardiovascular effi-

clency refers to the rapidity with which the heart can
return to normal after having belng subjected to a very
strenuous exerclse for a glven length of time, A satis-
factory estimate of a man's fitneas can be obtained by
exposing him to a standard exercise that no one can perform
in a "steady state" for more than a few minutes and taking

into account two factors: (1) the length of time he can



sustain 1t, and (2) the deceleration of the heart rate

after exercise.h

Hdarvard Step lest. “‘he purpose of the Harvard Step

‘Test 1s to measure the general capacity of the body. This
test involves minimum skill which requires the subject to
1ift his weight a known height (the helght of the bench) at

a rate which can be determined by a rhythmic cadence.

Tregdmill Run, The Treadmill iun 13 a measure of the

general capaclity of the body by means of a mechanlcal
device, It brings about a slightly better Involvement of
large nmuscle masses than any other device used to measure
cardiovagscular efiiciency since the arms and shoulders can

and do enter intc the activity.

Ylucien Brouha, 1,D., "The Step Test: A Simple Method
of Measuring Physical Fitness for Muscular ‘Jork in Young
ilen," Resgearch yuarterly, -(IV (March, 1943), pp. 31=-36,




CTAFILR II
REVIGW OF 2 LATSD LITURATURE

It i1is the purpose of this chapter to present a
surmary of those studies which are related to measuring
cardiovascular efficiency by means of (1) a step test, and

(2) a treadmill test,
T. DREBLZARCH RELATHD 7O TIZD HARVARD 31BP TisT

A atudy of the primary components of cardliovascular
tosts was conducted by lurphy to analyze statlstically, for
their cormon and group components, thirty-two cardiovascular
test variables of young women at the college level., The
second purpose of her study was to formulate combinations of
items which would give high multiple correlations with com-
mon components. In the first stage of the development of
cardiovascular testing the physlologilcal functions were
assumed; then tests were applled to attempt to prove or
disprove the valldity of the assumptions, i'ew of the tests
were ever checked for either reliability or validity by use
of any rigorous statistical controls, In the second stage
of the development of cardiovascular testing was found the
beginning of sclentiflc validation, 7The criterla was
gelected, a number of variables studied, and a test or

battery chosen which was valid as determined by the criteria,.



buring the third perlod no tests were proposed but a new
method of analyzing tests was utilized, the analysis of
rultiple faotors.5

In preliminary trials of the step test, Galla her
and SBrouha found a wide range of size in boys between the
ages of twelve and eighteen years, As a consequence, two
helzhts of benches were used for the small and large boys.
The division of the boys was made on the basis of body
surface area, as follows:

Less than 1,85 sgquare meters: 18«inch bench
1.35 square meters and above: 20-inch bench

The stepplng rate was thirty steps a minute for four
minutes, unlegs of course, the subject stopped sooner
because of exhsustion. At the conclusion of teating 600
private school boys, the Investigators presented the follow-

ing distribution of scores:

score of

50 or less: Very poor physical condition 2 per cent
51=-60: roor physical condition 18 per cent
61-70: Tair physical condition 50 per cent
71-80: Good physical condition 25 per cent
61-90: :xcellent physical conditilon Il per cent

9l or more: Superlor physical conditlon 1 per cent®

5Mary Agnes Iurphy, Ph.,D., "A Study of the Primary
Jonponcnts of Cardiovascular Tests," decsearch yuarterly, XI
(1940), p. 57. (Microcard.)

6J. Roswell (allagher and Lucien 3Brouha, "A Simple
Tethod of Testing the Physical IFitness of Boys," Research
Juarterly, XIV (March, 1943), p. 23.
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Pulse wave and blood pressure changes during a phys-
ical training program were studied by lilchael and Gallon in
1957-58, using seventeen members of the University of
California, santa 3Barbara, varsity basketball team as sub-
jecta. They ranged in age from nineteen to twenty-six
years, thelr weight ranged from 139 to 223 pounds, and
heights from 68,5 to 77.5 inches. 7The changes in physical
conditioning were egtimated using a step test which was
admninistered each three weeks durlng sixteen weeks of train-
ing, agaln ten weeks after de-training, and after thirty
weeks of de-training. During this period of time the blood
pregsure and pulse wave measurements were studled to inves-
tigzate the effects of basketball condltloning on thess
measurements, “‘he blood pressure measursements were taken
by ausculation using a mercury manometer, The pulse wave
was obtained indirectly from the brachlal artery using a
Cameron Heartometer and all pressures were taken on the left
arm, The resting pulse wave and blood pressure measurements
and the pogstexercise blood pressure measurements taken after
a step test were also examined during this period of time,

It was found that the resting and postexercise sys=-
tolic blood pressure measurements decreased significantly
during traininge. These changes were significant after
gixteen weeks, while the pulse rate changes lndicated

conditioning had changed in six weeks, During de-training
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these measurements reversed and made significant changes in
ten weeks, The pulse wave measurements more closely fol=-
lowed those of the step test. They changed significantly in
six weeks, leveled off, and finally reversed to the starting
level during de-training.7

Hodgkins and Skublec conducted a study to develop
national cardiovascular efficiency standards for college
women as measured by a three-minute step test and to deter-
mine differences that may exlst with regard to height,
welght, ﬁajor field of study, and geographlical location,
Recovery pulse ratea followlng a three=minute step test were
obtained for 2,360 college women Who were enrolled in sixty-
8lx colleges and universitlies representing the six districts
of the AAHPER, The mean recovery pulse rate (thirty seconds
pulse taken one minute after completion of the exercise) for
all women who completed the three minutes of stepping was
6li,i3 with a standard deviation of 9,87 and a range of
thirty=two to 120, The pulse rates were then converted to
cardliovascular efficliency scores and national standards were
established, These included six categories and ranged from
excellent to very poor. Through thelr study, Hodgkins and

Skubic concluded that scores from the Eastern district were

Tirnest D. Michael, Jr. and Arthur J., Gallon, "Pulse
Wave and Blood Pressure Changes Occurring During a Physilcal
Training Program,” Research Quarterly, XXXI (Mareh, 1960),
Pe U3




better than all others; that physical education majors
scored higher than majors in other disciplines; that there
i3 no correlation between height and scores on the step
test; and that women who weighed 150 pounds or more did not
gcore as well as those who welghed under that amount.8

Recovery pulse rates following a three minute step
test were obtained from 686 junior high school and 1,332
high school age girls who were students in fifty-five dif-
ferent secondary schools throughout the six districts of the
AAHPER by Skubic and lHodgkins, The cardliovascular effi=-
cilency test consisted of stepping up and down on an eighteen
Inch bench at the rate of twenty-four steps per minute for
three minutes, Following the exerclse, subjects reated for
one minute in a sitting position; the pulse was then counted
for thirty seconds. The pulse was taken at the carotid
artery by the palpation method, ‘‘he mean recovery pulse
rate for 652 jJjunior high school girls who completed the
three minutes of stepping was 63,78 beats, with a standard
deviation of 10,25, Thirty-four girls, or 4.9 per cent,
were unable to complete the test, T[he mean recovery pulse
rate for 1,204 senior high school yirls who completed the
three minutes of stepping was 65,72, with a standard

8Jean Hodgkins and Vera Skublc, "Cardiovascular
ifficiency Test 3cores for College wWomen in the United )
States," Research Quarterly, XXXIV (December, 1963), p. LShe.
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deviation of 9,63, Of the total group, 128, or 9.6 per
cent, dld not complete the test, The pulse rates were con-
verted to cardiovascular efficlency scores and from these,
natlional standards were establlshed for the nine through
fourteen age group and for the fifteen through nineteen age
groupe, The standards conslsted of six categories from
excellent to very poor, In additlion, it was found that
junior high school subjects scored better than high school
gubjJects; that neither temperature nor time of day of test-
ing had a significant effect on test scores; and that at the
high school level the senlor high school subjects in the
sentral district achieved the best scores of the six dis-
tricts while at the junlor high level the Central and
southern districts ranked together as best,?

Garrett, Sable, and Pangle conducted a study that
compared four approaches to Increasing the cardiovascular
fitnesgs of subjeocts participating in regular and systematic
volleyball Instruction. A secondary purpose was to deter-
mine whether or no% such cardlovascular Improvement could be
obtained without minimizing the opportunity for skill devel-
opment, 4ihe four treatments, each administered during the

final three or four minutes of the scheduled teaching

Iera skubic and Jean lodgkins, "Cardiovascular
sfficiency Test Scores for Junlor and lenilor High s3chool
Girls In the United States,'" Research guarterly, XXXV (iay,
196l), p. 18L.
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period, were running in place, rope skipping, bench step-
ping, and continued volleyball instruction.

students enrolled in two regularly scheduled sections
of volleyball were divided randomly into two subgroups each.
Thus, four treatment groups were formed with numbers of
thirteen, eleven, seven, and nine, respectively, A4All sub-
jeets involved were male students at Teabody College who
slected to enroll in these sections during the winter quar-
ter of 1964, Although predominantly freshmen, the sample
contailned a few atudents of higher qualification. Apes
ranged from elghteen to twenty-six years wilith the mean age
being 19.52.

working within a teaching period of approximately
forty minutes a day, twice a week, each subgroup receilved a
two=part treatment. 7The first part represented a common
core of volleyball instruction given routinely, but inde-
pendently, to both classes. HDuring thls time the treatment
proups within sach class functloned as a single group which
constituted the first thirty-five minutes of the teachilng
perlod, The gecond and differentiating part of the treat-
ment perlod consisted of the last three or four minutes
during which the students assembled into thelr reapective
treatment groups and responded to the four different types
of activities,

3cores on the ilarvard 3tep iLest provided the crite-

pion measure of cardiovascular fltness., Thils test was
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administered iInitially during the first week of the guarter
and on two subsequent occasions at threee~week intervals. The
Brady Skill Test was used to measure volleyball skill profi-
clency at the conclusion of the guarter, In both claases the
aklll testing was done as a part of the final course evalua=-
tion, and results were used as a partlal basgils for assigning
student marks as well as for the purposes of the study,

The first hypothesis tested was that of no AB Inter-
action (I' = ,95). In the absence of AB interaction there
was no real need to test the B effects, even though both B
and A comparlsons were significant at the ,05 level, In
the absence of an AB Interaction, whatever terminal differ-
ences existed in B at the end of the experiment was a
function of initial differences present,

Prom the results of the study, one may conclude that
cardiovascular fltness increased significantly over the
experimental period, However, this gain cannot statisti-
cally be attributed to a single treatment approach, In
terms of "absolute values" of gain score the treatment
groups ranked; (1) running in place (+15), (2) rope skipping
(#13), (3) bench stepping (+8), and (L) continued volleyball
instruction (+1lL). ilegardless of approach, each treatment
population achleved equally In terms of demonstrating
volleyball proficiency at the end of the quarter,10

10Le0n Carrett, rohammed Sabie, and 1oy Pangle, 'Mour
Approaches to Increasing Cardiovascular Fltness Durilng
Volleyball Instruction," Research guarterly, AXXVI (December,
1965), p. 496,




surcton did a study of various Tactor analyses of
cardiovagcular-reapiratory test between 1936 and 1y62, 4all
teats were studied and the factors grouped into clusters of
(1) resting state, (2) change of postural position from
guiet sitting or lying to standing, (3) moderate circulatory
performing capacity, (4) maximal performing capacity, (5)
recuperative abllity after exercise, and (6) respiratory
capaclty and reserve, UThe cardiovascular-resplratory tests
were grouped according to three different types and periods
of factor analysis., The factors from various studles were
affected by the type of subjects, the body positions, and
the relative state of fitness. The various tests in the
yulet state indicated relative sympathetic or parasympa-
thetlc dominance, blood flow, cardiac output, and metabolisiu.
I'he ceclectrocardiographic and ballistocardiographic obsserva-
tions were included only in the last factor analyses.
..oderate circulatory performing capaclity tests indicated
that thero was relative econony vo the work in terms of
lower relative pulse rates, lower blood pressure during work,
and lover relative oxygen Iintake for the relatively fitter
men, 1rom the regults of the tests, Cureton concluded that
the rcecgpiratory volumes appeared as relatively independent

when compared to other factor analyses.ll

1l9homas . Cureton, "Comparison of Various Hactor
inalyses of Cardiovascular-Respiratory Test Variables,"
Regsearch Juarterly, XXXVII (October, 1966), p. 317.
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Jovard conductad a study to determinc the effecta of

a warn-up and a laclk of a warm-up on the hesart rate during
specified exercise routines involving elght members of the
unlverslty of llorth Jareclina track and crogs~country team.
The varlables of anticipatory increase in heart rate, maxi-
mum heart rate, and recovery decrease 1ln heart rate were
gtudied,

wach sgubject completed four exercise routines and the

Harvard Step Test (short form). ‘“he routines were palred so
that the only difference between the routines in any pair
was the warm-up. The exercise routines were:

1. Routine I "ifteen 100-yd. runs at a moderate
pace, in suceession, without a warm-
up, (twenty to twenty-five scconds
per 100 yards).

2, outine II “ifteen 100-yd. runs at a moderate
pace, 1n successlion, after a warm-up,

3. doutine III A [JJO-yd. run, executed in sixty-
five seconds, without a warm-up.

L, Routine IV 4 l10=yd, run, executed in sixty-
4 five seconds, after a warm-up.
56 iloutine V A Harvard 3tep Test.

foutines I, II, and V wers completod by the subjects
on separate days, while routines III and IV were completed
on the same day. Sufficlent time for recovery and warm-up
was allowed each subject between routines III and IV, The
heart rate of the subjects was contlinuously relayed to a
recording system by a radiotelemetry transmitter.

Statistlcal analysis of the various factors involved

showed that thoere was a hizh negative correlation
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(r = =,0693) between the maximum heart rate achileved during
strenuous exercise and the larvard S3tep Test score, 111ld
exercise did not produce a high correlation between these
two variablesgs. ISimilarly, a correlatlon coefficient of
+,7687 was obtained when the recovery rates for strenuous
exercise were correlated wlth: the larvard itep Test scores.
A pronounced trend for the anticipatory increase in heart
rate to be limited by the initial heart rate was obgerved
(r = =,52119), and a small positive correlation (r = ,285)
between the anticipatory increase in heart rate and the
recovery decrease In heart rate was noted., Ioward tfound
that there was no statistically significant differences
between the maximum heart rates of exerclses performed with
and without a warmeup. The differences between recovery
rates, and the diffsrenccs between anticlpatory rates were
insignificant.l2

In a study by bLay, fifty-two volunteer male under-
graduates at the niversity of JOregon were tested twlce
each, with a one-week Interval to evaluate the rellabllity
(temporal stability) of the yhming step test for prediction
of aerobic capacity. The subjJect's pulse was counted during

the last fifteen seconds of each minute while he perforned.

l2norden i, Howard, "_ffects of Jarm-up on the Jeart
tate During ixerclse," Research Juarterly, XIIVII (October,
1966), p. 360,
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A gteady value was reached after the second minute and this
was the score, If no steady value was rcached, then the
last value became tha score wnich was used in the prediction
of the maximal oxygen consuription. All subjects layed
guietly for five to ten minutes prior to the activity and
then the pulse was taken manually at the radial artery. The
average steady state heart rate from three trials was used
in predictin; the maximal oxygen intake, Ii{e found that the
correlation betuween predictin; aeroblic capacity gcores on
the first and second test administrations was «795.%3

A comparison study of rope skipping and jogxing was
conducted by 3Baker to determine the effects upon cardio-
vascular efficiency that result from programs of rope
skipping and jogginge. The larvard Step Test was adminis-
tered to ninty-two male college students in order to
determine thelr level of cardiovascular efficlency., The
subjects were then randomly divided into two jroups; proup
I skipped rope for ten minutes daily for six weeks and group
IT joyuged thirty minutes a day for six weeks., Upon comple-~
tion of the conditioning prosrams the subjects again were
administered the Harvard step Test and comparisons were nmade
from the pree-sxercise and postexercise data. Ilaker's con-

clusions of this study wers that a daily ten nminute program

135ames 8, P, Jay, "A Statistical Investigation of
the Ryhming Otep Test," Research Juarterly, XXXVIII (Decem-
ber, 1967), De 539-
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of rope skipping will significantly improve (p = .05)
cardiovascular efficiency as measured by the Harvard S3tep
Test, and that a dally thirty minute program of Jogging will
significantly improve (p = ,05) cardiovascular efficlency as
measured by the Harvard Step Test, and that a ten minute
dalily program of rope skipping 1s as efficlient as a particu-
lar thirty minute daily program of Jogging for improving
cardiovascular efficlency as measured by the llarvard Step
Test .t

smith conducted a study to determine if a period of
calisthenics, known as the Green Beret program, would sig-
nificantly improve cardiovascular efficlenocy. 1Thils study
concerned itself with 120 male members of the freshman
class, between the ages of seventeen and twenty=one years,
who were full-time students at Kansas State Teachers College
of Zmporia, during the fall semester of 1966, All subjects
Involved were enrolled in Physical iducation Course No, 101,
which was for the development of physical fitness, The sub-
jects were randomly assigned to three groups with forty to
each group. All initial and flnal testing was exactly alike.

The tests used to measure cardiovascular efficlency

of the subjects was an elghteen and one~half inch modified

L John A, 3aker, "Comparison of Rope 3kipping and
Jogging as llethods of Improving Cardlovascular ifficiency of
Coléﬁge Males," Research wuarterly, XXXIX (liay, 1968),

Pe O,




18
Harvard 5tep Test which required a total of three clags
perlods to administer, The training program prior to the
final testing conslisted of a six-twelve plan of calisthenlcs
which 1s used by the army fireen leret in their physical
fitness program. 21x groups of exercises were involved
with six exercises to each group with each group becoming
progressively more difficult, Subjects took part in the
gsix-twelve Green Beret program for thirty minutes a day,
four days a week, for six weeks,

To establish the significance of the mean gains in
the Harvard Step Test performance, the t test waa computed,
comparing the initial and final cardlovascular efficlency
scores for the total group. 1o reach significance, a t of
2,00 was needed for the ,05 level of probability and a t of
2.66 was required to be significant at the ,01l level of
significance, A significant t of 7,17 was found for the
group which had a mean difference between the initial and
final cardiovascular efficlency scores of 16,66, which was
highly significant at the ,01 level of confidence,

Smith concluded that the Green Beret six-twelve plan
can produce a high level of cardiovascular efficiency and
that the lHarvard 3tep Test is a valld and reliable indicator
of cardiovascular efficliency of college males between the

ages of geventeen and twenty-one years.15

155idney L. Smith, "A Study to Determine the iffects
of 31x Jeeks of (Callsthenics Upon Cardiovascular ifficlency
of College liales" (unpublished laster's thesis, Lansas State
Teachers College, umporia, Ausust, 1968), pp. 4-30.
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IT. 2 SULARSI RoLAd D TO THL TRUGADMILL TAEsT

A study 1lnitiated to estimate the severlity of sled
pulling activitles was conducted by Vanderbile, His study
presents the metabollc rates and pulse responses to an exer-
cise of a dual nature, pulling against a drag of 17.5
pounds, while walking on a treadmill,

A series of experiments were performed during control
perlods on twelve army enlisted men, before, during, and
after the test subjects went to Fort Churchill, Canads,
during the winter of 1951-52, The subjects, dressed in
cotton fatigue uniforms and leather combat boots, were
tested one and one-half howurs after breakfast to acquire
measurements of energy cost and pulse rates, The tempera-
ture in the test room was controlled at seventy degrees +
two degrees fahrenheit, '“he humidity control was set at
forty per cent relative humldity. <The exercise conslsted
of walking on a horizontal, motor=-driven treadmill at 2.5
and 3.5 miles per hour, while pulling a weight. “he weight
was hung over a pully and attached to the body with a rope
and a body harness, The angle of pull was twenty to twenty-
five degrees above the horlzontsl. During exerclse, the
pull recorded from ten to twentyesix pounds, as measured
with a spring scale. The static pull was 17.5 pounds,.
iietabollic rates were measured with a Tlssot Spirometer,

overating as a closed system. ‘ihe caloric expenditure was
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computed from the total oxygen consumption by assuming an
R, Qs of .82 and a caloric equivalent of 1.8 calories per
1000 cuble centimeters of oxygen. At frequent intervals
the energy cost of each subject was measured from start to
five minutes after the exerclise, In all instances a steady
state was reached after fifteen minutes. All figures were
based on the oxygen consumptions measured during the last
elght minutes of the thirty minute trials, uncorrected for
oxygen debt, All pulse rates were obtained by wrist palpa-
tion during the final minute of the exercise,

Vanderble concluded that the application of a pogte-
rior pull by means of harness, rope, pully, and welght 1is a
convenient means for causing a marked lncrease in energy
expenditure while walking on a treadmill, The metabolic
rates and pulse rates indicated that sled-pulling can be
classified as very hard work, At a speed of 2,5 miles per
nour, the group average was 267.5 Cal/li¢/hr,, which was
higher than the metabolic rates for carrying an eighty pound
backload at 3,5 miles per hour. The pulse rates averaged
136 beats per minute, which compares with pulse rates
obtained while subjects carried a sixty-five pound backload
at 3.5 miles per hour. The energy expenditure for simulated
sled~-pulling, in artic uniform and at a speed of 3,5 miles
per hour was 366 Cal/ié/hr., which was about twenty-nine

per cent lower than figures obtained in the fleld (Iort
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1
Shurchill), for the same mean drajg., <this discrepancy can be
attributed partly, to the added difficulties of walkin. over
uneven and sllippery snow surfaces and breakable crusta when
compared to walking over the smooth, non-akid surface of the
treadmill belt.16

The annual MC.A cross-country championship meet has
been held regularly over the four-mile course at Michigan
state Universlty during the last decade, On one of theae
occaslons, 1t was poaslble for liontoye, ilack, and Cook to
record the resting brachlal pulse waves on forty-eight of
the sizty-elght participants. The runners included the best
colleglate cross-country performers, who represented nine-
teen colleges and universities., A cardiorespirograph on
loan from the Cameron Company of Chicago was used to record
pulse waves during the two days preceding the meet, This
instrument embodies the heartometer, and in addition 1t 1s
nogslble to record resplration, In these tests the men sat
gquietly for about thirty rminutes tefore the records were
taken, and no precedin:; strenuous cxerclse was permltted on
the day of the test. ©Ihie men were not allowed to gsmoke for
two hours prior to the testing, but there were no restric-
tiong on food or liguld intake., The pulse waves were

recorded at various pressures around eighty millimeters to

165an i, Venderbie, "Metabollic Cost of Simulated Sled
rulling on the Treadmill,” Research uarterly, “XVII (llarch,
1956), pe. 111,
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sceure maxlmur waves. All measurements were made according
to procedure on three of the waves, and these values were
then averaged, Run time on the four-mile cross-country
course was plotted agalnst age, helzht, and welght of the
runners, and agalnst each of the mean pulse wave measure=-
ments, The relationships appeared linear, hence product
morent correlatlon coefficients were computed, Coefflicients
expressing the correlation between cross-country run time
and age, height, and weight were -0,25, -0,22, and =0,06
respectively. lione was significant at the five per cent
level of significance, ¥rom the results of this study it
was concluded that run time ls more closely related to pulse
rate than to any of the pulse wave measurements, On the
other hand, when pulse rate and run time were correlated,
with area under the pulse wave partialed out, the regsulting
coefficient of O.40 was significant with a probability
between 0,05 and 0.,0l, :'rom this analysis it appears clear
that the pulsc wave as measured by the Cameron cardiorespito-
graph has no velue in predicting cross-country run time
other than wnat can be predicted from the resting pulse rate.
The lower pulse rate amony conditioned people and the glgnif-
lcant correlation between pulse rate and cross-country run
time reflects an increase in stroke volume which explains
why the pulse rate was correlated significantly with many of

the pulse wave measurements.t !

179enry J. Hontoye, William llack, and John Cook,
"-rachial Pulse tave as a Neasure of Cross-Country Running
Performance,” Research Juarterly, XXXI (May, 1960), pe 17h.
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Kofr, Bruce, l'ernandes, Ovenell, and Cutler conducted
a study on Cardiorespiratory responses to strenuous exercise
in physically trained and untralined normal men., Twenty-
elght normal men were tested for exercise tolerance by walk-
ing on a treadmill at flve miles per hour and at eighteen
per cent grade to evaluate cardiorespiratory performance,
Twelve out of fourteen untrained sedentary normals were
unable to continue thls exertion for three minutes, and
fourteen others in varying degrees of training continued for
only ten minutes, This test usually differentiated subjects
with an athletic background from untrained normals, but
falled to differentiate between the athletes, Forty-eight
additional normal men, who were selected for their athletlc
training experlience, had a preliminary walk for three min-
utes at five miles per hour and elghteen per cent grade, and
then ran at 6,5 miles per hour and twenty-five per cent
srade to the limits of thelr physical endurance to estimate
maximal oxygen consumption, ventilation or heart rate, It
wag concluded at the end of thils tesat, that this procedure
provides an expedltious method for measuring short term

maximal work loads in normal, even physically trained m,en.18

18Arnold Koff, Robert A, Bruce, Kenneth Fernandes,
David Ovenell, and Russell K, Cutler, "Cardiorespiratory
Responges to Strenuous ILxercise in Physlically Trained and
Untrained Hormal Men,'" Research Juarterly, X¥XIV (lMarch,

1963), p. 1.
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Two groups of six subjects were equated on the Balke-
Jiare Treadmill Test in a study conducted by Howell and Coupe
determining the effect of blood loss upon performance, The
twelve subjects involved were first-year university students
who were selected from a large sample on the basls of per-
formance on the Balke-~Ware treadmill performance test, The
mean ages of the control group was 19,8 and the mean weight
65.8 kga, The mean ages of the experimental group was 19,6
with the mean welght being 70,05 kgs, ‘‘he experimental
group gave 500 ce's of blood, the control group did not give
any blood but believed it had, The treadmill test was
repeated (1) immediately following, (2) twenty=-four hours
after, and (3) seven days after the blood donation or
supposed donation, A two-way classiflcation analysls of
varlance was used to examine the sources of varilance for the
treadmill times for both groups. The treadmlll speed was
3.1 miles per hour and remained constant throughout the
test, The slope of the treadmill, initially on a zero
i;rade, was Increased one per cent per minute until the heart
rate of the subject reached 175 beats per minute, when read-
ings of the heart rate were taken every half minute, The
treadmill was stopped when the heart rate of the subject
reached 180 beats per minute, Heart rate was recorded at
the end of each minute, Recovery heart rate was recorded at

the end of each minute for five minutes,
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After sumarizing the treadmill performance means and
the standard deviations of the treadmill test, Howell and
Coupe concluded that there wag no statlistically significant
changes in treadmill performance time, elther immediately,
twenty~-four hours, or seven days after a blood donation or
supposed donation of 500 cct's, However, there was a con-
sistent decrease in pre-sxerclse oxygen consumption for the
experimental group during the trials, but no such consist-
ency appeared for the control group.l9

An Invegtigation at the University of Alberta at
~dmonton, by Howell, Zakogeorge, and Xerr, utilized Balke's
progressive treadmill performance test to study the effect
of various exercise programs on certain physlological
responses and as a measure of cardlorespiratory fitness,
The purpose of this study was to establish normative tables
in standard and T-score form for performance time and
external work output in Balke's progressive treadmill walk-
ing test,

Data on 195 University of Alberta college males was
collected and divided into three groups. Groups I and II
were based on age: seventsen to twenty-one years and

twenty-two to thirty-six years respectively., Group III

19iaxwell L., lowell and Ken Coupe, "uffect of Blood
Loss Upon Performance in the 3alke-i/are Treadmill Tesat,"
Research Juarterly, XXXV (lay, 196L4), p. 156,
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conglisted of gubjects who had participated from five to six
weeks In conditioning programs, varying from Hoffman's
iunctlonal Isometric =mxercises to the "ive BX Plan for Phys-
ical "itness., In these investigations a motor-driven tread-
mill was employed, <+‘he speed was set at 91,2 +2,7 meters
per minute (3.4 +0.1 miles per hour). In the first minute
of the test the treadmill was running on the level, At the
beginning of the second minute, it was ralsed to such an
an;le that the vertical ascent became one per cent of the
belt travel in a given time., At the third and each subse-
quent ninute the angle was Increased one per cent, lieart
rate was recorded each minute by means of a Sanborn Twin-
Visa electrocardiograph., 7The test was termlinated when the
subject's heart rate was 180, The external performed work
vwas calculated in meter-~kllograms per minute for each sub-
ject using the method employed hy 3alke,

sxternal Performed lork = speed X SinlooK Jody ieipht

where Speed = 91.2 n/min.; 3in < = gradient during the last
minute of the test; Speed times 5in < = vertical ascent in
meters; 3Body welight = kilograms.ao

A study to investlgate the effects of selected pre-

exercise conditions, upon the physiological functions of

20riaxwell L, Howell, A, P, Bakogeorge, and B. A,
derr, "Progressive Treadmill Test Jorms for College lales,"
Research yuarterly, AXXV (October, 196li), p. 322.
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heart rate and oxy,en uptake during and immediately follow-
ing standardized cxercise on a bicycle ergometer was
conducted by alls and :‘eibers, The subjects in this study
were five Purdue '‘niversity graduate students who volun-
teered to participate., 'our of the subjects were physical
ecducation students and one was a student in chemical
engineeringe. fheir ages ranged from twenty-one to thirty-~
fonr years, and they were all in good physical condltion.

Data was collected pertaining, to the effects of four
pre=-exercise conditions on lieart rate and oxysen uptake
during work and recovery., ihe pre-exerclse condltions were:
(1) yuiet resting for fifteen minutes, (2) a six nminute cold
shower, (3) a six minute hot shower, and () an exercise
warm=up consisting of both formal and informal exercilsec,

‘he work consisted of a five minute ride on a bicycle
er_ometer at 1080 kgm, per minute, with a recovery period of
Tive minutes., alls and .‘eibers concluded that there are
definite physiologlcal effects during exerclse and recovery
which are related to heating or cooling the body before
exercise, ixerclse heart rates are significantly lower
after a cold shower than after a hot shower or an exercise
warmeup. Oxygen consumed during a five minute recovery
period after exerclise 13 ai nificantly less after the pre-
exerclse conditions of cold shower and complete rest than

after a hot shower, There was a significant Interaction
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between sudjects and pre-exercige conditions on recovery
neart rate .2k

.8 cited carlier in thils chapter, Cureton did a con~
parison study of varlous factor analyses of cardlovascular-—
raspiratory tests between 1936 and 1962. All tests were
studied and the factors grouped into clusters of (1) resting
state, (2) change of postural position from quiet sitting or
lying to standing, (3) moderate circulatory perforning
capacity, (4) maximal performing capacity, (5) recuperative
ability after exercise, and (6} respiratory capacity and
reserve, oardiovascular-respliratory tests were grouped
according to three different types and periods of factor
anglysecs, irom the results of the tests made by Curcton, he
concluded that the respiratory volumes appeared as rela-
tively Independent when compared to other factor analyses.22

Lolmgren and lLiarker made a study on characteristic
pace as determined by the use of e tracking treadmill
involving nineteen male subjects who had just cormpleted six
ronths of basic training. <“he aubjects, whose average age
was 1Y.7 years, wore regulation fatiguc pants, tece shirt,
and combat boots. A1l walklng was performed in a tempera-

ture-controlled chamber at eighty degrees fahrenheit.

2liarold 3., Falls and Jacob i, ilelbers, "The “ffects
of Ire=sxercise Jonditions on lieart Rate and Uxygen Uptake
Suring xercise and Recovery,'" Lesearch Juarterly, XJIIV
(Uctober, 1965}, p. 243,

220ureton, loc, clt,



naring the weelt »rior to the data-taking scsgions,
cach subject walked for thirty minutes on the treadmill for
familiarization. ''he nurpose of the familiarization was to
allow the gubjects to become adapted to walking on the
treadmlll and to become adjusted to the acceleration and
deceleration of the treadmill as it matched their pace, The
Task for all subjects on eacl: of the three days of testing
was as follows: (1) two short walks starting from either a
fast walk (five miles per hour) or a slow walk (two miles
ner hour) durin. which subjects ecither decelerated or accel-
2rated their pace to reach their "comfortable-but-deter-
mined" (C=D) walking pace; (2) a thirty minute walk at their
t=D vace; and (3) two short walks agaln starting with either
a fast or a slow walk to adjust theilr pace to reach thelr
3="2 nace, Tor Croup I, the short pre- and postwalk (fast
start then slow start or slow start then fast start) was
randomly deterinined and the walk lasted for four minutes.
“or [roun II, the pre-~ and postwalking conditions were ran-
doilzed but the walk lasted el ht minutes. The maln concern
was with only the thirty minute walk.

In an effort to learn if the subjJects revealed a
characteristic pace during their thirty minute walk and if
this pace was stable over time, two analyses of variance
vere compubed, Tt was found that when the subjects walked

on a tracking treadmill under a "comfortable-but-determined"
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walking Instractional set for a minimunm of thirty minubtes un
cach of three tz2sting days (1) subjects demonstrated a char-
acteristic C- pace that was stable on any given day, (2)
the subjJeets =) pacoe differed statistically from each other
{n < ,001), and (3) the subjects =) pace measures were rost
roliable bebwoen lesting Days two and three (p < ,01),23

Alderman made a study concerned with work capacity in
ticycle er:iomater work involving the observation of the
relationship between heart rate responses to two different
levels of work load,

“'orty male colleg e students served as subjects., “he
annaratus was an ordinary, frictlon-type bleycle ergoricter
with a wheel diameter of 1,0%m and a pedal sprocket ratio of
2ee UbJects were tosted on four separate occasions with
the tost and retest separated by a forty-eight hour rest,
and the second teste-retest followed the first by a three-
wael perlod., In the first two exercisc bouts, the subjects
were reguired to pedal at a rate of 45,45 revolutions per
ninute; in the second bouts, the rate of nedaling was Shil.5l
revolutions per ninute., Suring all four performances the
friction resistance was progressively increased by one-half

zilogram at the end of each minute of exercise, Jubjects

were required to pedal in cadence witli the clicking of an

23Gary T.. lolmgren and George 3, iarker, "sharacter-
istic Pace as Determined by the Use of a Uracking Treadmill,"
Journal of Applied Psychology, 51:278, 1967.



electric metrononc. Test procedure on each occasion cone-
sicted of a five-ninube pre-ciierclse rest perlod, “eart
2o ras monitored continuously throughout the three neriods
=y eans of a gpecial preamplifier heart rate coupler,

jata was determined In terms of the amount of tilme
regaired to reach partlcular levels of heart rate, ‘Jach of

the btestercetest werc averaged to _ive a rapresentatlve per-

formance Tor sach work load., The intercorrelation between
the exercise times to 130 beats per minute for the work load
was 1 = 933 after corrcction for attenuation, Therefore,
lderman concluded that clohty-seven per cent of the indi-
vidual Jdiffercnce in varlance In heart rate responsces was

coijron Lo the two work loads, while only thirteen per cent

]

wag gneclific to a particular work load.zh

Towles and Gi_erseth conducted a gtudy to investi-
_ate, by means of clectrocardloraphic radio telenctry, the
heart rate regponses of subjects durin_ rest and dwring
differently naced onc-mlle runnin; cefforts, The subjects
usad In this study wverce glxteen Unlversity of Oregon track
athletes who had run the one-mile distance in four minutes

and thirty seconds or less, “‘They ran_ed In aje from eight-

gen to twenty-four ycars, All of the subjects were training

2inichard 3, Alderman, "“"Interindividual Differences
in lleart Rate esponse to Bileyecle trgometer iork,'" Nesearch
arterly, U7VIII (October, 1967), pe. 323,
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for distance running, under the investigatorts guldance,
during the time the data was collected,

The heart rate responses of the slxteen track ath-
letes were measured by means of radlo telemetry under the
following conditions: (1) while the subjects were a% rest,
(2) during a one-mile run at a steady pace, (3) during a
one-nile run at a fast-slow pace, (i) during a one-mile run
at a slow-fast pace, and (5) during recovery., The heart
rates were obtained from the electrocardlographic tracings,
and analysls of covariance was used to test the signiflicance
of differences betWween the pace patterns at the ,05 level,
In 100 tests, ninty-five of them showed the heart rate
during the fast-slow pace pattern to be from 0,2 to 1,3
beats a minute faster than the heart rate during the steady
pattern and from 0,7 to 1.7 beats a minute fagter than the
heart rate during the slow=~fast pace pattern, Llkewlse, the
heart rate during the steady pace pattern would be from 0,1
to 1.2 beats a minute faster than the heart rate during the
slow=fagt pace pattern,

Bowles and Sigerseth concluded that the heart rate
responge to exerclse 18 very rapld, regardless of the pace
pattern, and wlll reach the slope of the exercise heart rate
reaponse line before the subjJect has reached the end of the
first 220 yards while running a mile, The fast-slow pace

pattern brought about a significantly higher heart rate
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response than any other pace pattern in the one-mile runs,
During recovery, there were no gignificant differences
between the pace patterns followed in the time necessary for
the heart to reach a rate which was within ten per cent of
the warm-up heart rate., Ileven of the subjJects were able to
run the last lj0-yard portion of the mile in the shortest
time when they had followed the slow=fast pace pattern in
running the preceding 1,320 yards of the mile run.25

25Charles J. Bowles and Peter O, 3igerseth, "Tele-
metered Heart Rate Responses to Pace Patterns in the One-
mile Run," Research guarterly, XXXIX (larch, 1968), p. 36.



CIAPT R IXIT

PROCLDURLS

The purpose of this study was to Investigate the
degree of relationship which exists between the Harvard Step
Teat and a three-minute Treadmill Test Run upon the cardio-

vascular efficlency of college males,

ature of Program

wach student enrolled at Kansas State Teachers Col-
lege of umporia 1s required to recelve four semester hours
of activity courses, selected by the student to fulfill his
requirements for graduation with a Bachelor's Degree,

The physical fltness class 1s encouraged for freshmen
men which meets nine weeksa of each semester, leaving the
activity classes for the upperclassmen, The fitness program
thus satlsfles one of the necessary four credlts required
for graduation, Other activities included in the physical
education program are: archery, badminton, basketball,
bowling, dance, fencing, golf, gymnastics, handball, life
saving, soccer, speedball, swimming, tennls, trampoline,

and wrestling,

Subjects
This study involved sixty full-time male students

who were enrolled at ilansas 5tate Teachers College during



the spring scmeater of 1969, The students were selected
from three physical education activity classes: physical
fitness, Intermediate tennls, and weight lifting. These
three activity classes were selected because (1) the inves~
ti_ator was teaching one of the classes, (2) the other two
classes met at a time when there was no other conflict with
the inveatigator, (3) because of the adequate number of
students enrolled in each of the activity classes, and (4)
each clags was designed to develop a degree of cardiovas-
cular efficlency within each of the individuals enrolled in
the clasa.

The physical fitness class met Monday through Thurse-
day of each week for nine weeks for thirty minutes a day
during the spring semester of 1969, A student would follow
a weekly program of: lionday, running for twelve minutes;
Tuesday, classroom lecture; l/ednesday, callsthenlcs; and
Thursday, activities, A faculty member from the men's phys-
lcal education depariment met with a section of the physlcal
fitness class each day to provide professional advice and
direction maklng a total of four faculty members involved in
the programnm.

The students in the intermediate tennis class met two
days a week for ninety minutes a day for a total of twenty
class meetings during the second half of the spring semester,
"“he tennls program conslated of baslc fundamentals, essentlal
skills, techniques, rules, equipment, values, and history of

the ame of tennis,.
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The students in the welght lifting class met three
days a week for fifty minutes a day during the first half
of the spring semester., Thelr program involved learning
proper stance and means of 1lifting welghts, different types
of 1lifts, how to use the various types of weight 1lifting
machines and apparatus, and how to develop the different
re;;lons of the body using the various types of lifts,

All tennis and welght 1lifting students were required
to wear theilr physical education uniform, which consisted of
¢y shoes, athletic supporter, gym shorts, and tee-ghirt,
while in eclasas and during the time of the testing proce~
dures, The physical fitness students were allowed to dress
in any presentable manner which would not interfer with

their participation in class and during testing procedures,

sguipment and f'acilities

Welech [football itadium and a first floor office in
the gymasium, all located on the campus of sfansas .tate
Teachers College of :mporla, were used as the testlng sites
for this study.

The equipment employed in this study was (1) the
l6=-1inch stationary stadium bleachers in wWelch Football
Stadium which were made of two=by=-six boards covered with
aluminum and mounted on steel bolted into the concrete

risers of the stadium; (2) a Juenton :lectric, Model 18-49-C,
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‘readmill, located on the ground floor of the ;yrmasium, set
at seven miles per hour and fifteen per cent grade, which
conglated of a motor-driven conveyor belt that was large
enouzh for a subject to walk or run upon and constructed so
that the speed of the belt could be adjJusted from C~10 miles
per hour and the incline from 0-40 degrees; (3) a Sony Tape
Qecorder and magnetic Instruction tape of the Harvard Step

Test; and () three illnerva 3top Vatches,
T. DusfING PROCLODUS

211 subjects were first administered the Harvard Step
vest followed within two weeks by the Treadmill Run Test.
Yhe iarvard Otep Test and the Treadmlll Test both measure
the jeneral capacity of the body to adapt itself to hard
work and to stress the cardiovascular systems, Both tests

were given only once to each subject,

larvard Step Test

ithe first test to be administered was the modified
liarvard step Test, <The steps used in the modified Harvard
Step Test were the stadium bleachers, which were l6-inches
hizh, located in velch Jtadium on the campus of Kansas State
eachers Collegze., Irior to testing, all subjects were
orientated to the procedures involved in the step test, A
ony Tape Recorder and magnetic instruction tape was then
used to give further directions and maintain a cadence of

120 counts per minute during the stepping procedures,
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411 subjecets involved in this study reported to the
stadium during thelr respective class periods and numbered
off Into groups of three, ilach gubject was glven two four-
by-six inch cards on which he wrote hils name, The cards
nlgo had available space to record the three pulse rates of
the Tlarvard Jtep "'est and the three pulse rates of the
Treadmill Tun Test. ODublects two and three acted as pulse
counters and recorders while subjects number one took the
bests  Subjects were told that when the tape recorder was
turned on that the finsl instructions for testing would
be given,

The tape recorder was then turned on stating that all
subjJects and pulse counters should remain as quict as possi-
ble during the testing so that all subjJects taking the test
could hear the stepping cadence as 1t was belnyg glven by the
recorder, All number one subjects were asked to stand and
face the steps and prepare to take the test., Un the command
"up," each subject placed his favored foot upon the seat in
front of hinm, If deslred, the subj}ects could change their
lead foot once or twlce during the test, and move thelr arms
freely so long as they didn't toueh anything with their
hands, On the count of "two," they brought their opposite
foot upon the seat with both legs stralght., On the count of
"three," the lead foot returned to the starting position,

and on the count of "four," the trail foot returned to the
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startin, position. . .ach complete up-and-down cycle was
performed in two seconds to the counters count of ''up=2=-
3-le" ach subject was instructed to step at a rate of
tairty complete ateps per minute for a duration of five
mlnutes keeping up with the cadence being given by the
tape recorder,

At the end of five minutes, the tape recorder asked
all number ones to "gtop," and be seated between their two
partners, ihe recordsr then Instructed subjects two and
taree to prepare to count the pulse of number one by check-
ing the pulsation of the radial artery on the thumb-side of
the 1inside portion of the right and left wriat respectively.
rhey had sixty seconds to find the pulse and make necessary
adjustments. At the end of sixty seconds, the command
"count" was given and wag counted for thirty seconds. The
pulse rates were taken for three periods, each period last-
ing for thirty seconds., The first pulse counting period
was from one minute to one minute and thirty seconds after
the exercise; the second pulse counting period from two
minutes to two minutes and thirty seconds after the exer-
cise; and the third pulse countlng period from three nminutes
to three minutes and thirty seconds after the exercise,

Iime was determined by the cormand from the tape recorder as
to when to start and when to stop, At the end of each

counting period the pulse counters recorded the number of
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sulsations on subjeet nuiber onces'! cards. % the end of all
tuarce counting perlods, the three Hulse rate scorss were
totaled by the recoxrders, In lilic manner, ceach subject was
tested by folloving the directlons of the tape roecorder,
Jaer tWos beeamne thoe subjects and subjects one and three
acted as pulse counters and recorders, Likewlse, number
threces becarnie the gubjects and subjects one and two acted as
the nulse counters and reccorders, should any subject faill
to finish the five ninutes, thls was noted on his card and
nls pulse was counted for one minute after stopping along
Wwlth the two succeeding counts, ‘his was done with the use

of a lilnerva stop-watch and an sxtra helper provided for

such an emnergency.

‘regdmill Yeat

‘"he second test to be administered to all subjects
was the Treadmill ilun Test, The treadmill employed 1In thils
study was a . uinton ulectric, ilodel 18-49-C, located on the
ground floor of the gymmaslium at iansas 3tate Teachers Col-
lege, This Iinaotrument was large enough for a subject to
walk or run upon and constructed so that the speed of the
belt and the incline could be adjusted, ITrilor to testing,
all subjects were orientated to the procedures involved in
the treadmill test and were instructed on how to mount and
dismount from the running treadmill followed by a thirty

second trial run,
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Jrior to the Ilrst day of testing, the investijator
met with each respectlve clags and dilivided the subjects in

zacnl clags into groups of three; jroup .\, group 3, and jroup
sy and notificd cach group as to what day thsy wore to
renort for testing. All subjeets involved were roguested to
report to the gyrmasiun in which the treadmill was housed
during their respective class periods with their resnective
sroups at thelr perscribed time for testing, As each group
reported on thelr respective days they were numbered off
into groups of three and were given their two four-by-six
inch cards with their names, the pulse rate scores of the
Harvard step Taest, and avallable space for the pulse rate
scores of the Ireadmill Test, SubJects number two and three
acted as pulse counters and recorders while subject number
onc took the test,

The Treadmill Tesat consisted of running at seven
miles per hour, fifteen percent grade (miles per hour and
percent grade were selected at random) for as long as possi-
blae, but not in excess of three minutes, Individually, each
gsubJect was Instructed to stand on the mounting platform of
the treadmill and on the cormmand "ready begin," given by the
investigator, the subject stepped onto the moving belt and
began running, iach subject ran as though he was runnin; on
an outdoor tracl, but was instructed to hold onto the hand-

rall assembly of the treadmill, At the end of the three



Le toot run, the invoegtiator _avs the commwand “als-

mownt, oo wideh the supjeet then stepped from the moving

L
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olt onto the disnounting platforii,  he gubject was ilmme-
ilately scated between his two partners, sublects two and

!

chreo, whe investi_ator then instructed subjects two and

c.

hwee to vreporce to comt the pulse of subject number one by
checklin,, the pulsation of the radial artery on the thumb-
side of the inside portion of the rignht and left wrist
regpectively. they had sixty seconds to find the pulse and
riake necegssary adjustments., At the end of the sixty sec-
onds, the command "count" was given and was counted for
thirty seconds, ‘he pulse rates werc taken for three peri-
ods, each period lasting for thirty seconds., The first
sulse counting period was from one minute to one minute and
thirty seconds after the exerclse; the second pulse counting
period was from two minutes to two minutes and thirty sec-
onds after the exerclse; and the third pulse counting period
was from three minutces to three minutes and thirty seconds
after the exorcise, The running time on the treadmill was
determined by a ilinerva 3top vatch operated by the investi-
cator, ‘the duration of the three pulse counting periods was
determined by two illnerva stop Jatches operated by an
asgistant. At the end of each counting period the pulse
counters recorded the number of pulsations on subject number

ones'! cards, At the end of all three counting perilods, the
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throe mulge pav: scores uorae btotaled by the recorders and

_ivon Lo the dnvegtligator's ascistant, In like manner, cach
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sabJecy number once In 2ach _roun of three was toeste Y
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Jollowrin, the directions and cormands of the invegtijator
and his agsistant, Likewlse, number twos became the sub-

Joect

1
~

e

1d gubjects one and three acted as pulse counters and

1
<

]

recorders, followed by number threes becoming the subjects
and subJects one and two acting as the pulsez counters and
pecorders, Jhould any subjeet fall to finish the {thiree
minute run test, this wag noted on hls card and his pulse
vags countzd for one ninute after stopning along with the two

gucceedlin;; counts, A total of three class periods was

required to complete all testing.



Cil.PTuR IV
ANALYSIS OFF DATA

The computation employed for this study was the
Person Product lioment coefficient of correlation. The mean
scores of the Harvard 3tep Test and the Treadmill Run were

the data uwsed for this correlation.
I. CORRULATION FOR THYE TOTAL GROUP

Since this study was to establish the degree of rela-
tionship between the two tests, correlations were computed
for the total scores as well as the three recovery pulse
counts which can be noted in Table I, page L5, On the
Harvard 3tep Test, the total group of sixty subjects had a
mean score of 16l.63, with a range of 110 as low to 20} as
the high, and a standard deviation of 18,12, On the Tread-
mill Run, the sixty subjects had a mean score of 182,78,
with a range of 135 as low to 216 for the high, and a stand-
ard deviation of 18,23, The data yielded a positive corre-
lation of +,33 for the total group, which indicates =a
gignificant relationship exists at the ,01 level of signifi-
cance, With 58 degrees of freedom, a ,325 was necessary for
significance at the ,01 level of significance., This posi-
tive correlation does demonstrate the relationship between
the performance on the Harvard Step Test and the Treadmill

Run for the total group.
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RRJLAT1uN OI" WL [ARVARD DBTLP TLsT TO THE
TRLADMILL RUIT I"OR ALL GROUPS

—
Harvardéd Step Test Treadmill Bun

Croup I riean Selle liean Sels r P
Totals 60 16l,63 18.12 182,78 18,23 33 01
Physical

i"1tness 27 167,85 18.20 181,11 16,48 29 —_—
Tennis 17 170429 15,72 182,41 17.74% 58 .05
weipght

Lifting 16 153,18 16,09 186,00 22,02 W44 _—

e — —
-

with 58 df, a 250 was nceded at the .05 level,
With 58 4f, a .325 was needed at the .01 level,
With 25 df, a o301l was needed at the .05 level,
With 25 df, a J457 was needed at the .0l level,
With 15 df, a .82 was neceded at the .05 level.
Uith 15 4af, a 606 was needed at the 01 level,

Lith 1y af, a u97 was needed at the 05 level,
With 1 df, a .623 was needed at the 0l level,



IT. COmTICTY O CORiwDLATION FOR LACH

A PO TMoWTAL GROUP

The tennis yroup, on the Harvard Step Test, had a
nean score of 170,29, with a range of 153 as the low to 202
as the high, and a standard deviation of 15,72. The Tread-
mill Run performance had a mean score of 182,41, with a
range of 18 as the low to 216 for the high, and a standard
deviation of 17,.,7l.e The data ylelded a positive correlation
of +,58 for the tennis group, which indicates a significant
relationship does exist at the .05 level of significance and
that there 1s a poslitive correlation between the performance
on the Harvard S3tep Test and the Treadmill Run for this
group. With 15 degrees of freedom, a .482 was necessary for
significance at the .05 level of significance,

The welght 1lifting group, tested on the Harvard step
'est, showed a mean scorec of 153,18, with a range of 117 for
the low to 18l as the high, and a standard deviation of
16,09, Un the lreadmill 2un Test, the weight 1lifting group
had a mean score of 186,00, with a range of 137 as the low
to 211 for the high, and a standard deviation of 22,02, The
data yielded a positive correlation of +,ll; for the group,
which Indicates a non-significant relationshin exists at the
.05 level of significance, With 1l degrees of freedom, a
1197 was neccssary for significance at the .05 level of

significance. 1Ihls posltlve correlation indicates that
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there 18 a definlte relationship between the performance on
the llarvard Step Test and the Treadmill Run for the weight
1ifting group.

‘he physical fltness jroup when tested on the “arvard
step Test showed a mean score of 167,05, wlth a range of 110
ag the low to 20l for the high, and a standard deviation of
18,20, When tested on the readmill, the physlcal fitness
group showed a mean score of 181,11, with a range of 135 for
the low to 208 as the high, and a standard deviation of
16,48, "he data ylelded a positive correlation of .29 for
the group, which indicates a non-significant relatlonshlp
and that there 1ls a low correlatlon between the performance
on the larvard Step Test and the Treadmill lun for the phys-
ical fitness group, #ith 25 degrees of freedom, a 437 was
necessary for significance at the .01 level of significance,
and a o381 was necessary for significanco at the ,05 level
ol significance.

Pue to error on the part of the investigator, and
because of administrative requirements of the physical
educatlon department, the physical fltness group was admin-
istered a cardiovascular tralning program for a total of
eight days following the Harvard Step Test and prlor to the
ireadmill un, :ecause of the tralring program, a low
correlatlion might have resulted between the performance on

the two tests for the group,
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ITT. CORRSLATION 'Vl ALL CalOUPS ON THi .{uCOVLRY
PULSE COULTS FOR TIHo TwO CARDIOVASUULAR

EFFICIENCY THSTS

The total group which was composed of all subjects
recorded highly significant correlations when the recovery
pulse counts were correlated to one another, The lowesat
correlation was .71 which was between recovery period one
and recovery period three of the Harvard step lest, while a
highly significant correlation of ,96 resulted in recovery
period two and the total pulse count of the same test,
‘‘able II, page 49, lists all correlations of recovery pulse
counts for the total group,

The physlcal fltness group and the tennils group both
recorded highly significant correlations when the recovery
pulse counts were correlated to one another, The lowest
correlation was ,72 which was between recovery period one
and recovery period three on the Treadmill Run of the phys-
ical fitness group. A high correlation of ,97 resulted in
recovery period two and the total pulse count on the Harvard
Step Test of the physical fitneas group, and in recovery
period three and the total pulse count on the Treadmill Run
of the tennis group. 'Wable III, page 50, lists all correla-
tions of recovery pulse counts for the physical fltness
group, and Table IV, page 51, lists all correlations of

recovery pulss counts for the tennils group.



TABLs IT

suitesLATYT0N OF WH. WRRiLs RuCoVERY FULSL COUNTS T'OR ALL o LLTY
SUBJLCTS 01 THe Two CARDIVOVASLCULAR IFFICIuNCY TuHSTS

IARVARD 3TuP TesT

Recovery 1 Recovery 2 Recovery 3 Total
Hecovery 1 « 79 o 71 87
Recovery 2 91 «96
Recovery 3 93

YRUADMILL RUN

lecovery 1 Recovery 2 Recovery 3 Total
Zecovery 1 .83 .78 .91
Lecovery 2 .90 «95
flecovery 3 «95

With 58 4f needed at .05 level, ,250;
at .01 level, 03250



Tachs ITT
SORRAGLATION o ikl TiRills RUCOVLRY PULsw CuUdTs ToR NIl
T ';i..Lf-““V._uk SU .’JL"TQ IN Tiw PIYSICAL FITHw3S GROUP
Ju RS WO CARDIOVASCULAR EFFICIENCY To5TS

HARVARD STZP Ti3T

Recovery 1 Ilecovery 2 Recovery 3 Total
lecovery 1 .90 .08 96
lecovery 2 «90 « 97
lecovery 3 .95

TRLADHMILL RUN

Recovery 1 Recovery 2 IRecovery 3 Total
itecovery 1 .82 .72 «90
Recovery 2 .89 .96
.lecovery 3 092

With 25 df needed at .05 level, ,381;
at .0l level, 48T,



TABLE IV
CORR.sLATION OF
SEVIVTSEH

WO

SUBJLCIS W
CARDIOVAISCULAR

HARVAID 3TEP TmsT

0115 THRLn RuCOVLAY PULS: COUNTS FOR Dl
Diis TLNEIS GROUP ON THE
A ICTHNCY THSTS

e

flecovery 1 ilecovery 2 Recovery 3 Total
Recovery 1 « Tl .75 .89
lecovery 2 i 89

iecovery 3

oL

THEADMILL RUN

ilecovery 1 [liecovery 2 [Recovery 3 Total
Recovery 1 .86 W02 9L
lecovery 2 .89 #93
lecovery 3 97
With 15 af needed at .05 level, .%82;
at .0l level, ,606,
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The waight lifting _roup recorded the lowest corre-
lation of the three jroups when the recovery pulse counts
were corrclated to one another, [he lowest correlation for
the group was .29 which was between recovery period one and
rocovery period threse of the Harvard Ltep test., A signifi-
cantly high correlation of ,96 resulted in recovery period
two and the total pulse count of the Treadmill Run, recovery
period three and the total pulse count of the Treadmill Run,
and recovery perlod two and the total pulse count of the
Jarvard 3tep Test, Table V, page 53, lists all correlations

of rccovery pulse counts for the weight 1ifting group.
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lecovery 1 decovery 2 decovery 3 Total

4

Aecovery 1 o5

6
{ecovery 2

.lecovery 3

«29
91

PRLADETLIL R

“ecovery 1 llecovery 2

egovery 3

Total

Recovery 1 Ol

Jlecovery

agcovery 3

i1th 1} 4f needed at ,05 level,

at 0l level,

19735
23.



CHAPT:R V

SUMMARY Allu CONCLUSIONS

It was the purpose of this study to lnvestigate the
degree of relationship which exists between the Harvard step
Test and a three minute ‘readmill Test upon the cardiovascu-
lar e’ficicncy of college males,

Thils study Involved sixty full-time male students
who were enrolled at lansas state Teachers College of impo-
ria, during the sprin. screster of 1969, The students werc
selected from three physical education activiiy classes
gpeciflcally desisned for the development of physical fit-
ness: Iintermedlate tennis, weight 1ifting, and physical
fitness,

All subjects were administered the modifled rlarvard
step Yest mid-way througyh the spring semester, followed 1n
two to thwwree days by the Treadmill Jest, with exception of
the phyalcal fitness _roup. DPue to error, the pnysical
fitness _roup was adminiatered a cardlovascular tralning
progcram for a total of eight days prior to their dreadmill
Test.

'he computation employed for this study was the
Person Product l.oment coefficient of correlation, The mean
scores of the llarvard 3tep Test and the Treadmill Run were

the data used for corrslation,



I. DILDINGS

The findings for this study were as follows:

1, A positive correlation of +,33 was found for the
total group, which demonstrates the pelationship between the
verformance on the Harvard Step rest and the Treadmill :2un,

2e The tennis group yielded a positive correlation
of +,58, and the weight 1iftin; .roup yielded a +.l4l}, which
iadicates there is a posltive correlation between the por-
formance on the liarvard Step Test and the Treadnill iiun for
bhoth groupse

3e The physical fitness group ylelded a positive
correlations of .29, which indicated a non-gsignificant rela-
tionship and a low correlation between the performance on

the Harvard tep Test and the Treadmill Run,
IT, OCOLCLUSGIONS

Jithin the limitations of this study, the following
conclusions are justified.

l, hen the two tests are compared the results indi-
cate a conmparable amount of cardiovascular efficiency of
college males 1s required.

2e A degree of relationship does exlist between the
llarvard step Test and the Treadmill lun upon the cardiovas-

cular efficiency of college males,



ITT. CLsCONILIDATIONS YOR FURTHoR STUDY

.8 a result of the findings from this study the fol-
lowing recoﬁmendations are nade for further study:

1. A study employing simllar experimental design but
using college age females as subjects,

2o A simllar study should be made Involving greater
numbers of college age males who are not enrolled in physi-
cal education actlvity courses to Investigate the effects of
non-physical activity,.

3¢ A study employling similar experimental design but
involving an initial and final testling period separated by =
six weeks cardiovascular training program,

lie A study employing similar experimental design
involving college age males who are active in Interscholas-

tic athleticse.
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HARVARD 5T To8T AT QILADIILL RUN RECORD CARD

NAIIS: GROUP NO.
(Last ) (I'irst) (Ili1d. Int.)

‘ame of Tester:

HARVARD JTLP Twidld TR AR ILL RUN

lst, pulse count: lat. pulse count:

2nd, pulse count: 2nd. pulse count:

3rd, pulse count: 3rd. pulse count:

ADD=TOTAL COUNT: ADD==3'OTAL COUNT:
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