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CliAljrr~H I 

TIl'llHODUCTION 

Physiological testa~ especially of cardiovascular

respiratory nature, have been experimented with in this 

country sinoe 1884. It was first believed that the ability 

of a muscle to perform was dependent upon the effioiency 

of the ciroulatory system. Since then, many other experi

menters have worked in this field, such as Clarke and 

Cureton, measuring various qualities of cardiovascular effi

oiency, who also found that the oardiovascular system 

performs a vital service in the performance of sustained 

muscular aotivity.l 

Whether referring to cardiovascular efficiency as 

cardiovascular function, functional health, physiological 

efficiency, organic condition, circulatory endurance, or any 

other term describing a person's ability to perform a physi

cal task, is immaterial. Physical educators are concerned 

With the measurement of cardiovascular, or circulatory 

endurance. This form of endurance involves the continued 

activity of the entire organism, during which major adjust-

menta of the circulatory and respiratory systems are 

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

lE. Harrison Clarke, APl{licatlon of Heasurement to 
Health and Physical Eduoation New Jersey: PrentIce-Hal!; 
Inc., 1951), p. 179. 
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form of endurance is 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. TIll; PROBLill"l 

statement of ~ problem. The purpose of this study 

was to investigate the degree of relationship which exists 

between the Harvard step Test and a tllree minute Treadmill 

Test upon the cardiovascular efficiency of college males. 

statement ££ ~ hypothesis. There is no significant 

difference in the relationship of the Harvard step Test and 

the three minute Treadmill Run on oardiovascular efficiency. 

Importance ££ ~ study. This study was made in 

order to investigate cardiovascular efficiency through two 

cardiovascular tests, the Harvard 3tep 'rest and the ;:eread

mill Run, and to determine the relationship of the two 

tests, if any. This could be used as a guide to help the 

trained physical education teaoher in evaluating physical 

fitness and for the purpose of classification when the serv

ices of a physician are not immediately available, or when 

the need is for the determination of physical condition 

rather than of the relative degrees of health.3 

2Ibid. 

3Hary Agnes 11urphy, "A study of the Primary Compo
nents of Cardiovascular 'rests, 11 Research Q,uarterly, XI 
(1940), p. 57-59. 
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Limitations of the study. This study involved sixty 

male students who were enrolled full-tir~ at Kansas Jtate 

Teaohers Colle[,e of LI1lporia, during the spring semester of 

1969. These students were enrolled in physioal aotivity 

classes speoifioally designed for the development of phys

ical fitness. 

This study was not ooncerned with height, weight, 

age, classification, attitudes, or general background of the 

subjects. Nor was this study concerned with any other 

activities of the subjects beine tested, such as eatinG, 

sleepinc, formB of recreation, or emotional problema. This 

study was conoerned with the testing of two qualities: 

(1) cardiovasculal· effioiency as measured by the Harvard 

step Test, and (2) cardiovascular efficiency as measured by 

the 'rreadm111. 

III. TL:I?D:I'rION JF 'I'.r~mJ.s 

Cardiovascular efficiency. Cardiovasoular effi

ciency refers to the rapidity with which the heart can 

return to normal after havinS being subjected to a very 

strenuous exercise for a Given length of time. A satis

ractory estimate of a man's fitness can be obtained by 

exposing him to a standard exeroise that no one oan perform 

in a lI s tel1dy state" for more than a few minutes and taking 

into aocount two factors: (1) the length of time he can 
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sustain it, and (2) the deceleration of the heart rate 

after exercise.4 

J:rarvard step~. ii1he purpose of the Harvard step 

Test is to measure the general capacity of the body. This 

test involves minimum skill which requires the subject to 

lift his weight a known height (the height of the bench) at 

a rate which can be determined by a rhythmic cadence. 

rl'readmill I"lun. The 'l'read.L1ill Hun is a measure of the 

general capacity of the body by means of a mechanical 

device. It brings about a slightly better involvement of 

large muscle masses than any other device used to measure 

cardiovascular efficiency since the arms and shoulders can 

and do enter into the activity. 

4Lucien Brouha, II.D., liThe ::itep Test: A Simple Hethod 
of Tieasuring Physical }i'itness for Huscular'.1ork in YOUIlu 
1:en, II Research~:/.uarterly, :~IV (Narch, 1943), pp. 31-36• 

. ~ 
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CiIJ.\.i.:"I:L.CI'~ II 

ImVI.L;;~l OIl' ~LLNr.,;;D LI'n=RATURE 

It is the purpose or this chapter to present a 

summary of those studies which arc related to measuring 

cardiovascular efficiency by meuns of (1) a step test, and 

(2) a treadmill test. 

I. fu;3.2AHCH IULATIm TO TIL~ HARV.lUID 3'rBP 'rEST 

A study of the primary components of cardiovascular 

tosts viaS conducted by lIurphy to analyze statistically, for 

their common and group components, thirty-two cardiovascular 

test variables of young rlOmen at the college level. 'rhe 

second purpose of her study was to formulate combinations of 

items which would give high multiple correlations with com

mon components. b1 the first stage of the development of 

cardiovascular testing the physiological functions were 

assmned; then tests wero applied to attempt to prove or 

disprove the validity of the assumptions. ~'ew of the teats 

\fere 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 scientific validation. The criteria was 

selected, a number of variables studied, and a test or 

battery chosen which was valid as determined by the criteri.a. 
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During the third period no tests Here proposed but a new 

!nethod of analyzin& tests was utilized, the analysis or 

multiple factors.5 

In preliminary trials of the stop test, Go.lla[)ler 

and Brouha found 0. wide ranuo or size in boys between the 

a~es of twelve and eiGhteen years. As a consequence, two 

heiGhts of benches were used ror the small and large boys. 

The division of the boys was made on the basis or body 

surface area, as follows: 

Less than 1.85 square meters: 
1.85 square meters and above: 

18-inch bench 
20-inch bench 

The stepping rate was thirty steps a minute ror four 

minutes, unless of course, the subject stopped sooner 

because of exhaustion. At the conclusion of testing 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: Poor physical condition 18 per cent 
61-70: Pair physical condition 50 per cent 
71-80: Good physical condition 25 per cent 
01-90: ~~cellcnt physical condition ~- per cent

691 or more: Superior physical condition 1 per cent 

1".1'

.::;JHary Agnes I'lurphy, Ph.D., "A study of the Primary 
~onponont::l of Cardiovascular 'rests, 11 d.csearch:4uarterl:,r I XI 
(1940), p. 57. O!l1crocard.) 

6J • Roswell Gallagher and Lucien Brouha, itA Simple 
7iothod of 'l'eating the Physical Fitness of Boys, II Research 
;iuarterly, XIV (Narch, 1943), p. 23. 

'---
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Pulse waVG and blood pressure changes durins a phys

ical training program were studied by 11ichael and Gallon in 

1957-58, using seventeen members of the University of 

California, Santa 3arbara, varsity basketball team as sub

jects. They ranged in age from nineteen to twenty-six 

years, their weight ranged from 139 to 223 pounds, and 

heights from 68.5 to 77.5 inches. The changes in physical 

conditioning were estimated usinG a step test Which was 

administerod each tl~ee weeks durinS sixteen weeks of tr~in

ins, again ten weeks after de-training, and after tllirty 

weeks of de-training. During this period of t~e the blood 

pressure and pulse wave measurements were studied to inves

tigate the effeots of basketball conditioning on these 

measurements. ihe blood pressure measurements were taken 

by ausculation using a mercury manometer. The pulse wave 

was obtained indirectly from the brachial artery using a 

Oameron IIeartometer and all pressures were taken on the loft 

arm. 7he restins pulse wave and blood pressure measurements 

and the postexercise blood pressure measurements taken after 

a step test were also examined during this period of time. 

It was found that tllc resting and postexercise sys

tolic blood pressure measurements decreased sisnificantly 

durinG trainins. These chunues were significant after 

sixteen weeks, while the pulse rate changes indicated 

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 signifioantly in 

six weeks, leveled off, and finally reversed to the starting 

level during de-tra1ning. 7 

Hodgkins and Skubic conducted a stUdy to develop 

national cardiovascular effioiency standards for college 

women as measured by a three-minute step test and to deter

mine differences that may exist with regard to height, 

weight, major field of study, and geographioal location. 

Reoovery pulse rates following a three-minute step test were 

obtained for 2,360 college women who were enrolled in sixty

six colleges and universities representing the six districts 

of the AAHPER. The mean reoovery pulse rate (thirty seoonds 

pulse taken one minute after oompletion of the exercise) for 

all women who completed the three minutes of stepping was 

64.43 with a standard deviation of 9.87 and a ran&e of 

thirty-two to 120. The pulse rates were then converted to 

cardiovascular efficiency scores and national standards were 

established. These included six categories and ranged from 

exoellent to very poor. Through their study, Hodgkins and 

Skubic concluded that soores from the Eastern district were 

7Ernest D. Hiohael, Jr. and Arthur J. Gallon, "Pulse 
Wave and Blood Pressure Changes Occurring During a Physical 
Training Program," Research quarterlY, XXXI (1la.rch, 1960), 
p. 43. 
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better than all others; that physical education majors 

scored hieher than majors in other disciplines; that there 

is no correlation between height and scores on the step 

test; and that women who weighed 150 pounds or more did not 

score as well as those who weighed under that amount. 8 

~lecovery 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 Hodgkins. tllhe cardiovascuJ.ar effi

cienoy test oonsisted of stepping up and down on an eighteen 

inch benoh at the rate of twenty-four steps per minute for 

three minutes. Following the exeroise, SUbjects rested for 

one minute in a sitting position; the puJ.se was then counted 

for thirty seoonds. The puJ.se was taken at the oarotid 

artery by the palpation method. '~he mean reoovery pulse 

rate for 652 junior high school 8irlA who completed the 

three minutes of ~tepplng 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. The mean recovery pulse 

rate for 1,204 senior high school birls who completed the 

three minutes of stepping was 65.72, with a standard 

8Jean Hodgkins and Vera Skubio, "Cardiovasoular 
Efficiency Test Scores for College Women in the United 
states,lI Research Q,uarterly, X-"X...XIV (December, 1963), p. 454. 
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deviation of 9.63. Of the total group, 128, or 9.6 per 

cent, did not complete the test. The pulse rates were con

verted to cardiovasoular effioiency scores and from these, 

national standards were established for the nine through 

fourteen ace group and for the fifteen through nineteen age 

group. The standards oonsisted of six oategories from 

excellent to very poor. In addition, it was found that 

junior hibh school subjects scored better than high sohool 

subjects; that neither temperature nor time of day of test

inb had a significant effeot on test scores; and that at the 

high school level the senior high school subjeots in the 

,)entral district aohieved the best scores of the six dis

tricts while at the junior high level the Central and 

.30uthern districts ranked tOBether as best. 9 

Garrett, Sabie, and Panele conducted a study that 

compared four approaches to increasing the cardiovascular 

fitness of subjeots participating in regular and systematio 

volleyball instruction. A seoondary purpose was to deter

mine whether or not such cardiovascular improvement oould be 

obtained Without minimizing the opportunity for skill devel

opment. [.rhe four treatments, eaoh administered during the 

final tl~ee or four minutes of the scheduled teaohing 

o7Vera Skubic and Jean HodGkins, "Cardiovascular 
~~:fficiency 'l'est Scores for Junior and Senior High School 
Girls in the United states," Hesearoh -j,uarterly, XY..Y:.V (Hay, 
1964), p. 184. 
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period. were running in place, rope skippin£, bench step

ping. and continued volleyball instruction. 

'Jtudents 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. All sub

jects involved were male students at Peabody College who 

elected to enroll in these sections durinG the winter quar

ter of 1964. AlthoUbh predominantly freslLmen, the sample 

contained a few students of higher qualification. Aues 

ranged from eibhteen to twenty-six years with the mean abe 

being 19.52. 

~Jorkinb within a teaching period of approximately 

forty minutes a day, twice a week, eacll subgroup received a 

two-part treatment. irho first part represented a common 

core of volleyball instruction given routinely, but inde

pendently, to both classes. During this time the treatment 

broups within each class functio~ed as a single Lroup which 

constituted the first thirty-five minutes of the teaching 

period. fhe second and differentiating part of the treat

ment period consisted of the last three or four minutes 

during which the students assembled into their respective 

treatment ~roups and responded to the four different types 

of activities. 

3cores on the I~rvard step Test provided the crite

rion measure of cardiovascular fitness. This test was 
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ad!"l.inistered initially during the first weele of the quarter 

and on tHO subsequent occasions at three-week intervals. '11he 

Brady Skill Test was used to measure volleyball skill profi

ciency at the conclusion of the qua.rter. In both classes the 

skill testing was done as a part of the final course evalua

tion, and results were used as a partial basis for assigning 

student marks as well as for the purposes of the study. 

The first hypothesis tested was that of no AB inter

action (P = .95). In the absence of AB intera.ction there 

was no real need to test the B effects, even though both B 

and A comparisons 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. 

From the results of the study, one may conclude that 

cardiovascular fitness increased significantly over the 

experimental period. HOrlever, this gain cannot statisti

cally be attributed to a single treatment approach. In 

terms of lI absolute values ll of gain score the treatment 

groups ranked; (1) running in place (+15), (2) rope skipping 

(+13), (3) bench stepping (+8), and (4) continued volleyball 

instruction (+14). Regardless of approach, each treatment 

population achieved equally in te~ of demonstrating 

volleyball proficiency at the end of the quarter. 10 

10Leon Garrett, Hohammed Sabie, and l{OY P&.nt;le, HI,lour 
Approaches to Increasin¥r Cardiovascular Fitness During 
Volleyball Instruction, I Hesearch :~uarterly, XXXVI (December, 
1965), p. 496. 
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,;upcton did a stuuy of various factor analyses of 

cnrd:tovascular-reapiratory test between 1936 and 1962. All 

tests were studied nnll the factors Lrouped into clusters of 

(1) restinG state, (2) chanGe of postural position from 

qQiet sitting or lyinL to standins, (3) moderate ciroulatory 

perfo~minL capacity, (4) maxil~l performing capacity, (5) 

recuperativQ ability after exercise, and (6) respiratory 

capacity and reserve. The cardiovascular-respiratory testa 

vlere Grouped accordins to three different types and periods 

of factor analysis. The factors from various studies wore 

affected by the type of subjects, the body positions, and 

the relative state of fitness. 'rhe vario'Wl tests in the 

'-d.uiet state indicated relative sympathetic or parasympa

t~1.ctic dominance, blood flow, cardiac output, and metabolism. 

lhe electrocardiographic and ballistocardiographio observa

tions were included only in tho last factor analyses • 

•~dcrnte circulatory performing capacity tests indicated 

that thero was relative economy "vO the work in terms of 

lower relative pulse rates, lower blood pres::Jure during \-mrk, 

and lower relative oxygen intake for the relatively fitter 

men. I"rom the results of the tests, Cureton concluded that 

the respiratory volumes appeared as relatively independent 

when compared to other factor analyses. ll 

ll'l'homas /;. Cureton, HComparison of Various l'actor 
j\nalyses of Cardiovascular-Hespiratory 'rest Variables," 
Hesearch'4uarterly, XXXVII (October, 1966), p. 317. 
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:Jo....lard ~onc1u.ct3d a study to dlJtGrminc the effects of 

a "Vla:olU-up and a lack of a lmrm-up on the heart rate d1U':!.ng 

specified exol""cise routines involvinG eight members of the 

university of llorth ,;arolina tra.ck and cross-country tear-G.. 

l'lle varia.bles of anticipatory increase in heart rate~ maxi

mlli~ heart rate, and recovery decrease in heart rate were 

studied. 

;..~ach subject completed four exercise routines and the 

}J:arvard step 'l'cst (short form). '.i.'he routines were paired so 

that the only difference between the routines in any pair 

"Jas the vlUrrn-up.rhe exercise routines were: 

1.	 Houtine I Fifteen lOa-yd. runs at a moderate 
pace, in suocession, without a warm
up, (twenty to twenty-five seconds 
per 100 yards). 

2.	 :;o".ltine II r"ifteen 100-yd. ru...'1S at a moderate 
pace, in succession, after a warm-up.

3.	 ~toutine III A 440-yd. run, executed in sixty
five seconds, without a warm-up.

4.	 Houtine IV l~ L140-yd. run, executed in sixty
five seconds, after a warm-up.

c"
.:;J. Houtine V	 II Harvard step 'l'est_ 

rtoutines I, II, and v wera completed by the subjects 

on separate days, while routines III and IV ~ere completed 

on the same day. Sufficient time for recovery and warm-up 

was allowed each subject between routines III and IV. The 

heart rate of the subjects was continuously relayed to a 

record1ne system by a radiotelemetry transmitter. 

Jtatistical analysis of the various factors involved 

shoHed that thore was a hiwh necative correlatio::l 
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(1" = -.8693) bctvJcen the maxirm..un heart rate achieved durinr: 

strenuous exercise and the Harvard 8tep Test score. IIild 

exercise did not produce a high correlation between these 

tlJO variables. ,Hmilarly, a correlation coefficient of 

+.7687 v'laS obtained '\-1h8n the recovery rates for strenuous 

exerc ise were corrolated with the Iiarvard ~)tep 'l'est scores. 

:\ pronOl.mced trend for the anticipatory increase in henrt 

rate to be limited by the initial heart rate was observed 

(r = -.52t~9) J and a small positivG correlation (r = .2!~)J5) 

bctHcen the anticipatory increase in heart rate and the 

recovery decrease in heart rate was noted. EOHard 1'01md 

that there was no statistically significant differences 

between the maximum heart rates of exercises performed with 

and Vlithout a warm-up. '.rhe differences between recovery 

rates, and the differences between anticipatory rates were 

insiGnificant.12 

In a study by Day, fifty-tHO volunteer male under

uraduates at the ~Jniversity of JreGon were tested twice 

each, vTith a one-week interval to evaluate the reliability 

(temporal stability) of the :lybnine; step test for prediction 

of aerobic capacity. The subject's plllse was counted during 

the last fifteen seconds of each minute while he performed. 

12Corden ~. HOl-Tard, 1I •.~ffects of Uarm-up on the Heart 
';~ateJuring =:::Xercise, "desearohluarterly, XXXVII (October, 
1966), p. 360. 
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~ otendy value was renched after the second minute and this 

was the score. If no steady value was reached, thon the 

last value became the :Jcore vl11ic11 Has used in the prediction 

of the maximal oxygen consurlption. All subjects layed 

qaietly for five to ten minutes prior to the activity and 

then the pulse WD.S taken manually at the radial artery. The 

averaco steady state heart rate from three trials was used 

in predictinc the maximal oxysen intake. He found that the 

correlation between pradictin~ aerobic capacity scores on 

the first and second test administrations was .'795.13 

/, cOInparison study of rope skippinG and jO[binL,; i-las 

conducted by3aker to determine the effects upon cardio

vascular efficiency that result from proGrams of rope 

skipping and jogging. The Harvard ~)tep Test was adminis

tared to ninty-two male collo[e students in order to 

deternline their level of cardiovascular efficiency. The 

su1Jjects were then randomly divided into tHO croups; Group 

I skipped rope fo~ ten minutes daily for six weeks and Group 

II jOLsed thirty minutes a day for six weeks. 'Jpon cornple

tion of the conditioning proGrams the subjects aLain were 

administered the Harvard Jtep ;l'cst and comparisons uere made 

from the pre-exercise and postexercise data. ~Jakerls con

clusions of this study i-Jere that a daily ten minute program 

13James l\.• P. :)ay, tlA'Jtatistical InvestiGation of 
the Hyhmine c,tep 'Test," Researoh quarterly~ XX.•XVIII (Decem
ber, 1967), p. 539. 
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of rope skipping will significantly improve (p = .05) 

cardiovascular efficiency as measured by the Harvard step 

Test, and that a daily thirty minute program of jogging will 

significantly ~prove (p = .05) oardiovascular efficiency as 

measured by the Harvard step Test, and that a ten minute 

daily program of rope skipping is as efficient as a particu

lar thirty minute daily program of jogging for improving 

cardiovascular efficiency as measured by the Harvard step 

'l'est.14 

Jmith conducted a study to determine if a period of 

calisthenics, known as the Green Deret program, would sig

nificantly improve cardiovascular efficiency. This 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 I\ansas state Teachers College 

of Bmporia, during the fall semester of 1966. All subjeots 

involved were enrolled in Physical Education Oourse No. 101, 

which was for the development of physical fitness. The sub

jeots were randomly assigned to three groups with forty to 

each group. All initial and final testing was exaotly alike. 

The tests used to measure cardiovascular effioienoy 

of the subjects was an eighteen and one-half inoh modified 

l4John A. Baker, "Comparison of Hope Skipping and 
Jogging as Nethods of Improving Cardiovascular bffioiency of 
College :Hales,1I Reaearch:;!'uarterly, XXXIX (Hay, 1968), 
p. 240. 
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Harvard ~3tep 'rest which required a total of three class 

periods to administer. The traininG program prior to the 

final testing consisted of a six-twelve plan of calisthenics 

'''hich is used by the army Green l)eret in their physical 

fitness program. Six groups of exercises were involved 

with six exercises to each group with each Group beooming 

progressively more difficult. Subjects took part in the 

six-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 was computed, 

comparing the initial and final cardiovascular efficiency 

scores for the total group. To reach significance, a i of 

2.00 was needed for the .05 level of probability and a t of 

2.66 was required to be significant at the .01 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 efficiency 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 hiLh level of cardiovascular efficiency and 

that the Harvard step Teat is a valid and reliable indicator 

of cardiovascular efficiency of college males between the 

ages of seventeen and twenty-one years.15 

153idney L. Smith, 1Ir'\, study to Determine the stfects 
of i3ix I'Jeeks of Calisthenics Upon Cardiovascular J.:;fficiency
of College I'Iales II (unpublished Haster' s thesis, Kansas state 
'l'eachers College, ;~:mporia, A'llLust, 1968), pp. 4-30. 
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II. J:::LSi\':"tG!I :L':LNl.'~;D '1'0 T!L 'llHL.l\DllILL 'f.:c..::Yf 

A study initiated to estimate the severity of sled 

pulling activities was conducted by Vanderbie. His study 

presents the metabolic rates and pulse responses to an exer

cise of a dual nature, pulling against a drag of 17.5 

pounds, while walkins on a treadmill. 

A series of experiments were performed during oontrol 

periods on twelve army enlisted men, before, during, and 

after the test subjects went to Fort Churchill, Canada, 

during the winter of 1951-52. The subjeots, dressed in 

cotton fatigue uniforms and leather combat boots, were 

tested one and one-half hours after breakfast to aoquire 

measurements of energy cost and pulse rates. The tempera

t,~e in the test room was controlled at seventy degrees ~ 

two degrees fahrenheit. ~he humidity control was set at 

forty per oent relative humidity. '11he exercise oonsisted 

of walking on a horizontal, motor-driven trea.dmill 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 horizontal. During exercise, the 

pull recorded from ten to twenty-six pounds, as measured 

with a spring scale. The static pull was 17.5 pounds. 

IIetabolic rates were measured with a 'J:lssot Spirometer, 

operatine as a closed system. ihe caloric expenditure was 
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computed from the total oxygen consumption by assuming an 

R. (~. of .82 and a caloric equivalent of 4.8 calories per 

1000 cubio centimeters of oxygen. At frequent intervals 

the energy cost of each sUbjeot was measured from start to 

five minutes after the exercise. In all instanoes a steady 

state was reached after fifteen minutes. All figures were 

based on the oxygen consumptions measured during the last 

eight minutes of the thirty minute trials, uncorreoted for 

oxygen debt. All pulse rates were obtained by wrist palpa

tion durin~ the final minute of the exercise. 

Vanderbie concluded that the application of a poste

rior pull by means of harness, rope, pully, and weight is a 

convenient means for causing a marked increase 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 

hour, the group average was 267.5 Cal/M2/hr., whioh 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 artie uniform and at a speed of 3.5 ndles 

per hour was 366 Gal/M2/hr., which was about twenty-nine 

per cent lower than figures obtained in the field {Port 



21 

,'jhllrchill), for the surne l7l.Can draG. 'i'his discrepancy can be 

attributed partly, to the added difficulties of walkins over 

uneven and slippery sno,\,; surfaceq and breakable crusts 1'111en 

compared to walkinG over the smooth, non-skid surface of the 

treadmill belt.16 

;rhe annual I:fC\A cross-country championship meet has 

been held reGularly over the four-mile course at Michigan 

:3tate University durinc the last decade. On one of theJe 

occasions, it uas possible for IIontoye, Hack, and Cook to 

record the rcstinc brachial pulse Haves on forty-eight of 

the s ixty-eic;ht partie ipants. 'rho runners included the b03t 

colleGiate cross-comltry 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 ernbodies the heurtometer, and in addition it is 

possible to record respiration. In these tests the men sat 

quietly for about thirty rrlnutes before the records were 

taken, and no precedinc strenuous exercise was permitted on 

the day of the test. '..'.'he men "'lere not allovlecl to smoke for 

two hours prior to the testing, but there 'Here no restric

tion~ on food or liquid intake. The pulse waves were 

recordod at various pressures arolUld e1.ghty millimeters to 

16Jan :1. Vc.nderbie, "Hetabolic Gost of ;)irn.ulated Sled 
:eulling on the rrreadmill, II I\.esearch ~~uarterly, XXVII (Ilarch. 
1956). p. Ill. 
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SCC'U'G :naximu.n: Haves. All lllCaSl..1.rements were made according 

to procedure on three of the waves, and these values were 

then averaged. Hun time on the four-mile cross-country 

course was plotted against aLe, height, and weight of the 

runners, and against each of the mean pulse wave measure

ments. r.I'he relationships appeared linear, hence product 

moment correlation coefficients were computed. Coefficients 

expressins the correlation between cross-country run time 

anu ace, height, and weight were -0.25, -0.22, and -0.06 

respectively. None was si~nificant at the five per cent 

level of significance. ="rom the results of this study it 

was concluded that run time is 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 a.rea under the pulse wave partia1ed out, the resulting 

coefficient of 0.4.0 was sisnificant with a probability 

between 0.05 and 0.01. ~rom this analysis it appears clear 

that the pulse wave as mea~ured by the Cameron cardiorcspito-

Graph has no value in predicting cross-country rlID time 

other than what can be predicted from the restinc pulse rate. 

'1l h0 10l-Jer pulse rate arrl0DL; conditioned people and the siUiif

icant correlation between pulse rate and cross-country run 

time reflects an increase in stroke VOlur.1G which explains 

why the pulse rate was correlated significantly with many of 

the pulse wave measurements.17 

17Henry J. Nontoye, ~Hlliam Hack, and John Cook, 
II ,rachial Pulse Have as a :i<easure of Cross-Col.llltry Hunning 
Performance, II rlesearch quarterly, XXXI (Hay, 1960), p. 174. 
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l'~off, Bruce, Fernandes, Ovenell, and Cutler conducted 

a study on Cardiorespiratory responses to strenuous exercise 

in physically trained and untrained normal men. Twenty

eight normal men were tested for exercise tolerance by walk

ing on a treadmill at five miles per hour and at eighteen 

per cent grade to evaluate cardiorespiratory performance. 

Twelve out of fourteen untrained sedentary normals were 

unable to continue this 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 

failed to differentiate between the athletes. Forty-eight 

additional normal men, who were selected for their athletic 

training experience, had a preliminary walk for three min

utes at five miles per hour and eighteen per cent grade, and 

then ran at 6.5 miles per hour and twenty-five per oent 

grade to the limits of their physical endurance to estimate 

maximal oxygen consumption, ventilation or heart rate. It 

was concluded at the end of this test, that this procedure 

provides an expeditious method for measuring short term 

maximal work loads in normal, even physically trained men. IS 

l8Arnold Koff, Robert A. Bruce, Kenneth "Fernandes, 
David Ovenell, and Hussell IC. Cutler, lICardiorespiratory 
Responses to Strenuous Exercise in Physically 'rrained and 
Untrained Hormal Men," Research Quarterly, XXXIV (Barch, 
1963), p. 41. 
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I~o groups of six subjects were equated on the Balke

~Jare 'I'readmill Test in a study oonducted by Howell and Coupe 

determ~ling the effect of blood loss upon performance. The 

twelve subjeots involved were first-year university students 

wlm were selected from a large sample on the basis of per

formance on the Balke-Ware treadmill performance test. The 

mean ages of the oontrol group Was 19.8 and the mean weight 

65.8 kgs. The mean ages of the experimental group was 19.6 

with the mean weight being 70.05 kgs. ~he exper~ental 

croup gave 500 cc's of blood, the control group did not give 

any blood but believed it had. The treadmill test was 

repeated (l) immediately following, (2) twenty-four hours 

after, and (3) seven days after the blood donation or 

supposed donation. A two-way classification analysis of 

varianoe was used to examine the sources of varianoe for the 

treadmill times for both groups. The treadmill speed was 

3.4 miles per hour and remained constant throughout the 

test. The slope of the treadmill, initially on a zero 

Lrade, was increased one per cent per minute until the heart 

rate of the subject reached 175 beats per minute, when read

mBS 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 eaoh minute for five minutes. 
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After summarizinG the treadmill performance means and 

the standard deviations of the treadmill test, Howell and 

Coupe concluded that there was no statistically significant 

chanS8s in treadmill performanoe time, either immediately, 

twenty-four hours, or seven days after a blood donation or 

supposed donation of 500 cc's. However, there was a con

sistent decrease in pre-exercise oxygen consumption for the 

experimental broUP during the trials, but no such consist

ency appeared for the control group.19 

lm investigation at the University of Alberta at 

Jdmonton, by Howell, Bakogeorge, and Kerr, utilized Balke's 

progressive treadmill performance test to study the effect 

of various exercise programB on certain physiological 

responses and as a measure of cardiorespiratory 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 Ball~e' s progressive treadmill walk

ing test. 

Data on 195 University of Alberta college males was 

collected and divided into tl~ee groups. Groups I and II 

'\;Iere based on aGe: seventeen to twenty-one years and 

twenty-t'\rl0 to thirty-six years respectively. Group III 

19r·iaxwell L. Howell and Ken Coupe, ni~ffec t of Blo 0 d 
Loss Upon Performance in the J:3alke";Hare 'I'readmill Test, fI 
~-~esearch ':~uarterlY, 'AXXV (Hay, 19(4), p. 1.56. 
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consisted of subjects who had participated from five to six 

weeks in conditionins prosrams, varying from Hoffman's 

i"1U1ctional IsometricSxercises to the ;::·'lve BX Plan for Phys

ical r'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 

besinning of the second minute, it was raised to such an 

ancle that the vertical ascent became one per cent of the 

belt travel in n given time. At tho third and each subse

quent minute the angle was increased one per cent. Hoart 

rate was recorded each minute by means of a Sanborn Twin

Visa electrocardiograph. The test was terminated when the 

subject's heart rate was 180. The external performed work 

rIas calculated in meter-kilograms per minute for each sub

ject using the method employed by Balke. 

= 1iPeed X Sin X :Sod.y HeiF;htJ.~xternal Performed '.Jork 100 

where Speed = 91.2 n/min.; :3in < = gradient during the las t 

minute of the test; Speed times :3in < = vertical ascent in 

meters; Body weight = kilograma. 20 

A study to investigate the effects of selected pre-

exercise conditions, upon the physiological functions of 

20liaxwell L. Howell, A. p. BakoLeorge, and B. A. 
l~err, II Progressive Treadmill 'rest :~orms for College Hales, It 
Research ~{uarterly, ~OC(V (October, 1964), p. 322. 
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heart rate and oXYLen uptake durins and im:m.ediately follmJ

in0 sta:,ldardized exercise on a bicycle erGometer ,\{as 

concb.cted by ?alls and ~ 'eibers. ;l'he subjects in this stud::r 

~ere five ?urdue University Graduate students who volun

teerod to participate. r'our of the subjects were physical 

education students and one was a student in chemical 

enL;ineerinL. 'rheir aGes ranGed from tv-Jenty-one to thirty

fonr years, and they 1wre all in good physical condition. 

Data was collected pertaininL, to the effects of four 

prc-exel'"'cise conclitions on heart rate and oXY6en uptake 

durinG work and recovery. '1'11e pre-exercise conditions 'Here: 

(1) lll1iet restinG for fifteen minutes, (2) a six minute cold 

shovIer, (3) a six minute hot shower, and (4) an exercise 

Harm-up consistinG of both formal and informal exercise o 

.!.'he Hark consisted of a five minute I'ide on a bicycle 

er~ometer at 1080 kGn. per minute, v-li th a recovery period of 

five minutes. =·'alls o.nd.:eibers concluded that there are 

definite physioloGical effects durinG exercise and recovery 

w::lich are related to heatin[, or cooling the body before 

exercise. Exercise heart rates are sibnificantly lOHer 

after a. cold shm,wr than after a hot 8hm'ler or an exercise 

,,,arm-up. Oxygen consumed during a five minute recovery 

period after exercise is siGnificantly less after the pre

exercise conditions of cold shower and complete rest than 

8.fter a hot shower. There '''as a siLnii':!.cant interaction 
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betHcen ::Jubjects and pre-axel-ciso con<1itions on reCOvCr;)T 

"'c''"'rt........... rO,·ce. c-""11

.~s cited earlier in thlrl chapter, Cureton did a cora

~arison study of various factor analyses of cardiovascular

r3spiratory tosts betvreen 1936 and 1962. lUl tests Here 

studied and the factors groupod into clusters of (1) rosting 

state, (2) chanLio of postural position from quiet sittin[:; or 

lying to standinG, (3) moderate circ"ulatory perfor~inL 

capacity, (4) ~!Ulximal performinG capacity, (,5) l"'ocuperativo 

ability after exercise, and (6) respiratory capacity and 

1"':.3 S crvo. ..Ja.rdiovascular·'respiratory tests 1<Jere grouped 

accordinG to three different types and periods of factor 

o.no.l:,r30s. i.'rom the results of the tests made by Cureton, he 

coneludcd that the respiratory volumes appeared as rcla-· 

tively independent vlhcn compared to other factor analyses. 22 

L.oll':'J[,rcn and I~arker Tn,ado a stud~~ on characteristic 

pace as determined by the use of a tl"'a.C kin,,-- treadmill 

involvinG nineteen male subjects who had just cor.~letcd six 

]~:onths of basic traininG. ';11.e subj ects, whose averase age 

\;as 19.7 years, wore rCGulation fatisuo pants, toe shirt, 

o.nc~ cOr.1bat boots. -,Ul walklng lias performed in a tc:mpera·· 

tDre-controlled chamber at eighty degrees rahrenheit. 

2l;Larold 'J. Falls and Jacob .2. i.ieibcrs, tl'i'he ::;ffects 
of ::ro-:':;xerc is e Conditions on Heart nate and uXYben 'Jptake 
IiUl'inl; :~.xercise and Heoovery, f! Eesearch (~uarterlZ, X)JCVI 
(uctober, 1965), p. 243. 

22Cureton, 12£. £!i. 
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l)'J.rinc the '.H~elc ::;rlor to the data-to..kin( S (;3 S lons" 

CJD.ch sub j cct vralkod for thirty minutes on the troach:1ill for 

fD.~".'lilinrizatio.n. '.1'he purpose of the familiarization Has to 

alluw tho subjects to become adapted to walkinG on the 

tI'eadrnlll and to h.)come adjusted to the acceleration and 

deceloration of the treac1.--nill as it matched their pace. '.i'he 

task 1'01' all subjocts on each of the three days of testinG 

Han as follo1013: (l) tHO short Halks startinG from either a 

fast Halle (five milAS per honr) or a slow walk (t't<-TO miles 

J)or hOlD:') {lu.rin~ ... "Illicl} subjects either decelerated or accel

aratecl their pace to reach their " comfortable-but-deter

( " -;),'-dnod ll C-l, Halkil1L pace; (2) a thirty minute \-lalk at their 

~-,) I)aCe; and (3) t\vO short walks aGain starting vIith either 

n faot or a slow walk to adjust their pace to reach their 

";-') ~ace. 1'01' Group I" the short pro- and postwalk (fast 

start tilen SlOH start or slm'1 start then fast start) was 

randomly deternJined and the Halk lasted for four minutes. 

or ,'roup II, the pre- and postwalkinc conditions were ran

donized but the walk lasted eiLht minutes. l'he main concern 

Has l-lith only the thirty minute walk. 

In an effort to learn if the subjects revealed a 

crillracteristic pace durinC tileir thirty minute walk and if 

this pace was stable over time, two analyses of variance 

Here comp:.lted. It vias found that when trY:) subj ccts lJalked 

on a trockinr; treadmill under a II col'ufortable-but-determined ll 
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vJalki.nG 1nstrilcti.onnl set for a min:tnw1 of thirty rlinLlto,~J,>n 

Qach ot tilr·;}e testin~ days (1) subjects demonstratod a char

acteristic C-D paco that was stable on any given day, (2) 

t:l'} subjocts ,:-") paca differod statistically from each othor 

(~) < .001), and (3) the subjects 1::;-) pace measures "'vIere most 

r:..:li:1bL1 botlJ(Hm ...'estinL~)ays t'VI0 and three (p < .01) .23 

~lderrnan made a study concerned v.rith work capacity in 

bicycle 8r~onetor wor~ involvinG the observation of the 

relationship between heart rate responses to two different 

lovels of work load. 

-,'arty male colleu~ students s ervecl as sub j octs. ",1:1-10 

~)lJ::?aratus Was an ordinary, friction-type bicycle ergometer 

with a wheel diameter of 1.86m and a pedal sprocket ratio of 

2.2. ,:ubjects were tested on four separate occasions vJ~"th 

t;:l,J t,:::st and retest separated by a fortJr-eisht hour rest, 

and the second test-retest follovmd tho first by a three

'H(.:lok period. In the first two exercise bouts, the subjeets 

1,H~re required to pedal at a rate of 45.4.5 revolutions per 

ninute; in the second bouts, the rate of ~odalinL was 54.SL~ 

l'~Jvolutions per ninute.~)urin[, all four performances the 

friction rcsistmlce was prOGressively increased by one-half 

:dla:..;ram at the end of each l"illnute of exercise. ,3ubjects 

Here required to pedal in cadence uith the clickinb of an 

23~~;ary L. ~Iolmsren and GeorGe ~.). Harker, 11 ~;haracter
istic ?ace as Determined by the Use of a 'l'rnckinc rrreadmill," 
Journal of Applied Psychology, 51:278, 1967. 
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electric ;;1C'cronO'Jc.. 'lost .;.)l:'occd:lre on each oecas ion con

s .tstcd of a five-~l:l.nu.t8 pro-o;:erci8o rest periodo··oart 

"P n -1-. ,.....,. 
....... 1Jt13
t .... U\, monito:r:>'Jd cont 1nU01181:/ throuchout tile three ~)erlo.:.ls 

:~J'-Joans of H opocial pre8.l'lplifler henrt rate couplcr o 

iato.. Has d0termlned in tcrr.1s of the amount of tL:le 

req~.dr0d to roach particular levels of heart rate. ::aoh of 

tllG test-retest Hcro averaGod to __ ive a ropresentativG pcr

forDlliUco for each work load. ~he intcrcorrolation between 

tho exercise times to 130 beats POI' minute for the work load 

was r = .933 after correction for attenuation. Therefore, 

',lderrr:an conclu.ded that eiGhty-seven pOI' cent of the indi

vl:1t.lal ~lifferonco in variance in heart rate responses i-las 

cor,L'~on to the tHo Hork loads, while only thirteen per cent 

HnG GI)ccific to a particular 't-lOrk load.24 

'oHlcs ancl:,:tdcr~]etlI conductr.3d a sttldy to lnvcsti

~atcl by meane of oloctrocardlo~raphic radio tolor~try, tho 

~'l':;['\l')t, rate Y'OST)OnSeS of' subjocts durin. rest Fmcl dlu'inL" ~ 

dLC'forently paced one-lillIe rlmnin;~ efforts" '::'he subj ects 

Ll.sod in this study l1er3 sixteen UnivcI'sity of Jr01..:0n track 

:l.thlotfJ3 1-111.0 hnd run the one-milo distance in four minutes 

nne. thirty f.locond.s or less. '';''hey 1"an(.)od in a~c from eicht

doa GO tiriOnty-four years. .'111 of the subjects \Jero training 

24:Uchnrd 3 • .!\lderman, "Interind1vidual Diffcrencc~s 
in Heart Hate'-lesponse to Bioycle ~~rGometer ;'lo1"k, II nes~a.rch 

w'l:.trtorl:t" ~C':'.·!III (October, 1967), p. 323. 
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for distanoe running, under the investigator's guidance, 

during the time the data was collected. 

The heart rate responses of the sixteen track ath

letes were measured by means of radio telemetry under the 

following conditions: (1) while the subjeots were at rest, 

(2) during a one-mile run at a steady pace, (3) during a 

one-mile run at a fast-slow pace, (4) during a one-mile run 

at a slow-fast paoe, and (5) during recovery. The heart 

rates were obtained from the electrocardiographic tracings, 

and analysis of covariance was used to test the significance 

of differences between 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 faster than the 

heart rate during the slow-fast pace pattern. Likewise, 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-fast pace pattern. 

Bowles and :)ieerseth concluded that the heart rate 

response to exercise is very rapid, regardless of the pace 

pattern, and will reach the slope of the exercise heart rate 

response line before the subject 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 tlmn any other pace pattern in the one-mile runs. 

During recovery, there were no signifinant differences 

between the paoe patterns followed in the time necessary for 

the heart to reach a rate which was within ten per oent of 

the warm-up heart rate. ~leven of the subjeots were able to 

run the last 440-yard portion of the mile in the shortest 

time when they had followed the slow-fast paoe pattern in 

running the preoeding 1,320 yards of the mile run. 25 

25Charles J. Bowles and Peter O. Sigerseth, "Tele
metered Heart Rate Responses to Pace Patterns in the One
mile Hun, II Hesearch :,{uarterly" XXXIX (llarch, 1968), p. 36. 
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1)110 GL~l) UllI~ S 

~he purpose of this study was to investigate the 

degreA of relationship which exists between the Harvard step 

~2est and a three-minute Treadmill Test Run upon the cardio

vascular efficiency of colleGe males. 

Nature of Program 

~ach student enrolled at l\ansas state Teachers Col

lege of ~~mporia is required to receive four semester hours 

of activity courses, selected by the student to fulfill his 

requirements for graduation with a Baohelor's Degree. 

The physical fitness class is enoouraged for freshmen 

men which meets nine weeks of each semester, leaving the 

activity classes for the upperclassmen. The fitness program 

thus satisfies one of the necessary four credits reqUired 

for graduation. Other activities included in the physioal 

education program are: arohery, badminton, basketball, 

bowling, dance, fenoinG, colf, Gymnastics, handball, life 

savins, socoer, speedball, swimming, tennis, trampoline, 

and wrestling. 

3ubjects 

This study involved sixty full-time male students 

~lho were enrolled at l~nsas 3tate Teachers College during 
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tho sprinL semester of 1969. 'rhe students were selected 

from tl~ee physical education activity classes: physical 

fitness, intermediate tennis, and weight lifting. These 

three activity classes were selected because (1) the inves

tiLator was teaching one of the classes, (2) the other two 

classes met at a time when there was no other conflict with 

the investigator, (3) because of the adequate number of 

students enrolled in each of the activity classes, and (4) 

each class 1-laS desiened to develop a degree of cardiovas

cular efficienoy within each of the individuals enrolled in 

the class. 

The physioal fitness class met Monday through Thurs

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: Honday, running for tHelve minutes; 

'l'uesday, classroom lecture; llednesday, calisthenics; and 

'nnu>sday, activities. A faculty member from the men's phys

ical education department met with a section of the physical 

fitness class each day to provide professional advice and 

direction making a total of four faculty members involved in 

the program. 

~he students in the intermediate tennis class met two 

days a week for ninety minutes a day for a total of tlllenty 

class meetinc;s during the second half of the spring semester. 

'~'he tennis proGram consisted of basic fundamentals, essential 

skills, techniques, rules, equipment, values, and history of 

tho Game of tennis. 
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:J~he students in the Height lifting class met three 

days a week for fifty minutes a day during the first half 

of the spring semester. Their program involved learning 

proper stance and means of lifting weiGhts_ different types 

of lifts, how to use the various types of weight lifting 

machines and apparatus, and how to develop the different 

reGions of the body usinG the various types of lifts. 

All tennis and 'Height lifting students were required 

to wear their physical education uniform, which consisted of 

Gym shoes, athletic supporter, gym shorts, and tee-shirt_ 

while in nlass 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. 

,;quipment and Facilities 

\!elch Football ~;taditUn and a first floor office in 

the gymnasium, all located on the campus of Kansas ,3tate 

'.i'eachers College of J~poria, were used as the testing sites 

for this study. 

The equipment employed in this study was (1) the 

16-inch stationary stadium bleachers in llJelch Pootball 

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 Quenton ~~ectric, }~del l8-49-C, 
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',:roadmill, located on the Ground floor of the Gymnasium, set 

at seven miles per hour and fifteen per cent grade, which 

consisted of a motor-driven conveyor belt that was larGe 

enou.c;h for a sub.1oct to loJ'alk or run upon and constructed so 

that the speed of the belt could be adjusted from 0-10 miles 

per hour and the incline from 0-40 degrees; (3) a Sony Tape 

~ecordcr and mabnetic instruction tape of the Harvard step 

'rest; and (4) three Hinerva Stop Hatches. 

1. rr"~~,'n' HrG PlWCJ.~DUID':':;J 

~\ll subjects were first administered the Harvard~)tep 

J:est followed within two weeks by the Treadmill Run Test .. 

'~he Harvard ~~tep Test and the Treadmill 'reat both measure 

the General capaoity of the body to adapt itself to hard 

work and to stress the cardiovascular systems. Both tests 

were given only onoe to eaoh subjeot. 

~Iarvard ~~tep Test 

fhe first test to be administered was the modified 

Liarvard step 'rest. 1'he steps used in the modified Harvard 

::1tep Test were the stadium bleachers, which were 16-inches 

hiSh, located in ~Jelch ~)tadium on the campus of Kansas state 

'l'eachers College. Prior to testing, all subj ects were 

orientated to the procedures involved in the step test. A 

::;ony 'i'ape Hecorder 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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i,ll subjects involved in this study reported to the 

stadium du.rinL their respective class periods and nU1!1bered 

off into groups of three.:~ach subject was given two four-

by-six inch cards on "'Thich he wrote his name. ':rIle cards 

nlso had available space to record the three plllse rates of 

the ~Iarvard .step r,:,l cs t and the three pulse rates of the 

'lroadmill '~un Ci'est. :~ubjects tHo and three acted as pulse 

cOlmters and recorders ,,-;hile subjects number one took the 

test. Subjects were told that when the tape recorder was 

turned on that the final instructions for testing would 

be Given. 

L'he tape recorder was then turned on stating that all 

subjects and pulse counters should remain as quiet as possi

ble durine the testing so that all subjects takin~ the test 

could hear the steppinL cadence as it was being given by the 

recorder. 1\11 number one subjects were asked to stand and 

face the steps and prepare to take the test. Un the connnand 

"Up,1f each subject placed his favored foot upon the seat in 

front of him. If desired, the subjects could change their 

lead foot once or twice during the test, and move their arms 

freely so long as they didn't touch anything with their 

hands. On the C01ll1t of "two," they brought their opposite 

foot upon the seat with both legs straight. On the count of 

ltthree,lI the lead foot returned to the starting position, 

and on the count of "four,1I the trail foot returned to the 
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startin~ position. .,ach complote up-and-d01.,m cycle was 

perfor>med in two seconds to the counters count of iiUp_2_ 

, II
J-lh ,ach subject was instl"ucted to step at a rate of 

t~lirty COl'lplete steps per minute for a duration of five 

;;linutos keepinG up lrJith the cadence beine; t.;;iven by the 

ta,Pe recorder. 

cl t the r::nd of five minutes, the tape recorder asked 

all number ones to Ilstop,ll and be seated between their two 

partners. ihe recorder then instruoted subjects two and 

three to prepare to oount the pulse of nwuber one by check

ing the pulsation of the radial artery on the thmnb-side of 

the inside portion of the right and left wrist respectivt'ly. 

lhey had sixty seconds to find the pulse and make necessary 

adjustments. l\t the end of sixty seconds, the command 

[IC01Ult ll Was Given 'lnd ylaS oounted for thirty seconds. 'rhe 

pulse rates were taken for thl>ee periods, each period last

ing for thirty seoonds. The first pul~e oounting period 

was from one minute to one minute and thirty seoonds after 

the exercise; the second pulse counting period from two 

minutes to two minutes and thirty seoonds after the exer

cise; and the third pulse counting period from three ndnutes 

to three minutes and thirty seconds after the exercise. 

i'ime \tIas determined by the oommand from the tape recorder as 

to when to start and when to stop. At the end of each 

oounting period the pulse counters recorded the nunmer of 
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,lu13at j_,::ms on 8:lbj Gct n~,ll)el" onos I cal-'ds.\ t the end of all 

thr::.:c; countin~~ periods ~ tho three llUlso rate scores 1JerO 

totaled ·oJ tho l'oco:::-der:J. In 1ilw mD.nner~ each sUbject vms 

tested by fo1101[1n0 the directions of the tape reworder • 

. :"LIJ)'."}r tliOS bocnne the subjects and sliojects one and trlree 

octad as pulse counters and recorders. Likewise~ nuraber 

thrc)os boculao tho subjects and subjects one and two acted as 

tl'le puls e countors and recorders. .'hould any subject fail 

to finish tho five Iainutca, this llUS noted on his card and 

;lis pulse was counted for one minute after stoppinB alone 

with the two succecdil\b counts. ~his was done with the use 

of a ~'l1nerva atop-watch and an extra helper provided for 

such an emerGency. 

'1'readmill 'fest 

The second. test to be administered to all subjects 

was the 'rrcadmill Hun 'rest. Tho treadmill employed in this 

study 'Was a ,.~uinton:_~lectric, ~Iodel 18-49-C~ located on the 

ground floor of tho gymnasium at l'~nsas state Teachers Col

lOGe. '1'his inatrument Has large enough for a subject to 

walk or run upon and constructed so that the speed of the 

bolt and the incline could be adjusted. IJrior to tostinb~ 

all subjects were orientated to the procedures involved in 

the treadmill test and were instructed on how to mount and 

disroount from the running treadmill followed by a thirty 

second trial run. 



ti-l 

"r:!.01' to t;1C 2.'irst day of' tustin~~ the invo3tic ator 

:::lot 'Hit~l ouch ros1Joctive class and divided the subjects in 

(:uC;l class into Groups of throe; ~roup.\, group}, and Lroup 

), o.nd notif ioel each Lroup as to ',lJ1nt day th0Y Hore to 

ronopt for t';Jstinue (.11 subjects involved VIere roquested to 

rOJopt to the G~:masiwn in which tho treadmill was housed 

durin;;.; their respective class periods Hith their respective 

Lroups at their perscribed time for tost:!.nc. As each group 

roported on their respective days they were numbered off 

into Lroups of three and wero given their two four-by-six 

inch card::: '\tlith their names, the pulse rate scores of the 

'f.arvard ~top Test, and available space for the pulse rat"3 

scores of the Treadmill Test. Subjects number two and tl~ee 

acted as plllse counters and recordors while subject number 

one took the test. 

The '.freadmill Test consisted of running at seven 

~iles per hOur, fifteen peroent Grade (miles per hour and 

percent grade were selected at random) for as long as possi

ble, but not in excess of three minutes. IndiVidually, each 

subject was instructed to stand on the mounting platfor.m of 

the treadmill and on the command "ready begin, il given by the 

investigator, the subject stepped onto the moving belt and 

began running. i~a.ch subject ran as though he was runninu on 

an outdoor track, but was instructed to hold onto the hand

rail assembly of the treadmill. ~t tho end of the three 
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'::)It onto tho cUsnount:inl,; l)l;~tfor':l. 1.ho subject vIas imne

_~:Lately :Joatod botHcen his t1lO partners, su.bjectn t~w and 

01lro').i'he j_nvost:i,~_a.tor· then instru.cted subjects tHO and 

~hroG to prep~... ro to COimt the pulse of subject number one by 

C::l()c~dn,-,; tho pulsation of the l'8.o.ia.l artery on the tlllunb

side of the inside portion of the ri~ht and left wrist 

Y·capcctivelY.l'hoy had sixty seconds to find the pulse and 

)':.ake necessary adjustraents. l\t the end of the sixty sec

onds, the conrrnand "count" was Given und was counted for 

thirty seconds. '.i.1hc pula e rates were taken for three peri

ods, each period lasting for thirty seconds. The first 

)lUae countinG period was from one minute to one minute and 

thirty seconds after the exercise; the second pulse oountinG 

period 'Has from two minutes to t,\,;o :m.inutes and thirty sec

onds after the exercise; and the third pulse counting period 

was from three minutes to tlwee minutes and thirty seconds 

after the exercise. 'l'he runninG time on the treadmill was 

determined by 0. llinerva stop datch operated by the investi-

Gator. 1he duration of the three pulse countinG periods was 

doter~nined by two llinerva ~)top::atches operated by an 

3.ssistant. (~t the end of each countinL; period the pulse 

counters recorded the number of pulsations on subject nltnber 

ones' cards. i\t the end of all three countinc periods, the 
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L·;....l:::' (]C ~')"; 1.1~} 8 ~:\:l -L;:~ J e or" f]~] ~; ;~r D to t [11 C!] b~~ tllC~ I'GC C) l~JGI't S ;J.Yla 

i,v:"] to t:1C inv()~Jt :L;..;a t:::H~' 3 ~ s::: is to.nt. In like l']nnn;~r, each 

" ;,jUC'C l]ULllJGl' 0110 ill ~'~a\~h ~rOll~) o~ tl·ulQe lJaS t8Stcu .~)y" 

".J Llo~Jin, __ t:1C cUroct':ons ancI com:1ands of the inv(~stiLator 

D:-lil hi.s asrJ ifJtant. LH~eHis0" nunber tuos became the sub-

jnct::J nnd 3nbjact3 one and three acted as pulse counters and 

l>ecorders, i'ollO\-lOd by nunber threes beCOI:1ini:.:, the subjects 

and subj octs ono and -[;'.10 actin;... as tho lnls e counters and 

r..;cordol's. ~hould any subject fail to fini~3h the three 

;;inutc run tost, this was noted on his card and hls pulse 

uas count 3d for one r:linute after stopping along with the two 

succeedinG counts. 11 total of three olass periods was 

l~equired to complete all testing. 
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_'\NALYSIS OF' DATA 

The computation employed for this study was the 

})erson Product l-ioment coefficient of correlation. 'rhe mean 

scores of the Harvard step Test and the Treadmill Run were 

the data used for this correlation. 

I. CORRl;LNrION FOR THE 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 45. On the 

Harvard Step Test, the total group of sixty subjeots had a 

mean score of 164.63, with a range of 110 as low to 204 as 

the high, and a standard deviation of 18.12. On the Tread

mill Run, the sixty subjects had a mean soore 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 

significant 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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CJrm:JLAThn; OF '1'1=::; IIAHVARD ;3'1'.-..:.:lJ T:::;S1' '1'0 THE 
'l'HEAJ)}lILL ;nm I"OH ALL GROUPS 

Croup .N 

Harvard 
I'Jean 

step [rest 
("1 T" 
'J •. j. 

'l'readmill Hun 
liean 3.D. r P 

'I'otals 60 164.63 18.12 182.78 18.23 .33 .01 

Physical 
2itneas 27 167.85 18.20 181.11 16.48 .29 

'i'ennis 17 170.29 15.72 182.41 17.74 .58 .05 

::eieht 
Lifting 16 153.18 16.09 186.00 22.02 .44 

'dlth 58 df, a .250 \olas needed at the .0S level. 
lJith 58 df, a .325 lIas needed at the .01 level. 
1,1lth 25 df, a .381 was needed at the .05 level. 
<:11th 25 df, a .4871-1aa needed at the .01 level. 
lJith 15 dr, a .!~82 was needod at the .05 level. 
lJith 15 df, a .606 was needed at the .01 level. 
-.Jith 14 df, a .1+97 was needed at the .05 level. 
TIlth 14 df, a .623 l'1aS needed at the .01 level. 
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II. CJ}:::l;'l' IC L:Jj'i' 01" GJ;'Lll:,L~\ lIOn :l-'OH j_~j\GE 

.:..0~p-"~I-~nl:aF.2i\L GHOUP 

1'he tennis group, on the Harvard Step 'i'est, had a 

naan soore 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 Hun performance had a mean score of 182.41, with a 

range of lI+.8 as the low to 216 for the high, and a standard 

deviation of 17.74. The data yielded a positive oorrelation 

of +.58 for the tennis group, which indicates a significant 

relationship does exist at the .05 level of significance and 

that there is a positive correlation between the performance 

on the Harvard step Test and the 'rreadmill H.un for this 

group. With 15 degrees of freedom, a .482 was necessary for 

siGnificance at the .05 level of significance. 

'rhe HeiL;ht lifting group, tested on the Harvard 3tep 

lest, showed a mean score of 153.10, with a ranee of 117 for 

the low to 181 as the hiGh, and a standard deviation of 

16.09. In tho '1'readmill :JlU1 'Tost, the weicht liftins Group 

had a mean score of 186.00, with a ranse of 137 as the low 

to 211 for the hiGh, and n standard deviation of 22.02. The 

data yielded a positive correlation of +.Ltl~ for the croup, 

wrlich indicates a non-significant relationshi~ exists at the 

.05 level of significance. \'lith 14 degrees of freedom, a 

.497 was necessary for significance at the .05 level of 

significance. 'rhis positive correlation indicates that 
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there is a definite relationship between the performance on 

the Harvard step rllest and the 'L'readmill Hun for the weight 

lifting e;roup. 

i'he physical fitness Group vlhcn tested on the ~.arvard 

,:Jtep 'fest showed a mean score of 167.85, with a raIlbc of 110 

QS the low to 204 for the hibh, and a standard deviation of 

lC. 20. 'ibOll tested on the 'l,!readmill, the physical fitness 

group showed a mean score of 181.11, with a range of 135 for 

the low to 208 aa the high, and a standard deviation of 

16.48. ~he data yielded a positive correlation of .29 for 

the Group, which indicates a non-significant relationshIp 

and that there is a low correlation between the performance 

on the Harvard :~tep Test and the Treadmill Hun for the phys

ical fitness group. j!ith 25 degrees of freedom, a .487 was 

necessary for sienificance at the .01 level of siGnifioance, 

and a .381 was neoessary for siLnifioancQ at the .05 level 

of' ::Jibnificance. 

~ue to error on the part of the investiGator, and 

because of adminintrative requirements of the physical 

education department, the physical fitness Group \-laa admin

istered a oardiovascular training program for a total of 

eight days following the Harvard step 'rest and prior to the 

l'readmill nun. Decause of the 'tra:'.7':U1[; prot;ram, a low 

correlation might have resulted between the performance on 

the two tests for the group. 
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III. COrUL';LN1'IOlT I'uE f,LL Cl:OUPJ OlI 'I'H.L ,{L~COV~:'HY 

I)UL~)E GUIJi.i'.i:'5 PO~~ TIL 'lvlO CAHDIOVli.SCULAl-l. 

L'PFICIE'NCY Tl1;S'rS 

The total Lroup which was composed of all subjects 

recorded highly siGnificant correlations when the recovery 

pulse counts were correlated to one another. The lowest 

correlation was .71 which was between recovery period one 

and recovery period three of the Harvard step ~est, while a 

highly significant correlation of .96 resulted in reoovery 

period two and the total pulse count of the same test. 

~able II, page 49, lists all oorrelations of reoovery pulse 

counts for the total group. 

The physioal fitness group and the tennis group both 

recordod highly significant correlations when the recovery 

pulse counts were oorrelated 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 fitness Group, and in recovery 

period three and the total pulse oount on the 'I'readmill Run 

of the tennis group. Table III, page 50, lists all correla

tions of recovery pulse counts for the physical fitness 

Group, and Table IV, page 51, lists all correlations of 

recovery pulse counts for the tennis group. 
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JJl'lt__,.I..dL.'IOl: uP '.1.'H..:.. 'J.'I.:PJ':';-,·~:bC0V':':':RY IJUL;3J':; CODWrS FOR ALL ..JL.TY 
~)Ul3JLCTS on rrIL~ T\'i0 CAHDI0VASCULAH EFPICTSNGY TBSTS 

HJ1HVMill ST.8P Tb,j'I' 

~1.ecovery 1 Hecovery 2 Hecovery 3 Total 

necovery 1 

;~ecovery 2 

J.ecovery 3 

.79 .71 

.91 

.81 

.96 

.93 

'J.'lLADEILL RlJJ.·I 

J.ecovery 1 necovery 2 Jtecovery 3 ~.L'otal 

~~ecovory 1 .83 .78 .91 

:iecovery 2 .90 .95 

':~ecovery 3 .95 

With 58 df needed	 at .05 level, .250; 
at .01 level, .325. 
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'£./\ r3L.8 I I I 

:;J1.tR~LArIOU 0=" TIL..~ 'l'Iml.:b m~COV...~HY PdLJ~~ C01.J1'JT3 PJH ':J.'ILC:: 
T~r..XTY-:Jil.V.:.:.,N SU3J~C'rS IN '.rIIE PIIYSICl'.L PITN~3S GROUl) 

T:	 l'H8 ifHJ CARDIJVl',,3ClJL.AH EFF'ICIENCY Tl.~srrs 

HPilWAlID S'l'BP 'r:;i;ST 

Recovery 1 necovery 2 Recovery 3 '1.'0 tal 

~'\ecovery 1 .90.88 .96 

tecovery 2 .90 .97 

:tecovery 3 .95 

'1'HhA0HILL j:Wl~ 

Recovery 1 Recovery 2 Recovery 3 'rotal 

Recovery 1 .82 .12 .90 

Hecovery 2 .89 .96 

Jecovery 3 .92 

With 25 df needed at .05 level, .381; 
at .01 level, .481. 
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'r.11 l3LE IV 

Go:m.. ';LA'rION 01" :.rID 'rIUlE:.:. Hl.:.COVE lY PlJL,':;':::; COUWL3 I,'on 'rn..:: 
•.ij;~v;::'j;r:i;SH ~UDJ.i.:.C'rS nr '.lllli 'r Nla:,) GROUP ON THE 

'rHO CAlmIOV!\:~CULl\J3. j:J.' l "IClillWY TESTS 

ILAHVAim S'llBP 'rEST 

Hecovery 1 llecovery 2 iiecovery 3 'fotal 

:~ecovery 1 .71+ .75 .89 

(ccovery 2 .84 .89 

::tecovery 3 .94 

'.L'H.:.:,A.:JiHLL EU}! 

Hecovery 1 necovcry 2 l1ecovery 3 Total 

ltecovery 1 .86 .82 .91 

.. tecovery 2 .89 .93 

:{ecovery 3 .97 

'.Jith 15 eli' neoded at .05 level, .482; 
at .01 level, .606. 
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r.Che 'hT0isht liftinG ~,roup recorded the 100rJest corre

lation of the three Groups when the recovery pulse counts 

were correlated to one another. '.rhe lowest correlation for 

the Group was .29 which ~'l8.S between recov8ry per:i.od one and 

rocovery perIod three of the Harvard .~tep '1est. A si[:;nifi

cantly hi[;h 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 period two and the total pulse count of the 

l-Iarvard :3tep 'rest. 'l'able V, pace 53, lists all correlations 

of recovery pulse counts for the weizht lifting 8roup. 
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~.lI\:{\r.Afa) :Yl}~.;l) j.Llj~~:)fll 

Recovery 1 decovery 2 Recovery 3 fl'otal 

,(ecovery 1 .56.29 .66 

:I.eeovery 2 .91 .96 

.(aeovery 3 .08 

!
 

~ecovery 1 ~eeovory 2 ~eoovery 3 rrotal , 
,liN 

Eecovcry 1 .D4 .136 .91+ 

.,:oeoveI'y 2 .°4/ .96 

~,oeoveI'Y 3 .96 

'l':~~::";A»ILIJ HIJlT 

"llith 14 df needed at .05 level, .497; 
at .01 level, .623. 
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S'GHJlAHY AiL:.) C())\OLUSImlS 

It was the purpose of this study to investiLate the 

deGree of relationship which exists between the Harvard 0tep 

'rest and a three minute '.l.'rend.mill 'fest upon the cardiovascu

lar e::"f ie ioncy of colle[.o malos. 

fhis study involved sixty full-time male students 

who \vere enrolled at :.:ansas ;)tate 'l' cacher::J ;]olle[;e of &n.po

ria. uurinL the sprinG S8I,10stor or 1969. The students i,.jere 

selected from three physical education activity classes 

specifically desiGned for the development of physioal fit

ness: intermediate tennis. weight lifting, and physical 

fitness. 

il.ll subjects were administered the modified l[arvard 

.;tep 'i'est mid-l-laY through the spring sonIcater, followed in 

two to tlu'ee days by tho 'l'rcadmill ''';est, '1rIit~ exception of 

the phy3ical fitness uroup. Due to error, the physical 

fitness Lo!'OUP vlaS administered a cardiovascular training 

pr08ram for a total of eibht days ppior to theiri.;rcE\d.mill 

lest. 

~he computation employed for this study was the 

Person Product Lament coefficient of correlation. 'rhe mean 

scores of the Harvard :3tep ;rest and the 'l'readmill Run were 

the data used for correlation. 
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I. I' n.D I2~C{) 

The findings for this study were as follows: 

1. A positive correlation of +.33 was found for the 

total Group, which demonstrates the relationship between the 

perform.ance on the harvard Stepl'est and the 'rreadrnill .dun. 

2. The tennis group yielded a positive correlation 

of +.58, and the weiLht liftinG Lroup yielded a +.44, which 

indicates there is a positive correlation Letwoen the por
;1 

fornmnce on the Harvard';tep ':i'nst and the 'l'readnill }~un for 

both Groups. 

3. The physical fitness group yielded a positive 

correlations of .29, which indicated a non-significant rela

l;ionship and a low correlation betHeen the performance on 

the Iiarvard ,)tep '.i'est and the illreadmill Run. 

II. :JJLULU,';l(mS 

.J1thin the limitations of this study, the following 

conclusions are justified. 

1. ,Jhcn the t~"10 tests are compared t~e results indi

cate a cornparable amount of cardiovascluar efficiency of 

college males is required. 

2. A degree of relationship does exist between the 

lIarvard ~>tep 'l'ost and the rrreadmill nun upon the cardiovas

cular efficiency of college males. 
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III. '~:~C(); ]i..XD!VrIOi~:_:i FOE }j''UT<'rH.:c:R ST'UDY 

;\s a result of the findinGs from this study the fol

lowing recommendations are made for further study: 

1. A study employinG similar experimental desiGn but 

using college aGe females as subjects. 

2. A similar study should be made involving greater 

numbers of college age males who are not enrolled in physi

cal education activity courses to investigate the effects of 

non-physical activity. 

3. A study employing similar experimental design but 

involving an initial and final testing period separated by a 

six weeks cardiovascular training program. 

4. A study employinG similar experimental design 

involvinG college aGe males who are active in interscholas

tic athletics. 
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iIiRVil.HD :JT_~I' 'l'~$11 .\n) J:'l;.,,,";JI .ILL J.U1'; H:r£00HD CABD 

Nl11ill :___ (:noup 1'::0.----,Last) (First ) (Hid. Int.) 

i~arne of Tester:

liARVj\lID ~')':CI~P T!~~)rr 'i'lL.:.'LJl·.ILL HU1~ 

1st. pulse COilllt : _ 1st. pulse count : _ 

2nd. pulse count:----- 2nd. pulsE: count: _ 

3rd. pulse count: _ 3rd. pulse count: _ 

ADD--TOTAL COill{T:----- ADD-'.:.'0TAL COU1lT:----


	Goodrich 1969
	Goodrich 1969 pt2

