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Dousrlas Gordon Stuart

ABSTRACT
Statement of the Problem

The problem stated was: ".hat are tihe elffects of speed and pace
training on the electrocardicgram, basal metabolism, basal cxygen
pulse, arterial blood pressure, blood hemoslovin level and [ive minute
step test score of trained college Ireshmen?"

Jpeed and pace training are erpirically consicdered essential com-
ponents of micdle distance (rile and half-mile) race training. Little
is known of the relative physiological effects of either and it was
felt that such study would contribute information of practical as well
as theoretical value.

The physiolo;ical measures were selected on the basis of the
interest they have aroused in the field of physical fitness research.

As a subordinate investigation the inter-relation of certain of these

neasures was examinec.
T, S 1- » -
lumperimental Procecure

Four merbers of the freshmen track team were prepared for the
study by uncergoing a season of cross-country running. This pre-
liminary training was considered necessary to condition the subjects
for the intensity of the nine weck speed training and the nine weck
pace training programs. Before, during and after each of the prograns

a determination was mace of each athlcte's electrocardiorram, basal
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metabolic rate, basal oxygen pulse, change in arterial systolic pressure
from lying to standinrg, oplocd hemoglobin level and five minute step
test score.

The raw physiolojiical and training data were analyzed graphically
to detect physiolozical changes and irprcoved atnletic perforrance.
Statistical treatment was applied wilerever considered necessary and
necessitated computation of analyses of variance, student "t"s and

coefficients of correlation.
Pesults and Discucsion

There was no statistical or graphic evidence of any physiological
changes or irproved athletic perforrnance throuchout the study. The
relative effects of specc and pace training could not be assessed as
each had no efrect on any of the subjects. It was not possible to
determine whether this failure to produce any athletic irprovement or
physiolegical changes was due to too short a total training tire or ©
the actual program being too mild in the amount of running undergone
each day. Such a result illustrated the cduration and intensity of
training needed to elevate a frecsivian from one level of athletic
achievement to the next is at least beyond that atterpted in this study.
It further illustrates that freshmen can cope with far more intensive
running programs then usually atterpted, for botn the spced and pace

raining pregram were the most rizorous ever attenpted by any of the

subjects but the over-all effect was naintenance of the "Status quo.™

N
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Some statistically significant correlations were observed for the
subjects between certain of the neasures. lMostly these significant
relationships were between measures that contained canmon factors.
However, the relationship between basal O2 pulse and step test score,

a comparison of two relatively "isolated" physiolegical mechanisms, was
close enouch to Justily a further study of basal oxygen pulse as an

indicator of physicel fitness.
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CHAPT & I

IITROOUCTICH

b mpdoniental aspect of physiological research is the study of
the body's reaction to disease and of the diseased state. Sizidlarly,
sty of the bofy's reaction to the stress of athletic training and

of the trained state ausments physiolezical lmowled:c.

o

.

Suci study of the effects of athletic training on various physio-
logical measurcs has two-fold value: it leads to a concept of the
duration and intensity of trainin; neecded to pranote irprovement in

physical function and knowledge of the measures thenmselves is further

developed by noting their reactions to such stress.

Statenent of the Problem

The problem stated is: ".hat are the effects of speed and pace
training on the electrocardiogram, basal nmetabolism, basal cxygen pulse,
arterial blood pressure, blood hemoglobin level, and five minute step

test score of trained college freshmen?™

Justification for the Study

The physiolo;iical measures studied iere selected on the basis of
the interesct they have aroused in physical fitness research. The step

test score is the only selection universally accepted as a valid



indicator of circulatory fitness and as being siznificantly affectea

k)

by athletic training. It was felt that data on the other [ive
measures, though collected on but four subjects, would contribute
infornation to a field of conflicting owinion.

If the measures are affected by "middle distance" training, a
valuable opportunity exists to observe two factors of such training.
Speed and nace training are empirically considered to be essentis
coamponents of tralnxn‘ for the half-mile and mile races, the "middle
distances." Nothing is lmown of tiae relative physiological effect of
each and it was hoped that the study would contribute information to
the problern.

Conventional studies of the elfectis of athletic training either
consist of subjecting a sedentary group to a period of athletic train-
ing or testing athletes before, during and after a coampetitive season.
ith the former method the group have to become adapted to athletic
activity by a gracduated athletic program, meoning that a uniform syster
of training cannot be concducted. In the latter case therc is doubt
that athletes are in the "untrained" state before a competitive season,
and a corparison to the mid-season state is not necessarily of the
"untrained" to the "trained" state.

In an attermpt to avoid such considerations the following experi-
rental design was adopted. A group was conditicncd to a hizhiy trained
state before the study was befun, then they were subjected to two

standardized training programs of hitherto unattempted intensity. This
was a deviation from the usual pattern that can only be validated by

further experimentation.



Iimitations

Due to the need for a carefully supervised training prosrenm only
four subjects formed the e:perimental group; Conclusions wiicnh may
be sicnificant with a larcer nuwber of subjects are not necessarily
significant with only four subjects.

Bach training system was limited to appraximately nine weelis--an
unavoidably short period. Physiclogical efiects thab may not be seen
in nine weeits could quite possibly be evidenced in a longer training
period.

Uncontrollabple variables such as "motivation," "emotionality,"
"Fati~ue" etc. were not considered measurable and as such were not
discussed statistically.

o medical interpretations were atterpted of the electrocardio-
grams. Rather, the amplitudes and intervals between the P, R and T
waves of leads I, II, IIT, aVf, aVl and aVr were analyzed and the
electrical axes of the 2R3 corpleres calculated.

Definition of Termns
The Trained State: A state of improved physical perfornance the re-
sult of adaptation to regular athlectic training.
Pace Training: A system of training based on repetitive efforts of
running at a set speed until such specd can no longer be main-

tained.

Speed Training: A system of training based on repetitive maxima
spced erfiforts at a set distance.
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Llectrocaruiorram: a graphic record of the electrical activity of the
heart.

Standard Limb Leads: Positionsfroa which electrodes lead ofl the
electrical activity of the heart from the body surface in three
corbinations; lead I, rizht arm - left arni; lead II, right arm -

£t leg; lead ITII, leit arw - left lec.

Lr de in a direct lead

eph machine and the

5 for leads aVr,

Lugmented Unipclar Lirb leads: Placernent of clec
to the central terninal of the electrocarcio
other on the riznt arm, leit axm and lelt leg
aVl and aVf respectively.

P Jave: An indicaticn of the spread of excitation over the auricles
that prececes auricular contraction.

R &ave: An arplitude that depends on the direction of the electrical
axis of tic heart (see later) during tie particular moment at
whichh electrification of the rain mass of the walls of tne ventd -
cles is veginning, an activity that precedes ventricular cocntrac-
tion.

T wave: Possibly a representation of "the repolarization of the sinus
node znd action currents from the heart muscle"< based on the
observation that the T wave and end of venticular contracti
are co=-incidentale.

P-2 Intnrva]. The intverval between the vegsinning of P and the be~in-
ninzs of « (R when ¢ is rmissine ). This is thousht to show the
time relation betieen the auricular and ventricular contractions. 3

¢-T Interval: The interval between the berinning of the § (R when &
is missing) and the end of the T wave. This total duration is
approximately the sane as the mechanical systole but there is
doubt that it can be used to determine the contraction time of
the heart.

1 . .
Houssay, Bernado A. Human Phn siolory, 2nd =Sd., pr. 122-11.0, lcGraw

Hill Book Co., lew York, 1955,

Foerch, Richard L. A Corparison of 1octrccoro:mc“mmo Ieasure-
——A—.—-ﬁ

rents of Athletes and lon-ithletes at Lichigran otate Ln*ve*'ﬁur,
p. L. (Unpub. Master's Thesis, hichigan statc College, 1951).

3Houssay, op. cit., p. 12L.



n

QRS Instantaneous Zlectrical Axis: 4 vector that <ives an incdication
of the voltaie resulting fron tie electrorotive ferces developed
c¢uering the « 25, complex and indicating the dirccticn in witich the
current flows.

Racal lFetavoiisn: "The irrecducit’e enersy ccst of raintenance during
conplete rest. "> I is celewlated as a rate of heat production
based on reacding post-absorptive ormen conswsption, i.e., basal
metabclic rate = Calories per hour per sauare reter of body sur-

face area.

Basal Cigrren Pulse: The quantity of orrcen utilized by the body, in
the resting post absorptive state, per heart beat. It is usually
expressed in ces5.0, per pulse and, for comparative purposes and
cue to its direct correlation with body weisht,” per kilooram of
bodir weiht.

Arterial Blocd Przssure: The force exerted by tihe blood on the walls
of the arteries. The pressure is at its greatest during the con-
traction phase of the heart's action (sysbolc) and at its least
during the heart's relazation phase (ciastole); hence the terms
systolic and diastolic arterial blood pressure.

BElood Herogloiin Level: The grammes of hemoglobin, a pizrment in the
red bloed cells, per 100 ccs. of blood. Hemorlobin is termed
the "respiratory" pizment by virtue of its role in taiing up
cxycen frem the lungs, transporting it in the circulating blood,
celivering it to the vody tissucs, and helping carry carbon di-

ride back fror: the tissues to the lungs. But for heworlobin,
blood could only transport 1/4th the amount of axyren.

Five lMinute Step Test Score: The nurpber of pulses for thirty seconds,
thirty seconds aTfter a subject has completed 5 minutes! stenpins
up and dowvm a 17" stool with each of the four steps of each cycle
taking 0.5 seconds.

L id., p. 128.

BBPOdT Sarwel, Bioenercetics and Grouth, p. 59, fcinhold Publ. Corp.
New York, lohh

6_
ibid., p. 932.

7Houssay, op. cit., p. 27.
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RoVIZW OF Tilo LITERATUAD
The Llecirocardiorram

It is becoming increasingly difficult to deny that athletic
training has an effect on the electrocardiogram. lLany authorities have
resisted such a beliefl. Katzl reflects this opposition, stating that
"nothing in the &CG rives information rcgarding the powver of the heart,
vigor of contraction and tone, only the presence or absence of injury,
the character and spread of excitation and its point of origin . 2
The literature on training efrfects is not voluminous in rnglish-spealiing
countries and iiobertson3 believes that too little attention has been
given to continental views, a neglect cdue in the main to languare
cifficulties.

Lepesch}-:inh reviewed electrocardiographic studies, mostly
Buropean, and, in a summary devoted to athletic training effects, stated

that:

1l(atz, L. N, Zlectreocardio-ranhy, 2nd bdit., p. 80, Lea and Ferbirer,
Philadelphia, 19: 7

2
Ibid.

3
Robertson, Douslas, Translator's preface to Clinical lectirocardio-

9]

graphy, L. Holzmann, Staples Press, London, 1952,

L
Lepeschkin, =. MNodern :lectrocardiocraphyr, pn. 263-L, «illiams &
williams, Baltimore, 1751,



1. The P wave is lowered.

2. The P-i interval is prolonged, beyond .019 seconds in 5-2075
of all cases studied.

3. This prolongation is due to an increase in vagal tone,
proven by its return to normal following atropine injcction
or exercise.

L. The 1S electrical axis in a large froup of athletes avera;ed
+50° (witih normal subjects the axis tends to +6C0).>

5. No relation has yet been discovered between the curation of
«il5 and its a:ds deviation.

6. The T wave is increased, especially in long distance track
men and in champicns.

7. In lead III, T is inverted in 105 of the cases.

8. The development of an inverted T in lead III and an inversion
of T in leads II and III has been ascribed to excessive
training.

9. A pathological #CG was found in only four of 850 champions
even arter exthaustive corpetition.

10. The {-T interval is prolonged especially in outstanding

athletes and in long distance men where it mayr reacin +305.

Lepeschldn's review is a valuable supplement to the more widely
read American studies.

7

inding that athletes!

=y

- 6 . . .
Tuttle and Horns quote rraus and liicolaits

T waves were nigner than non-athletes'!, thou:h no other difrerences
C‘j
were notea. Von Csinacy eand keindell, both woridng with larse groups

Houssay, Bernardo A. Ihuan thﬁloTC’v! 2nd bdit., p. 129, licGraw
Hill Book Co., New York, 1955.

Tuttle, W. W. and Korns, H. I.. "ilectrocardiorraphic Cbservations
on Athletec Belore and A’ter a Season of Physical Training." Amcricon
I'ler.a. 197 Jourll l 21-10), £ Ll.

7 - - . R = .
Ibid., citing Kraus, L. and Licolai, L. Das Elektrolardiorramm des
cesuncen und Franlen llenschen, Iiepziz, 1910.

8

Cureton, Thamas K. Physical Fitness of Champion Athletes, p.-1h3,
The University of Illinois Press, Urbana, “*31, citing Von Csinady,
ne, "Oportzartalische Untersuchen 111, Mitteilong: vergleichende

elektroxardiographische Untersucihien an Sporttreibenden be besonderer

Eervcksichticung des ohG-Zeitwerte." Arbeitphyciolorie 3:579, 1930.

9

Ibid., p. 1Ll citing Reindell, H. "HKymogrophische und Lleltrolarcdio-
rraphischie Befunde am opo**nelzon 1. Untersuchunzen in Ruhe."
Deut c”c Archiv fur ilinische l.edizin 131: 385, 1937.
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of athletes, established a longer P-2 interval with the latter {ind-
ing that the lensth of systole (as assessed by the &-T interval)

varied with the ability to periorm in certain sports.

10

Heurerwerfts—" widely publicized 1923 Amsterdam study found lower

m

P waves but hirher R and T waves for 2060 Olywpic athletes. On the

11 o .
contrary, Broustet and sSgorenberger™™ found 33 normal nCG's in a group
of 35 fessional boxers, scullers, soccer players anc cyclists.

A reason for the lowered P wave in athletes has been offered in

12 13 They maintain that a low P

both an Australian™ and German study.
wave is associated with incrcased vagal and arterial tone and increased
blood flow.

To illustrate the differences beciveen atnletes and non-athletes,

cdata from the University of Illinois Physical Fitness Laboratory com-

. . 1 a
pares mean sccres of 56 charpicn atilctes b to U1 normal young mcn.

(3ee Table II, pase 36.)

OIbid., p. 110 citing Houzerwerf, S., "Jlektrokardiorranhisciie Unter-
sucliien der Amsterdame C‘yrhlaﬁe" TLPWUPHVCLOIO ‘ie 2:61,1929.

11
Ibid., p. 11 citing Broustet, P. and E{gedber“er, H., "L'elelktre-
kardiograpnische des Sportifs," Journel ce Medicine ce Bourdeaw: et
du Sud-Cest 113:126, 192C.

12
Cooper, L. L., O'Sullivan, J. and Hurhes, &. "Athletics and the
Heart. 4An Electrocardiorraphic and Radiological Study of the he-
sponse of the Healthy and Diseased Heart to miercise." lLedical
Journal of Australia, 1:569, 1937. -

13,
3Uureton, . cit., p. 1Ll citing Purjesz, B. and Von Csinady, =.,

"oiects of Chances of Position on the Human ZCG.M DRivista ¢
Medicina Aeronautica, 3:106, 1950.

1L

a.)

Ivid., pp. 1L3-L9.

15 - - ,
leld., p. 152 citing welf, J. G. "Illcetrocardiosram Standarcs for

Fa

fornal Young len" (u“publlaheﬂ lMasver's Thesis, the University of
Illinois, 129).






. 14 . C e . .
Bih the gare ©6 Olyrpians, Cureton 6 recorded GRS axis cdevia-

. ~n0 o . . i e
‘tions fram + 137 to =2I'.5 . IHe claims that the athletes with the

least left side Wpertrovhy tended to have the createst lelt axds

I L]

deviation arnd trose with the smallest richt diameter beart the

larcest right axis deviation.

Tuttle and kerns = followed L5 atiletes in varying sperts throuih
‘a pre- to a post-corpetitive season and found ro significant »CG dif-

ferences in L3 of the subjects thrcurhout this period.

PO F:

Staufller ecstablished increased carbiovascular fitness for 15

varsity basketballers as they moved from pre- to mid-season and de-

~

creased efficiency as they went out of campetition, but there were no

.
sirnificent changes in the =CCGs throushout this period.
20 e
Secenbach ~ has listed, thourh not validated, L7 factors other

than diseace that can affect the zCG. Such factors must be talen

into account when appraising any ZCG study.

N

“Ibid., p. 1Gl.

17 e s .

Tuttle, %. W. and Korns, H. L., cp. cit.

18, L e e e v s .
Stauffer, G. The uffects of bonultlonlng o the Ballistocardiozrars
of Varsity Basketball Players," p. 50. (Unpubl. llaster's Thesis,
liichiran State University, 1955).

19.. s v s . - . : . )
Unpublished data collected by H. J. Lontoye, .o D. Collings and

G. Stauf'fer, liichigan State University, 1955.

20 e ne ‘s - -
Sesenbach, . Some Cormmen Conditions Kot Due to Prlmary Heart
Disease, That lay be Associated with Changes in the =CG.! ' Annals

of ‘Internal IMedicine, 25:632,19L6.




The only conclusion that can ve draim is that athletes have uCGs
that vary from those of sedentary people but the duration and intens-
[}

ity of training necced to elicit such changes and their exact physio-

logical interpretation are still unimovm.
Basal Metabolic Rate

t is normally anticipated that athletic training will to some
degree both develop the musculature and increase cardiovascular fit-
ness. Different forms of training may elicit diverse eflects. TIor
instance, weicht 1ifting should develop the rusculative without in-
creasing cellular efficiency and the opposite is possible witn long
distance running.

Any incfease in rwscular developrient should increase the resting

body's oygen requirements while any incrcase in cellular efficiency

should cdecrease this requirement. Perhaps titls is the reason that
studies of the erflect of trainins on bacal netabolism have often
produced conilicting results. It is sugcested that the type of train-
ing undergone is often neclected in the examination of the results of
such e:merinents

If during a period of training the gain in cellular
efficiency overpalances the gain in the mass of body proto-
plasm then a fall in the B.l.R. will result. If, on the
other hand, there occurs a considerable increase in the size
of the muscles due to formation of active protoplasm, then
this may overshadow the gain in cellular efficiency and re-
sult in an increase in metabolism. Lastly, if the increase
in cellular efficiency should be just counterbalanced by the



11

production of protoplasm the B.l.l. of the individual will
remain unchanced during a period of pnhysical training.

S )

The Schneider and Foster s*udy that provelked this discussion con-

n

sisted of rccordins the B, of 2 vorsity athlcte

2

5 in and out of

r

training and 3 secdentary subleccts throushout a six wecit exercise pro-
crar. Seven of the athletes reduced their EJl.R.'s in training, cne
did not change, and one increasecd., Of the sedentary croup, training
increased pronouncedly the D). E, of one, ncderately increased th
BB, of another, and mocerately decreased the metabolisn of the third.
. 22

An earlier study oy Schneider with Clark and lting of one athlete
in and out of competitive training and L sedentary subjects under;oinc
a 6-1l wcek program of tennis, hancball, and swinrinz, produccd diverse
resu'ts. The athlele had a higher B.hi.lle out of traininz while 3 of
the sedentary ;roup lowered thelr B.i:ll. during training, thce other
raising tnis indcize ALl the secdentary grow returned to their pre-
training levels after the program was conpleted. This trend toward a
lower B.lM.PF. during athletic training prorpted the statement that "cne

of the results of physical training is an increase in the efficiency

Il
with which the life processes are carried on."“3

“Schneider, k. C. and Foster, A. C. "Influence of Physical Trainring
on the Basal lletabolic Rate in lean." Amrrﬂcwn Jourﬂal cf Ph"vﬁo‘o;x
03'5’95’, 1931'

224 . . o - . . o
Schneider, . C., Clariy, Z. .. qnd Ping, ko C. "Influernce of
Physical Training on Basal tespiratory .rchanre, Pulse late and
Arterial Blood Fressures." American Journal of Physiolory, 81:2075,
192 T

2 2
“Ibid.



. . 2l . .. ,
Knehr, Dill and Neufeld”™ trained 1l subjects for € months on
1 J
cross-country rwwning three tires a weelz. Thourh they were able to
demonstrate marked immrovement in piysical performance, there were no

significant chan~es in the B.l.il.!'s.

25

lorehouse ~ tested a croup of traclimen taroushout a tracit season

sm cue to tracit training.

e

and failed to show an increased metavol

Steinhaus®” carefully controllcc the environments of four dogs,
interspersins vrericds of nearly tctal inactivity with periods of
daily treacmill runs of €-12 miles. e was unable to note basal
metabolic variations due to such periocs of activity.

In the above stucies the type ol training selected would tend to
promote increased cellular efficiency rather than an increase in
muscle develconent.

On the contrary, NielsoneY studied tie basal metzbelic rate of
19 college girls throughout a swirming course. The B.l.R. of 15 of

the group rose and the L that did not elevate their index were on a

low cartohydrate ciet that tencded to recuce their B.l.R.

2l ) . : .
Knekr, C. A., Dill, D. B. and liewleld, ... "Training and its .iflcct
on an at Hest and at .crl." Aner., Journzl of Physiclosy 133:1LE,

1942,

25, : P11 "o ot ; ;
Cureton, cop. cit. citin: Lorehouse, L. "Zasal letzbolism of
Athleteo in Training," p. 6{. (Unpubl. l.aster's Thesis, Jnring-
field Collere, 1927).

O\

26 . . :
Steinhaus, A. H. "oxercise and Basal l.etabolism in Dogs."

Arer. Jourrnal of Phrsiolocw, 8;.{5u 1923,

27
Ibid., p. 292 citing liielsen, L. "The Lffect of Physical nducation
on tiie Basal Metabolism of Collere ,Cwen " p. 510. (Unpubl.
Iaster's Thesis, Univ. of Illinois, 19¢ o)




Cureton cites Leilich28 who tested the B..K. of 70 students at
the University of Illinois to find that 13 top athletes averagec 7.5
higher than 20 sedentary young men.
Nylin,29 in a broad physiclogical examination of two outstanding
Swecdish milers, calculated both B.M.x.'s to be a2bove normal, thus
refuting an earlier statement in this review that track training would
tend, by promoting cellular efficiency, to reduce the B.M.R. However,
cne of the subjects was of endomorphic structure (5'10%, 16L lus.)
and according to Nylin this would tend to outweigh considerations of
the type of training to which he had subjected himself.

Benedict and RiddleBO found that prolonged physical activity

: . 31

decreased the metabolism of pigzeons and, with Harris, cecreased the
B.M.R. of a dog 225 by prclonging an inactive state for several menths.

On the basis of the studies reviewed, the assertion that a lcw

32

B.lM.R. may mean low cardiovascular condition” cannot be justified.
A "yardst&ck" to assess the type of training uncergone by subjects

and the relative degree to which such training inproves cellular

28 . gt ema o X
Cureton, op. cit. , p. 28 citing Leilich, Koy E. The Comparison of
Various Iducaticn Groups on Basal Metabolism, p. 60, (Unpubl.

mu

hacter's Thesis, Univ. of Illinois, 1943).

9Nylin, G. "Investigations on the Blood Circulaticns of Gunder Heoegg
and Arne Anderson," Cardiolorica, 9-10:311, 191,5-6.

30

Benedict, F. E. and Ridcdle, D. "The lieasurerent of Basal Heat Pro-
duction in Pigeons," Journal of Nutrition, 1:53C, 1929.

1
Harris, J. A. and Benedict, F. G. "A Biormetric Study of Basal
Metabolism," Carnecie Inst. Rerort lo. 279, 1919, p. 2L5.

2
Cureton, cp. cit., p. 288.



efficiency and muscular cevelcorient would be an asset to this field

of study.

Basal C:7een Pulse

(RS

There has been no work on the effects of training on basal oxygen
pulse but sone theoretical discussicn is of such import that it would
appear tinely to develop this field of study.

33

Brody-- rmaintains that the greater the blood volume pumped by
the heart per pulse for an animal of given weight, the slower will be
the pulse rate. The oxygen pulse per unit of body weight is then an
index of systolic ocutput cr heart capacity, the usual limiting factor
in hard muscular work.

3L

A theory not to be neglected, is that of Ercdy and Kibler-™ who
maintain that the rate of oxyyen consunption is probably the same for
a slow or a rapid pulse rate and it thus follcws that hiyh ogygen
transport capacity is associsted witi: high oxyzen consumptiocon per
heart beat.

35

Henderson and Prince have maintained that maximum oxygen pulse

depends not only on the systolic discharge but also on the blood

33Brody, Sarmel, Bioenergetics and Growth, p. 932, Heinhold Publ.

Corp., New York, 1vu5.

3bK:'Lbler, H. H. and Brody, 5. "Growth and Develcpment. LVII. An
Index of kuscular vork Capacity." Univ. of lidssouri Agricultural
uperinent Station Kesearch Bulletin, No. 367, 19L3.

Henderson, Y. and Prince, A. L. "The Cxycen Pulse and the Systolic
Discharge." American Journal of Phvsiology, 35:106, 191lk.




hemoglobin index. If this were true of basal arygen pulse 1t would
indeed be of use in assessing cardio-vascular fitness.
However, following computation of date collected by Henderson

7

YA o
and Hagrard”” on merbers of a sculling crew, Brogy °' was forced to
the conclusion that such a resting index maj not always be a reliable
index of work capacity. In this instance Brody calculated an oxycen
pulse of .09 ccs. CZ/Kg. of body weight for two members of the crew
and only .05 ccs. Og/Kg. of body weight for a third memoer. He felt
that there was a possibility that excitement may have altered the
relation between pulse rate and oxygen consumption and as such this
index was not nearly as valuable as an index based on working con-
ditions. Such a conclusion can be drawn for all basal tests but as

38 . . : : :
Henry”™  points out, tests of the resting circulation should always
cammand a certain respect as an indirect reflection of the active
system.
.. 29 . .
Brody-< has prepared a chart that illustrates that athletic

creatures (man, horses, dogs and cats) have higher oxygen pulses than

non-athletic animals (beef cattle, "tame" rabbits and sheep).

36
““Henderson, Y. and Haggard, H. H. "The Circulation and its leasure-
ment." American Journal of Phrsiolery, 73:193, 1925.

37Br0dy’, 920 2]:.}., ppo 935_60

38
Henry, Franlklin M. "Influence of Athletic Training on Resting
Cardiovascular System." Research wuarterly, 25:28, 195l.

39
Brody, op. cit., p. 925.
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Bock and co—workersho present a famous marathon runner's O, pulse
as .081 ccs. 02/Kg. of body weight as compared with two sedentary
adults indices of .059 and .05l. This single stucdy is the extent of
comparative figures for athletes and non-athletes.

In summary, little is known of the value of the measure in the
field of physical fitness research, but extensive experimentation

seems more tlian justified.
Arterial Blood Pressure

In the absence of disease, marked cranges in resting arterial
blood pressure are transitocry due to sensitive compensatory mechanisus.

Poiseuillehl

was the first to calculate that pressure in the arterial
system 1s diversely proporticnal to blood minute volume and peripheral
resistance. In turn the minute volume is proportional to systolic
discharge and to heart rate. This systolic discharge is modified
directly by the physiological condition of the heart musculature and
the venous return and inversely by the heart rate. The peripheral
resistance is inversely proportional to the square of the cross

sectional area of the blood vessels. #ach of these factors is affected

by athletic tresining but due to the restraint they impose on each

L

0
Bock, A. V. et 21l. "Studies in Muscular Activity. III. Dynamic

changes occurring in Fan at Jork." Jourrzl of Phrsiclocy, 66

1928.

L1

Houssay, op. cit., p. 178, citing Poiseuille, J. "Recherches sur
les causes du movement du sang dans les valsseaux capillaires.”
Meroires presentes par divers sovans a 1'Acadamie Science de L!
Institute ce Irance.
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other the resultant arterial pressure tends to remain constant. This
holds true for a body free from disease, a body in the highly-trained
: . e Lo b2
state, and a body beginning atnletic training.
L3 . ; s .
Henry's ~ careful study of 18 athletes before, during and after
a ceason of cametitive athletics is in keeping with modern theo-
retical concepts of compensatory mechanisms. Beginning with the
hypothesls that an increase in resting stroke volume should be
accompanied Dy a corresponcing decrease in heart rate, he illustrated
that although training will affect each factor that regulates blood
pressure, the over-all effect is homeostatic.
This study is concerned with changes in systolic pressure from
lying to stending. Interest was initially aroused in this function
. . . : o bl .
after a series of original experiments led Hill " to the observation
that "the effect of changing the position affords a most delicate
test of splanchnic motor function," for it is only by vaso-constriction
of the splanchnic blood vessels that the systolic pressure can be
maintained when posture changes from the horizontal to the erect
position.
The assertion tnat Hill introduced the arguments for a postural

L5

blood pressure test of condition™ is not in keeping with Hill's

12
L3

Henry, on. cit.
Ll

Tbid., pe 179.

LHill, Leonard, "The Influence of the Force of Gravity on the Circu-
lation of the Blood," Journal of Physiology, 18:15, 1895.

“Cureton, Thomas K. Phrsical itness Appraisal and Guidance, p.
193, C. V. Losby Co., 5t. Louis, 19L7.




belief that "gravity exerts but little disturbing influence owing to
the perfection of the compensatory mechanism,"bé in man. Hill's
sole interest and discussion in this field 1s related to proof that
shock, anemia, hemorrhage and chloroform poisoning are largely
affected by tne position of the body.

However, Crampton went on to devise his blood ptosis test with
the rationale that a test of the gravity resisting function of the
heart is an estimate of the "efficiency of the influences which bring
the blocd to the heart in the upright positicn."b7Crampton based this
postulation on his observation that the function varied with the
general state of the bocdy, there being an increase in systolic pres-
sure on assuming an erect position when a subject was fresh and a
decrease when fatigued. His blood ptosis index is calculated from
the changes in systolic pressure and heart rate when changing position
and the standards for his index are based on the assumption that these
two factors are directly related in this function. Crampton addition-
ally claimed that this test could separate the highly-trained and
normally healthy state with the fitter the subject the greater the
likelihood of an increased vertical over horizontal systolic pressure.

His test wes widely acclaimed, MNcCloy maintaining that the index score

" Hill, op. cit.
L7 . s - : :
Crampton, C. W. "The Gravity Resisting Ability of the Circulation,
Its lieasurement and Significance‘(Blood Ptosis)." American Jcurnal
of Medical Sciences, 20:721, 1921,




1

was even of use in predictin: athletic perfermance on any given
LS
day.

Cenflicting data soon cpoeared. Crampton's belief that his test
indicated the degree of physical and mental alertness was disputed
L9 : : . .
by Scott™™ who found the test could not discualify pilcts incepable
of flying on a given day. He campared Cranpton's differentiaticon
procedure to a medical differentiaticn that disqualified any pilot

wno displayed any three of the following symptoms:

1. increased psyvchomotor tension

2. prolenced secondary dilation of the pupils

3. relaxed peripheral circulaticn

li. nervous tics

5. nervous tremors

Of the group that were acceptable on the Crampton index, 1183
qualified and 19 failed Scott's test ancd of the grcup disqualified
by Crampton 37 passed and 26 failed Scott's test.

o 1450 : .

Schneider and Truescell”™ could nct demonstrate a high corre-
lation between systolic and heart rate postural changes when they
established for 2,000 young men a slight inverse relationship (r =

+
-.213-.01L) for these factors and stated that "the interdependence

: 1
of the factors had been unculy enphasized."”

L3 . - . . vt e

' Ibid., citing personal cawmnication from C. H. MeClaoy.

L9, s . X . i
Scott, V. T. "The Application of Certain Physical wufficiency Tests."
Journal of the American ledical Asscciation, 76:705, 1921.

—
«a

50

Schrieider, t. C. and Truescell, D. "statistical Study of the Pulse
Rate ancd the Arterial Blood Pressures in Recumberency, Standing and
after Standard Exercise." American Journal of Physiology, 61:L29,
1922.




The raticnale for lcCloy's support of such a test is in conflict
with a study by larson52 that gives a -.12l; correlation of the index
with L0 yard swim time.

Crampton's belief that the more healthiy the person the more the
likelihood of an increased systolic pressure on standing is not valia
in light of Barach'ss3 study that before a marathon race 10 subjectis
recorcded an increase in systolic pressure on stancing, 1l a decrease,
and 3 were uncinansed. Imrediately after the race when the group
could surely be labelled "in the fatigued state," five recorced an
increase, twelve a decrease and three were unchanged. In similar
vein, Rot'nacherSh established a mean lying arterial blocd pressure
for 10 athletes of 12h.3 rm. He. and for 1O non-athletes 127.L mm. Hg.
The standing means were 121.9 rm. Hg. for the athletes and 127.3 rm.
Hg. for the non-athletes.

Despite the above stucies an interest has prevailed in the
postural change in blocd pressure, as a test of carcdio-vascular fit-

ness.
Blocd Hemoglooin

A major limiting factor in man's ability to perform strenuous

activity is his oxygen supply to active protoplasm. Hence, changes

g2 . el - . .
““Cureton, op cit., citing Larson, L. A. "The Prediction of Success

in Swirming LLO Yards." Unpubl. Report, New York Univ., 1937.

Barach, J. V. "Physiological and Patnalogical rffects of Severe
Lxertion." American Physical Educaticn Review, 15:651, 1910.

C
)hRothacher, J. L. "Athletic Conditicning in Relation to Circulation
and Weight." Research {uarterly (Supolewent) 6:62, lioy, 1935.
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L

in the quantity and percentase of henoglobin in the blood and vario-

tions in fhermorlobin affinity for orycen vitally affect man's encdur-

ance capacilitiles,
Steinhis”” reviewed what 1ittle weric had vbeen done up to 1932
and concluded thiat the hrvpoxia (lack of ozrzen) induced by athletic
traininc and that produced by. lowering the tension of ot cen in
environental z2ir (such as in rarified atmospheres) cannot elicit the
sane elfects due to the trancitory nature of exercise hypoiia.
However, it is safe to arjue that Steinhaus wrote this review at a
time when the severity of training to which man has recently adapted,
wvas unknown. The hypoxia of normal athletic contests (football,
basketball, etc.) and their conditioning periods is certainly transi-
tory. But the stress of middle distance training attempted since
werld war II is certainly of a far mcre severe and prolonged nature.
That adaption to prolonged hypoxia involves an increase in the

56

blood hemojlobin level has been often proved. That the extent of

orycen deprivation and the increase in herozlobin has a direct re-
. “ . - [':? 1 SR

lationship has also been demonstrated.”’ That the bloed herioglobin

level can be appreciably elevated within £0 minutes after hyporia

55

Steinhaus, A. H. "Chronic Effects of Ixcrcise," Phiciolorical
Reviews, 12:103, 1833.

-/

D . S ] el 1.
> Van Liere, L. J. Anoxia, Tts Affect on the Body, p. 1L1. The

University of Chicago Press, Chicago, 19132
57.. . : .

Fitzgerald, . P. "The Chanze in the Breathing and the Blood at

Various Altitudes," Philosonhical Transactions of the Roval Society

of London, Series B. 293:3L1, 1Y13.
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hasz beguns3 and such rapid elevation will be prolonged has been

59 L . g
clearly showmn. That none cf the abcve phcnouena have been studied
as nan acdapts to the stress of exhaustive exercise is, in light of
the above, unusual.

It is not here the purpose to discuss the chemistry of herogclobin
regeneration nor to discuss tre exact role of the hypoizdic stimuius.
Certainly it is not the intention to cefend a belief that an exercise
and an altitude hypoxia are one and the sare. However, the type of
studies cited and their results should surely promote an interect in
the field of physical training research to sece i an acaptation to
the more ezhausting methods of physical training is similar to alti-

tude adaptation.
Five linute Step Test Score

The reneral consensus of opinicn in physical education research

is that a pulse rate test is tne sirplest method of gauging cardio-

[}

vascular fitness. It has been well established that athletes tend

to have slower pulse rates than non-athletes both at rest and curing

.6 . - - . A
exer01seJO and the effect of training is to lower the pulse rate. t

£8 . :
“ Grer~, H. 4., Lutz, B. R. and Schneider, E. C. "The Chances in the

Content of Hemoglobin and brytiarocytes of the Blood in Man During
Short .iposures to Oxyren." American Journal of Phyvsiology,
50l.g.,, 1919.

Ven Liere, op. cit., pp. I'5-6.

59
€0

Henderson, Y, Haggard, H. U. and Dolley, F. S. "The w{Ticiency of
the Heart and the G5ijnificance of Hapid and Slow Rates." Armerican
Journal of Physioloww, 82:152, 1927. T
61 T
Steinhaus, opn. cit.



23

Salit and Tuttle feel that "of all the tests following exercise, the

post-exercise pulse rate and increase cue to exercise are found tne

2
[

nost promising."
Currently, the most wicdely used test of this nature is the

63

Harvard Step Test.

It consists of recording thirty seconds of pulse
rate 1-1 npinutes, 2-2; minutes and 3-3° minutes arter five minutes

of stepping up and down a 20" stool with each four-step cycle taicng
two seconds. An index is calculated from these rates. Soon after

e
e

the test was macde puvblic, Brouha, Fradd and Savar resented data

on a larre group of students illustrating that the test cowld dis-
tinsuish between the trained, slichtly trained and sedentary states
and that the effect of training can be noted throush index variations.

To date, the validity of the test in this sphere has not been
s D

questionea.

ol ~ .

. 6 66 : L
Both Lonvoye 2 and Taylor = have showmn that the significance of
the test is not altered by eliminating the post 2-2; min. and post
-1 . ~ . . - - . .
3-3. min. pulses, and simply taking tne 30 second pulse rate one minute

aiter training.

2

Salit, E. P. and Tuttle, 4. . "The Validity of Heart Rates and
Blood Pressure Determinations as leasures of Physical Fitness,"
Research Quarterlv, 15:253, 1919,

63

) ~ . b - . -
Brouha, L. "The Step Test. A Simple Method of IMeasuring Physical
Fitness for luscular .crk in Young kMen." Rescarch Cuarterlv, 13:31,

1943.

6l o .
ouha, L., Fradd, 7. v., and Savare, B, k. "Studies in Physical
_ifficiency of Collere Students." Zesearch tuarterly, 15:211, 190l

CJ

€5

Nontqve, H. J., "The 'darvard step Test! and .ork Cepacity,"
Pevue Cnnadienne ce Biolorie, lL:L/l, 1953.

66

Tgylor, C. "M"A kaximuwn Pack Test of Exercise Tolerance." Fesearch
Luarterly, 15:201, 19Ll.
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It is not difficult to Justify the use of the selected measures
in this study, even thou;h doubt still exists as to their value in
physical fitness research.

The outstanding conclusion that can ve drawn from this review
is that none of the cited studies have attempted to guage the type,
duration or intensity of training necded to promote any physiological
changes. Is it correct to asswne that, because a certain program
fails or succeeds to alter physiolozic measures, the same holds true
for any form, cr any intensity or any duration of any athletic train-
ing program?

Future stucdy should take cogniscance of the qualitative and

v

quantitative nature of the experimental training program.



1sTHOD OF PROCEDURE

Instruments Utilized

The PC_—2 Cardi. otron

This instrument produces an electrocardiogram on a thermo-
sensitive paper. The paver, ruled in one millimeter squares, moves
at a rate of 25 millimeters per second. The records were stancarcized
by adjusting the stylus to deflect 5 millimeters for every intro-
duction of one millivolt, (0.001 volts). Such an excursion is half
the recular setting but in no way adversely affects the validity or
sirnificance of the records.

The instrument is approved by the American liedical Association

and is manufactured by Electro Physical Laboratories, Inc., New York.

The McKesson Recording letabolor

This instrument consists of a closed circuit six liter spiraueter
with an attached electrically driven kymograeph. The graph paper,
ruled in one-tenth of an inch squares, moves at a speed of one inch
per minute whilst a stylus deflection of one inch is equivalent to
a one liter axygen consurption.

The apparatus is patented by the lickesson Apoliance Cowrpany,

Toledo, Chio.



The Bawnanoneter

This blood pressure apparatus stands over two feet high wita the
upper foot containing a slirhtly sloping mercury scale fran 0-300 mm.
Hge. The apparatus is light, portable and permits accurate and clear

pressure reading.

The Baumanoneter is macde by the W. A, Baum Inc., New Ycrk,

Other Items
Blood hemolobin levels were calculated with a Cenco Sheard

1 e . . : :
Photelometer.” This work was carried out by the Departient of Foods

and Nutrition at lichigan State University.
Selection Of Subjects

The four athletes studied were members of the freshman track
team. ©rDach athlete was at a different stage of athletic ability putb
the basis of selection was their exnpressed desire to undergo a
strenuous running progranm.

Two of the subjects were mile runners andé were trained accord-
ingly. OCne was a half miler and one a quarter miler moving up to the
half mile for which distance they were trained. The group lived in
mens!' dormitories and were subjected to the same living arrancerents,

diet and study demands.

1
Central Scientific Co., Chicago, Ill.
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wxperimental Procedure

Training Presram

Zach athlete attemptied appraximately nine weeks of pace and nine
weeks of speed training; wherever possible running five days a week.
Each was assirned a goal in time considered a little beyond his
reach. The speed needed to run each race at an even pace was mas-

tered before the study was berun.

TABLs I

PACE DZTEAMITIATIONHS BASED ON BLST HIGH SCHOCL TIMLS

— ——— e —— —— p

—— e — —

Best Hish Set Study Even Pace

Subject  School Tirme Distance Time Distance 220 Yd.
min, - secs. min, - secs. Time-secs.

1 50 1:LO Yds 1 -56 830 Yds 29

2 1- 53 850 Yds 1 -56 880 Yds 29

3 L - 52 Mile L - 32 kile 3L

L L - L3  lile b - 32 Mile 34

In the pace training routine the subjects were allowed an indi-
vicdual warm-up, followed by repititive efforts at maintaining the
pace for as long a distance as possible. They were timed for each
sectional 220 yds. and if any section were 3 seconds behind the set
pace they were storpned, rested exactly 8 minutes and resumed in their
next effort. when the accunulative distance run reached 2 miles for
the milers or 1 mile for the half milers thef had coripleted a day's

workout.



N
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The speed training consisted of running 6 raximum effort 220
yda sprints witn 9 minutes rest between efforts. Again the athletes
were allowed individual warm-ups.

Competitive races at these and other distances were attempted
throurhout the studr. vherever possible this necessary check on
racing ability was dovetziled into the freshman "telegraphic meet"
schedule. An attenpt was made to rest the subjects for one.day prior
to such races but sometimes the schcdule prevented such a rest.

To prepare themselves for the stud; the athletes engaged in a
Fall season of cross-country running, a period of unsupervised
activity.

In the .inter cuarter the "milers" atteipted the pace program
and the "half-milers" the speed program, on an incoor 220-lap dirt
track. The procedure was reversed for the Spring quarter on an out-
door LLO lap red brick track. This plan was designed as a check on
two possibilities. OSeasonal variations might have upset basal
determinations to such a degree that the relative physiological
effect of each systen could not be assessed. Also, it was felt that
following the winter program the group would tend to perform better
outdoors no matter what the training system. Even thougsh the study
was desifned on a longitudinal rather than a comparative basis, it

L

was felt this procedure was justifiable.

Testing Prosranm

The subjects! physiological measures were recorded before,

during, and after each program. Before the study was begun the



subjects were thoroushly acquainted with the physioclogical testing
procedures.

The subjects did not train the cay before a test period. They
slept for at least O hours tiie prcceding night in one of the Lichigan
State University Human knergy Xesearch Laboratories and were in-
structed to be in a 12 hour post-absorptive state the morning of
testing.

After each subject was awaitenec he breathed tirough the basal
metabolor mouthpiece (still directed to room air), while the electro-
cardiograph electrodes were attached to the body. The suvbject was
then connected to the closed ogren circuit and ECGs recorded whilst
2 six minute basal ox;zen consumption tests were recorded. The
leasser of these two tests was used for the HI and 02 pulse de-
ternination, the pulse rate being taken Ifrom the accorpanying electro-
cardiorram. DBlood pressure cdeteriinations followed, lying then
standing, with a § minute step test concluding the testing period.
Sometimes blood samples were taken before the step test but the
usual occurrence was for the subjects to o to the Foods and Hutrition
Department later in the day to give blood for hemoglobin analyses.

Scmetines it was not possible to record =CGs with the Eill due
to technical cifiiculties. On these days a radial pulse record wa
recorded for the Bilil and O2 pulse determinations and tne £CG was

recorded within three cays of the other measurec.



Leasurements and Calculations

Bacal retavolic rate and oxygren pulse were determinec from basal

) . .
ovyren conswption.” The arplitudes and intervals of the P, R, and

. X . i qae 3
T waves of each elcctrocardiogsram were measured as outlined by .olif.
A1) measures were made with a pair of cividers, an acceptaktle pro-

. L . o . e . .
cedure.  The marnitude and direction of each 45 electrical axis was

,

5

derived from tables prepared by Jackscn and .insor.” The Feod and
Nutrition Departument's cdeterminations of blood hemozlobin levels was

e

L e a e . oo oo o)
by the Alkalin Hematin Ietihod as cescriced by Hofrman.
fnalysis orf rResults

A1l raw scores in training anc plysiolojical perfornances were
tabulated as shown in the Lppenciz.

Jith the majority of results, exarination was by grephic analysis,

statistical treatnent being epplied only when it was consicered
necessary to check the si¢niiicance of certain graphic trends or wiien

there was sufficient cdata to make such statistical treatment valid.

2 . . .
Consalazio, C. F., Johnscn, R. 1. and karek, =.
Clinical Procecure in the “tudy of r.ctobolic buncb_on, pr
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p. 25, .. B. Saunders Co., fﬂlWaCelDulh 1953,

Foerch, R. L. gl rephic lnﬁsure ents of
Ath]etes enc lion- thr@c__qtﬁgﬂcn*;jk ( , (Urpub-
Tislied i asterls tnesis, Lichi,an vtate Coilece, l)\7) tulb pcrsonal

cormunication from Lansing b@rc*olcb*ut, br. T. A, Hoclman.

Jackson, C. zZ., and winsor, T. "Aids for Detersining the ksgnitude
and Direction of Electrical fxes of the wslectrccardiogram,"
Circulation L: 975, 19450,

hoffman, J. F. Photelonectric Clinicel Chenisiry, willian horrow
and Co., Hew Yor:, dlvul.
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Athletic variaticns throuchout the study were graphed in terms
of race trials and certain speed training performances. A "student
t" test of signilicance was applied to these latter cdata. Pace
training data were discussed solely in terris of the raw scores.

An analysis of variance was calculated for certain of the =CG
measures. Graphs of variations in BlR, basal O,-pulse and step test
scores were graphed on the one figure to permit an analysis of their
inter-relaticnships. A coefficient of correlation was carputed for
tilese data. Arterizl systolic pressure changes from lying to stanc-

ing and blood herioglobin levels were separately grephed.



Running Perfermarce

o subject showed statistically significant race or training
improverent during either or both runnirg prograns.

A11 subjects performed their first and last race trials without
irproverent (I'irure 1, page 33). Subject 1 ran the 850 in 2-12
before beginning speed training, 2-09 at the conclusion of this
system, 2-16 before and 2-10 at the conclusion of pace training.
Subject 2 recorded 2-06, 2-06, 2-0lL and 2-01 for the corresponding
periods. Subject 3 ran the mile in }j-59 befcre and 4-57 after pace
training end L-52 and L-59 before and after spced training. Subject
L ran L-L6, L-52, Li-06 and Li-52 for the corresponding trials.

With the thoucht that race trials may not have indicated actual
running ability for any given period an atternt was made to analyse
the speed program data. The mean 220 yd. time for the 12 efforts of
the first two days of the first, middle and last weeks of the speed
program was plotted for each subject (Fisure 2, pa~e 3L). This craph
illustrates that all subjects improved their speed and endurance
during this program. DBetwecn the first and the last week of this

system the mean 220 yd. time for subject 1 improved from 25.9 to

wo
N
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25.6 secends, subject 2 from 20.0 to 25.6 seconds, subject 3 fram
27.7 to 26.1 seconds and subject L improved from 27.0 seconds to 2¢.0
seconds. Jhen these imprcovenments tvere analyzed statistically they
were snoim to be insirnificant, (t equalled 0.6, 0.k, 2.05 and 0.72
respectively), for each indivicdual. Thourh a grepiic trend was
clear, in that a1l the subjects showed some improvenent, the cormvined

or grouwp irproverient was also found to be statistically insignificant

(t = .17).

-

Physiolosical l.easures

llo subject showed statistically sirnificant chanres in any of
the selected pF"szo]o ‘ical measures.

Certuln of the mean =CG neasures for tue L subjects were in
i . L) AP 1 s 1-' 12 3 *3
eeping with cdata presented by Cureton,” wolf,“ and Foercn™ as
shovm in Table II.

The table illustrates that the L subjects on this study tenced

to have higher R and T weves and longer P-ii intervals than the other

CTOUPS.

lCureton T. K. Physical Fitness of Charpion Athletes, pp. 1L0-1L9

———— ———— e . e e e

The Un~ver51ty of Illinois Fress, Urbana, 19-1.

Ibid., p. 1892 citing wolf, J. A. ".lectrocardiosrram Standard
Wornal Yourns Men," (Unpuul haster's Thesis, The Univercity o
I1linois, 1951).

F‘) C’)

roerch, R. L. "A Comparison of the slectrocardiosrapnic hMeasurcments
of fthletes and lon Lthletes at lichiran sState Colle;e," (Unpubl.

ey

liaster's Thesis, Michigan State College, 1951).
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Certain of the 1CG leads were analysed for variance between
testing periods to cetect, for the four subjects, possible changes

due to either or both programs:

TABLs ITT

ANALYSES @ VARIANCE BLETWZnN SIK ECG'S OF °CUR SUBJECTS

—— — —

leasure F Value
Pr Arplitude 23.5
PII Arplitude 0.265
Prip  Arplitude 1.8L
TI Amplitude 0.37L
14t g1
TII Arplitude 0.51
moli \Q
TIII Armplitude 0.LoL
P—RI Interval 0.586
Q-SI Interval 0.1l
Q-TI Interval 0.39

GRS plectrical Axis
Magnitude 0.95

Degrees 0.007

The high F score for PI was found to be a mecaningless score when
the raw data were examined. In light of the above analyses the other
initially selected leads were nct hendled statistically for their raw
scores indicated that they also displayed litile variation between

testing periocs.



lio trends could be noted gravhically for the tesal metabolisn,
basal oxy;en pulse, or five rminute step test score for any of the L
subjects as shown in Firure 3 (parce 32). The sare can be said for
chanres in the arterial systolic pressure from 1ying to standing,
(Figure L, pa-e L0), and blcod hemorlobin levels, (Figure 5, pa~e L1).
For this reason it was not felt necessary to analyse any of tihese
measures statistically.

The basal retabolism of the l; subjects when copared to the
normnal standards for their a;e znd sexi showed the following cevi-

ations fcr each of tie six testing periods.

TABLS IV

P.RCEINTAGe DEVIATICNS @G Tilw BiRxl QF FCUr SUBJECTS

- — e et e

Testin~ Period

Subject, 1 2 3 N 5 & Ter~n Beviation
Percentare Deviation
1 +6 -l +5 -6 =2 -2 -0.5
2 +2 -9 -9 +9 =7 0 -2.5
3 -1 -1 +3 -3 =10 0 -2.5
L -2 -1 - <11 +2 +5 -3.5

The slicht trend noted for all subjects toward a lower thon

averarie BIR was not treated statistically.

b 5
Consalezio, C. F., Johnson, 2. E., and Mharek, 3. letsbolic hethods.

— e e

CllﬂlC"l Procedure in the Study of lL.etzbelic Fantlon, De “LO tiue

—— e 4

Cc. V. l.osuy bo., ot. Louis, lobl.
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An analysis of the raw data incicated that systolic and diastolic
pressures did not change marikecly throughout the stucy. The relation-
ship between each subjects variations from lyinz to standing arterial

systolic pressure were compared to corresponding step test scores by

[&]

taidng the mean of the greatest pressure deviations and that of the
corresponding step test scores, and comparing these to the means of
the lesser pressure deviations and corresponding step test scores.

This relationship is showm in Table V.

TABLS

FIVE BINUTE STRP TEST 3C0R=s ACCO PAIYTHG TH< GRIATER AID LaBSoiR
ARTIRTAL SYSTCLIC PRocSULRD CHANGDS Fr(Gi LYILG TO STANDING
Greater Lesser
Subject  Pressure Step Tes ' Pressure Step Test
Chance lean llean N N Chance Fean liean
ruie Hgo  Pulse count, rmm. Hz.  Pulse count,
30-60 secs. 30-60 secs.
post post
exercise exercise
1 -18 62.5 2 l 0 69
2 -11 52 2 N -6 50.5
3 12 63 3 3 6 56.6
L 1L 51 1 5 3.6 52.3

The possibility that a significant relationship might have
existed between these two measures for all the testing periods and not

only wnen a great pressure change variation was evidenced was examined



~—
(VS

by cerputing the coefficient of correlation between the pressure
chances and step test scores for eacn cf tne four subjects and for

the proup. These coefricicnts are shown in Table VI.

TA2I.5 VI
CO.FXICILT CF CCOLLTATICH BTl LYING TO STAITDING ARTLRIAL
SYSTOLIC PrussUhE CHANCS MDD F1Ve MIIUTE STLP TEST SCCRi
Subject "y Value Significant r Value
- S Y S S . S
] -.03 011 517
) -.13 311 AN
3 +.33 811 917
L -.55 011 917
Group -.33 e .515

iide variations were noted for all sutjects in the S minute step
test scores. The extrere scores reccrcded ty each sutject in this
test were corpared, as shown in Table VII, to the accampanying physio-
logical measures for the testing periods in which the extreries vere
noted.

In line with Table VII the correlation betieen certain of the
rmeacures for 2ll 6 testing periods were calculated for each subiect.

This was not considered a rmajor acspect of the study but rather an

interesting and pertinent adjunct to the area wnder exoniination.
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TABLE VIIT

CO:FTICIEZLT QF CORIEIATION BrTwWIIN CLRTAIN @ TIE
PEYETOLOCICAL MEASUIE

l.easures Cornared 1 2 3 T Groun

—— e e W e - e e e o = - -—

BaSgAJ. p.uJ_SC/D::‘_-\i .6 08 039 -oéh 057
Basal pulse/Op pulse -.79 -.79 -.95 -.7 -.£9
Basal pulse/Step test 6L 6 .50 47 .003

0s pulse/Bix -.23 -.73 -.17 .55 22

0, pulse/Step test -.32 -0k -.99 -.39 -.61

-— — e — - . — ——— e

llote: TFor indivicdual subjects r significants at 55 (13) level
when JA11 (.917).
For grouwp r siinificant at 5,5 (15) level when .10l (.515).

Discussion

The failure of any of the suvjects to iuprove in terms of racing
or training ability under either or both programs is surprising. An
exariination of the raw data indicates that both systems involve more
intense training than that normally undcrgzone by members of a freshman
track tean.

A practical query to the above iay possibly be that the standard-
1zed repititive nature of both prograns laclked the variety ermpirically

considered necessary in atnletic training. Is explained before it is

not the purpmose of this study to discuss such psychological factors



as "emotionality," "attitudes" and "fatisue." However, in reply to
the above query it can be answered that the interest displajed by
the Varsity in the race trials and training elforts of the subjects,
helpfully encourazed by the Traclk coaches, should have created a
favorable "climate" for competition and training.

An analysis of Figure 6 (pace L7), shows that thourh the whole

study lasted 150 days the subjects only averared a mecan 29.35 of these

days on either running prorran. This fact may help nerate the query

(')

that "fati~uc" could have impeded athletic progress hut it also illus-
trates that the duration and intensity of the prescribed programs were
adversely allected. It is still possible to ar~ue that this 292.3,5 of
actual training for a given nwier of days is a relatively accurate
assessnent of the muiber of days that a college freshman can train

due to exans, vacations, rests prior to races etc. Thus the original
postulation that both systens of training are more intensive than
those normally atterpted can be upheld.

Unfortunately it was still impossible to cetermine wnether the
major limiting factor in this failure to improve running performance
was the 29.37 of total days that trainin: took place, the total dura-

tion of the study or the intensity of each day's training. If the
study were to be repeated and it were knowm that the former factor
would acain be evident either the length of the study or the intensity

of the training would have to be increaced, if racing and training

improvenent were to taie place.
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Certainly there can be no doubt that the pre-stud; cross country
running atiemied by all the subjects brousht them to a Jevel of
training and racing ability that neither of the study systems could
irprove. It is also irmossible to atiribute any superior acvantag

of the specd or pace systen over tne other in terms of eitner's

ability to promote supcrior athletic perfornance.

Phirsiclorrical Feasures

The failure of the subjects to show improved athletic attainments
during the course of the study limits an analysis of the eflfectiveness
of any of the selected physioclosical measures as 1r01cauors of physi-

cal fitness.

The Llectrocardlosran

In the review of literature it was stated that the electrccardio-
gram of an athlete tends to display a low P, hizh T and longer P-2
interval. Table I, pare 27, indicates that on such a clascification
the |} subjects would tend to belonz to the athletic  rather than a
non-ataletic group. The low P wave was not evident but a high T wave
a longer P-R interval could lead to the conclusion that athletic train-

ing had already elicited certain elecirocardiographic chances character-

[N

stic of atnletes, even thou:sh the duration and/or intensity of this
study failed to maricecly aiiect such records. This latter Tact is in

¢
accord with data collected by Lontoye, Collings and Stauffer.”

Unpublished data collected at Lichi~an State University on 10 Vars
basketball players throuzhout 1955 by H. J. Lontoye, D. . ColJlﬁ;

!

and G. C, Stautfer.



2sal Metabolism

Neither the speed nor the pace nor the coribined programs affected
basal retabolisn. Taole III, parce 37, illustrates the slicht tendency
for the l| subjects to have a Bl lower than the normal standard fér
their are and sex. This may indicate that the type of training under-
fone in middle-distance running is such to promote an increace in
cellular efficiency above and peyond any active protoplasn increase.
4ith but l; subjects and six testing periods it is not possible to form

sucnh a conclusion from this study.
Basal Qoen Pulse

An analvsis of the basal pulse graph on I'igure 3, pace 39, indi-
cates that the duration of each program may have been insufficient to
allow for sisnificant variations to occur. TFor all subjects the last
two measures are nijher than the first but close exarmination of each

subject's graph indicates that tihe testing may have ended at a critical
time in that each subject's craph recembled a freauency polvgon. OF
all the selected measures it would appear from graphic analysis that

this was the one test that may have indicated a significant treand if

the study had veen of lonzer duration.
Arterial Systolic Pressure

The change in arterial systolic pressure fram lying to standing

was relatively constant for all subjects and no trends can ke



attributed to either or both systems of training. Taole V, page 12,
shows an interesting relationship between the chance and the step

test score. If the step test is assumed to ve a valid indicator of
cardiovascular fitness then this table illustrates that there is a
possibility that the postural pressure test is of use. OSubjects 1

and 3 show a decreaced step test score with the least pressure chanze
Subject 2 and subject L show no such indication incicating that dis-
cussion such as this is of little value with but I subjects. An analy-
sis of the raw data on arterial systolic and diastolic pressure indi-

cates that like the postural test no trends are evident.
Blood Hemerlobin Level

An analysis of Tigure 5, page L1, illustrates an increase in
blood heriorlooin level for subjects 1 and 2 throushout speed training
and a decrease for subject 2 throughout pace training. Subjects 3 and
L increaced the level throushout pace training but shcwed a decrease
throurshout speed training From another angle all subjects showed an
increase in the measure during the inter Quarter and 3 of the |} a
decrease during the spring. However, the variation for all subjects
during the break between quarters, or the variation between the post
winter program and the pre spring program is as great as the variation
during either program. There can be little doubt that diet and season
factors uncontrolled in this study, impecded a close exanination of
the eilfects of training on this measure. shen comparing the pre {irst

program score to the post second progran score 2 suvjects showed a
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moderate and one a sli;ht increase whilst the fourth showed a slichit
decrease. The only conclusions possible are that neither nor both
systerr markecdly affected the measure and seasonal variations could
quite possibly have been the major cause of the blood hemorilonin

level variations.
ive Iinute Step Tect

The wide range in step test scores recorded by all subjects does
not seen in keeping with the relatively constant running performances
throuzhout the study. Tavle VI, paje L3, shows that this range was
not dependent on tiie projram bein; undergone or the period of time a
subject had beesn on eitner program. This fact is in keeping with the

failure to graphically illustrate any markec trends in the measure
throushout the study, (Figure 3, paze 39). [urther examination of'
Taole VI illustrates maxirmum variation in step test scores was not
marked by any associative trends in BiR, arterial systolic pressure
cnange from lying to standing, or blocd hemoglobin level. The oxg:ien
pulse of all subjects was greater at the time the lowest step test
scores were recorded. However, conclusicns cannot be drawn from an
exzamination of but two testing periods on four subjects.

It is difficult to accept the fact that the wide ranres denon-
strated by all subjects are indicative of the same level of athletic
ability yet for these four subjects that is the only conclusion

possible.
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Inter-Relation Between lieasures

N .

The coefficients of correlation presented in Table VII, page Ll,
cive the relationships between certain of the measures. The last
two BIR's recorded by subject li were unaccountably hizh and as a
result negative correlations existed for this subject between basal
pulse and BiiR and between O, pulse and Bix. It is not here the con-
tention that conclusions can be drawn from correlaticns based on but
six records for L subjects but both the individual subjects and the
crouped correlation values incdicate interesting research possibilities.

A useful procedure is indicated by these values in that, on the
basis of such correlations, experimental procedure in securing records
of the measures could be validated. A certain relationship should
exist between basal pulse, Blil, basal Oy pulse and step test score,
the presence or absence of wiich might possibly indicate the soundness
of measuring technique.

It must be remembered that basal pulse rate and O2 pulse contain
the common factor of pulse rate and that BMR and O, pulse are both
based on resting O, conswrption. As a result a significant corre-
lation would be anticipated petween these measures. However, the
relationship between O, pulse and the step test score was a camparison
of relatively "isolated" physiological mechanisms and thus of inter-

esting moment.
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SULTARY, CONCLUSICHS AND RiCQI.LkDATICIS
Sunmary

The purpcse of this study was to study certain physiological
effects of speed and pace training on trained freshmen traciman.
The four subjects conditioned themselves with a season of cross-
counttry runnin:; before bezinning a program of speed and a program of
pace training. DBefore, during and alter each program a record was
made of each subject'!s electrocardiojram, basal metabolic rate, basal
oxycen pulse, arterial systolic and diastolic lying and standing
blood pressure, blood hemoglobin level ancd 5 minute step test‘score.
As a subordinate investigation the inter-relationships of certain of
these measures were deterrined for the sixz testing periods.

+hen the measures were srapied and certain of them treated
statistically it was found that neither system of training nor their
calbination had produced any marked changes in any of the physio-
logical measures or in racing and training ability of any subject.

Sane statistically significant correlations were established
with some of the subjects for certain of the physiological measures.
In the main such correlation values were due to the compared measures
containing cormon carponents. The O, pulse and the step test con-

tained no such cormon element and two of the subjects and the group

ANAY
\US)
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as a whole showed significant correlation between thece two measures

for the six testing periods.
Conclusions

It was not possible to assess the relative eflects of either

speed or pace training on the physiolocical or athletic status of
any subject since neither system produced changes., Despite the ini-
tial beliel that each of the systerms was of considerable intensity
each was only sufiicient tc maintain the subjects at a physiological
and performance level that had alreacy been reached by the accumu-
lative effects of hich school tracl: capetition and a pre stucy
seascn of cross ccuntry running.

Zither the intensity of each day's training or the duration of
the whole study was insufficient to produce the anticipated changes.

Thué the effect of spced and pace training in this study was
to maintain the "status quo."

The need existed for a correlation of O, pulse with a more
fundamental measure than the step test before any claims could ke mace
as to the validity of the former as an indicator of physical fitness..
However, the correlation with the step test was of sufficient magni-
tude to justify any future study of O2 pulse in the field of cardio-

vascular {itness research.
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ilecormendations

On the basis of the avove conclusicns the following recamend-
ations are made:

1. The elevation of a2 trained middle distance freshman from one
level of athletic achievement to another cannot be achieved by a mild
training progran. If such elevation is to occur curing the fresman
vear then the intensity of training will have to be increased to at
least a degree beyond that set in this study.

2. If the relative pihysiological effects of speed and pace train-
ing are to be successfully examined the duration and intensity of
such training should be increased beyond that attempted in this study.

3. When such a study is again attempted the selection of a rmch
greater number of subjects would permit a study of the inter-relation-
ships between the selected physiological measures that would be

statistically meaningful.
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