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ABSTRACT

Five maler university athletes (Age 24.8 yr» Wsight 80 kg»
Height 184 cm, PWC170 1563 kgm/min) were tested for maximum
oxygen ubt;ka during bicycling at pedalling frequancies of 60
80, 100 and 120 rpm and during ‘nclined treadmill running at
speeds oflb.O: 6.5, 7.0 and 7.5 mph. Maximal oxygen uptake was
10.5% lower in bicycle srgometery than in treadmill running.
Cycling at-a pedalling frequency of 80 rpm elicited
significantly greatér maximal oxygen uptaxke than at 60 dr 120
rpm, .Speed of running had no s?gnificant effect on qax?nal
oxygan upfake»during treadmill testing. Slénificant
differences between bicycle ergometery and treadmill‘running at
exhaustion were also found in the'follouing paraleters:vheart
rate {p < 0.0005), carbon dioxide production (pA< 0.0005) and
ventilatory equivalent (p < 0.0l). Bicycle ergometery at
various pedaliing frequencies sho;ed‘significant differences aﬁ
exhaustién in: expired ventilation which was less at 6vapn
than at 80 rpna and‘loo rem (p < 0.05)s ventilatory equivalent
which was greater at 100 rpm than at 60 rpm (p < 0.025) and 60
rpa (p < 0.01). Signifticant differénces at exhaustion in
treadsill runﬁing at various speeds?uere éhoun ;n carbon.
dioxide production which was less at 7.5 mph than at 7.0, 6.5
{p < 0.025 and 6.0 mph (p < 0.005)» and less at 7.0 mph than at
6.5 (p < 0.005) and 6.0 mph {p < 0.05). Rel§tiive merits of

bicycling versus treadmill running as tests of maximum aerobic

capacity are discussead.
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CHAPTER 1 : -

INTRODUCTION AND LITERATURE REVIEW .
N . . =
Maximum Oxygen Uptake:
Criterion of Work Capacity d ’ . .

Maximum oxygen uptake {(VD2max) is benerally regarded as
the best singis physiological indicator -of man's‘capacity'fbr
sustained lus&ular Wwork. It is directly related to the maximal

capacity of the cardiovascular-respiratory system to take up

and transport oxygen to active tissues and tor these tissues to

LS

use the-oxygen. (Taylor et al., 1955, Astrand, 1956, Balke and

Ware,» 1959, Hettinger et al., 1961).

- Johnson "(1946) ingicatad that’"Quantitatﬁve assessmen
of physical fitness is one of the most complex'and : ~
controver;ﬁal—problens in applied physiclogy. This situation
arises in part from fack of agreement on what constitutes

fitness for withstarding various types of stress and in part

from lack of agreemsnt on which measurements allow valid

comparisons to be_made among different individuals exposed to

the same stress.” Although he was referring to *physical

fitness' which is at best an all encompassing term, the same




- « ) ]

" statement could quite suitably be appiied to the measurement of

VO%Aax.

v

Maximum oxygen uptake has been neasufed by many methods
including treadmills, bicycle, hand -crankings ladder climbings,

step testss, track running, swWwimming, Ffowing and by prediction

- A

-

from submaximal levels of exsrcise.

. 'Several investigators (Appendix 21}, have found motor

driven treadmills and bicycle srgometers to be the most
acceptable method for neasuping ihdividuaf maxi mum oxygen
uptakes. This is supported by the large number of such

measures reported in journals during the past 20 years.

Asmussen and Hemmingsen (1953), showed that %aerabic
’ =*

capacity® in normal individuals is considerably lower in

arm-wor k than in leg-work, Astrand and Saitin (1961) showed
that,tﬁe mean oxygen uptake of a group determined by cycling
{(#.23 L/MIN) changéd very Iiftrb when the subjects were asked.
to cycl; and crank with both their legs and aras (4.24 L/MIN)

Thus it may be assumed that the muscle mass involved ]n cycting

is not a limitipg facto} in obtaining a maximal measursment.

¢



Treadmiil ¥s. Bicycle Ergometer

Determination of VvOZmax

There have, howaver, been numerous studies which have
consisteantly shown treadmiil exesrcise to produce a greater
"¥YO0Zmax than exercise on the bicycle srgomater, (istrand and
Saltin, 1961, Glassford’st al.» 1965, Wyndham ot al., 1966s
Hermansen and Saltins, 1969, McArdle ;n¢ Mageti, 1970, Hermansen

oy W

et al.» 1970» Kélon and Pandolfts, 1972, H}yamura and Honda,

1972, ‘chrdrl s, £t al., 1973). These sources have shown bicycle
ergometry ta‘elicit maximum oxygen uptakes 5-10% smaller than
'thoée produced by the same i1ndividual treadmill running. One
report howaver showed 7 of 55 subjects produéed a higher V02max
in a aicyc]e ri'de than rdnning on a treadmill (Hermansen and
Saltin, 1969). DQ;}alt howevers the nean‘difference seems 7%
greater oh the treadmiil than on the bicycle. 7

Taguchi st al., (1397L), 1n contrast to the studies

already mentioned» compared bicycle ergoaetery at a‘pedél
frequancias of 50 and 60 rpm with treadmill waiking at 3.5 mph
{Mogified Balke Test) and found that there was no significant

difterence in the respsctive maxiaum oxygen uptakes.



Evaluation 0f>V02nax is no£ only affectga b; the type of
activity practiced in the test but also by the mode in which
eacﬁ»conponant of the :est is used viiﬁ raﬁe of ped;IIing
(Astrand and Saltin, 196l; Hermansen and Saltin, 1969; and
Tagucgz 8t al.» 1971), upright versus supine pedal i ing
(Mmiyamura and Hondas 1972)» constaat loading versus incremental
toading (Miyamura and Honda, 1972), incremental loading on one
day compared with that on successive days (Glassford et al.,
1965)s intermittent versus continuous treadaill running
(Wyndham et al.» 1966, McArdie 8t al., 1973) and level

treadmill running compared with grade running (Hermansen and

Sattins 1969).

Wyndham et al. (1966) stated that at high oxygsn intake
values» bicycle ergomestry seriously and significantly
underestimates V02max compared to the treadmill. Bicycle

ergomatry however, has many distinct advantages over the

P.0.» 1952, Hermansen et al., 1970)

treadmill (ZSEF;nd
including such iteamas as portability, ease of regulating the
work rate and safety. If a mode of testing could be found
using the bicycle ergometer which would ensure correspondence

of YO2max values to those on the treadmifld, it would be useful.



In the majority of the studies citeds, the pedalling

- frequenciss hﬁva been low i.e.» 50 rpm (Hettinger et al., 1961,
Michael and Horvath, 1965, Hermansen and Saltin 1969, Nagle ot
al.s 1971, Taguchi et al., 1971), 60 rpm (Hermansen and |

Andersen, 1965, Hermansen and Saltin 1969, Taguchi et al.,

1971, Kamon and Pandolfts, 1972, Miyamura and Hondas 1972) or 70

Y

and 80 rpm (Hermansen and Saltin, 1969).

-These lower pedalling rates correspond closely wWith ;he
guide lines spt down by the Rasearch Committee of the
Interngtional Council of Sport and Physical Education on
Standardization of Ergometry, during the XVI xqte}nationan

Congress of Sports Medicine. (Larsons, 1966)

TABLE 1

PROPOSED SPEED OF PEDALLING FOR DIFFERENT POWER QUTPUTS
( INTERNAT IONAL CONGRESS OF SPORTS MEDICINE» HANDYER» 1966)

0 - 600 kga/min. 30 (25 - 35) revolutions/min.
600 — 1200 kgm/Ein. 40 (35 — 45) revolutions/ain.
1200 - 1800 kga/min, 50 (45 - 55) revolutions/ain.
> 1800 kga/min. 60 (55 - 65) revolutions/min.

Banister and Jackson (1967), demonstrated that oxygsn
uptake measured at |low power output developed at high pedalling

frequsncies combined with small brake resistance was equivalent



to that at much higher power output developed at siower
pedalling frequency ang higher brake resistance, Thus it may be
possibie to conduct tests on the same gndividual at high
pedailing rates i.e.» 100 - 120 rpms and medium brake
resistance and obtain comparable V02max measures to those

obtained by various modes of testing on the treadmill,

It has been common practfce for inveétigators using
bicycle srgometry to keep the pedalling rate constant (usually
50-60 rpm) and gradually increase the load until the subyect
reaches exhaustion. In treadmill testing the most accepted
method ssts a constant spsed against a gradually increasing
imposed gradient. There are howevers, studies in which the
grade was held constant and an increésing work rate was imposed
by increasing the speed of the treadmill (Wyndham et al., 1966,
Miyamura and Honda, 1972). In the fofner study» a continuous
treadmill running test set the treadmill speed at 4.5 mpH and
every 2 minutes the speed was increésed by 0.5 mph until ’
exhaustion. Miyamura and Honda {1972) however, required their
subjects to run at 150-170 m/=min (6aph) for the first 2 minutes

and increased the rate by 10 m/main (0.375 aph) once every

minute until exhaustion,



Lactate in Maximal Exercise

Anderson et al, (1971) indicated that a blood factate
value of over 100 mg/100 mi is a good subsidiary criterion that

~

the V02max for an individual has been reachad.

Bang {1936)» indicated that at greater working
intensities, blood lactates are higher and for very severe work )
maximal viaues ars attainad onily after the cassatipn of work

during recovery.

Edwards st al,» (1973), while studying the
cardiorespiratory and metabolic costs of continuous and
internittent exercise in man, found that during exercise,
lactate concentration in muscle water was higher (p < 0.05)

than in blood water.

Kar];éon (1971), found it reasonable to conclude that a
close correlation exists between maximal musclie lactate
con?entration and the perception of exhaustion during brief
maximal concentric Isg exerciss and that musclie lactate
concentration or changes secondary to its elevation are
directiy or indirectly responsibie for muscular fatigue. He

also found a close linear relationship between tha highest



blood lactate concentration and the muscle lactate B
concentration obtained immediately after cessation of wor?r
Raduction of muscle lactate concentration after naximél
exercise seems to approach resting values as;mptotically

whereas blood concentration typically shows a peak elevation 10O

minutes postexercise. (Diamant et al.» 1968).

Karisson (1971) noted no marked increase in lactate jﬁg
concentration until work rate exceeded 50 - 60X of VO2max.
Hermansen and Stensvold (1972), found that most trained
subjects showed no marked increase in blood lactate
concentrations during continuous running at work rates ranging
from 30 to 90% of their YO2max. This indicate§ that individuai
critical work rate levels exist beyond which a pronounced

increase in the lactate production may occur.

Bang (1936) found that the bitood lactate concentration
tended to decresass if the wWork were continued for longer than
10 minutes. Blood factats concentrations aiso show a decrease
at standardized work rates which are preceeded by prolonged
work (Karlssons 1971). The most reasonable expianation of
these findings is that in the course of the work itself part of
the lactate produced in the exercising muscles may have been
used as a substrate in different tissues of the body. (Rammel

and Stroms 1949, Jorfeidt, 1970).



Karlsson (197]1) found no signif icant difference in
resting lactate concentration between trained and untrained
subjects. gofrouing exhaustive work rates there was
significant difference (p < 0.001) in muscle IQctate
concentraffon ;f trained (22.7 mM/kg wet muscie) and untraned
;ubJects (16.9 mM/kg weat muscle), Howeversthe difference in
the blood lactate concentration levels between the two groups
was less (l14.6 and 12.3 mM/Il. respectively) than might have

been expected from muscle lactate concentration.

Margaria et al. (1963) assumed that lactic acid freely
and rapidly diffuses uniformily in all the water of the body.
Karisson (1971) indicated that esqual concentrations in muscle
and blood existed 10 minutes after the work stopped. Kubler st

al. (1966) and Hirsche, Langohr and Wacker (1970) showed that

Sy o
g

the tactic acid translocation process was evidently not simple
diffusion and Kibler et al., postulated that an active

transport system might be involved. o

Criterion Lactate Measurement:

Timing After Exercise "

Margaria st al. (1963) took blood samples at 1» 3, 5, 8,

15, and 30 minutes following eihaustive exercise and found that

the lactate concentration levels tended to increase after



10
exercise for the first 5 - B8 minutes.

Other investigators took a blood samplie at | and 3
minutes (Astrand et al., 1963), the 3rd and 5th minute
(Margaria et al.» 1964), 4 to 5 minutes (Di Prampero et al.»

1973), 5 minutes (Newton, 1963) and 5 to 6 minutes (Kasch et

aler 1973) post exercise to determine the blood lactate

concentration level., These variations in the timing of drawing
biood samples for determining lactate concentrations exeaplify
the problem of obtaining a peak lactate concentration from

blood. sampl es.

Shephard et al. (1968) took blood samples from a heated
fingsr tip at 2 and 4 minutes post exercise. They found that
in 13 subjects, 2—minute lactate concentrations were up to 8
mg/100 ml higher than in & sinute sampless» in 2 subjects the’
mean readings woere identicals, and in 9 of ‘the subjsects the
4-minute readings were up to 8 mg/100 ml higher. These reéults

appear to be in disagreement with those of Margaria et al.

(1963).

Hermansen and Saltin (1969) attempted to tind a sotution
to the problem of blood sampling timing. They took 2 or 3
blood samapies during the first 10 lingfps of recovery in order

to secure the peak tactic acid value.



7

This’exparilent intends to compare the aqu}Vélence 6f
v02max determinaiiohs performed both by bicycleAergonetry and
treadaill running by using a mode of bicycle ergometry (high
pedal frequency) which ensures amaximal inefficiency of external

work dejivery and thus maximal involvement of the human cardio-

respiratory systenm,

The tests used in this experiment includéd variations in
1) pedalting frequency on thé bicycle ergomseter and 2) running
speed on the treadnill: Each exhaustive test ués compieted 1In
one session with a triangular format of increasing work rates;
i.e.» wWork rates were increased at prescribed time intervals

during each test.
Hypothesés:

1. At higher pedalling frequancies (> 60 rpm) on the bicycle
ergon;tér: the VO2max of an individual will approach those
values obtained on the treadmill.

3

2. At the faster speeds of treadmill running with an

identical sequence of increasing slopes, the VO2max of an

individual will be greater:

)
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CHAPTER 11

MATERIALS AND METHGDS

Sub jects

Subjects were chosén from a group of volunteer athletes
on the basis 6f their performance on a PWCl70 test. Subjects
chos;n wers thoss who obtained a PWCL70 greater than 1300
kgm/min which ié above the 90th percentile for Canadian adults
(Metivier and Drban; 1970). Thus any differences in oxygen
thake between exhaustive tests would be hore likely due to the
method of testing rather than an improvement in the physical
fitness of the subject, although additional precautions against

the latter occuring were also taken.

Each subject, prior to involvement in the experiment,
was regquired to have a medical examintation by his family
physician and present a madical form signed by his physician

stating that he was ftit encugh to participate in the study.

The subjects were given an outline of both the
experiment and their responsibilitiss of the subjscts. They
were, upon volunteering, requirsd to sign a consent torm and to

fill out a questionaire dealing with their past and present

b
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athletic training. Pertinent data on the subjects is given in

Table 2.

Adaptive Training

PfJor to t;stjngn each subJeét attended six training
se%sioné where he was introduced to Eﬁe Iabnraﬁory envi;onnent,
the equipment and some of the proceedures to be used in the
exhaustive testing. These sessions alternated between bicycle
riding and treadamitl running and in each-session various
combinat ions of pedalling speed and loadvor running speed and
grade were experienced by the suquctq At Ieast once during
each session the subject exercised at a maximal or supramaximél
workload for a short period of time to ﬁbcustom him to the
supreme effort that would be necessary for the exhaustive -
tests. It was assumed that these adaptive sesssions would be‘v
sufficient to negate'any appfeciable le;rning factor that may
have,othernﬁse occurred during the course of the exhaustive

testing seriss and increased fitness (VO2max) at the end of the

investigative period was specifically tested for.
Py .

In the sixth training session the subject was again
given a PWCl70 test as a check on the validity of the initial
test. The resuits of the PWC1l70 tests and pertinent data on

the subjects are shown in Table 2.
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Tabie 2 Vvital statistics of subjects

Subj. Age Weight Height PWC170 PWC150 VUZmﬁx

{yrs) (kg {cm) (kgn/ (kgm/ (i/min)
' min) min)
ypP 23.5 ' 97.0 197.0 1515 1230 4.2
NC 32.0 -  79.3 183.1 1630 1380 4.9
“BN. = 28.7 77.1 179.3 1645 1370 4.8
BC 21.4 76.0 184.1 1615 . 1335 4.7
JH 18.5 70.5 176.8 1410 1170 4.1

l. PWC170 is an average of two tests. o
2. Maximum oxygen uptake (V0O2max) is estimated from
submaximal work loads (I. lstrand;51960).

Warm-—-up

Prior to each test the subject was given a standard six
minute warm—up on the bicycie ergometer at a pedaliing rate of
60 rpm. The tirst minute of the warm-up was done with no 1oad
imposed (zero workioad). During the naxt‘fIVE,ninutes a {oads
predicted to elicit a heart rate of 150 beats per minute was
imposed. The Joad to be used was oestimated from the subyect's
results on the PWC170 test. The warm-up was the same for alj
te§ts for each individual, in order to avoid any infuluence of

warm-up on the results of the various exhausive tests.

An expired gas sample was collected during the last
minute of warm-up and ventijation and heart rate were recorded

tfor each minute of the warm-up. A blood sampie was drawn as
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soon as possibles, within the 2 minutes after the completion of

-~
&

each warma—-up.
Exhausti ve Tesfing

Each subject completed a series of nine exhaust ive
tests: four on the bicycle ergometer, four on the treadaill
together with a repeat of the first test performed in the
series. Five testing sequences (A to E) (Table 3) were
developed using a table of random nﬁnbers, with tﬁe condition
that bicycle and treadmitl tests would be alternatively
administered. The sequences uere_randomly assigned to, the fivé

subjectss using a table of randoa numbers.

Subjects performed a maximum of two exhaustive tests per
week with a nini-!‘ of two days rest between tests. Al
testing was done i; the Human Performance Laboratory (Simon
Fraser University) betwesn 9:00 and 11:00 a.m. and subjects

were instructed to have onily a {ight breakfast prior to testing

sessions.

The subjects reported first to the ftaboratory to be
weighed (shorts and socks)s then to the S.F.U. Health Services
to have a catheter fnsarted in the forearm {Ses *Blood') and

then returned to the iaboratory for the testing session.
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TABLE 3
Testing sequencss for sub jects

{above) and equipment and mode of
testing (beiow).

Order ' Tests Sub J

A 6 4 8 1 7 3 5 2 6 VP

B 1 5 &4 7 2 6.3 8 1 MC

c 4 8 3 6 1 5 2 1 4 JH

0 8 3 7 2 5 4 6 1 8 BC

E 5 2 6 3 8 1 7 4 5 BN

Test # Apparatus Speed

1 Bicycle - 60 rpm
2 Bicycte 80 rpe
3 Bicycie 100 rpm
4 Bicycte 120 rpm
5 Treadmi t | 6.0 -mph i
6 Treadami il 6.5 aph } .
7 Treadmill 7.0 mph
8 Treadmill 7.5 faph

i. Bicycle Ergometery

-

A Monarch bicycle ergometer (Varberg, Sweden), used for
all bicyclert;sts, was placed on the treadmill (set at zero
grade) éo_laintain consistancy jn the testing envi ronmant.
Eacg subject was tested at four different pedalling speeds:
60» 80, 100; and 120 rpa. For eacﬁ testr». the tirst two
workloads uore“naintained.for one aminute esach. Subseguently

workioads were increased every two minutes or until exhaustion

was reachesd. Table & showWws increasing power outputs throughout

-



thes tests for various combinations of pedal freguency and Ii?d.
Exhaustion uésiﬁefinad as the point in the tést at which theis
requirsd pedalling freﬁuency could no Jlongesr be ualnfETned.
Subsidiary criteria for exhaustion were a biood lactate level
of over 80 mg/l00 ml (P.-0. Astrands 1952; . Astrand, 1960;

Rodahl and Issekutz, L962) and a heart rate of over 180 beats

per minute,

TABLE 4
"Progressionrof work ratess at varibué conbinations of

pedalling frequency and load for each minute of
axhaustive bicycte testing

TIME WORK RATE LOAD [IMPOSED (RPM)

(min) (kgm/ain) {60) (80) {100) (120)
1 300 2.5 1.9 1.5 1.3
2 1200 3.3 2.5 2.0 1.7
3 L 4 1500 4.2 3.1 2.5 2.1
5 £ 6 1800 5.0 3.8 3.0 2.5
7 4 8 2100 5.8 4. 4 T 3.5 2.9
5 £ 10 2400 6.7 5.0 4.0 3.3

ii. Treadmill Running
S
An slectrically driven treadmill (Model 24-72» Quintons
Seattje, dashington) uas.used tor all the treadmill tests.
Fach subjsct was testad at four different ruhningrspeedsf .02

6.9» 7.0, and 7.5 mph, The first ainute of sach test was run

on the leval and at the end of each minute thse grade was
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|npreasad by 2.5% until exhﬁustion (Maksud and Couttss 1971 (7 .
mph); McArdle et ail, 1973 (6 mph)). Exhaustion was defined as
that point in the test at which the subject could no longer
keep up uiZh the treadaill 6r had to use the hand rails for | .
support. The subsidiary criteria uére the same as for the

bicycle tests. : -
Heart Rats

Hear t rates were recorded on an electrocardiograph:
(Overssas, Model SCC 14) during the last ten seconds of each
minute of warm—up, e;haustlve exercise and five minutes of
recovery. Heart rates were also taken prior to the start of
wara—up and exhaustive exercise. A modified C5 bipolar

transthoracic ECG Iead was used for this purpose.
Yyentilation
The subyects breathed through a triple-J) low resistance

valve {Cclins» Bostaon, Mass,) which was connected in series by

non-kinkable hose (1.D. 1.5 inches)> to a Parkinson-Cowans |ow

rasistance ventilation meter» a three way valve and

mateorological balloons. N

Expiratory gas volumes were meterad for each minuts of

warm-ups exercises and recovery, The tempsrature of the expired
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gas for each minute was determined from a theraomater
introduced into the air tight system proximal to the

ventilation mster.

The baronetric pressure and ambient tempera ture were
recorded prior to and folfoaing each test. Averages of the
readings ware used in calcufating ventilation (BTPS) and oxygen

uptakae. ' -
Oxygen Uptake

One minute expired gas samples wera collected in
metsorological balloons during the sixth minute of warm-up and
the last two minutes of exercise using the Douglas Bag
techniqus. Gas sglples fros eacﬁ of the baltloons, wWere drawn
inmediately foilowing the test, into two 50 c.c. oiled glass
syringes (59528, London-Luer, American Hospi tal Supply).
Duplicate analyses (dirference < 0.05%) for oxygen and carbon
dioxide content of the samples were done by ths

micro-Schoiander technique (Schoilander, 1947).

A PL/1 computer program was Wwritten to cafculate the
oxygen uptake (I/ayn and ml/kg/min)s, the carbon dioxide
prodqcod {(I/min)s, the respiratory exchange ratio, the )
ventilatory equivalent and the percentage oxygen extraction
from the test data for each expired gas sampie examined. The

program and a saaple output are shown in Appendices 15 and l6.
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Blood

Prior to each test, the subject had a buttearfly catheter
(No. 4550, Abbot Laboratoriesy North Chicagos Ill.) inserted in
a subcutaneous vein n the forearm for the purpose. of obtaining
blood samples at various pointﬁ during the test. Samples (3 ml
each) were drawn as soon as possible following warm—up and at

the fifth and eighth minute of recovery following exhaustive

exercise.
i. Hemoglobin

Hemoglobin concentration was analyzZzed in a colorimeter

Hb—meter (No.l1l010 C»s American Opticals, Buffalo, Nsw York).

ii. Hematocrit
™
The hematocrit was determined by means of an Adaams

Readocrit micro-hematocrit centrifuge.
iii. Lactate Concentration

One mi of blood was deproteinized with two ml of
ice—cold parchloric acid (0.6 N)'in a centrifuge tube and

centri{uged for ten mainutes at 3000 rpm (HN=-S Zentritfuge»

/
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International Equipment Co.>» Hass.;VUSA). The supernatant was
then pipetted into a clean centrifuge tube and égain
centrifuged for ten ainutes. The supernatant was transferred

to a clean test tube and refrigerated until analysis could be

déne.

Analysis of serum lactate concentration was done by a
Boshringear Mannheim Lactate Kit {(No. 15972) usi;g t he |

spectrophotometric Bosehringer Mannheim enzymatic method

{Hohorst», 1965). Thse spectrophotometer used was a Spectronic

70 {(Bausch and Lomb) and at lteast duplicate analysis was done

on each sample.

Statistical Analysis

Statisticalt analysis of the rPsults was accompl ished on
an IBM 3707155 i1n Simon Fraser University.Coﬁputing Center. An
integrated system of computer programs, “Statistical Packagy
for the Social Scisnces™ (SPSS)(Nie et al, 1973), was used for
the storage, file maniputation, data transformation and basic
statistical analysis of the data. A sample of -the SPSS program
and output is shown 1n Appendices 17 and |8.

¥

Two way analysis of variance of all parameters used a
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BMDOS8Y prograu‘fron "BMD Biomedical Computer Programs™{Dixons

1973). A crossed randomized partial hierachal design

{(CRPH—52(4)) (Kirk, 1968) was used with the following ltinear

equation:

Xijkm = ™ 5 By * ey T Bk T Fmiiin

Significant F values for the effects of tests nested

within equipment, were further analysed by paired-t tests.
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CHAPTER I11

=8

%

*»RESULTS

Individual heart rates, ventilations respiratory gas
exchanges and blood chemistry for each subjsct dur ing warm—up
and exhaustive exercise for all sessions are shown in

appendices 3 through l4&.
Test Conditions

Subjects VP, MC and BN were tested during the months of
May through July while subjects B8N and JH were tested during
September and October. The first two subjects (VPs MC) took 50
and 43 days respectively from start to finish of the program of
tests while the tast thrae (BN, BC and JH) took only 32, 28 and

29 days respeétively.

All tests were done in the same test aréa where ths mean
barometric pressure was 736 mm Hg with a range of 727 to 742 mm
Hg and the mean ambient temperature was 22.4 C with a rangs of

20.83 to 25.8 C (Table 5).
Analysis of variance showed no significant differencses in
the ambient temperature within or between bicycle and treacmill

tests dyring the study.



TEST CQNDITIDNS:
subjects?®
{BP, mm Hgls

weight (WGTs kg)»
ambient tempsrature (TEMP,
mi/Kg/min)s

TABLE 5

Mean and standard error for
barometric pressure
Ch»
time to

wa rm—up oxygen uptake (WUMK,

sxhaustion (TIM,
kgm/min [bicyclels, % grade [treadmilll])
maje subjscts at the pedalting frequencies and
ryunning speeds shown

TEST

60 RPM

80 RPM

100 RPM

120 RPHM

BIKE.

5.0 MPH

6.5 MPH

7.0 MPH

7.5 MPH

TREAD-

MILL

ALL

WGT.

79.97
4.48

79.61
4.50

79.86
4.39

80.11
.65

2.07

80.02
4.51

80.02
4.19

79.60
4,36

80.12
$.55

79.94
2,02

79.91
l.43

rin)

in the

Bp TEMP
736.8 21.8
007 O.Z
738.3 22.1
1.1 O.4%
733.9  22.2
2.4 0.3
734.2 23.2
2.0 0'8
735.8 22.3
0.9 0.3
736. 4 23.1
1.1 0.7
735.8 22.4
0.8 0.5
738.3 21.8
0.9 0.3
733.5 22.8
2.1 l.0
736,0 22.5
0.7 0.3
735.9 22+ %
0.6 0.2

and final

work rate (FWR»
for five

W UMK

40.8
1.9

41.7

left-hand cofuan.

TIME

8.60
0. 40

B.40
0.29

FWR

2182
92.5
2280
75.7

2191
93.1

1881
79.3

2134
52.3

24
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Analysis of the barometric pressurs showed no differencs
between the bicycle and treadmill tests. There wass» however, a
difference {p < 0.1) in barometric pressure within the bicycle

tests.
warmn—up

The warm-up for subjects VP» MC» BN» BC, AND JH were’

compieted with frictional resistances of 3.75» 3.9, 3.9» 3-8
i . v

and 3.3 kp réspectively and a mean pedal frequency of 61 (SE

0.15) rpm.

The mean an& staﬁdard error for hsart ratg and
ventilation for each minute of warm-up are giveq in table 6.
Mean pooled warm—-up heart rates prior to exhausti;e axercise
tor bicycle and treadaitl tests wereo 145 (SE 1.2) and 145 (SE
0.8) beats per minute respectively. The mean and standard
error for wara-up ventilation, was 97.9 (SE 2.8) and 97.7 {SE
2.8) I/min for bicycle and treadaill respectively.

o~

~.,

Warm-up gas analyéis tor different>t§sts are shown in
table 7. The mean oxygen uptakes prior to exhaustive testing
on the bicyclie and treadaill were 3.273 (SE 0.040) énd 3.235
{SE 0.037) I/min respactively and were significanttiy different

{(p € 0.05) ftrom sach other.



26

TABLE 6

WARM-UP: Mean and standard error for heart rate (bpm)
and ventilation (BTPS, L/MIN) for five male subjects
for the second through the sixth aminute of warama-up
prior to exhaustive exercise at various pedgal .
frequencies and running spesds shown in the teft-hand
column.

TEST HEART RATE VENTILATION

2 3 ' 5 6 2 3 4 5 6

60 RPM 128 135 139 141 143 46.7 82.5 90.3 93.9 95.2
0.4 0.7 lo4 1.0 2.3 2.0 4.6 4.5 4.9 5.1

80 RPM 130 137 142 144 147 49.3 8l1.8 93.1 95.6 98.7

le9 1.9 1.5 1l.6 1.9 1.6 4.4 4.7 5.7 6.3

100 RPM 131 138 140 143 145 51.7 8l.l 90.8 93.5 97.0

120 RPM 129 137 140 141 144 54.5 B82.6 94.3 97.2 100.7

BIKE 129 137 140 142 145 50.4 82.0 92.1 95%.1 97.9

6.0 MPH 125 135 138 141 144 51.9 3l.9 9S91.3 94,2 96.3

1

6.5 MPH 128 138 139 143 145 49.9 84.2 93.6 98.4 99.4

L] .1 6.4 7.8 7.3

7.0 MPH 130 136 140 142 144 58.6 83.2 92.2 95.8 97.6

7.5 MPH 129 138 141 144 146 53.0 80.5 90.3 93.3 97.6

TREAD- 128 137 139 142 145 53.4 B82.4 91.8 95.4 97.7
1

MILL 1.5 1.0 1.

ALL l2g 137 139 142 145 51.9 82.2 92.0 95.2 97.8
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TABLE 7

WARM-UP: Mean and standard error of respiratory
gas exchange for five male subjects in the ilast
minute of warm—up prior to exhaustive exercise at
various pedal frequencies and running spesds
shown in the left-hand colunmn, Ventilation VENT
{(BTPS, L/MIN), Oxygen Uptake VO (STPD» L/MIN)>»
Carbon Dioxide Expired (STPD» L/MNIN), Respiratory
Gas Exchange RER» Ventilatory Equivalent VE»
Percentage Oxygen Extraction 0OE.-

TEST YENT v0 vCo RER VE Ot
60 RPHM 95.2 3.230 3.201 0.99 29. %2 4.28
5.1 0.059 0.152 0.03 1.19 0.18

80 RPN 98.7 3.289  3.273 1. 00 29.96 4.21
6.3 0.094 0.145 0.03 1.53 0.21

100 RPH /97.0 3.272 3.183 0.97 29.62 4.28
120 RPM '100.7 3.301 3.321 1.00 30.37 4.17
7.1 0.088 0.200 0.04 1.45 0.20
BIKE 97.9 3.273 3.244 0.99 29.84 4.24
2.8 0.040 0.075  0.02 0.65 0.09

6.0 MPH 96.3 3.198 3.232 1.01 30.03 4.19
5.1 0.069 D.138 0.03 1.07 0.16

‘6e5 MPH 99. 4 3.248 3.298 1.01 30.52 4.16"

7.3 0.076 0.172 0.04 l1.82 0.24% .

?
7.0 MPH 97.6 3.288 3.158 0.96 29.60 4,27
6.4 0.071 0.155 0.03- 1.58 .22

7.5 MPH 97.6 3.207‘ V3.247 . l.01 30.38 4.17

5.7 0.097 0.119° 0.02 1.25 0.17

TREAD- 97.7 3,235 3.234 1.00 30.13 4,20
MILL 2.8 0.037 0.069 0.01 0.67 0.09
ALL 97.3 3.254 3.239 0.99 29.99 4,22

2.0 0.027 0.050 0.01 0.46 0.06
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Other respiratory parameters during the warm—up phase .
prior to exhaustive exercise, i.2.» carbon dioxids productioéé;
respiratory gas exchange, ventilatory equivalent and oxygen

extraction, were similar.

The mean warm—-up blood I;ctate concentrations hemoglobin
concentration and hematocrit prior to the eight tests were 4.1
(SE 2.7) mg/7100 ml, 14.9 (SE 0.2) ;1100 al and 48;5 {SE 1.3)
respectively and anafysis of variaﬁce of these parameters

detescted no significant differences among tests.

Exhaustive Exercise

Mean heart rates and ventilation for each of the tast five

minutes of exhaustive exercise are shown in Tabie 8,

Respiratory gas exchange var.iables are shown in Table 9.

i. Analysis of Vérkance: F-Ratios
Significant F values for differencesrgékueén the results
of axhaustive exercise on the bicycie and tfeadlill were shown
in: Final heart rate (p < G.0005, Bike (B)=183, Treadmitl
{TM)= 186)» oxygen uptake (p < 0.005s» B=4%4.624%4 I/mins, TM=4.G99
I/min)s carbon dioxide production (p < 0.00L, B=5.326 i/mins
TH=5.852 i/ain) and ventilatory equivalent {p < «01» B8=39.45,

TM=35.65) (Table 10).

&l



- TABLE 8

EXHAUSTIVE EXERCISE: Mean and standard error for heart
rate (bpm) and ventilation (BTPS» L/MIN) for five male
subjects from the last five minutes of exhaustive
exercise at various pedal frequencies and running
speads shown in the left-hand colunan.

TEST HEART RATES 4 VENTILATION

—
N

~Nw»n
a

o~

6G RPM 160 166 172 178 182 106.1 120.3 136.3 163.0
1

80 RPM 164 170 175 180 185 113.6 129.6 148.6 170.2 188.1
3.3 3.2 3.3 3.7 2.9 3.4 3.5 5.3 2.2 10.5

Al

LOO RPM 163 169 174 179 183 115.6 135.4 152.8 173.9 191.5

3 4.4 3.7 3.5 3.7 4.4 4.2 4.2 4.8 4.9 7.3

120 RPM 162 168 174 179 182 ll4.l 137.7 161.3 18l.2 187.6

B IKE 162 168 174 179 183 112.2 130.8 149.8 172.1 185.7

6.0 MPH 163 176 179 184 187 118.8 134.3 151.4 167.3 181.9
8 1

6.5 MPH 169 175 180 184 186 115.8 136.3 153.2 169.4 178.8

7.0 MPH 162 169 176 181 186 102.1 128.3 141.9 160.1 176.3

7.5 &?ﬁ—\é%é' 170 178 183 186 105.9 126.5 145.3 165.3 174.7
.D 4.0 3.9 3.7 3.6 8.7 5.0 8.8 5¢5 5.0

TREAD-. 166 172 179 183 186 110.7 131.4 147.9 165.6 177.9
MILL 2e5 242 2.0 1.9 1.7 2.3 2.3 2.4 2.8 2.8
AlLL l64 170 176 181 185 1ll.4 131.1 148.9 168.8 18l.8
1.6 1.5 1.4 1.3 1.3 2.6 2.0 2.3 2.0 2.3



TABLE 9

EXHAUSTIVE EXERCISE: Mean and standard error of

. respiratory gas exchange for five male subjects
last or penultimate minute of exhaustive exercise at
frequencies and running speeds.
those from the minute shoWwing the greater oxygen u
Yentilation YENT (BTPS» _
L/MIN) and MLKG (STPDs» ML/KGFMIN)»

the

various pedal

L/MIN)»
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in either

Val;%g are

take.
Oxygen Uptake VO (STPD,»
Carbon Dioxide Expired

{STPD» L/MIN}» Respiratory das‘Exchange RERs Ventiilatory
Equivalent VE, Percentage IUxygen Extraction 0OE.

TEST

60 RPM

80 RPM

100 RPN

120 RPM

B IKE

b0 MPH

6.5 MPH

7.0 MPH

7.5 MPH

TREAD-

MILL

ALL

VENT

-va

4. 543
0.112

%.703
0.104

4.619
D.142

4.635
0.128

£.625
0.058

5.041
0.100

5.004
0.096

5.058
0.133

4.893
0.131

4.399
0.055

4.812
0.053

MLKG

57.60
3.94

59.87
3.82

58464

4.00

58.70
4.07

58.70
1.83

63.67
3.27

63.34
4.03

64.35
4.11

61.74
3.42

63.28
1.72

60.99
1.29

“— NCO

5.226
0.080

0.135

5.337
0.176.

5.351
0.091

5.326
0.060

6. 049
0.058

5.994
0.116

5.737
0.138

5.627
0.103

. 5.852
0.064

5.589
0.060

RER -

l1.15

. 0.03

l1.15
0.02

OE

3.30
0.15

3.35
0.17
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TABLE 10 .

Two way analysis of variance of parameters listed
produced significant (probability less than value
shown) F-ratios betwsen testing modes ( EQJIPMENT)
and among test on eith the BICYCLE or TREADMILL.

NS — not significants- NA-— not applicabie. :

s

EQUIPMENT BICYCLE TREA?E?LL
W ARM—UP
Oxygen uptake .05 NS NS
(L/MIN) 05 NS NS
(ML/KG/MIN) .05 NS ] NS
TEST CONDITIONS
Baromstric

pressurs NS ’ .1 NS

EXHAUSTIVE EXERCISE

flle to .

exhaustian NS 1.0005 »0005
Work rate NA . 0005 « 0005
Heart rate .0005 NS NS
Oxygen uptakae ,

(L/MIN) #0005 NS : NS‘ P
(ML /KG/HMIN) . 005 NS . NS
Carbon dioxide . :

praduction .0005 : NS i « 005
Yentilatory
equivalent .01 ‘ .1 NS
RECOYERY

"Heart rate in
fifth min, «05 NS NS
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)
A significant difference among the treadmill tests was
shown in the carbon dioxide production during the Ias; minute

&-r""

of exhaustive exercise (p < 0.00%).

The differences in the time to exhaustion (Tabtes 5 and
10) in tests on both bicycle and treaduil{ produced highly
significant F-ratios (p < 0.0005). Since the work rate on tﬁe
bicycie and thes grade on the treadnili Wwere time dependents
these parameters in the final uinute of exhaustive te;ting also
showed highly significént differences befween teéts {p <

»

0.0005) .
ii. Paired t-tests

Paired t-tests compared the following parameters:
relative oxygen uptake (sxplained balow)s carbon dioxide
productions expired ventilations and time to exhaustion and the

results are shown in Tabile 12,

Oxygen uptake for sach test was expressed as a
percentage of the maximunm ;alue obtained either on the bicycle
or the treadaill for each subject (Table 111. Paired t—tests
on these vailues show signifi;aﬁt differences (p < 0.05) bstween
60 and 80 rpm and between 80 and 120 rpm rates qfrpeddlling on

the bicycle ergometer, There wWwere no significant differences
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la

Relative value of oxygen uptake at exhaustion as & percent
of the highest value of oxygen uptake appropriate to each
test series (bicycle or treadmilil) for five male subjects.

VP
MC
BN
BC
JH

MEAN

SE

60

96.1
39.5
92.5
90.0
100.0

95. 62
195

BICYCLE

80

100.0
100.0
99.9
95.7
99.6

99.04
0.84

{RPNM)
100

34.7
96.5
106.0
100, 0
94.8

97.20 9
1.19

120

37.6
6.7
98.8
95,0
99.5

7.52
0.79

TABLE 1

‘A

TREADMILL (MPH)
6.0 6e5 7.0 7.5

100.0 ‘93 .8 96.2 ~ 35.5
98.7 100.0 95.9 96.3
100.0 94 .0 97.6 Sl.9
93.9 94.7 99.8 100.0
93.7 100.0 97.9 88.1

97.24 96.53 97.46 94.35
l.4% 1.43 0.69 2.02

lb

Relative value of oxygen uptake at axhaustion
on the bicyclie ergometer as a percent of the
highest value ot oxygen uptake obtained during

the treadmilil

subjectse.

‘¥P.
MC
BN
BC
JH

ME AN
SE

60

86.9
90.2
84,2
83.6
93.3,

87.63
I.85

test ssries ftor five male

BICYCLE (RPM)

80

96,2
90.7
90.5
B8.8
92.9

91.82
l.28

100 120

B5.6 88.3
87.5 B7.7
90 .6 89.5
92.8 88.2
88.5 92.9

89.00 89.31
1.25 0.94
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TABLE 12

of differences

in
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relative oxygen uptakes carbon dioxide production, expired'~
time to exhaustion.and ventilatory equivalent

ventilation,

between exhaustive tests at varioqs pedalling freguencies on
the bicycle and at various running speeds on the treadmill.
in ascending order of magnitude (left to

Tests are arranged
of the corresponding parameter.

right)
BICYCLE
(rpm)
60 100 120
60 X
100 X
120 X
80
60 100 120
60 X
100 X
120 X
30
60 120 80
60 X .05
120 X
80 X
100
120 100 80
120 X .005 .01
100 X
80 X
60
80 60 120
80 X
60 X
120 X

100

80

.05

.05
X

80

100

<05

60

. 005
.05

100

.025
'ol

RELATIVE
OXYGEN
UPTAKE

CARBON
DIOXIDE
PRODUCTION

EXPIRED
YENTILATION

TIME
T
EXHAUSTION

YENTILATORY
EQUIVALENT

OO ~N~
.

.
TO VMO W

~N~No O
LY
[LUN«RV N

o~ ~
[ ]
O oW

TREADMILL
(mph)
6.5 6.0 7.0
X
X
X
7.0 6.5 6.0
.025 .025 .005
X 005 .05
X
X
7.0 6.5 6.0
X
X
X
« 025 .005 .005
X 005 .005
X .01
X
7«5 6.5 6.0
X
X
X
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in relative oxygen uptake in exhaustive treadmill tests at

various running speeds.

Paired t-tests comparing carbon dioxide prodUctidn
during different treadmsil tests at various speeds and grades
showed that carbon dioxide production at 7.5 mph wWas
significantily lower than at 7.0, 6.5 (p < 0.025) and 6.0 mph (p
< 0.005); at 7.0 mph it wWwas significantly lowsr than at 6.5 mph
{p < 0.005); at 7.0 mph it was significantly lower than at 6.0

aph (p < 0.05).

Paired t—-tests showed no significant differences in the
carbon dioxide production for the various pedalling frequencies

during bicycle argometry.

Paired t-tests of expired venti lation at exhaustion at
'differant pedalling frequsncies showed significant differences
batween 60 rpm andnao rpa {(p < 0.05) and b;tueen 60 rpm and 120
rpm (p < 0.05) pedalting frequaencies respectively during

bicycie ergometry.

Endurance at a pedalling frequency ot 120 rpm was shown
to be shorter in duration than at 60 and 100 rpm (p < 0.005), -
or at 80 rpm (p < 0.0l). At 100 rpm exercise sndurance was of

significantiy shorter duration than that at 60 rpm tests (p <

0.05).
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Time to exhaustion on all tests on the treadmill were
significantly different from one another. Endurance at 6.0 mph
was significantly longer than at 6.5 aph'(p < 0.01)s 7.0 mph (p
< 0.005) or 7.5 mph (p < 0.005); endurance at 6.5 sph wWas
significantly longer than that at 7.0 mph {p < 0.005) and 7.5
mph (p < 0.005); endurance at 7.0 mph was significantly longer

[4

than that at 7.5 aph (p < 0.025).

-

Recovery and Blood Chemistry .

The heart rate after five -inut;s‘of recovery (Table 13)
showed a difterence (p < .05) betwsen the valuss obtained
following exhaustive exercise on the bike and treadmill, 104
{SE 1.3) and 98 (SE 2.0) beats per minute respectively.

There were no significant differences between bicycle or
treadaill or among tests using the same equipmwent ftor lactate
orf hemoglobin concentration, and hematocrit following

exhaustive exercise, (Table 1l4)
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TABLE 13

RECOVERY: Mean and standard error for heart rate {(bpm)
and ventilation (BTPSs L/MIN) for five male subjects
for tive minutes of recovery following exhaust ive
exercise at various pedal frequencies and running
spesds shown in the lsft-hand column.

TEST HEART RATE VENTILATION
1 2 3 4 5 1 2 3 4 5
60 RPM 152 126 112 106 102 145.9 98.2 71.3 58.8 51.6
4.7 3.9 5.0 4.0 1.5 4.6 5.8 8.3 6.5 6.3
80 RPM 156 129 116 107 105 1%3.3 106.5 76.4 062.% 56.
4,6 3.9 2.4 2.6 2.4 5.3 6.2 5.4 2.3 4.
100 RPM 151 127 112 109 105 148.0 102.7 73.1 63.7 54.6
3-0 4-‘ 4-0 *.9 3-0' 7 3 5 6 7.3 4 7 ~.7
120 RPM 148 124 114 109 104 154.1 107.5 8l.3 67.1 55.1
5.0 6.0 4.0 3.3 3.7 2.1 2.1 6.0 5.8 4.4
BIKE 152 126 114 108 104, 150.3 103.7 75.5% 63.0 54.5
2.7 2.2 1.9 1.6 1.3 2.5 2.6 3.3 2.4 2.
6.0 MPH 149 120 112 102 99 150.3 113.5 91.2 75.5 60.2
7.6 Teh 4.6 5.2 4.1 3.1 3.4 4,2 6e3 4.3
6.5 MPH 150 123 107 103 I8 148.2 ll4.1 85.0 69.5 53.9
5.8 5.1 5.5 5.4 4,2 4.8 5.3 7.7 5.4 7.5
7.0 MPH 153 125 104 39 95 145.4 l14.6 88.8 68.2 57.7
b.4 bB.l 6.7 4.8 3.7 3.1 4.7 4.1 5.0 5
7.5 MPH 145 117 105 102 98 148.€ 104.,5 78.8 67.8 55.1
6.7 6.6 5.8 5.1 5.2 8.1 4. 4 5.2 5.5 4.
TREAD- 149 121 107 101 98 148.0 111.7 B86.0 70.2-%56.
MILL 3.1 3.0 2.7 2.4 2.0 2.5 2.3 2.7 2.7 2.
ALL 151 124 110 105 101 149.2 107.7 80.7 66.6 55.6

2.1 1.9 1.7 1.5 1-3 1.8 '1.8 2.3 1.9 1.
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- . TABLE 14

BLOOD CHEMISTRY: Mean and standard srror for
lactate (LA mg/7100 ml)», hemogliobin (HB8» g/100
ml) and hematocrit (HE) analysis of blood
samples taken immediately following warm-up (WU)
and during recovery following e xhaustive
exercise by five male subjects in the test
indicated in the left-hand column where LAMAX is
the largsr of the twWwo values obtained from the
post-exercise blood samples.

TEST LAWU LA-R*  HBWU HB-R  HEWU  HE-R
i ) i

60 RPM 37.8 121.5 1.7 15.4 49.9 5l.1
9.9 10.6 0.6 0.6 1.3 1.0

80 RPM 45.6 141.6 15.0 15.6 50.1 51.3
- 7.l 5.0 0.5 0.6 008 1-3
100 RPM 42.8 135.6 15.0 15.6 49.0 51.3
6.9 5.6 1 0.5 0.5 0.8 1.2

120 RPM  46.4 134.7 15.1 15.6t§:¥9.b 51.6
8.9 6.8 0.8 0.7 1.0 1.0

BIKE 43.1 133.3 14.9 15.6 49.7 S5l.4
3.9 3.8 0.3 0.3 0.5 0.5

6.0 MPH 43.3 137.2 14.7 15.1 40. 3 52.3
7.6 9.8 0.4 0.3 10.1 0.8

6.5 MPH 45.9  139.8 15.4 15.9 50.0 52.0
9.0 - 12.0 0.4 0.5 0.9 1.0

7.0 MPH 44.2 137.8  1&.4 14.8  49.1 50. 7
7.9 7.0 0.5 0.5 1.0 0.7

7.5 MPH 47.0 134.0 15.0 15.3 50.1 51.1
7.4 12.5 0.5 0.5 1.2 1.2

HILL 3.7 4.9 0.2 0.2 2.5 0.5
ALL 44.1 135.3 1.9 15.4 48.5 51.4
2.7 3.0 0.2 0.2 1.3 0.3

* [A~-R mean and standard arror of the larger
value obtained from blood samples taken at
five and eight minutes recovery.



39

CHAPTER 1V
DISCUSSION
Wwarm—up Protocol

A warm-up exercise period prior to strenuous exercise
has‘proved to be beneticial in improving performance. |
(Simonsen et al., 1936; Aansﬁén and Bojes» 1945). These authors
showed that for each degree of temperature increase, there is

approximately a |3 percent increase in the rate of ceil

metabolisnm. T ) il

Hogberg and Ljunggren (1967)—§ug§ested a minimum of 15
minutes of warm-up (3.0 to 3.4 liter oxygen uptake/min) prior
to an athletic event. They have also suggested that the rest
"period between warm-up and tke start of a race should be

ideailly only a few minutes and definitsly no more than fiff en.

M‘,H

In the present experinenf: the averade Wwarm-up oxygen
uptake (3.254& liters oxygen/min) ‘is in accord with the above
requirements, The rest period before exhaustive exercise after
standard exercise in the present study was between 15 and 20
minutes. This should not have affected the final result; as

the first 3 to # minutes of each exhaustive test could also bse

s
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considered as an additional warm-up immediately period prior to

strenuous exercise.

Table 15 shows an estimate of the intensity of ihe
warm-uyp exefcise in relation to the mean oxygen uptake at
exhaustion for éach subject. The averageaahlue of’67.72 of
uaximum‘is h?gher éhan a required estimate of 50Z used by Kamon
and Pandoif (1972) in comparing laddermill climbings uphill
running and cycling but compares favbrably with the 50 - 70X
value used by Her-anseniénd Saltin (i969) for maximal treadmili

and bicycle exercise.

TABLE 15,

WARMN-UP OXYGEN UPTAKE: Mean wWarm-up oxygen
uptake (WU) as a percentage of the mean
~exhaustive oxygen uptake (EX) for all tests
for. each subject. .

susJd WU EX 4
L/MIN L /MIN WU'7 EX :
yp 3.296 4.759 69.3
MC 3.293 4.458 73.9
BN 3.324 4.903 67.8
BC 3.396 4.965 68 .4
JH 2.962 $.974 59.5
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Wwarm—-up work rates were predicted to ellicit heirr rates
of 150 bpm but the mean hesart rate for warm—up was onl;’145
bpm. (Table 6) The durationrof continuous exercise.{> L0 min)
during the initial PWCl70 tests may have caused an attendant
increase in body temperature and subsequent elevation of heart
rate accounting for this error. Mostardi et al. (1974i found
that the heart rate for a standard rate of stepping up and down
on a8 bench was always higher after prolonged exercise. A

. -] . .
rectal temperature increase of L C caussad an increase in heart

rate of 17 bpm at 15 steps/min and 7 bpm at 25 steps/ain.

warm-up exercise /{cycling at 60 rpm) prior to afl
exhaustive tests {(bicycle or treadmiil) was essentially the
same throughout this study. 1In other tests of maxiamal aerobic
capacity, warm-up exercise was of the same type as was Qsed in
the subsequent»-aximal'exercise test (Kamon and Pandolf, 1972;
Hermansen and Saltin, 1972). There ares to this author's A
knowledger» no definitive papers on the effect of warm-up on the

results of an exhaustive tests.

Sensitivity of Statistical Analysis

Garrett (1965) has pointed out that a two-way analysis
of variance and F~-ratio is a comprehensive test of the

significance of diffarence between means.
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A significaht F-ratio does not distinguish which means .
differ sngnifi;‘ntly but indicates that atfleast one is
reliably different from the others. In the present studys only"
five §uEJects were tested and the standard error of the means
ias large (SE's vary inversely as thg square root of the sample
size), A larger sa-ple'size may have produced further

significant F-ratios» but this is only speculation.

A significant F-ratio was obtained for the difference
between the mean warm—up oxygen upiakas prior to bicycle (3.273
I/min) and treadamillt {3.235 I1/ain) testing. The exper imental
error was axtrquly small and thus produced a spuriously
significant F-ratio., The absolute difference between the means
was not great ands for the purpose of a standardized warm—-up>»

Wwas quite acceptable.
Exhaustive Exercise
ie Bicycle vs, Treadmill

This study is probably one of the most exhaustivd and
precise evaluations of V02max at various pedalling frequencies
on the bicycle ergometer and running spesds on the treadmill.
The rasults substantiate earlier reports that sxhaustive tests

4

using the treadmill ellicit greater oxygen uptakes than the
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bicycle ergometear. Mean oxygen uptake for aili the bicycle _
ergometer tests (4.625 l/ﬁin{ uaé-?.ﬁa % less than for the
treadmill tests (4.999 1/min). Other investigators havse
reported diffarences of 13-157 (Ikai et al., 1970), 10.2 -
1i.zz (ﬂcArdla et al., 1973), 8% (Glassford et al., 1965), 77%

{Hermansen and Saltin,‘1969)’ and 6X (Hermansen et al., 1970).
Oxygen uptake at exhaustiﬁn during bicyclé ergome;ry,
expressed as a percentags of the largest value obtained for
each subject during treadaill running }Table l11), ranged from
l16.4%Z to 3.82 (Msan 10.5%) less than the largest treadmiil
v;lue-for each subject. The discrepancy in relati.ve oxygen
uptaxs differences between the two pieces of equipment
complicated and cohiributed to by the relative effectiveness of
the various tests to ellicit an individual®s maximum aerobic
poWwer and/or the individual's prefarenﬁe for a particuliar test.
These factors may expiain the variance in V32max and are
largely ressponsible for the uncertainty surrocunding any
protocol of maximal testing. These points will be discussed

later in greater detail. b

The present study showed heart rate at exhaustion on the
treadmill (186 beats/min) to be significantly greater than on
the bicycle ergometer (183 beats/min) {p ¢ 0.005) and

substantiates the resuits of Miyamura and Honda (1972) and

¥
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Hermansen et al. (1970). The former study recorded mean heart
rates of 192 and 179 beats/ain for t}eadmill and bicycle
respectivelyswhile the lalter was s{nilar to the present sfudg
with values of 187 and 185 beats/ain respectively. This
"discrepancy amay be .explainedr, in ﬁart.'by the fact that the
average age of the éubjects in the studies were quite
different: 24.8 yrs (present studyls 19.9 yrs (Miyamura and

Honda) and 24.2 yrs (Hermansen et al.)

In someé studies (Glassford et al.,» 1965, Wyndham et al.»

1966; Hermansen et al.» 1970; Miyamura and Honda, 1972) where a
significantly lower Y32max has been observed during bicycle
compared with treadaill exercises the suggestion that the early -
deveiopment of local muscular fatigle during.maximal bicycling
limits the work parforpanca, hés'bqen iada. This tatigue |
occurs before the central circulation is maximally engaged and
re;ults also tn a lower aaximal heart rate in ergometer )
exercise.

/Vent;lation at sxhaustion was general ly ‘higher in
cycling than in running. HowWever, the differénce uasrnot
significant and compares favorably with the <results of Kamon

and Pandalf (1972) even though their valueé {B=126.0» THM=120.9

i/min) were much lower than in the present study.
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zstrand and Rodahi €1970) observed that the Qentilatory
equivalent (liters ventilation / liters oxygen uptakéi ;s in
the range of 30 to 35 during maximal work. In the present
study the means for bicycle and treédaili'uere 39.45 and 35.65,
respectively. The higher vaflue for bicycle exercise may be
partially :Le to the psdalling frequencies used in thé
exhaustive tests which piéduced significqntly graater-

ventilatory volumes in ths 80 and 100 rpm tests than in the 60

rpm test.

Kamon and ,Pandolf (1972) alsé obtained a significantly
S - :
greater mean ventilatory squivalent during bicycle exercise

(35.0) conpared to treadmiil exarcise (29.9). The lesser

"values are the result of auch lower exp@rétory ventilation

during maximum exertion.:

T

~.

Kamon and Pandolf (L972) and the present study showed

sﬁgnlv{cant vent{lator; equivaleht_differenCESAbetueen bicycle
qnd Lrpad-ill sxhaustive exerqisa, but these are merely
rqf@@diioag of‘ﬁhe-siqnifican} &ifforanbes in oxygen uptake at
e;@;ustion; as Tﬁ,both studies, there were no differences in/

-

mnax imal ventitlation.

EN
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iis« Bicycls Ergometery
it .

Bicycle érgongtry has been used extensively in exercise
testing for many years. Although a statement from the
Iﬁternational angress‘of Sports Medicine (1966) implied that
further concerted actions to the standardization of ergometry
were planneds no comprehensive study of the inflaence of
pedalling frequency on VO2max has been reportéd.

>

The present study has shown a pedalling frequency of 80

~

rpm to produce significantly greater VO2max than frequencies of
either 60 or 120 rpma. There was no difference between thd
YO02max values obtained aﬁ 80 and 100 rpm and thus either' of

-~

these pedailing frequencies would seem to be most suitable tor

-l

_ maximal bicycle testing.

Hérlaﬁsﬁn aﬁé Saltin (1969) stﬁdying the,;ffects of
pedall(ng.frequenpies of 50, 60 aﬁ3~70;rpnifound éhat.Vﬂzqax
Was greatestrat 60 rpnm, Houever, their procedure (Zstraﬁ; dﬁd
Saltin, 1961) consisged qf‘a loi;inute warm—up at abproxinately
50% OF maximum aerobic capacity followed imediately by a
constant work rate predicted to cause ;xhaustion within ten
minutes. Their choice of 60 rpm over 70 rpm is in disagreement
with the present study and may be a result of the difference in

' \
testing format or their ability to predict the most suitabte

work rate to produce exhaustion.
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Hermadsen and Saltin (1969) stated that 80 rpm is too
high a fregquency td obtain the highest possible oxygen uptake

on the bicycle. However, Shephard et al. (1968) and Glései”and

Vogél (1973) allowed their subjects to choose peda!ling

frequ@ﬁéigs in the ranges of &0 to 90 rem and 40 to 80 rpm
respectively; Faﬁlkner‘(lQ?l[ qhose 80 rpm tp approximate the
87 strides /min (174 stepsllin) ui;h each lag nhiie running at
8 maph. This choice seems to be in agréeuent with the I?OfZOQL 
steps/ain (leValrrunning?_and 160 steps/ain (uphili runnihg;
5.252.grada)’esgiaatod”by é9(jansen and Saftin (1969); o

-

/ “‘
e

Hoes ot gi;(1968) indicated thﬁt;a»professional cyclist
nuqh prefef;gd pidélifng1é}_80”fpn; ﬁugh (1974¢) allowed his
subjects (1 professiogaf éﬁd 5 amateur cyclists) coaplete
freedom of choice in pedalling frequency during work rates up
to the maximum that the subjects could maintain for four to

five minutes, The general choice (interpratation of a graph)

appears to be between 70 and 95 rpm.

Banister and Jackson (1967) suggestsd that the | ow
pedalling rates (30-60 rpm) indicated by ths [nternational
Congrass of Sports Medicine (1966) necessitate larger
frictional resistance to the esrgometer Qheel for higher power
outputs. Thus, leg strengths primarily of the quadriceps, ®may

become the limiting factor rather than the cardiovascular -
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pulmonary ventilation system. This is particularly true when
one considers that in one cycle the peak loads are asbout twice

the lgad-setting on the ergometer (Hoes et al.» 1968).

Banister and Jackson (1967) also suggesﬁed that maximsum
ventilation is an essential for obtaining values of maximal
aerobic pouef., In the present sxper.iment, ventilatory rates
for the 80 and 100 rpm bicycling téstsngere signifi;antﬁy

greater than obtained during the 60 rpam exhaustive test.

The statemsnt that paQalling frequency aay influence
pulmonary ventilation (Hermansen énd Saltins, 1969) was
confirmed by Asmussen (1973). He discovered that increasing
pedalling frequency (36» 60 and 90 rpm) at zero work load
caused concomitant increases in ventilation due to increases In
both the raspiratory frequency and the tidal volume. The
corresponding increase in pedalling frequency and ventiiation
was also shown at the submaximal work fate ot 1080 kgnlmhn.
Asmussen suggested that the fregquency of leg movement and
mechanical tension in the exercising nusgé;g\g?used a stimulus
to be “"fed back to the central or peripheral respiratory motor
centars in such a way that the respiratory stimuli produce

-

larger ventilation." /

—



49

iii. Treadmitll Running

Shepherd et al. (1968) and Wyndham et al. (1966)
recommended uphill treadmill running as the most accurate and
refiable method of assessing YO2max., Comparisons of continuous
apd discontinuous (rest period between test leveis) treadmilil

testing showed no significant differences in the resulting

max i mum oxygen uptakes.

The present study examined continuous maximal treadnrill
running at 6.0, 6.5» 7.0 and 7.5 mph with grade increases of
2.5%/min. The resulting maximum oxygen uptakes for each sﬁ%ed
were not significantiy different, Threéfof the five subgects ?
obtained their lo;est and one (BC) hls highest oxygen uptake in
the 7.5 mph test. The resulting mean value for the 7.5 mph
test was approximately 2.8% lower than each of the otﬁer
treadnili tests, The_othér highest individuail val ues were
obtained in the 6.0 (VYP» BN) and 6.5 (MC, JH) aph tests.
SubJ;ct BC» a trained sprinter (440 yd. in 54 sec.)s increased
his vO2max with increasing test speeds and was the oniy one to

exhibit aﬁ};cpnsistant trend.

Individual preference for a particular running speed on-
an incline appears to be 3 significant factor in exhaustive

treadaill testing. The speed of choice may be dependant upon
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one or a combination of factors, i.e. ages weights leg
strength, type of training or track experience., Subjects VP»
MC and BN were subjectively viewed to have supsrior lag '
strength and thus were better equipped for the siower, more
iabourious ;phill toil of slower speeds at steeper inciines.
Subject JH» the best runner of the group (4313 mile and 15:05
5000 meters), obtained his highest oxygen uptakes at 6.5 and

7.0 mph.

No previous study seems to have examinsd exhaustive
testing at various running speeds and identical increases in
gradient. This scheme of testing produces a more rapid
increase in work rate (the graqo dictates the angle of rises
the co-binatioh of speed and grade dictates the rate of rise)
and also a significantly earlier termination at the faster than
at the slou;r speeds. Subjectss prior to exhaustion, must
compete against steeper gradient; at slower speeds which mays
in part, explain higher respiratory exchange ratios and )
significantiy greater carbon dioxide volumes at slower i&:;ds.
An ihcreased respiratory exchange ratio s been reported to be
indicative of an increased {evel of anaerobic metabolism

/
(Issexkutz ot al.» 1962; wWasserman and Mc'Hhroys 1964).

Use of the treadmill as an sergometer has been severely

limitead by inability of ivestigators to evaluate work rates at
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given combinations of spesad and grade. Margaria st al. (1963)
found the energy cost of running to be a linear function of
speed; i.®.» the het cost of level running is 1 kcal/kg kme.
Taylor st al. (1955)» using discontinuous testing at 7 mphs
found a 2.5% increase in grade Jlicited an increase in oxygen
uptake of 299.3 al/nin. Definitive'investigation of the energy
cost of treadmill running at specific cénbinations of speed and

grade would prove to be a definite asset to the field of

exercise tasting.
Recavery

The difference betyeen five minute recovery hedrt rates
following exhaustive bicycle ergometry and treadmill running is
most likely due to diffesrences in the type and amount of
activity during recovery. The subjects remained seated
following bicycle tests and either continued to’pedal siowly
with little or no resistance or sat motionless with their feet
resting on foot rests. After the najority of treadmill tests,
subjects walked slowly on the lIsvel for the duration of the
rébovery pdriéd. The greatsr muscular involvement following
treadmill exercise may have aided venous return and thus

increassd the rate of heart rate recovery compared with a amore

leisuresly protocol following bicycle ergometry.
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Blood lactate concentration (> 80 =ag7100ml) following
exhaustive exsrcise has historically been one of the prime
indicators that maximum asrobic capacity has been reached
(:strand, 1952). The time at which to draw blood samples has
been questionqd and in the presentvstudy, samples were dréhn at
tfive and eight minutes post exercise. Lactate concentration
five minutes post exercises was significantly greater that at
eight minutes. This disputes the study by Margaria et al.
{1963) which showed incrsased blood—lactata concentrations up
to eight minutes poét exercise. In ths present study,
approximately 952 of the post exercise blood samples showed the
five minute sample to produce the greater lactate
concentration. Differences in cardiovascular efficiency of the
subjects in the present study relative to Hafgaria's may
explain this contradiction., Margaria used two non-athletss and

one athtete compared with the five well trainsd athletes in the

present study.
Test Presference

Shephard et aft. (1968) reported that 11 of their
sdbjects praferfed treadmil}i testing, 9 preferred bicycle and

the remaining 5 preferred step-tests. Two of the five subjects
in the present experiment preferred bicycle riding at 60 or 80

rpm over treadmill tests. The remaining three subjects
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preforred the 6.0 mph (JH) and the 7.0 mph (BN, BC) treadmill
tests. The subJects,uefe agreed in their general dislike of
120 rpm bicygie anJ'7.5'qu treadmill tests.

McArdie and Magel (1970) observed’that 2 of 23 subjects
attained higher maximum oxygen uptakes on bicycle (60 rpm)
compared to treadmill (walking 3.4 mph) tests. These two
subjectss however, were reported to have besen involved in
blicycling as a commaon form of outdoor recreation.. In the
present experiment, two subjects showed higher naxiqun oxygen
uptakes in bicycle ergometry (80 rpma) than in the 7.5 mph (JH»
VP)> 6.5 mph (VP) and 6.0 mph (V¥P) treadmill tests. The
preceding facts may bs -isleading as subjective examination of
data indicates that tha YO2max for VP (80 rpm) was much higher
than at other pedalling frequencies on the bicycle and for JH

(7.5 mph) was much lower compared to other treadmill speeds.

Edwards et al. (1972) suggested that rating of perceived
exertion (RPE) may correlate well with th§ intensity of
afferent nervous information arising in the muscles, tendons
and joints of the legs during work. RPE whould then bé greater '
the more intense was the activity of the legss i.e. fresquency
of movemants, tension in muscles or tendons or forces exerted

on joints.
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Pandolf and Noble (1973) investigated RPE as affected by
equivalent submaximal power outputs at pedalling frequencies of
40, 60 and 80 rpm. The RPE was found to be generaliy.
negatively relﬁted to‘ﬁedalling spded although the differénce

was not statistically significant between 60 ahd 80 rpm. -

In the present study, the preferred pedal frequencies
for maximal testing were 80 rpm {(VP, MC» BC)» 100 rpm {BN) and
60 rpm (JH), These preferenceg appear to agres with the
results of Pandolft and Noble (1973), assuming that‘thg
subjects' preferrad toest was alsoc that of Jleast parceived
exsrtion. This a(so suggests the possibility that exhaustion
at high pedalling frequencie§ may incorporate a different
weighting of the componsnts; exerted force, tension in muscles

.
and tendons and fregquency of movements in refersnce to
perceived axertion.

Hill (1966) demonstrated the existencé of a hypserbolic
force-velocity relétionship in muscular contraction. The .
product of force and vetocity is power output and the latter
has been shown to be maximal when the velocity of contraction
is approximately one third of its maxisunm, Tﬁere are, in fact,
many force-velocity relationshipss each corresponding to a

diftterant length ot the muscle being observed. 1t may be

stated that in cycling, there is an average force—velocity

N
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relationship throughout a pedalling cycle and it can 59
expreésed in terms of the average force applied during a
pedalling cycla‘in relation to the pedaliing frequency. In
this case power output is the proquct of average force and
pedalling frequency. Therefore it may be assumed that there is
a pedalling frequency at which a given individual is capable of
acheiving his maximum powsr output. Futurs studiss might .
attempt to discern whether or not this pedalling frequency is
that which will elicit the individual®s Y0O2max. VSuch a tfinding
would suggest that tests of VY¥O2max be standardized according to

this measure of maximum power output rather than according to a

tixed pedalling frequency for all individuals,
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CHAPTER V¥V
CONCLUS ION

Maximal testing by incline running on the treadnill
remains the most sffective mode for testing aerobic capacify.
Speed of running appears to have Jittle or no effect on maximal

oxygen uptakae.

Maximal oxygen uptake assesssment by bicycle ergometery
gives signiticantly lower valiues than inclined treadaill
running. Previous suggéstions in the ftiterature regarding
bicycle ergometry that there exists an optimal relationship
betwesn pedaliing frequency, force development, and power
output and the results of the preasent study provide a strong
argument for ths use of padailing frequencies greater than B8O

rpm in bicycle testing for maximum cardio-respiratory function.

Shephard 33 l. (1968) stated that maximum oxygen uptake

by direct measuremsnt should bs accepted as tha absolute
criterion against which other procedures ars fo bes Jjudged.
Before accepting maximum oxygen uptake as an international
st;;dard of referenﬁe, however, it is important to ensure also

that the measurement is practical and yields reproducible

values. A

E
L
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The present study has surveyed a greater range of
pedalling freguencies and running speeds than has been
attempted previousliy. A better understanding of these factors»
should aid deliberations in development of an international

standard of reférencé.

Ny
N\
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APPENDIX 1

TEST CONDITIONS (BICYCLE): Subject's weight (WGT, kg)»
barometric pressure (8P» mm Hg)ls ambient temparature
(TEMP» C)s» warm—up oxygen uptake (WUMK, ml/Zkg/min),
time to exhaustion (TIM, min) and tinal work rate
(FWR, kgm/min} for five matle subjects at the pedal ling
frequencies shown in the left-hand col umn.

-

TEST SYBJ WG T BP TEMP  WUMK TIM  FwR
60 RPM VP 96.78  736.0 22.0  33.2 8.0 1879
MC 80.13 736.4 21.4 4&l.4 8.0 2158
BN 76.48  737.3  21.2  43.0 3.0 2376
BC 76.05 735.0 22.1  43.7 8.0 2123
JH 70.43  739.1 22.1 42.7 10.0 2376
80 RPH VP 5 96.58 736.5 22.8 34.0 8.0 2086
S MC 78.90  735.4 20.9  4l.5 7.5 2112
~JL BN 76.38  739.6 21.5  43.9 9.0 2370
‘ BC 76.30 738.3 22.6  46.7 8.5 2460
JH 69.90 T4l.6 22.6 42.6 3.0 2370
100 RPM VP 96.63  730.% 21.6 33.9 6.5 2100
MC 78.85  727.0 21.5 42.4 7.0  197¢
BN 77.10 734.3  21.9 42.8 9.0 2376
BC 75.65 740.2 22.7 46.5 8.0 2058
JH 71.05 737.4 23.1  4l.2 9.0 2448
120 RPM VP 97.80 731.4 20.8  35.%4 5.0 1695
MC 79.18  728.8  23.6  43.2 5.0 1770
BN 77.25  738.4  22.2  44.2 7.6 2053
BC 75.85 733.4 25.4 42.°5 6.0 1800
JH ~ 70.48  739.2 26&.1 42.4 8.0 2088
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TEST’CUNDITIDNS (TREADMILL): Subject®s weight (WGT, kg)»

barometric pressurs (B8P,
wara—-up oxygen uptake {WUMKs
min) and f inal
for five male subjects at the running
speeds shown in the left-hand column,

(TEMP,

time to exhaustion (T[N,
(FWRs ‘7 grade)

TEST

6.0 MPH

6.5 MPH

7.0 MPH

7.5 MPH

9 I

SUBJ

VP
MC
8N
BC
JH

VP
MC
BN
BC
JH

vP
MC
8N
BC
JH

vp
MC
BN
BC
JH

WGT

97.00
79.58
76.98
76.18

~10.35

ds.73

79.30
78.03
76.30
70.75

96.10
78.70
76.83
76.10
70.28

97.48
78.93
77.40
75.98
70.80

BP

736.3
739.5
736.9
732.4
736.8

733.7
735.6
734.6
738.6
736.4

737.7
735.9
738.3
738.3
741.3

734.6 -

731.3
727.5
740.1
734.1

am Hg)»

TEMP

21. 4
22 .6
22.7
25.4
23.5

2&4. 4
21.7
21.6
21.9
22.2

21.3
21.8

21.2

22. 4
22.‘

21.9
21.3
21.5
22.5
26.8

WUMK -

33.4%
40.4
43.0
43.2
41,17

34.4
41.2
42.5
44. 6
41.8

34.8
43.0
§2.6
44.9
43.0

33.4
39.5
43.3
45.1
40.7

P

TIM

CVvVo®~N

O @~y

O Moo~ Wm

X~ WMm

¢ . 8 9 o o P
MO OO

O S
WWOMmLWwWwmo

(UIENEU RN e

OO QOO0 &

ambient temperaturs
mi/kg/ain)»
work rate

»

FWR

15.0
17.5
22.5
20.0
25.0

12.5
17.5
20.0
20.0
22.5

12.5
15.0
17.5
17.5
20.0

10.0
15.0
15.0
17.5
20.0
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Respiratory gas exchange during the last minute

q

APPENDIX 9

. WARM=UP

of warm—up prior to each bicycle test ftor five
@a3le subjects.

TEST SUBJ VENT . ') vCOo
60 RPH VP 103.5 3.215° 3.272
‘ MC 97.5 3.319 3.505
BN 100.8 3.288 3.250
BC 98.9 “3.320 3.355
JH 75.4 3.008 2.621
80 RPM # 115.6 3.284 3.540
MC  96.9 3,275 3.%es
3N 102.2 ° 3.352 3.299
BC 102.4 3.560 3. 343
JH 76.6 2.974 2.717
100 RPM  yP 108.7  3.271 - 3.307
- MC 102.9 3.344 3,487
BN 104.2 3.296 3.275
BC 92.6 - 3.519 3.184
JH 76.6 2.929 2. 660
120 RPH YP  1l5.4 3,455 3.625
MC 100.5  3.4l8 3.678
BN 1ll4.1 3.412 3. 546
8C 95.3 3.222 3.138
JH 77.3 2.990 2.617
YENT (BTPS, L/MIN) ventifation
Ya (STPD» L/MIN) Oxygen uptake
¥{O {(STPD, L/MIN) Carbon dioxide produced
RER Respiratory asxchange ratio
YE Yentilatory equivalant

OE Percentage oxygan sxtraction

RER

1.02

1.06

0.99
1.01
0.87

1.08

1.06
0.98

0.94 -

1.01
1.04
0.99
0.91
0.91

1.05
1.08

l1.04

0.97
0.88

)

VE

32.20
29.38
30.66
29.79

"25.07

35.20
29.59
30.49
28.76
25.75

33.23
30.77
3la61
26 .31
26415

33.59
23.40
33.44
29.58
25.85

OE

3.89 .

4.26
4.08

4,21

4.98

3.56
4.24
4.09
4.34
4 .82

3.80

- 4.12

3.97
4,737
4.78

3.75
4.31
3.73
4.25
4.82

73



APPENDIX 10

ﬁ, , WARM=UP

Raspiratory gas exchange during the last minute
of warm—up prior to each treadnmifl tsst for five
male subjects. )

TEST SUBJ VENT yo - vCOo RER YE OE

~

6.0 MPH VP 10546 3.236 3.300 1.02 32.63 3.84
MC 98.8 3.217 3.548 1.10 30.71 4.06
BN 10l1.8 3.310 - 3.259 0.99 30.76  4.07
BC 98.5 3.293 3.334 1.01 29.91 4.21
JH 76,6 2.932 2.719 0.93 26.13 4.79

b.5 MPH Yyp 120.3 3.296 3.597 1.09 36.50 3.44
MC 99.8 3.267 3.519 1.08 - 30.55 4.10
BN 103.4 3.312 3.253 0.98 3l.22 4.02
BC 98.9 3.404 3.472 1.02 29.05 4.30
JH 74,8 2.959 2.647 0«90  25.28 4.95

7.0 MPH YP 116.2 3.343 3.488 1.04 34.76 3.60

N MC 98.0 3.387 3.433 1.01 28.93 4.33
N BN 101.1 3.273 3.038 0.93 30.89 4.04
Ty 8¢ 96.2 3.4%19 3.204 0.94 28.14 4,44

__4H 76.3 3.020 2.628 0.87 25.27 4.92

7.5 MPH YP  110.6 3.255 3.339 1.03 - 33.98 3.69
MC 56.2 3.120 3.335 1.07 30.83 4.09

BN 106.8 3.353 3.378 1.01 31.85 3.98

BC 96.6 3.428 3. 409 0.99 28.18 4.42

JH 78.0 2.831 2. 772 0.96 27.07 4.64

VENT  (BTPS, L/MIN) Yentitation

\AE {STPDs L/MIN) Oxygen uptake

. ¥CO {(STPD, L/MIN) Carbon dioxide produced

RER Respiratory exchange ratio *s
YE Yertilatory equivalent "

0t Parcentage oxygen extraction
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6.

6.

7.

7.
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APPENDIX 12

EXHAUSTIVE EXERCISE

Respiratory gas exchange for either the
penultimate minute of exhaustive exercise during treadmi il
running for tive male subjects.
greatest oxygen uptake from sither of these minutes.

EST SUBJ VENT Yo MLKG vco
0 MPH vp 197.8 5.169 53.29 6.091
MC 168.5 4,711 59.20 5.877
BN 191.3 5.312 69.00 5.951
BC 18t.2 5.026 65.98 6.152
JH 175.7 4.988 70.90 6.175
5 MPH vp 176.6 4.848B 50.64 5.666
mC 176.8 4.775 60.21 5.787
BN 193.7 4.992 63.983 6.050
BC 180.4 5.080 66.58 6.258
JH 172.5 9%.325 75.27 6.211
0 MPH vp L78.8 4.971 51.73 5.433
MC 172.6 4.580 58.20 5.368
BN 190.7 5.185 67.4%3 5.960
BC 179.1 5.341 70.18 5.944
JH 160.3 5.211 74.15 5.980
5 MPH VP 182.9 4.936 50.64 5.635
' MC 176.0 4.598 58.2% 95.312
BN 172.0 4.884 63.10 5.777
BC 173.4 5.354 70.47 5.509
JH 159.0 4.691 66.26 5.900
NT (BTPS, L/MIN} Yentitation
{STPDs L/MIN) DOxygen uptake
KG (STPD», ML/KG/MIN) Oxygen uptaks
0 {STPD» L/MIN) Carbon dioxide produced
R Respiratory axchange ratio
Yentilatory equivalent
Percentage oxygan extraction

fast or

RER

l1.18
1.25
lo12
1.22
1.24

117
1.21
1.21
1.23
1.17

1.09
1.17
1.15
l.11
1.15

1.14
l.16
l.18
1.03
1.26

Yalues are those of

VE

38.27
35.77
36.01
36.05
35.23

36.43
37.03
38.80
35.51

32.39

35.97
37.69

-36.78

33.53
30.76

37.05
38.28
35.22
32.39
33.90

76

OE -

3.27
3 c48e
3.47
3.49
3.55

3.45
3.39
3.24
3.51
3.86

3.47
3.32
3.39
3.72
4.04

3.39
3.30
3.60
3.85

-3.71
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APPENDIX 13

BLOOD CHEMISTRY

(mg/100 m2l)» henm

oglobin (g/7100 mli)

hematocrit following .warm—up and during the fifth
eighth minute after exhaustive bicycle ergoastry.

TEST

60 RPM

80 RPM

100 RPN

120 RPHM

LAWU
LARS
LARS
LAMAX
HB WU
HBRS
HE WU
HERS

SUBJ

yP
MC
BN

BC
JH

vypP
MC
BN
108
JH

YP
MC
8N
8C
JH

YyP
MC
BN
8C
JH

Lactate
Lactate
Lactate
Maximum

Hematocrit following five minutes of recovery

LAWU LARS

45.5 109.0
72.9 153.4
2l.4 111.0
29.7 95.6
19.6 138.3

56.4 128.5
68.0 152.4
35.0 138.9
37.9 142.7
30.5 131.7

53.0 117.1
62.9 140.8
40.5 147.7
34.4 128.5
23.4 144.0

60.5 109.6
73.6 147.4
36.5 137.9
35.9 129.9
25,2 143.0

LARS

106.5
146.8
106.0

80.4
130.4

126.7
133.6
152.4
133.2
123.8

126.1
137. 4
118.56
132.7

110.1
147.0
143.0
129.9
134.6

LAMAX HBWU

109.0 16.3
153.4 14.0
111.0 14.9
95.6 15.2
138.3 "13.0

128.5 16.5
152 .4 15.1
152.4 15.0
142.7 14.5
131.7 13.7

117.1 15.9
140.8 15.9
147.7 15.5
128.5 14.5
144.0 13.3

1106.1 17.7
147.4 15.2
143.0 14.2
129.9 15.2
143.0 13.0

concentration following warm up

concentration after

concentration gfter eight minutes of
tactate concentration
Hemoglobin foltlowing warm-up

Hemogltobin following five minutes of recovery
Hematocrit following warm-up

and

and
HBRS5 HEWU
16.5 50.8
15.8 50.2
15.5 51.0
16.0 52.5
13.3 44.8
16.8 /ﬁffi
16.8 49,6
15.8 49 .6
14.7 52.5
14.0 47.8
l6.4 49.6
16.2 49.8
16.2 49.0
15.2 50.7
14.0 45.9
18.0 52.0
16.2 43.8
15.0 43.5
15.3 50.8
13.5 46.1

recovery

\\

five minutes of recovery
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HERS

50.0
52.6
51.5
53.6
48.0

53.2
53.0
49.7
53,5
47.0

50.0
53.2
50.1
55.1
48.4

54.0
50.0
52.2
53.2
48.7



APPENDIX 14

BLOOD CHEMISTRY

Blood lactate (mg/100 =ml), hemoglobin

hematocrit following watm-up and during the fifth and

sighth minute after exhégstive treadmill runninge.
A ;

TEST SuUBJ

5.0 MPH VP
MC
BN
BC
JH

6.5 MPH VP
MC
BN
BC
JH

7.0 MPH ye
MC
BN
BC
JH

7.5 MPH YP
MC

BN

BC

© JH

LAWU Lactate
LARS Lactate
LARS Lactate
LAMAX Maximum

‘\/

LAWU LARS LARS

50.7 107.5
68.0 1564.7 159.0
30.2 148.7 143.0
42.2 125.1 110.1
25.2 140.2 '136.4
L\\

62.0 98.0 B8.1
71.1 161.8 161.8
40.0 163.7 161.8
34.0 143.0 129.3
22.6 132.5 127.4

5.7 116.7 102.9
66.5 152.4 139.3
45.4 144.9 139.6
32.6 126.1 120.8
2l.6 148.7 147.7

57.3 112.6 116.7
68.2 176.0 164.7
39.8 1l4l.1 137.4
44.8 102.6
24.8 133.6

LAMAX

107.5
164.7
148.7

125.1

140.2

98.0
161 .8
163.7
143.0
132.5

116.7
152 . 4
144.9
126.1
148.7

116.7
176. 0
141.1
102.6
133.6

HB WU

16.0
14.2
14.0

15.2
l‘- l:'

16.5
15.8
15.6
15.2
14.0

16.3
14.0
14.0
14.5
13.3

16.3
13.7
15.3
15.5
14.2

concentration folliowing warm—up
concentration after five minutess of recovery
concentration after eight minutes of
lactate concentration

{(g/100 mi)

and

HBRS HEWU
16.2

14.5 50.3
15.0 50.6
14.9 52.2
15.1 48.4%
16.8 51.1
16.3 50.4
16.5 48.5
15.5 52.5
14.2 47.7
16.5 50.8
15.2 47.8
14.3 49.8
l14.6 51.2
13.5 +45.8
16.7 51.6
14.0 49.5
15.8 49.4
15.9 53.5
14.0 46.4

recovsry

HB wU Hemoglobin following warm-up o
HBRS5 Hemoglobin following five minutes of recovery
HE WU Hematocrit following warm-up

HERS Hematocrit following five minutes of recovery
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HER S

52.3
53.5
53.1
53.4
€9.2

52.8
52 .8
51.6
54 .5
48.5

51.6
50.6
50.2
52 .7
48.5

NN
L[] L]
WoOOoOwm
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APPENDIX 15

PL/1 program tonr_respiratory gas anatysis.

FIA220GMCK JDB ([ *%%%, %k &%%), VMAXTEST', TIME=1,CLASS=F

// EXEC PLILFCG
//SYSIN DD *

MAXTEST:PROC OPTIDNS({MAIN),
Jhekbhepnhhhbh kbbb bk bbb kbbbt kb b hhshh b hbhahhk kkk bk hkE

ckhbhkbRkEhhERE

LIST OF THE TERMS USED IN .THIS PROGRAM

SUBJ
DAT
DAY
MO
WGT
: TEST
* TESTS
MIN
*CALCULATED
VEB
YES
BP
VPE
YPA
¥PERATURE
BT
*)
= CF

*¥YGEN

FOW
FCOW
FOD
FCOD
FIO
FICO
FIN
FEO
FECO
*FCOD

o~ FEN

vO

THE -SUBJECT USED IN THIS TEST

THE DATE OF THE TEST

DAY DF THE MONTH

MONTH

THE WEIGHT DOF THE SUBJECT ’
THE NUMBER OF THE TEST IN A SERIES OF

THE MINUTE OF THE TEST THAT IS BEING

VENTILATION BTPS (L/MIN)

VENTILATION STPD (L/MIN)

BARCMETRIC PRESSURE (MM/HG)

VAPOUR PRESSURE OF EXPIRED GAS AT BT
VAPQUR PRESSURE OF GAS AT AMBIENT TEM

TEMPERATURE OF EXPIRED GAS (BODY TEMP
CORRECTION FACTOR FOR FRACTIONS OF 0OX

CARBON DIOXIDE )

FRACTION OF OXYGEN (WET) —
FRACTION OF CARBON DIOXIDE (WET)
FRACTION DOF OXYGEN (DRY)

FRACTION OF CARBON DIOXIDE (DRY)
FRACTION OF INSPIRED OXYGEN

FRACTION OF INSPIRED CARBON DIODXIDE
FRACTION OF INSPIRED NITROGEN
FRACTION OF EXPIRED OXYGEN = FCD
FRACTION 0OF EXPIRED CARBON DIOXIDE =

FRACTION OF EXPIRED NITROGEN
OXYGEN UPTAKE (L/MIN)

—

i

1

79
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VOPK OXYGEN UPTAKE PER KILOGRAM OF BODY WG
T (ML/KG) A
VCO  CARBON DIOXIDE PRODUCED (L/MIN)
R RESPIRATORY QUOTIENT
VEQU VYENTILATORY EQUIVA LENT
POE  PERCENTAGE OXYGEN EXTRACTED
P Y122 ST IR 2 3 2232233222222 223322322 2222222 2 222 2 L
*k5kxkk ke kxk% /) :
DECLARE
VEB FLOAT
BP FLOAT
BT  FLOAT
CF  FLOAT ,
SUBJ CHAR (2),
(MIN, TEST) DEC FIXED (1),
(VES»VPE»VPA,FOW, FODs F10, FIN, FEOD, FEN) FLOAT
(FCOW, FCOD,V0,VC0s FICO, FECO,R) FLOAT
(VOPK»WGT) FLOAT ,
L DAT, 2 DAY FIXED (2), 2 MO CHAR(3),
(VEQU,VOE) FLOAT, -

. N e

GET EDIT .(SURJ» DAY, MO, TEST,WGT,>,MIN,VEB,BT,VPELBP,FOW,
*FCOWs
FIO,FICO,V¥PA)
(AL2),F12),A(3)F(L)sF(52}sF(L)sFl4s1)>»
*F{3,1)sF(553),
F(451)5F{555)sF(555)sF(55,5),F(5,5),F(5,3
*))s3 o :
GOTO FIRST;
NEwW: GET EDIT (SUBJ»DAY»MO»TEST>»WGTH»MIN,VEB,BT»VPE,BP,
#F0WsFCOW> '
FIO,FICO,VPA)
(COLUL)»A(2)»F{2)5A(3)sFlL)»F(552)sF(1),
*F(&45,1),F(351))
F(553),=(4,1)},F(555),F(555),F(555),F(5,5
?

o

*),F(5,3));
FIRST: ’ PUT PAGE;
PUT SKIP{5) EDITI('SUBJECT: *,SUBJ»*TEST #*,TEST,"*
®MINUTE = '
MIN,"DAYE: 'H,HO,DAYI{X(10),A,A(2),X(5)5A,F (1) XI5
) AsF(1)sX(5)>
AsA(3), X(1)sF(2));
E2 IR 22222 R -2 R TRETLRERSRESSR R RS2 R 2222 R 22 S 2 2
I RER RS2SRRSR D ’

THE FOLLOWING ARE THE EQUATIONS TO BE USED



81

* */

VES=VEB*((BP-YPA)/T760)%(273/7(273+8T7));

CF=BP/(BP-VPA);

FOD=FOW*CF

FCOD=FCOW*CF;

FEO=F0OD;

FECD=FCOD; -

VO=VES*®(FID*{({(1.0=FEOQO-FECO)/(1.0-FIO-FICO))-FED)
3 .

VOPK=(Y¥0O/WGT)*1000.

VCO=VES*(FECO—-(FICO*¥(1.0-FEQ-FECO)7(1.0-FID-FICO
1)) .

ReYCO/VYD;

VEQU=YES/VO,

POE=(YO/VYES)*100;
[ ¥R A RE A SRR R R AR R RE LR AR R AR R AN K AR A NG R KRR R ARk b kR ko R a2 kk £ 4

TEERERRRR XSRS
FORMAT FOR THE PRINTOUT OF THE RESULTS
% */ ’

PUT SKIP(3) EDIT('CORRECTION FACTOR',CF, ~
YFRACTION OF OXYGEN (DRY)?',
FOD, '"FRACT ION OF CARBON DIDOXIDE (DRY}I'*,FCOD,
'WEIGHT OF THE SUBJECT!, WGT»* KG'»
YWENTILATION (STPD)*,VES,? LITERS?®
"OXYGEN UPTAKE [N MINUTE ﬂ'rH[N,VU;} LITERS ',
VOPK, ! ML/KGY, .
*CARBON DIOXIDE PROCUCED IN MINUTE #',MIN,VYCD
*,'" LITERS'S
"RESPIRATORY EXCHANGE RATIO IS*»R»,*VENTILATOR
¥Y EQUIVYALENT?,
[N VEQU,» '*PERCENTAGE OXYGEN EXTRACTION®',POE)
e (X{30),A,COL(65)»F{75»3)sSKIP{2)»X{30)»A,COL(6
*¥5)sF(755)>»
SKIP(2)5X%X{30)»A»COL(65)sF(755),
SKIP{&)»X{(20)»A»COL(S8B)»F(H»2)5A>
SKIP(4)»X{20)5A,COL(58)sF(652)5A,
SKIP{&)»X(20)>A»F(1),COL(6D)»F{553)5A» SKIP,CO
#L(59)5F(552), '
A>SKIP(2)sX(20),A4,F{L)»COL(60Q)sF(55,3)5A,SKIP!

o

52)
X(20)sA>COL{AD)sF(452)sSKIP{2),X(20)5A,COL (59
*),F{(55,2)>
SKIP(2)sX(20)sA>COL(60)»F(553));
GOTO REW;
END MAXTEST:

20.5YSIN DD ¥
YP2RMAY] 96788318502762769673601793203195214160003019827



SUBJECT:

—

APPENDIX 16

Sample output for program shown in Appendix 15.

s

yp TEST #1 MINUTE = 8 DATE: MmAY 23
CORRECTION FACTOR 1.028
FRACTION OF DXYGEN (DRY) 0.18490

FRACTION OF CARBON DIQOXIDE (DRY) 0.03283

WEIGHT OF THE SUBJECT ' 96.78 K6
VENTILATION (STPD) 158.33 LITERS
IXYGEN UPTAKE IN|MINUTE #3 6,491 LITERS

46,40 ML/KG
CARBON DITOXIDE PROCUCED IN MINUTE #8  5.151 LITERS
RESPIRATORY EXCHANGE RATIO IS 1.15
VENTILATORY EQUIVALENT. ' 35.25

PERCENTAGE OXYGEN EXTRACTION 2.837

——
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APPENDIX L7

SPS.S program for statistical analysis of data.

//GAMSPSSS JOB {XXXX»sGXXXX)}»'GET DATA'*/JMNSGCLASS=R

/*JOBPARNM

"LINES=40,PSWD=XXX

/7 EXEC SPSS» INFILE='"SC.A0447.LASTS®

//FTO9F001 DD

RUN NAME
GET FILE
If

IF

IF

IfF

IF

1F

IF

IF

IF

IF

IF

IF

IF

IF
COMPUTE
1F

IF

1F

IF
COMPUTE
COMPUTE
COMPUTE -
COMPUTE
COMPUTE
COMPUTE
*SELECT IF
" TASK NAME
"MARG INAL
OPT IONS
STATISTICS
*SELECT IF

TASK NAME .

MARG INAL
OPT 10ONS
STATISTICS
*SELECT IF
TASK NAME
MARG INAL
OPT IONS
STATISTICS
FINISH

/*

SYSQUT=RsDCB=(LRECL=80,BLKSIZE= BOO,RECFH FB)
INDIVIDUAL TESTS

DATA

{HEWULl GE HEWUZ2) HEWU=HEWUl

(HEWU2 GT HEWULl) HEWU=HEWU2

(HERS51 GE HERS52) HERS5=HERS1

{HER52 GT HERS51) HERS5=HERS2

(LAWUl GE LAWU2) LAWU=LAWUL

(LAWU2 GT LAWUL) LAWU=LAWU2

(LARSL GE LARS52) LARS=LARSl

(LARS2 GT LAR51) LARS=LARS52

(LARB1 GE LARS82) LAR8B=LARS81

(LARB2 GT LARSBL) LARB=LARS? ,
{LARS5 GE LARB) LAREX=LARS .

(LAR8 GT LARS5) LAREX=LARS

{YONL GE VvOL) vO=VONL

(VOL GT VONL) Y0=vyOL

MLKG={VO*1000) /WGT <:“u

(VYO EQ VONL) VEX=VEX2

(YO EQ VOL) VEX=VEX]

(VO EQ VONL) VCO=VCONL

(VO EQ ¥YOL) vCO=vCOL N
RERWU=YCOWU/YOWU

YEQUWU=VYWUB/VDWU
OXEXTWU=(VOWU/VWUG6)*%(863.003/(BPA-47. 1))#100
RER=YCO/VD

YEQU=VEX/V0 ,
OXEXT=(VO/VEX)*({B63.,003/7/(BPA-47.1)) %100
(TEST EQ L OR 2 OR 3 OR &)

BIKE TESTS

Yo

5

ALL

(TEST EQ 5 OR 6 DR 7 OR 8)

TREADMILL TESTS

yo

5.

ALL

(TEST €EQ 1 OR 2 OR 3 OR 4 OR 5 OR K6 OR 7 OR 8)
LAST EIGHT TESTS :

VO

5

ALL
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APPENDIX 1B

Output from the sample SPSS program shown in Appendix 17.

STATISTICAL PACKAGE FOR THE SOCTAL SCIENCES SPSSH - VERSION 5.02

* < 07703775 PAGE 1
RUN NAME INDIVIDUAL TESTS
GET FILE DAT A
FILE DATA "HAS 58 VARIABLES
THE SUBFILES ARE,. >
NO OF 7 ) 7
NAME CASES ‘
@2
DATA 45
IF _ (HEWJl GE HEWU2) HEWU=HEWUL
IF (HEWU2 GT HEWUL) HEWU=HEWUZ2
IF {HERS51 GE HERS52) HERS5=HERS51
1F (HER52 GT HERS1) HERS=HERS?2
IF (LAWUL GE LAWU2) LAWU=LAWUI
IF (LAWU2 GT LAWUL) LAWU=LAWU2
IF * [LARS5!L GE LARS52) LARS5=LARS1
IF - ALARS52 GT LARS1) LARS=LARS?2
IF (LAR31 GE LARS2) LARS8=LARS]
IF {(LARB2 GT LARBL) LARS=LARS?2
o IF {LARS GE LARB) LAREX=LARS
' IF {LARS GT LARS) LAREX=LARS
IF (VONL GE VOL) V0O=VONL
IF {VOL 5T VONL) VO=VvOL
COMPUTE ‘ MLKG=(YD*1000) /WGT
IF (VO EQ VONL) VEX=VEX2
IF : (VO EQ YOL) VEX=VEX1
IF {VvD EQ-YONL) VCO=VCONL
IF - , {vD EQ V¥OL) vYCO=VCOL
COMPUTE REPWU=YCOWUZvVOWU

COMPUTE YEQUWU=VYWUBES YOWU,
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X B

COMPUTE
%100

COMPUTE

COMPUTE .

COMPUTE

*SELECT IF

TASK NAME

MARG INAL

OPT IONS

STATISTICS
INDIVIDUAL TESTS
BIKE TESTS
FILE DATA {CREA
VARIABLE VO
MEAN 4.625
MODE 4.970
KURTOSIS ~—1.092
MINTMUM 4.17
VALID  OBSERVATIONS
MISSING DOBSERVATIONS

INDIVIDUAL TESTS
BIKE TESTS,

*%%% GIVEN SPACE ALL
*R2 MARGINALS **#%

ol

b
4

OXEXTWU=(VOWU/VWUG) *( 863 .003/{BPA-47.1))%*

RER=VCO/VYO
VEQU=YEX/VYO
DXFXT=(VUIVEX)*(863 0037 (BPA-47. 1))*1¢0
(TEST EQ 1 OR 2 OP 3 OR 4)

BIKE TESTS ///

s - _

5 . A

ALL ' N
i 07403775 PAGE: 2

TION DATE = 05/27/75)

~STD ERROR  0.058  MEDIAN 4.692
STD DEV 0.257 VARIANCE  0.066
SKEWNESS  —0.257 RANGE 0.792

8 MAX T MUM 4.970

- 20 ‘

- 0 0OR 0.0 PERCENT OF TOTAL

07/703/75

OWS F3R i VARIABLES ANT 3071 VALUES FO

*SELECT [F (TEST EQ 5 OR 6 OR 7 OF 8)
TASK NAME TREADMILL TESTS
MARGINAL . ' ¥O0
OPT IONS 5
, STATISTICS ALL
INDIVIDUAL TESTS- 07703775 PAGE 4
TREADMILL TESTS ‘
FILE DATA 05727775}

(CREATION DATE =



. e o
VARIABLE VO ”
MEAN 4.999  STD ERROR * 0.055 fﬁéofAN'-fJ 4.990
MODE 4,691  STD DEV  0.248  VARIANCE '9;061 -
KURTOSIS . —1.090 SKEWNESS ~ —0.126  RANGE - 0.774
MINTMUM 4.580 MaxTHum 5,354
VALID OBSERVATIONS - . 20 . o ’
MISSING OBSERVATIONS — L0 OR 0.0 PERCENT-OF TOTAL-
INDIVIDUAL TESTS 87;0;L;$— T T Rhee s
TREADMILL TESTS S - ‘

s4#% GIVEN SPACE ALLOWS FOR - 1° VARIABLES AND ' 3071 VALUES.FO.  .°

*R MARGINALS *#*%% BN . o , ¢
*SELECT IF (TEST EQ 1 OR 2 OR 3 OR 4 OR'S OR 6 NR' 7,
* 0R 8) Lo E - L S
TASK NAME = - LAST EIGHT TESTS
MARGINAL . Vo e
OPTIONS o - 5 ° . L : - ,
: STATISTICS. - ~ ALL o ool
INDIVIDUAL TESTS . - - = . 07103775 . " PAGE E

LAST EIGHT TESTS .
FILE DATA (CREATION DATE = 057/271/75)

VARIABLE VD ,
ME AN $.812 °STD ERROR  0.050 eeBll T -
“ ODE §.970 - . STD DEV. . 06.313  VARIANCE  0.098
KURTOSIS  -0.612 SKEWNESS  =-0.14%1 RANGE 1.176
MINIMUM 4,178 © MAXIMUM 5.354
VALID  OBSERVATIONS - 40

e

r/‘ ~



G

1

| S L - V.
MISSING OBSERVATIONS - "©- OR 0.0 PERCENT OF TD%WE'(
INDIVIDUAL TESTS 1"' 07703775 . PAGE 7

LAST EIGHT TESTS

. #%%% GIVEN SPACE ALLOWS FOR 1 VARIABLES AND 3071 VALUES FO
*R MARGINALS *%*% s
/

FINISH ’
INDIVIDUAL TESTS 07703775 PAGE 8
LAST EIGHY TESTS

NORMAL END OF J0B.
43 CONTROL CARDS WERE PROCESSED.
0 ERRORS WERE DETECTED,

<

[

e

oAy



//GAMBMDBY JOB (XXXX,GXXXX)s * ANDVAt, MSGCLASS=R
/¥JOBPARM LINES=40,PSWD=XXX

//STEPL EXEC BMD,NAME=BMDOB8Y

//7SYSIN DD =%

PROBLMEXVD 1 311

INDEX 5 2 4 : 2 4
DESIGN SET $S»3E,$TI(E).

{1F5.3) —

4.49]

4.674

4.425

4.562

5.169

4,848

4,971

4.936

4.309

4,329

4.178 .

4.186 APPENDIX 19

4,711 _

4.775 BMDOBY program for
4.580 two way analfysis of
4.598 " variance.
4,470

4.808

4.814

4,757

5.312

4,992

5.185

4,884

4.474

4.755

4.970

4,723

5.026

5.080

5.341

5.354

4,970

4,949

4,710

4,945

4.988

5.325

5.211

4.691

FINISH

1%



£

Sample output for/

"APPENDIX 20

‘the BMDOBV program shown

”~

in Appendix 19.

BMDOBY ~ ANALYSIS OF VARTANCE - REVISED FEBRUARY 19, 1971
HEALTH SCIENCES COMPUTING FACILITY, .

PROBLEM CODE EXVO

INDEX 5
MUMBER OF LEVELS 5
POPULATION SIZE INF
DESIGN CARD SET

YARTABLE FORMAT

E T
2 4
2 4

ucLa

$S5,3Es STI(E) .

{1F5.3)

ANALYSIS OF YARIANCE FOR DEPENDENT VARIABLE 1

SOURCE ERROR TERM F
1 MEAN S  EEEREERD
2's
3 E SE 45.5164
4 T(E) STUE) 0.8833
5 SE
6 STLE)

MEAN SQUARE

1 MEAN 926.1721
2°s .3715551
3 E 1.398016
4 TUE) .2460464E-01
5 SE .3071451E-01
6 STUE) .2785571E-01

(v

926.1721
1.486220
1.398016
«1476278
.1228580
. 6685371

EXPECTED MEAN

40.000( 1)
8.000( 2)
20.000( 3)
5.000( &)
4.000( 5)
1.000¢ 6)

SUM OF SQUARES DEG. OF

FREEDOM

S -y

SCUARE.
8.000¢ 2)

4.000( 5)
1.000( 6)

‘

"



L]

fr

ESTIMATES OF VARIANCE COMPONENTS

1) 23.14500
2)  0.4644439E-01
3) 0.6836504E—01
%) -0.6502150E-03
5) 0.7678628E—02
6) 0.2785571E-01

[ B N )

MEAN 4.81189
CELL MEANS
S = 1
4,75949
E = 1
4.62494
T = 1
E = 1 §.54279
2 5.04119
CELL DEYIATIONS
X{Saea)
S = 1
—0.05240
X{.E.)
E = 1
~-0.18695
X(.ET)
T = 1
E = 1 -0.08215

2 0.04235

-

2
4.4582+4

2
4.99884

2

4.70300
5.00400

-X(..-)

2
—0.35365

- X‘.")

2
0.18695

- X(.E-)
2

0.07805
0.00515

3
4.90274

3
4.61940
5.05760

3
0.09085

3
-0. 00555
0.05875

4
4.96537

4
4.63460
4.89260

4

0.15348

4
0.00965

-0.10625

90

5
4.97362

5
0.16173
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