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ABSTRACT

The purpose of this study was twofold:

1. To determine the validity of the 9 minute and 12 minute
timed runs and the 1600 metre distance run as predictors
of peak oxygen uptake and therefore as measures of cardio-
respiratory fitness in girls 8 to 1l years of age.

2. To determine the reliability of the 9 minute and 12 minute
timed runs and the 1600 metre distance run as measures of
cardiorespiratory endurance.

Hypotheses were formulated from these two major purposes as well as from
additonal preoblems which included: (i) studying the relationship between
the tiﬁed/distance.runs and peak oxygen.uptake as the distance and time
components of the runs increased, (ii) determining the intercorrelatons
between two different timed or distanee runs with respect to the distance
and the length of time spent running.

Sixty female subjects;from Crofton House Schoel "and Sf. Patrick's
Elementary School, Vancouver, B.C., were tested on the three timed/distance
runs, the 9 minute, 12 minute and. 1600 metre runs and a'peak oxygen uptake
treadmill test. Anthropometric measures (height, weight and percent body
fat) were also taken. Prior to the timed/distance run testing all of the
subjects were taught the poncept of paced running and had four practise
runs to practise this concept. Twenty of the subjects completed all the
testing.

The validities of the 9 minute, the 12 minute and the 1600 metre runs
as predictors of peak oxygen uptake and the interrelationships between all
the variables were determined by developing a correlation matrix. Stepwise

multiple regression analyses were conducted to select the independent
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variables (age, height, weight, perceﬁt body fat, 9 minute timed run, 12
minute timed run and the 1600 metre distance run) that best predicted the
dependent variable, peak oxygen uptake.

The reliabilities -of the 9 minute, the 12 minute and ‘the 1600 metre
runs were determined by developing test-retest reliabilify correlation
‘coefficients.

The results.indicated that all three timed/distance runs were
significantly. correlated with peak oxygen uptake. The 9 minute timed run
exhibited the highest correlation with peak oxygen uptake followed by . the
1600 metre disfance ruﬁ and the 12 minute timed run.  Both the 1600 metre
distance run and the 12:minute timed.run showed significant test-retest
reliability correlations, therefore were reliable predictors of peak oxygen
uptake in girls 8 to 1l years. of age. The!intercorrelations between the
timed and distance‘runs showed the 9 minute timed run and the 1600 metre
distance run having the highest degree of relationship followed by the
1600 metre distance run and the 12 minute timed run and finally the 9
minute and 12 minute timed runmns.

In ‘conclusion both the 1600 metre distance run and the 12 minute timed
run were considered to be reliable field tests and_ﬁredictéd peak oxygen
~uptake in girls 8 to 11 years of age. The 1600 metre distance run exhibited
higher wvalidity and reliability correlations and therefore would be the
“preferred field test of cardiorespiratory fitness in girls 8 to 11 years of

age.
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Chapter I

INTRODUCTION TO THE PROBLEM

A. Introduction

Cardiorespiratory fitness is ''unquestionably one of the key components
of physical fitness, and to some educators it is the single_most indicative
measure of .a person's physical condition" (Johnson anvaelson, 1974).
Cardiorespiratory fitness can be defined as the efficiency of the oxygen
transport system (i.e., the heart, the lungs, and. the blood vessels) in
supplying oxygen and removing waste materials from the bédy's cells. It has
generally been accepted that the most suitable measure of. cardiorespiratory
fitness is maxiﬁal oxygen uptake (mV02) which measures the amount of oxygen
consumed.per kilogram of body weight per minute of exercise-(Krahenbuhl,
Pangra;i, Petersen, Burkett and Schneider, 1978; Johnson ahvaelson, 1974).
Unfortunately this measurement. is very time consuming and requires the use
of special, exbensive equipment in a laboratory setting. Consequeﬁtly
measurement.of maximal oxygen uptage is not feasible for the general public.

A field test that could acéurately predict maximai oxygen uptake would
provide a valid measure of the éfficiency of the oxygen transport system, i.e.
cardiorespiratory .fitness. . Many field tests have been developed to measure
cardiorespiratory %itness But unfortunately there is little information in
this area relating to younger age groups and particularly for girls below the
age of 18 years. Currently the American Alliance for Health, Physical Educa-
tion and Recreation lists no test of cardiorespiratory fitness for children
‘under 10 years. of ‘age (Krahenbuhl, Pangrazi, Burkett, Schneider and Petersen,
1977). Recently the British Columbié Physical Education Learning Assessment
(1979) showed that valid and reliable tests to measure cardiorespiratory
fitness were practically non-existent for young children, particularly young

females. There are few studies in this area and the results are contradictory.



‘More :information regarding this. problem-is.necessary.

<ﬁ; Statement of the Problem

The purpose of this étudy was to investigate:

1.

The validity of the 9:miﬁufe énd'lZ-minute timed runs and the
1600 metre distance fun as predictors of peak oxygen uptake

and therefore»as measures of cardiorespiratory fitness in girls
8 to 11 years of age.

The reliability of the 9 minute and 12 minute timed runs and the

1600 metre distance run as measures of cardiorespiratory endurance.

‘C. Hypotheses

1.

2.

The 9 minute and 12 minute timed runs and the 1600 metre distance

"run will be valid field measures of cardiorespiratory fitness in

girls 8 to 11 years of ége.
(a) the performance of girls 8 to 11 years of age on timed and
distance runs is related to beak oxygen:ubtake and is therefore
a predictor of peék<oxygen uptake,
(b) as the distance and time components of a run increase, the
relationship to peak‘oxygeh uptake also increses, therefore
(i) the 12 minute timed run will ﬁave the highest correlation
with peak. oxygen uptake (ml/kg. min) ;
:(ii) the l600-metfe'distance run will have the second highest
correlation with peak oxygen uptake (ml/kg. min);
(iii) the 9 minute timed yun will have the lowest correlation

with peak oxygen uptake (ml/kg. min).

Both timed and distance runs, Specifically the 9 minute, the 12

minute and the 1600 metre run, are reliable field meésures of

cardiorespiratory fitness in girls 8 to 11 years of age.



D Sub~Hypotheéis
1. Thé ébrrelation'betweenvtwo different timed or distance runs will

iﬁcrease'as‘thé‘runs become closer in the distance and the length

of time spent running, therefore

(é) tﬁe-lZ minute timed run and the 1660rmetre distance run will
‘have the highest correlation;

(b) the 1600 metre distance run and the 9 minute timed run will
have the second highest correlation;

(c)- the 12 minute and the 9 minute timed runs will have the lowest

correlation.

ﬁ, Limitations

1. The mdtiﬁation of the subjects to perform in each of the tests may
affect their scores;

2. Weather changes may affect the performances. of the subjects on any
one day;

3. The con&ition of the field where the run'is to be conducted may
affect the performance of the subjects; and

4. The ability of each-éubject to understand and practice the concept

of pacing may affect the scores.

F. Delimitations

1. This study is delimited to -8 .to 1l year old girls.
2. The subjects in this study are not representative of a random

sample.

¢ Definitions
1. Maximal Oxygen Uptake (max V02) ml/Kg.- min
This measuremént refers to the largest volume of oxygen uptake

possible as determined by the efficiency and capacity of the heart,
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lungs and the blood vessels (the cardiorespiratory system).
Maximal oxygen uptake isausually_expresséi in millilitres/
kilogram-minute (ml/kg—min);
Cardiorespiratory Fitness
This‘can be defined as the ability of the body to endure at a high
metabolic loading and is affected by.the efficienéy of the oxygen
transport system (the heart, the ‘lungs, the blood vessels) in sup-
plying oxygen and removing matabolites from the body's'cells. The
most suitable measure. of this_knoﬁn to date is maximal oxygen uptake
(ml/kg-min) .
Aerobic Working Capacity
The. word '"aerobic'" means "with_oxygen,"'therefore, aerobic working
capacity can be considered to reflect the cardiorespiratqry condition.
Peak Oxygen Uptake
Due to the controversy in determining if a subject has actually ob-
tained hié/her true maximal oxygen uﬁtake the investigator in the
present study has chosen to use peak oxygen uptake as the criterion
measure. |
Peak oxygen uptake will be defined as the highest oxygen uptake ob-
tained by the subject over the last two workloads of the treadmill
test.
Validity
The validity of a test may be defined as the accuracy with which the
test. measures that which it is used to measure, or as the degree to
which it approaches infallibility in measuring that which it purports

to measure (Safrit, 1973).

“A test is valid for a particular purpose or in a particular situation

- it is not generally valid.



There are different types of Vaiidity, however. in this study the

investigator was concerned with criterion-related validity.
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There are. two types.of criterion-related validity:

(a) Predictive validity
Predictive validity is the degree to which a criterion beha=
viour is predicted from predictor scores. A person's expected
future performance is. predicted from.a test and.the usefulness
of the test score is.judged against the criterion. "Predictors
are tests or variables that predict criterion behaviour
(Safrit, 1973).

(b) Concurrent Validity
Concurrent Validity involves the comparison of a given test
with another test that has an estaﬁlishedfvalidity but is
excessively time-consuming or costly to administer. The
proven test with an established validity could be the
criterion (Safrit, 1973)1

Criterion

A criterion is a standard of judging that which is a known and

accepted measure of whatever the author'wishes to test. The

criterion may be another test which has proven its wofth or it

may be some score determined subjectively such as that provided

by a rating (Saffit, 1973).

The criterion is the yardstick against which the test in question

is to be measured. Therefore it is important that the criterion

is appropriate.

Reliability

Reliability refers to the precision and consistency of a measure.
The reliability of a test refers to .the dependability of scores,
their relative freedom from errors.. It is the tendency toward
consistency exhibited by a given individual's repeated performance

of one behaviour.
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A test can be reliable without being valid, but a valid test
must also beireliable (safrit, 1973).

In this study the investigator will be concerned specifically

with test-retest reliability.

H. Justification of the Study

Measurement is an important,qomponent in any school program.
Measurements allow a teacher to evaluate the strengths and weaknesses of
individuals and groups and to formulate goals and programs that will meet
the needs for each individual.and for each group. Evaluation can help
inform teachers of beneficial changes that occur for each:student and
ultimately for society (Johnson and Nelson, 1974). Specifically cardio-
respiratory tests are important for:

1. assessing the status and improvement of‘students as they progress

through “a:physical education program;

2. screening students for possible cardiac and/or respiratory problems.

It is importdnt to note.that: this should not be considered as a
substitute for a medical examination; and

3. use as an educational learning experience for the students involved

in the_testihg.A'Cardiorespirétory.testé can bevery effective for
‘their motivational properties ' and for the information that is
‘derivéd from the body's reactons to exercise, specifically thé

circulatory, respiratory and thermoregulation systems.

If sigﬁificdﬁt»correlations are obtained between peak oxygen uptake
and the timed and distance runs the results of the present study will be a
positive step in the development of a valid field test to measure cardio-
respiratory fitness.in young girls 8 to 1l years of age.

In addition, the information and data. obtained from this thesis will



- 5b -
add to the scant body of knowledge presently existing regarding the

physiological capabilities of 8 to 11 ‘year old girls.
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Chapter II

REVIEW OF LITERATURE

A?:‘Rationale for Field Tests That Measure CardiorespiratorzrCapaéity

Canadians are becoming’awérE“of the iﬁportance'of being in good physical
condition. This attitude is reflected in the increasing number of partici-
pants in Young‘Men Christian Association‘(YMCA) and Young Women Christian
(YWCA) programs; embloyee fitness, community centre and individual jégging
programs.

In recent years, physical education programs have also reflected a
renewed interest in the development of physical fitness (Jackéon and Coleﬁan,
1976). Thésg:concerns shown byfthe public are due to aivétietyfoflréASons
including the popularity of Codper's.Aerobic Program (1968) ‘and ‘the growing
bddy,ofisciéntificﬁfésgérch'lihkiﬁg.é@@hranéé fitness to health andi -

:ﬁphjsiqldgicalﬁwel}fbéiﬁg;(Fox andekinner, 1964).

Health concerns such as coronary heart disease ére major issues con-
fronting the medical profession and society as a whole. More Canadians die
from heart disease than-all other causes combinéd (B.C. Heart Foundation,
excerpt from the Programmé for Fitness in the 80's, 1980). It is now
recognized that coronary heart disease, which resulté in arterialvdamage
long before the first oye;tsyﬁptoms appear, is méinly of pediatric origin
(Wilmore and‘McNamara, 1977; Krahenbuhl, fangrazi, Petersen, Burkett and
Schneider, 1978)...Severai of the risk factors for coronéry heart disease
“have been identified in adults and the incidence of these risk factors in
children has been studied (Drash, 1972; Friedman, 1972; Gilliam, Katch,
Thorland and Weltman, 1977; Kannel and Dawbef, 1972; Lauer, Conner, Leaverton,
Reiter and Clark, 1975). 1In fact, the prevalence of coronary heart disease
risk factors in children, 7 te 12 years of age, seems to bebquite high

(Krahenbuhl, Pangrazi, Petersen, Burkett and Schneider, 1978). According to
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Astrand and Redahl (197p9), the training and efficiency of the oxygen transport
system is particularly important as a risk réduction ﬁeasure fbr coronary
heaft disease (Krahenbuhl, Pangrazi,'Petersen,'Burkett and Schneider, 1978).

These renewed interests in health concerns have been instrumental in
the improvement of'measurgment procedures . to evaluaté physical‘fitness status.
Exercise 'physiologists agree.that-the best physiological measurement for
determining one'S‘cardibrespiratory‘endurance or aerobic power is ﬁaximal
oxygen uptake, that is, the maximal éapacity’of the-cardiorespifatory systém
to take-up, transport and give off qugen,to the tissues (Astrand and Rodahl,
19703 Mitchell, Spfoule and Chapman, 1958; Shephard, 1966; Taylor, Buskirk,
and Henschell, 1955). - “Somé-pebple still question the usé of this
measﬁrement*as‘a suitable indication of one's cardiorespiratory fitness: .
status (Cureton, Boileau; Lohman and Misner, 1978). Nevértheless, cardio-
respiratory endurance is widely gﬁéépt;g?ﬁ%ﬁé?Coﬁpénéntidflfiégéssié#d féi e
many people it is considered the most important (Getchell, Kirkendall and
‘Robbins, 1978).

There have béen several techniques developed for méé§uripg';maximal
oxygen uptake. i Most:of ﬁhé§£ ;féquife}Eip§ﬁ§i?éﬂaﬂ&ﬁtiﬁél;odgﬁming
laboratory procedures which are not feasible for mass tesfing in a public
‘situation. "Consequently, researchers have attempted to develop valid field

tests that can predict laboratory determined maximal oxygen consumption.

fB}\gTypes-of Fiéld Tésts

Génerally field tests to measure aerobic endurance have been either
step tests, timed or distance runs.

During World War II, Brouha (1943) developed the Harvard Step Test as
a field measure to predict maximal oxygen uptake in collegebaged men. This
test required a subject to'exercise.on a 20-inch bench at a cadence of 30

steps per minute for as long as possible, up to a maximum of 5 minutes. The
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post exercise pulse rate was recorded 3 timeé during recovery: from 1 to 1.5
minutes, ffom,Z t0'2.5 ﬁinuteé and froﬁl3uto 3;5 ﬁinutes. The sum of the
pulse counts in the three recovery periods and the time spent stepping
‘measured in seconds were applied to a formula from which the index of
physical efficiéncy was determinea;

Meyers (1969) repbrted reliability coefficients.of 0.77 for college
aged males and 0.65 for grade 8 males using the Harvard Step Test. Metz and
Alexander'(1970).investigated the relationship“between various physical
fitness-test'items‘andfma%im;l ﬁxygépvﬁp;éﬁé”ip-Boyé”lz £o 15 years o1d.’; ~
A correlgtion of 0.54 was.obtained betwegn the Harvard Step Test and maximal
oxygen uptake in.30 of the boys,'ageé 12 to 13\years; This correlation
decreased when the older boys, ages 14 to 15 years, were tested (r =0.42).
Both.of these correlations were significant.at the .05 level. Howe&er, a
multiple correlation' coefficient of 0.70 or larger (r2 =.,50 approximately)
was accepted as the.criterion‘for'the esﬁimation‘of maximal oxygen uptake.:
This criterion was decided.upon by the investigators so that no more than
approximately 50% of the variability would be unaccoﬁnted for. Consequently,
since the regression:eqﬁations for'estimating‘ﬁaximal.oxygen uptake:. from the
Harvard- Step Testjscbre’produced multiple correlation coefiiciénts of 0.54
and 0.42, the Harvard Step Test was considered inadequate for estimating
maximal-oxygéﬁ'uPtaké;i

The‘Harvard Step Test was generally criticized for.its strenuousness:

'resultiné in' fatigue and cramﬁs in the .large leg muscles. As a result of
this criticism, the Harvard Step'Test was modified in. 1969 (Kurugz, Fox and
Matthews, 1969) and renamed the Ohio State University (OSU) Step Test. This
test utilized_a split level bench with step heights.of ‘15 and 20 inches,
along with a handbar, The test consisted of three phases with six innings

in each. An inning consisted of 30 seconds of stepping and a 20 second rest
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period during which a lO'éecond_pulse count waé'taken between.the 5 to 15th
second. ©Each of the three phases had a different Workloéd: phase one - 6
innings at 24 stepslper minute on 'a 15 inch bench; phase two - 6 innings at
30 steps per minute on a 15 inch bench; phase three - 6.innings at 30 steps
per minute on a 20 inch bench. The-test.terminafed at tﬁe.end of the 18th
inning (phase three) or wheneVer'the'pulse‘réte féached 150 beats per
minute} This test was developed for men between the ages of 18 and 60 years.
A validity’coefficient‘of 0.94 was obtained with the Balke Treadmill Test as
the criterion measure.  The test-retest reliability;coefficient was 0.94..

‘Cdttenf(197l) modified the Ohio State University (OSﬁ) Step Test‘
further to make it applicable for high school physical education students.
This test was désigned to be given on bleacher steps which are usuélly 17
inches high.- Tﬁe test procedures are_ideﬁtical.to theﬁdSU;Stéb Test except
a 17 inch step was used, no héndbar was required and the stepping cadence in
Phase three was 36 steps.per minute. Cétten (1971) reported a validity
coefficieﬁt of 0484 with the Balke Treadmill Test, using male students in
grades 9 to 12. The test-retest relaibility coéfficients were 0.95 for male
.physical‘education majors.and 0§75 for malé high school students, grades 9
to>12. |

Witten (1973) developed a step test for college females between the
'ages-of 18 to 22 yeafs. “The teét consisted of stepping for 30 seconds
followed by a 20 second rest at.a cadence of 24 steps per minute on a 14 inch
étep and progressing to a‘cadeﬁce of .30 steps'per minute on a 17 inch bench.
Thé test was scored by counting the number of innings required to raise the
heart rate toilég;beats per minute. A validity coefficient of 0.85 was
obtained when the test.was correlated to the Balke Treadmill Test,

Martens (1978) compared'four different field tests to measure cardio-
“vascular fitneés in cﬁildren; grades 4 to 6. The four tests, the one.miie

run, the 9 minute run, Physical Work Capacity with the heart rate at 170
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beats per-minute and the Action B,C, Children's Aerobic Step Test, weré‘inter,
correlated for the total group of subjects and then intercorrelated separately
for both the bpysiand the.girls? The correlation between the 9 minute run and -
the 1 mile run was significant. (r =—O.8345ﬁat the 0.001 level. The correlation
between the step test and the mile run was significant (r =0.377) at the ,05
level. However, this correlation was not high enough for predictive purposes
" because it left approximately 80% of the Vériability unaccounted for. The
other correlations between.the four tests were not significant. Although the
four field tests were not validated with maximal oxygen uptake,. Martens (1978)
concluded that since the 9 minute run had beeh shown in previous studies to be
a valid cardiovascular test for .this age group, both the 9 minute run and the
1 mile run (cbrrelation-with the 9 minute run, r =0.834) were valid cardio-
vascular tests for elementary school children. Martens (1978) stated further
that both the Physical Work: Capacity (PWC-170) and the Action B.C. Step Test
were not valid or 'reliable cardiovascular tests forrelementary school children
when the 9 minute run was used :as the criterion of cardiovascular fitness.

From the data presented it appears that results from the Harvard Step
" Test and modifications of it become less reliable and less consistent as the
ages of the subjects decrease. The sources of error and inconsistency appear
to exist mainly.in the counting of pulses and the inability of the subjects
to maintain the cadence and.proﬁer stepping action. Due to the limited number
of subjecté that can participate at one time (equipment) and the number of
assistants needed to ensure proper technique and pulse counting, the step test
does not appear to be -the most.efficient field test to measure cardio-
respiratory endurance in a mass testing situation. Also the-data available
using this type of .test.on young children, especially-young:girls, is non-
existent.

Since Balke's work in 1963, walk-run tests for distance have been the

field tests most often recommended (Jackson and Coleman, 1976).
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“Balke (1963) reported the existence‘df a linear relationship between
running velocities and'oxygen.réquirements when expressed per unit of body
- weight. The oxygen cost of running speeds has compared 'well with maximal
-oxygen uptake values when fhe:distance-runs were 10 to 20 minutes in
duration.- ThiS'relationship-was reinforced by findings in further studies
which involved prolonged running (over 10 minutes) and resulted in high
correlations with maximal oxygen uptake. Cooper (1968) reported a correlation
of r=0.897 between a 12 minute distance run and maximal oxygen uptaké in
males ages 17 to.52 years. Using a rank order correlation, Doolittle and
Bigbee (1968) obtained a correlation of r =0.90 for nine grade.9 boys using
‘the 12 minute run. Burke (1976) reported a similaf correlation of r =0.90
between the 12 minute run and maximal oXygen'uptake_for'males, ages 17 to
30 years. Gregory (1970) obtained a correlation of r =0.66 for collegekage
males when comparing the 12 minute run to maximal oxygen uptake,

Kearney and Byrnes (1974) investigated the relatignship between
runningﬁgérfdiméﬁCe?andjpredicted”maximal oxygen uptake in male physical
education.majors. Correlation. coefficients were obtained for three different
.distance rﬁnS'including a correlation of r=0.30 for a half mile run and a
correlation of r =-0.59 for a 1 mile run and a correlation of r =0.64 for a
12 minute run.

"Katch (1970, 1972) conducted two different studies dealing with the
relationship between running performance and maximal oxygen.uptake. In the'
first study (1970), a comparison between the 12 minute run and maximal
oxygen uptake was investigated in’collegelageiﬁales, fesulting in a -
correlation of r =0.54. 1In the second study (1972), using the same age
group, a comparison between a 2 mile run and maximal oxygen uptake revealed

“a correlation of r =0,55. Wiley and Shaver'(l972)vc0nducted‘a similar study
reporting correlations of r =-0.43 and r =-0.47 between maximal oxygen

uptake and 2 and .3 mile runs, respectively, in college men.
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- "Ribisl and'Kachédorian1(1969) obtained correlations fo r =-0.79
betwéen<maximal'oxygen uptake.and a 1 mile run ‘and r.=;0.85 between
maximal oxygen uptake and a 2 mile rnn in college males; A correlation of
r =~0.86 was reported betweén'maximal oxygen uptake and a 2 mile run when
using'middle-age“men as subjects.

The correlations reported in the Ribisl and Kachadorian (1969) study
were higher -than. the correlations obtained'by Wiley and Shaver (1972). For
~a 2 mile run, Wiley and Shaver (1972) reported r =-0.43 compared to a
correlation of r =-0.85 reporfed by Ribisl and Kachadorian (1969) for the
same .age group. The Wiley and Shaver (1972) study used untrained men as
subjects whereas Ribisl and’Kachadorian (1969) used trained, conditioned
men who were experienCed'in long .distance running. A close relationship has
been: shown betweenhmaximal'oxygen uptake and performance in endurance
" running events for trnined athletes (Costill, Thomason and Roberts, 1973).
Daniels (1974) supported these findings for runners and Foster‘and Daniels

(1975) noted similar relationships among trained cyclists.

‘C. The Validity of Short Distance versus. lLong Distance Running Tests

" The shorter distance runs.such as the 600 yard»walk—run test used by
the American Association of Health, Physical Educaton and Recreation
(AAHPER) , exhibit significant correlations with maximal oxygen uptake, but
have: a relatively low vaiidity coefficient when compared to the longer
running events. Falls, Ismail and MacLeod (1966) and Olree, Stevens, Nelson,
Agnevik and Clark,(1965) have investigated:. the validity of estimatingimaximal
oxygen uptake from the AAHPER Youth Fitness Test items.. The correlation
coefficients obtained for predicting maxinal oxygen uptake from the 600 yard
run times were r =0.64 (Falls, Ismail and MacLeod, 1966). and r =0.53 (Olree,
Stevens, ‘Nelson,. Agnevik and Clark, 1965).‘ Vodak and Wilmore (1974) studied

the validity of a 6 minute jog-walk and the 600 yard run-walk in estimating
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endurance -capacity in boys 9 to 12 years of age. The correlation

coefficient obtained for the 600 yard run time and maximal oxygen uptake was

r =0.50 while a correlation of r =0.49 was reported for the 6 minute jog-walk.
Doolittle and Bigbee (1968) reported a correlation. of r =0.62 between the

600 yard run and maximal oxygen-uptéke for adolescent boys. A correlation of
r =0.66 was obtained for 12 and 13 year old children while a correlation of
r=0.27 was obtained for the older 14 and 15 year old children.

The results from these studies suggest that test runs of a short
“duration (such as the 600 yard run) measure aerobic capacity to some extent,
but other factors such asithe running speed and géneral athletic skill are
also measured. in this type of test (Getchell, Kirkendall and Robbins, 1978).
‘In addition, some factor analytic studies by Disch, Frankiewicz and Jackson
(1975) and Jackson and Coleman -(1976) have iliustrated that runs of 800
metres or 6'minu£es and less in duration clustér with tests of running speed
and running endurance. Distance runs of at least one mile and.runs lasting
for more than 9 minutes were found. to form a distance run factor (Morrow,
Jackson and Bell, 1978). These. results indicate fhat a common source of
variation underlies measures of long distance running which is different
from short distance. rums.

Jackson and Coleman (1976) examined the construct validity, that is,
the variance structure of various distance run tests (50 yérd, 3 minuté,

6 minute, 9 minute and. 12 minute runs) using alpha' factor analysis and
canopiééi‘factor»analysis followed by a varimax rotation to an orthogonal
solution. Both the alpha and canenical’ factor analysis supportgd the use
of 9 and'lZ.minute_runS‘as field.tests for elementary school boys and girls.
One factor was recoveredbwith the 50 yard run and the 3 minute run and a
second factor was isolated with the 9 and 12 minute runs. The 6 minute run
was complex and exhibited substantial loadings on both factors. Concurrent

"validity of the 9 and 12 minute runs was estimated using maximal oxygen
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uptake as the ‘criteria. The study concluded ﬁhat both. the 9 and 12 minute
-run'testsﬁﬁere significantly correlated.with maximal oxygen: uptake. However,
running the additional 3 minutes in the 12 minute. run test did not signifi-
cantly improve the concurrent. validity. Consequently, the data supported
the use of a 9 minute 'run test. with elementary school boys and girls. This
study also indicated that distance runs provided a reliable factor to measure
distance running ability.
Martens (1978) study, as mentioned earlier, compared four different
field tests to measure cardiovascular fitness in children, grades 4 to 6.
The results of the study concluded that both the 9 minute run and the one
mile run were valid-cardiovascular tests for elementary school children.
Krahenbuhl, Pangrazi, Petersen,: Burkett and Schneider.(1978) studied
field testing of.cardiofespiratory fitnéss in primary school children and
‘concluded'that“theﬂfelationship:of maximal oxygen uptake with performance
on a timed run improved as the. distance of the fun increased for bofh males
and females. The 1200 metre and the 1600 metre distance runs were found to

be significantly related to maximal. oxygen uptake.

fDi_;FactorsfAffgcti@ngunning Performanceﬂ

Aerobic working capacity has.béen shown to increase with age up to
'approximatély 20 years: (Astrand, 19769. Since:distance running performance
is known to be correlated with derobic working capacity ;-,:one‘wbuld=.:g3¢_{3;ect to find
improvements in running ability as a function of age. Gilliam, Sady, Thor-
land and Weltman (1978) found that as chronological age increases from 6 to
13 years,  children have 'a greater ability to consume more oxygen. These
differences among age groups do not exist when body weight is taken into
consideration. Astrand. (1976) reported a significant increase in peak
oxygen consumption (ml/Kg B.W.) from ages 6 to 8 years for both sexes and

a levelling off from ages 8 to 14 for boys and a decrease. for girls.
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During puberty, boys, due to an increase in tﬁe ievel of testosterone in
the blodd, tend to increase the. proportion. of muscle to fat, while girls,
due to an increase. in tﬁe levels of estrogen and progesterone in the blood,
‘tend to increase the proportion of fat to muscle.. Fat is metabolically

~ inert and noncontributory during heavy work compared to muscle which is
metabolically active and contributory during heavy work. Consequently, a
higher proportion of muscle/fat would result in a higher metabolic rate and
oxygen use. Peak oxygen consumption appears to develop proportionally to
the development of body mass.

Cureton, Boileau, Lohman and Misner (1978) conclude that low maximal
oxygen uptake (ml/Kg B.W.-min) and poor distance running performanée due t§
excess body fat was not necessarily indicative.of poor cardiovascular
respiratory function due to inactivity or pathology. Cardiorespiratory
capacity was only one important determinant of distance running performance
and variations in the ability to run fast,Abody fatness and body size were
other impertant determinants in ‘distance running tests. Cureton, Boileau,
Lohman and Misner -(1978) suggestéd  that it Wés important to distinguish
between 'the metabolic influence of per cent. fat on prolonged running per-
formance (which influence is primarily to increase the energy cost of
running at a'giveh speed) and the cardiorespiratory capacity (as indiéated
by the aerobic capacity expressed relative to the appropriate reference
‘standard of active muscle mass) because the two have different interpre-
tations.

Morrow, Jacksen and Bell (1978) reported that distance run performance
did not improve consistently:with age. The 12 minute run performance for
girls showed- that the decrease in performance as a‘function.of age could be
due to Body-composition, As the girls were getting older their body mass

index (BMI) was increasing, which suggests that they were gaining higher
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amounts of fat weight in proportion to total weight. (The BMI is‘a measure
of relative weight and‘hés been. found to have a high correlation with weight
and adiposity; but. a low correlation with height.) This apparent change in
body composition appeared to be responsible for the decreased running per-
formance and‘suggeétS'that the physical fitness level of the girls was‘

decreasing.

E;‘;Research'CopductediQﬁﬂYoung-Female Children

Due to the sparsity of data . on young cﬁildrén many public schools have
generalized  the findings obtained.from.research: on adult populations to
elementary school age'bopulations.s-Thié‘préctise of generalizing results
violates“the basic principles of. reliability and validity. Tests that are
valid and.reliéﬁiékfor one populaton may or may not be valid and relaible
v for‘other-populations (Jackson;.and :Coleman, 1976).

The American Alliance for Healfh, Physical. Education and Recreafion
(Hunsicker and. Reiff, 1976)ucurrently lists no test pf cardiorespiratory
fitness for children under 10:years of age. Since coronary heart disease
risk factors commonly appear in childhood it would be desirable to develop
a test of cardiorespiratory fitness for childreﬁ.

éince children develop and mature at different rates during the
growing years it is extremely important that studies are conducté& with
specific age and sex groups. As mentioned earlier, the physical work
‘capacity of children has been ‘reported. to increase significantly (as much
as eight times) from ages 6 through 13 (Gilliam, Sady, Thorland .and Weltman,
1978; Adams, 1973). Consequently, data from a slightly oldér group may
not adequately represent the younger‘groups of children.

The few studies that have been conducted on young children suggest
‘that reliable measurements of both disfance run performance (Jackson énd

‘Coleman, 1976; Krahenbuhl, Pangrazi, Burkett, Schneider and Petersen, 1977;
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Krahenbuhl, Pangrazi, Petersen, Burkett and Schneider, 1978) ana maximal
oxygen uptake (Cunningham, MacFarlane Van Waterschoot? Paterson, Lefcoe and
Sangal, 1977; Wilmore and Sigerseth, 1967) are possible. ' Furthermore,
previous studies have shown that. the results of distance run tests provide
a useful index of relatiVe'cardiorespiratory,fitness:if the éubjects'
‘experience and skill are similar (Krahenbuhl, Pangrazi, Petersen, Burkett
“and Schneider, 1978; Cumming, 1971; Gutin, Fogle and Steward, 1976; Metz

and Alexander, 1970).
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Chapter III

METHODS . AND PROCEDURES

A. Introduction

The data for this study were collected at two different schools over
a two year period. - To clarify the descriptions of the subjecté the section
entitled 'Subjects' will be divided.in two parts.

The methods and procedures for both groups of subjects were identical,
therefore.the description will be stated once.

B. Procedures
1. Subjects

(a) Group I
Forty subjects in grades 4 and 5 who were between the ages of 8
to 11 years at Croftoanousetschéol, Vancou?er, British Columbia,
were asked to participate in this study during May, 1979.

(b) Group II
Twenty subjects in grades 3,4 and 5 who were between the ages of
8 to 11 years: at St. Patrick's'Elementary'School, Vancouver,
British éolumbia, were asked to participate in this study during
April, 1980.

The initial contact for the study was done by“personal'appearance, fol-
lowed by a letter and a consent form to the parents of the children who wished
to participate in the study. Parental consent and medical clearance were ob-
tained for all subjects. Each subject was informed verbally of the exact
nature of the tasks she was expected to .perform, i.e., a 9 minute, a 12‘minute,
and a 1600 metre :run, a maximal oxygen .uptake treadmill“testvalong'with
measures of height, weight and bddy fat assessment.i

2. Testing Procedures

The testing procedures will be divided into two stages.
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(a) Stage 1
All of the testing in this stage was conducted at the two
schools, Crofton House and St. Patrick's Elementary School.

During the two weeks‘prior to the actual testing, the subjécts
practised running for approximately 10 minutes at the beginning of four
physiéal education-classés. The concept of pacing was'explained to the
children before each practise run. A pacer ran with the children and
emphasized "the. concept of -paced running.

The field test runs were conducted in the two week peridd following

“the two weeks{;lpractise runs. The subjects were tested on three distance
" runs including'9,minutes,ﬁlZ'minutes,.and 1600 metre runs. All of the runs
were conducted during school hours. and, where possible, in:physical education
classes.
At the end of the two week testing period, one physical education
"claSS'QaS'devoted to retesting the students from Crofton House in the 9

minute, the 12 minute and the 1600 metre distance runs.

(b).Stage 2
All of the testing'in this stage was conducted at the J.M. Buchanan
Fitness and Research Centre, University of British Columbia. Each student
attended one testing session lasting approximately one hour. Four measures
were obtained at this time; peak oxygen uptake, height, weight and body fat

assessment.

3. Testing Protocols
As stated in the review of literature, the use of step tests with
children has not been very successful, therefore in this study timed and
distance runs were chosen as fieldbtests..
The 12 minute.timed run was chosen because Balke (1963) originally

reported ‘that a run lasting 12 to 15 minutes was needed to tax the cardi-
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respiratory system to indicate how these body systems reached and adjusted
to being placed under a metabolic Qorklbad. Distance runs of a shofter
“length were thought torely too. heavily on running ability and skill rather
than the ability of thé.oxygen transport system to do work.

‘Further researchisby Cooper (1968) in this area has sﬁown‘the 12 minute
run to be a suitable length as.-a field test for adults.

The 9 minutevtimed.run.and the. 1600 metre distance run-have been used
‘recently ih studies for elementary and high school ‘age boys. Reasbnably high
correlations have been -reported between ‘these runs and maximal oxygen uptake
'(ml/kg-min);

In viéw of the above information, three runs were chosen as field tests:
‘the 9 minute timed run, the 12 minute :timed run and the 1600 metre distance
run.

(a2) 'Tiémed Distance Runs
Each student. performed:. distance runs of 9 minutes, 12 minutes,
and 1600 metres. The distance runs were performed on a two hundred metre grass
track marked off in five metre gradations by orange parking cones. All of the

runs were started and finished with the blow of a whistle.
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- The subjects “were divided by grades initially and then-each grade was
divided into two groups, with 10 subjects in each. The order of
admiriistration of the running*tests‘Were randomly‘assigned'to each of the
groups. One group ran a; a time While the other group acted as spectators.
Each subject was identified>by a éoloured'nﬁmbered’bib. There was one iap
counter/timerwforuevery thfee subjects. Verbal encouragement was given to
each subject by both the lap counters and the classmates who were in the
spectator group. . The distance covered in both the 9 minute and the 12 - in
minute runs were recorded. to the nearest metre. The time for the 1600 metre
run was reéonded to the nearest second.

“(b) Retestingvthe Distance Runs
_';iQ‘Group I: Crofﬁon House School
| Fifteén Grade 4 and fifteen Grade 5 girls were randomly
"selected to bg‘retested_on'the three distance runs. The fifteen girls in
each grade‘were:divided'into three groups'of five girls each. Each group
"was retested pn one of the distance runs. This‘gave a total of ten retest
scores on each.of the three disfance runs.
'iﬁ)'Group ITI: St. Patrick's Elementary School
.It was deemed not necessary to retest the subjects due to
the small number of subjects. |
"(¢) Peak Oxygen Uptake
Prior”fo the actual treadmill test, the subjects practised
‘getting on and off the treadmill, as well as walking and running at various
speeds and grades on the treadmill. Each subject was given two practises of
approximately five to ten minutes each.
The exercise test consisted of a three minute warm+up'walking at zero
‘per cent grade, followed by a two minute rest. The subject then ran at 4.5

m.p.h. at three per cent grade. Throughout the test the speed was held
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‘constant’ with -three per cent grade increments every three minutes until
voluntary fatigue. |

Prior to the warm-up, the subjéct~was connected to a Cardioguard
4000 Electrocardiogram machine. Three electrodes were attached to the
subjects' skin at three different locations:

i), right midaxillary line at the level of the fith intercostal;

fi) directly over the manubrium; and

i{i)‘left’midaxillary line over a rib.

These electrodes were plugged into the Electrocardiogram (ECG) via a belt
worn around'the-éﬁbject'S'ﬁaist. A resting ECG wés obtained while the
subject was verbally informed of the exact procedure of the test.

The warm=up for the éxercise"test.consisted of walking at 3.5 m.p.h.
on the treadmill at zero per cent. grade for three minutes. During this
time the heart rate was recorded and“the.ECthracing monitored. Following
the warm-up, -the subject was given a two- minute rest while the breathing
apparatus was connected. The tubing that collected the exhaled air was fed
into a Beckman.Metabolic'MeasuremehtﬁCart which analyzed the per cent
oxygen, per cent carbon dioxide, and ox&gen uptake in millilitres. 'This
information was simultaneéusly'fedvinto a computer which tabulated the
results every fifteen seconds throughout the exercise test, coordinating the
time, the speed of the treadmill, the grade of the treadmill, thé heart rate,
the volume of oxygen, the volume of carbon dioxide, oxygen pulse, respiratory
quotient, ventilation rate, per cent oxygen and per cent carbon dioxide.

After the rest period, the grade of the treadmill wés increased to
three per cent. and the‘subject started walking on the'tréadmill. Gradually
the speed was increased to four'and‘one—hélf (4.5) m.p.h. at which point the
time,@loéﬁ'started.' Throughout the rest of the test the speed was held

constant ‘with ‘three per cent grade increments every three minutes until .
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voluntary_fatigue.‘:Since fhe subjects were éxercisingvto exhapstion, the
peak oxygen.uptake was taken to be the maximal oxygen uptake. Other
criteria such as the respiratory- quotient approaching a value of 1.0, a
plateau in both the axygen uptake and the heart réte were also used to
decide if the subject had in fact.feached maximal oxygen ﬁptake (Cunningﬁam,
MacFarlane Van Waterschoot, Paterson, Lefcoe and Sangal, 1977).
(d) Anthropometric Measufes

The height measures were taken to the nearest centimetre and
the weight measures were taken to the nearest 0.5 kilogram on a Detecto
Weight Scale. The body. fat measures were.taken at four body sites, the
biceps, the.tricepézi‘subscapular=and.suprailiac. These measures were then

substituted inte a formula derived by Durnin and Rahaman (1967). The

skinfold calipers were'manufactured’by Harpenden.

€. Statistical Analysis .and-Research Design

1. Validity

The BMD P2R Computer Program was used to determine the degree of
relationship between the seven independent variables and the criterion or
dependent variable tested in this study. The seven independent variables
included age, height, weight, percentage body fat, 9 minute run, the 12
minute run and the 1600 metre run. Peak oxygen uptake (ml/kg-min) was chosen
as the dependent, criterion measure. |

The méans and standard deviations of the variables were calculated. A
zero order correlation matrix was obtained to investigate the interrelation-
ship between all the variables when no variables were held coﬁstant. The
data was also entered into both forward and backward stepwise multiple
‘linear regression analyses,to;select,thg variables and. subsequent regression
equations that provided the optimal prediction of peak oxygen'ﬁptake. Partial

correlations of the variables were obtained through this process.
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To determine the signifiéance of the correlations the null hypothesis
was applied.. In applying the null hypothesis,'the’amount of correlation
needed for rejection at a given level of significance was determined. 1In
this case ‘the null hypothesis stated thét the population n is in fact zero,
and any correlation"obtained was due to sampling error. ‘A table was used
to obtain r values‘needed‘to‘reject the null hypothesis at the .05 and .01
levels of significance. The sample size was veryrimportant in the
significance of correlation coefficients; the smaller the sample size (and
therefore the degrees of freedom),‘the higher the correiation must be for
‘it to be significant at the ;05 and .01 levels. Consequently, any dis-
cussion of correlation coefficients as being high or low are meaningless
without reference to the correlation needed'for the number of subjects
which the correlation'waS'Basedron, (Clarkergnd Clarke, 1970, p. 230).

Tabie I shows the required r values when n=20 and df =18, to reach

'significance at the .05 level and the .01 level.

Table I

‘to Reach Significance 'at the .05 and .01 Levels

Degress of Freedom Levels of Significance
(n-2) .05 .01
18 | 444 ' .561
n =20

Taken from: Clarke and Clarke, p. 231, Table 19.

2. Reliability

The SIMCORT Computer Program (U.B.C.) was used to determine the
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test~-retest reliability correlation cdefficients*(r)‘bétween Trial 1 and
Trial 2 on each of the timed and distance runs; the 9 minute, the 12 minute
and the 1600 metre run. In adaition, the reproducibility of the mean scores
of the 9 minufe, 12 minute and 1600 metre runs achieved in Trial lnand Trial
2 were determined by a two tailed t test for correlated means.

Table 2 shows the value r must-be when n.=10 and degrees 6f freedom

il

8 to reach significance at the .05 and .01 levels.

Table 3 shows the value t must be when n =10 and degrees of freedom

9 to reach significance at the .05 and .01 levels.

Table 2

Required Correlation Coefficients

at ‘the .05 and .01 Levels of Significance

S

Degrees of Freedoﬁ Levels of Significance
(n-2) . . .05 .01
8 .632 .765
n =10
Table 3

Required t Values to. Reach Significance

at the .05 and .01 Levels

Degrees of Freedom Levels of Significance
(n-1) .05 .01
9 2.26 3.25
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Chapperfiﬁ

. RESULTS AND DISCUSSION.

Thé purpose of this study was twofold:
1. to determine the.degree of validity of timed and distance runs, the
9 minute, the 12 minute and the 1600 metre runs; és:predictors of
peak oxygen uptake as determined.by a maximal-treadmill test;

2. to determine the test-retest. reliability of the three distance runms.

A, Descriptive Data

Sixty female subjects enrolled at Crofton House School and St. Patrick's
-Elementary School in Vancouver, British Columbia, participated in the study.
All of. the subjeéts.were enrolled in grades four, five and six at the two
schools. The data was collected over é 1 year perioa from May 1979 to
June 1980.

Forty of the sixty. subjects were from Crofton House:School -and fourteen
of these subjects (35%) completed all the tests.. The remaining twenty
subjects.were from St., Patrick's Elementary School and seven of these
subjects  (35%) completed'allithe,tests giving a total.of.twent?—bne subjects
with complete data.. Three-quarters of the subjects with incoﬁplete data
(n =29) did not receive parental consent for the maximal oxygen uptake
testing and one-quarter of the subjects (n =10) were unable to attend some
of the field testing sessions due to various reasons.

The"basic descriptive data for the subjects with complete data is
summérized;in Table 4. |

The age range of the subjects varied from-eight to eleven yéars with
‘an average age of ten years. The mean’weight.of the subjects was 34.5
kilograms.with an average of 24 per cent or 8.35 kilograms'of body fat.

The subjects ranged from 18.3 to 33.4 percentage body fat and from 27.0 to

49.2 kilograms .of body weight.



- 26 -

B. Results
1. Validity
 As seen in the correlation matrix there was a significant
correlation between age and weight (r =.44, p <0.05), age and height (r =.60,.
p <0.01), weight and height (r =.69, p <0.01) and: weight and percentage
~ body fat (r=,78. p<0.01).

The average value for peak oxygen&uptake‘waé31;64§911]mi§; with
values' ranging from'J;446~to 1.8195 1/min.. .The priﬁéria used in—'
determining peak oxygen uptake included heart rate, ventilation, respiratory
quotient and,the presence of a plateau. in oxygen_uptake.vélues over the last
two workloads of the treadmill test. It should be noted that peak oxygen
uptake was chosen as the criterion variable rather than maximal oxygen
uptaké. Therefofe the highest oxygen uptake value obtained by the subject
in additon to the other criteria mentioned earlier, was.chosen as the peak
oxygen uptake. The mean heart raté, respiratory quotient and ventilation
values attained at peak oxygen uptake were 203 beaté per minute, 0.89 and
58.16 1/min (BTPS), respectively.

The- average distance run in the49‘minute run was 1598 metres, with a
range from 1290 to 1945 metres. In the 12 minute run the average distance
covered was. 2022.8 metres with a range from 1650 to 2566 metres. The
amount of time:taken t§ run ‘the 1600 metres ranged from 424 seconds or 7
minutes and 6 seconds to.754 seconds or 12 minutes and 56 seconds with a
mean time of 565.86 seconds or 9 minutes and 43 seconds.

"The higheét correlation was found between the 9 minute run and‘peak
oxygen uptake (ml/kg-min), r =.82. This was followed by percentage body fat
and peak oxygénmuptake'(ml/kg—min), r=-.79, the 1600 metre run and peak
oxygen uptake ‘(ml/kg-min), r =-.75 and finally. the 12 minute runm and peak

oxygen uptake (ml/kg-min), r =.73.
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Table 4

.Descriptive Data.of the Subjects (n =21)

Variable Mean Diii;i?gg
Age (months) . 121.86 7.11
Age (years) | 10.1 - .60
Height (cm) . . 138.91 6.09
Weight (kg) 34.54 | 6.37
Percentage Body Fat. » 24.23 4.38
Peak VO, (ml'kg  'min ') 48.58 7.86
Peak ¥0, (1'min ") 1.6499 - 0.2505
Hégg;‘Ra;e;ﬁb?mvét peak V0,)" 203 |
RQ (at peak VOZ) ' 0.89
R.E.R. ' : 0.93
vy (BTPS)(1 min"1) - 58.16
'9.minute run (metres) 1598.1 188.1
12 minute run (metreé) 2022.8 264.8
1600 metre run (seconds) - 565.86 857
1600 metre run (minutes) 9 min. 43 sec. ' 1.43

The intercorrelations beﬁween the three timed/distance runs were
significantly high with thé 9 minute run and the 1600 metre run exhibiting
the highest relationship, r =-.90, accounting for 81% of the variance. The
1600 metre run and the 12 minute run ranked second with a correlation of
r =-,87, accounting for 79% of the variance. The lowest intercorrelation
was between the 9 minute run and the 12 minute run with r =.79, accounting

for 697 of the variance.



Table 5

Correlation Matrix

Variables Age Weight .ﬁeight %ZBody Fat VQz(ml) 9 min 12 min 1600 V02(1iters)
Age - . 1.000 | |
Weight 0.4384 1.000
Height o;6pi%?§ dl693ébé 1.000
% Body Fat  0.0665- -0.7765° " 0.1819°  1.000
vo, (ml) + 0.0850  -0.6116" -0.1500 -0.7934°  1.000

9 minute 0.0505 «  <0.5495% -0.1164" =0.7702°° 0.8179°  1.000

12 minute  -0.1891. =0.5079%+ 0.0734 " <0.7540° " . 0.7307°  0.7877°°  1.000
1600 metre =0.2239" :40.4670% -0.0084  +40:7431% --0.7465° -20.8953> =0.8696°7 ~1:000

VO, (liters) - 0.5347% - 0.5347% 70,5988 '=0.0055. . 0.4264  ° 0.2726 0.1877 .- =0.2513 ~ /000 "

“a TSignificant at the .05 level:

- b Significant at the .0l level
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The correlations between percéntage-body fat. and the three timed/
distance runs were significant but not as high as the intercorrelations
“between the three timed/distance runs. The correlation between the 9 minute -
run and percentage body fat was r =—(?i'followed by the 12 minute'run with
a correlation of r =-.75 and finally the 1600 metre run with a correlation
of r=.74.

Body weight was also. significantly intercorrelated with the three
timed/distance runs. The intercorrelation between body weight and the 9
minute run was the highest with r =-.55, foliowed by body weight and the 12
minute run with a correlation of r =-.51 and bodybweight and the 1600 metre
run with- a correlation of r =.47.

Age and height were not significantly intercorrelated with any of the
‘three timed/distance rums.

In addition ‘to the descriptiye data and the corfelation matrix, the
data was:also entered into both forward.and backward stepwise multiple linear
regression analyses to select the independent variables that provided the
best prediction of peak oxygen uptake.

In the stepwise reéression analysis the independent variables were
entered one. at a time to'formulaté regression equations. to predict péak oxygen
uptaké (ml'kg_l'min—li.

The '9 minute run was entered first and a regression equation was
developed producing a standard error éf estimate in predicting peak oxygen
uptake equal to 4.648 ml/kg°min. Thé multiple correlation for this regression
equation utilizing one variable was R=0.8179 which accounts for 66.97 of the
variance. Table 6 lists these values aa well as an adjusted R2 that
considers the number of subjects and variables used in the derivation of the
regres;ion eduation; The adjusted R2 is slightly lower than the-R2 (Adjusted

R =0.6506; R> =0.6690).
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Table 6
Regression Equation to Predict Peak Oxygen'Uptake‘(ml'kg—l'min_l)

Step Variables Multiple R - Multiple R? Adjusted'R2 Standard

Error of

Estimate
1 9 minute timed run - 0.8179 - 0.6690 - 0.6506 4.6480
2 Percentage body fat . 0.8571 0.7347 .0.7035 4.2822
3 Age ' 0.8616. 0.7423 0.6940 4.3500
4 - Body weight 0.8683 0.7539. - 0.6882 4.3908
5 1600 metre distance run 0.8706 0.7580 0.6715 4.5071
6 Height 0.8730 0.7621 0.6522 4.6374
7 12. minute timed run 0.8738 0.7634 0.6255 4.8126

Peak Oxygen Uptake = 0.02287 (9 minute run) -0.71217 (Percent Body Fat)
+ 29.78812

Table 7

Partial Correlationms. of Independent Variables

With 9 Minute Run  Removed With 9 Minute Run and Per Cent
Body Fat Removed

‘Variable - - - Correlation - Variable © Correlation
Age 0.07614 Age 0.16966
‘Weight, —0.33732 - Weight -0.06275
Height -0.09579 Height -0.01160
Pércent Body Fat  -0.44535 12 minute run 0.09265
12 minute run 0.24385 1600 metre run 0.03250

1600 metre run -0.05538
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With the 9 minute run removed, or held constant, the partial
correlations .of the remaining variables.changed. The 12 minute run and the
1600 metre run exhibited partial correlations of r =0.2438 and r =-0.0553
respectively. (Table 7). These correlations were low -and ﬁot significantly
different from zero.. These findings indicate that the variances of the
12 minute run and the 1600 metre run. that were not in common with the 9 minute
run, were not significantly related to peak oxygen. uptake.

In stepitwo-of the stepwise regression .analysis the variable percehtage
body fat wés added. Percentage body fat as seen in Table 7 showed a partial
correlation of r =-0.44535 accéunting for 22% of the variance that was not in
commbn with the 9 minute run bpt was significantly related to peak oxygen
uptake. ‘The addition of percentage body fat to the equation increases the
multiple correlaton to R=0.8571. Both the values4f6ER? an& the adjusted R2
increase as seen .in Table 6. The Standard Error of Estimate fbr predicting
peak oxygen uptake is lower ‘than the value reported when the single variable,
the 9 minute run, was used for the regression equation. As noted in Table 7,
with both the ‘9 minute run and percentage body fat partialled out or held
constant, none of the: remaining variables exhibited significént correlations.

In step three, the variable age was added to the regression equation.
Thé multiple correlation R and R2 increased slightly. However the adjusted
‘R2 decreased slightly and the Standard Error of Estimafe increased (Table 6).

Based on these findings, the regression equation to prediét peak.oxygen

uptake (ml/kg°min) would be:

Peak Oxygeﬁ-Upnake = 0.02287 (9 minute run) -0.71217 (Percentage Body
Fat) +29.78812 '

Standard Error of Estimate = + 4.2822 ml/kg*min.
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. When peak oxygen uptake was considered iﬁ litres per minute (1/min.).
withbﬁf'£§dy weight accounted for, the correlations between-thev7 independent
_ va;iables and this variable differed substantially..  The two variables age
and height exhibited signifiecant correlations with peak oxygen uptgke
(l/miﬁ.). “However, peak oxygen uptéke.was,not‘significantly ;elated to the
9 minute and 12 minute timed runs:.or the 1600 metre distance run; Con-~
sequently 'when these vafiables‘weré'entered into the stepWise regressioh
analysis the resultant regression equation was quite different.

In step one, body height was entered first giving a multiple correlation
~of R=0.5988. The multiple Rz'and adjusted R2 were reasonably close inivalue.
The Standard. Error of Estimate was 0.2061 1/minute;

In step two, the 9 minute run-was entered into the regression equation
resulting in a multiple correlation of R=0.6909. The Standard Error of
Estimate was 0.1915 1/min.

In step threé,vbody weight was entered into the eduétion causing the
multiple correlation (R) to increase even more, R.=0.7741. The Standard
Error of Estimate.was 0.1728 1/min. and the adjusted'Rz«increased to 6;5241.

The subsequent addition of variables in steps 4 and 5 were only able
to‘marginallyﬂincreasé the adjusted multiple R2 and concurrently lower the
Standard Error of Estimate as . seen in Table 8. Therefore the investigator
decided‘thatfthe,amount.of effort required to .collect the extra data needed
for the 5 variables was not warranted. Consequently the first three variables
were retained to formulafe the regression equation.

The best equation to predict ‘peak oxygen uptake (1l/min.) was:

N Peak Oxygen Uptake = 0.02458 -(Body Weight) +0.00932 (Height)
+ 0.00093368 (9 minute run) -1.96845

Standard Error of Estimate = + 0.1728 (l‘min_l).
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. Table 8

Regression Equation to Predict Peak Oxygen Uptake (l'minfl)

Step Variable ’ ‘ MhitipléiRy?: Multiple R2 Adjusted R2 Standard
Error of
Estimate
1 Height 0.5988% " © 0.3585 0.3229 0.2061
2 9 minute timed run 0.6909 0.4773 0.4158 0.1915
-3 _ Body weight . 0.7741. - 0.5992 . 0.5241 0.1728
4 l600 metre distance run 0.7904 - 0.6247 . 0.5246 >0.l727
5 Age | 0.8069 0.6510 0.5264 0.1724
6 Percent Body Fat 0.8111 0.6580 0.5001 0.1771
7 12 minute timed run 0.8112 0.6580 0.4585" 0.1843

Best Equation to Prediect Peak Oxygen Uptake (1/min) =

0.02458 (Body weight) +0.00932 (Height) +0.00093368 (9 minute run)
+ 1.96845

B. Test—Retest Reliability

As demonétrated-in Table 9, the 12 minute run and the 1600 metre run
exhibited.testaretest reliability correlation coefficients that were
significant at the .0l level of significance. The 9 minute run test-retest
reliability correlation coefficient was not significant.

'In addition to the reliability correlations, a t test for correlated
" means was performed to determine whether there was a difference between the
mean scores of each timed/distance. run at Trial 1 and Trial 2. fhe t ratios
were not significant for Trials 1 and 2..of the 12 minute run, the 9 minute

run and the 1600 metre rhn, therefore the null hypothesis was
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accepted. The null hypothesis concluded that the given difference between

the two means from Trial 1 and 2, may be due to sampling error and that no

real or definite difference existed.

Table 9.

Test-Retest Reliability and Reproducibility

Standard Corre-

Test Means Deviation lation t ratio . Probability
Trial 1 9 minute run 1438.30 162,556 0.5507 0.005 0.9958
Trial 2 1438.70 173.246
Trial 1 12 minute run 2158.00 207.976  0.8154%  0.215 0.8323
Trial 2 2177.00 187.071
586.799 91.4571 0.9772% -0.467 0.6460

Trial 1 1600 metre run

Trial 2

568.800 80.5258

aSignificant (p <.01)

~C. Discussion

1. Validity.

The first objective of this study was to determine if timed and

distance runs, specifically the 9 minute, the 12 minute and the 1600 metre

runs, were adequate 'predictors of peak oxygen uptake and therefore valid

tests to use in determining the cardiorespiratory fitness of girls ages 8 to

11 years.

The peak oxygen uptake values obtained by the subjects in this study

were slightly higher than the peak oxygen uptake values reported in other
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studies -for females of. this age (Krahenbuhl, Pangrazi, Petersen, Burkett
and Schneider, 1978). Studies on children conducted before‘1970 show
maximal oxygen uptake valueS‘averaging'AS to 50 ml/kg-min for young males
with female values being slightly 1ower'(Kraﬁenbuhl, Pangrazi, Petersen,
Burkett and ‘Schneider, 1978).

‘The literature has shown that it was difficult to.obtain reliable
maximal oxygen ‘uptake values in young children. The protocol for the
treadmill test that was used to elicit peak oxygen uptake-in the present
study differed from the protocols used in some of the other studies for
children. In the present study‘the grade of the treadmill started at 37%
and was raised 3% every three minutes until the éubject was exhausted. In
some other studies. (Krahenbuh,, Pangrazi, Petersen, Burkett and Schneider,
1978) the grade started at 0% and was raised 2 1/2 7 every.minute or
two minutes until the subject was exhausted. For a ten minute test, both
the protocol in this ‘study:using the 3% grade increments every three minﬁtes
and the protocoi using 2 1/2% grade.inérements every ‘two minutes would
have reached similar grade increments at.the conclusion of a ten minute
test. The study using 2 1/2% grade increments every_miﬁute would have
reached a similar grade increment at tﬁe end of five minutes. This was
quite a notable difference for the total test time. The average time the
subjeéts in the present. study ran.on the treadmill was 10,00 minutes with
a range of.5.00 to 12,30 minutes.

One of the criteria that had been used in recent studies to determine
if a true-and reliable measure of maximal oxygen uptake was‘attained by thé
.subjects‘was the presence of a plateau in the oxygen uptake valués. This
plateau. should occur over the last'twé workloads of the treadmill test
(which varied from two to four minutes) allowing for an increase of only

2.1 ml/kg-min or less in oxygen uptake values during this time.(Cunningham,
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MacFarlane. Van Waterschoot, Paterson, Lefcoe and Sangal, p. 211, 1977).

Krahenbuhl,'Péngrazi, Petersen, Burkett and Schneider (1978) used a
test protocol to elicit maximal oxygen uptake that increased the grade by
2 1/2% every minute.. The results showed that the group of subjects who
attained a plateau in méximal'oxygen'uptake had higher values in oxygen
uptake, heart rate, ventilation, respiratory quotient and ﬁalidity
coefficients between three distance runs. However, the group of subjects
who did not attain a plateau in maximal oxygen uptake achieved lower values
in the'samé,variables, but these values followed a similar trend to the
group who attained a plateau. "In addition, correlations obtained between
maximalroxygen“uptake without a plateau and maximal oxygen uptake with a
plateau and the 1600 metre run were both significant (p.<.01) for males and
females.

- Cinningham, MacFarlane, Van Waterschoot, Paterson, Leféoe and Sangal
(1977) found that maximal oxygen uptake in young boys was reproducible
whether a plateau in the maximal oxygen uptake values was reached or not,
However, the reliabiliéy coefficient'appeared‘to.depend'upon whether a
plateau was reached. 1In addition, comparable levels of maximal oxygen
uptake were attained whether a'ﬁlateau was reached or not. The differences
in the subjects'who attained a plateau and those who did not appeared to be
in factors that were indicative of the level of anaerobic metabolism. The
maximal heart rate and minute ventilations attained were not dependent
upon the presence of a‘plateauvin maximal oxygen uptake.

Before the existence of a plateau in maximél oxygen uptake can be
used asa eriterion for'detefmining whether the true maximal oxygen .uptake
was attained in children, more research needs to be done.

Other criteria”uéed to determine if maximal oxygen uptake was attained

included high-levels of heart rate that levelléd off, respiratory exchange
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ratio approaching a value of 1.0 and a high ventilation rate. In the
-‘present'study the mean heart rate feached at peak oxygen.uptake was higher
than values reported for other children, including those who reached
plateaus in oxygen uptake values (Krahenbuhl, Pangrazi, Petersen, Bﬁrkett
and Schneider, 1978}.Cunningham,‘MacFarlane,.Van Waterschool, Paterson,
:Lefcoe and Sangal, 1977). The mean ;espiratory quotient reached at peak
oxygen uptake was lower than that reported in other studies, whilé the
respiratory exchange ratio was equivalent to thosevin other studies. The
average ventilation rate achieved at peak oxygen uptake was much higher
than values reported by Krahenbuhl, Pangrazi, Petersen, Burkett and
Schneider (1978), but lower than values reported by Cunningham, MacFarlane,
Van Waterschoot, Paterson, Lefcoe and Sangal (1977). Consequently the
results obtained by the young girls in the present study demonstrated

that fhey exercised on the treadmill until they were exhausted gnd achieved
high work levels. 'Due to_fhe.controversy regarding the achievement of a
true maximal oxygen uptake value, the investigator of the present study
chose to use peak oxygen“uptake rather than maximal oxygen uptake in the
validationiof fhe.distance runs. -

Upon examination of the dafa collected during the treadmill test it
appeared that many of the young girls may have been ‘able to achieve higher
oxygen uptake values if they could have continued to run on the treadﬁill.
This was demonstrated by the 5 to 10 ml/kg—ﬁin increases that occurred in
oxygen uptake over’thev3 minute intervals after the grade increment had been
increésed; -The 3 minute time interval between grade increases was chosen
to allow the subject time to physiologically adjust to  the new workload
beforé it was increased again. However this time interval also considerably
increasea the totai time of the test rather. than the workload imposed on the

subjects. Possibly by decreasing the time interval between grade changes
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from 3 to 2 minutes, the total time of the test would be decreased while
a higher'percent grade increment and therefore physiological workload would
be present earlier (see. Table ‘10 for comparison). ThiS'shorfer treadmill
test might enable a higher percentage of subjects to attain their true peak

oxygen uptake.

Table id

Comparison of Treadmill Protocols

Test Protocol Used in Present Study- - Proposed New Protocol

Time Grade Speed Time Grade Speed
(minutes) (percent) (m.p.h.) (minutes) (percent) . (m.p.h.)

0 -3 4.5 0 3 4.5

1 -3 4,5 1 3 4.5

2 3 4.5 2 6 4.5

3 6 4.5 3 6 4.5

4 6 4.5 4 9 4.5

5 6 4.5 5 9 4.5

6 9 4.5 6 12 4.5

7 9 4.5 7. 12 4.5

8 9 4.5 8 15 4.5

9 12 4.5 9 15 4.5

10 12 4.5 10 18 4,5

11 12 4.5 11 18 4.5

soAs s een in. Tab le - 5 all three t imed-distance. ‘runs, the 9.minute run, .’
the’12 mintite ran_and ‘the 1600 Tefre run-were significantly. related to peak -
QXfégn.uﬁtakég:fiﬁe%QT@iﬁptéjruh‘exhibiﬁédftﬁeﬁhiéhgst;cqrteldﬁioplwith peak

o;;égn uptake, followed by the 1600 metre run aﬁdéhéﬁthe 12 minute run. The

high intercorrelations between the three/timed distance runs illustrated that

the three runs were-liﬁelyﬁtq-béimeasufiﬁgféimiiaf:factofs.’ In the
mﬁltiple,linear‘regression analysis, the 12 minute run and the 1600 metre

run exhibited very low partial correlations when the 9 minute run was

partialled out (r =?0{2438§:vanﬁ:r-%f0;05§38;,réépééfiﬁely}.
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This: showed that.the.vafiance aqcounted for By both the 12 minute run and
the 1600 metre run that ﬁas>not'in.common wifh;the 9 minute run, was not
significantly related to peak.oxygen'uptake= -Likewise the wvariance
éccounted for by the 12 minute .and 1600 metre runs that was in common with
the 9 minute run was significéntly related to peak oxygen uptake. Conse=
quently, it appeared from these results that the 9 minute run was‘the most
valid of the three tests with respect to the prediction of peak oxygen
uptake;

| The stepwise multiple linear regression analyses allowed’tﬁe investigator
td examine additional variables.in the prediction of peak oxygen uptake.

The variablé of percentage body fat exhibited the second highest
'correlation“with.peak oxygen. uptake when-comparéd to all the other variables
including the 3 timed/distance .runs. TFew studies to date'have utilizea
.percentage Body'fat:aS'a déscriptive statistic iﬁ‘the field estimation of
cardiorespiratory“fitness in'children. Consequently it was difficqlt.to
discuss botﬁ;body*weight and percentage body fat of the‘sﬁbjects in relation
to norm values and to peak oxygen uptake;

In ‘determining percentage body fat, skinfold readings were taken at
4 body sites; triceps, biceps, subscapular and suprailiac. The body density
was determined by a regression equation produced By Durnin and Rahaman
(1967X;and the'percentage of body fat was. calculated using a formula
derived by Siri.(1956). Similar body density values were produced when the
regression equations derived by Parizkova (1961) were used; However
Parizkova (1961) expressed. the skinfold thickness results in density units
'aﬁd did not. use them to predict body fat percentages. ' In the theoretical
derivation of percentage body fat from measurements of body density there

were no ‘special equations available for use with children and adolescents.
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This was due mainly to the lack of knowledge of.the.body composition of
children, specifically in regard to the differences in muscle composition,
bone and skeleton composition and their reiative mass in relation to body
fat. It Was.felt, however,‘that since the correlation between body density
and skinfold thickness was high, the relationship betweenqudy density and
percentage of fat in children would be very close to the relationship found
in adults (Parizkova, 1961). Under this assumption, the investigator of
the present study converted body density values into percentage body fat
for ease of comparison and meaningfulness.

As seen in the zero—ofder correlation matrix, the percentage body fat
was significantly (p <.0l) related to body weight (r =0.28), peak oxygen
uptake (r =-0.79), the 9 minute run-(f==—0.7Z),1the 12 minute run (r =-0,75)
and the 1600 metre run (r =OT7;). Body weight was also significantly related
to peak oxygen uptake (r =-0.61), the 9 minute run (r =-0.55), the 12
minute run (r.=—0.51) and the 1600 metre run (r =0.47)., Since dody weight
and percentage body fat were quite highly correlated (r =0178), accounting
for 60% of the variance, they were essentially contributing similar
‘information. -Ihe percentagefbdﬁy}fat had. a consistently higher correlation
with peak oxygen uptake and the three timed/distance runs, therefore it
was reasonable to Chqose percentage body fat over body weight as the
variable that would contribute more information in predicting peak oxygen
uptaké and’ cardiorespiratory endurance.

Krahenbuhl, Pangrazi, Burkett, Schneider and Petersen (1977) and
Mayhew and Giffordv(l975> found that body fat represented by skinfold
measuremenfs,contributed significantly to the prediction of maximal oxygen
uptake (ml/kg-min) in children.

The negétive_correlation between peak oxygen uptake and percentage

body fat (r=-0.79): illustrated that as the percentage of body fat increased,
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peak oxygen uptake decreased and as peak oxygen uptake increased, the
percentage.of'body fat decreased. Body weight was also negatively
correlated to peak oxygen uptake. This result was in agreement with most
‘of the studies cqmpleted”using adults as subjects. queton, Boileau,
Lohman and Misner (1978) stated however ‘that '"low maximal oxygen uptake
(ml/kg-B.W.*min) and poor distance running performance capability due to
excess body fat was not necessarily indicative of poor cardiovascular-
respiratory function dueto inactivity or pathology' (p. 277). Morrow,
JacksonAand Bell (1978) réported‘that the body mass index (B.M.I.) which
was a field method of measuring body composition,wwas related to distance
running performance in both the !9 minute and the 12 minute runs for boys
and girls ages 10 to 12 years. It was cdncluded that the "B.M.,I. was a
more important determinant -of distance running performance than age"
(Morrow, Jackson and Bell, 1978, p.495). For the female squects tested
in the 12 minute run, the B.M.I. accounted for the negative age—performance
relationship, that is, as age increésed, rﬁnning pefformance decreased.
These findingg'seem to support the work of Cureton, Boileau, Lohmgn and
Misner (1978). |
Percentage body fat was not significantly correlated with chrono-
logical agé‘or body height but was significantly correlated with body
weight. Body weight represented .the total.Body composition of muscie, bone,
connective tissue and body fat. Therefore it is reasonablé that-body
weight was found to be significantly correlated with age, height, and
percentage body fat. Body weight was also significantly telated to peak
oxygen uptake and the 3 runs, however chronological age and body height
were not.
. It has been demonstrated in adults that age was negatively weighted

with maximal oxygen uptake showing a decrease in maximal oxygen uptake with
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age. In stﬁdies on children, age, height and.weightvhave been positively
correlated with maximal oxygen uptake and each other. This was in agreement
with the literature-which stated that maximal éxygen uptake .increased pro—k
portionately with.growth-and'maturation.to‘a certain age (Astrand and Rodahl,
1970; Bonen;FHeyward,»Cureton,‘Boileau and Massey, 1979). 1In the present
study, age was-positively correlated 'with peak oxygen uptake, weight and
height, but weight and height were negatively correlated with peak oxygén
uptake. Therefore, as the subjects were getting older, their capacity for
oxygen uptake was increasing but "at the same time as their weight and height
increased their caéacity“for'oxygen uptake was decreasing.
'It would appear.from these results that anthropometric variables play
an important role in the.oxygen uptake capacity of young girls.
In addition to. the correlation matrix, the data was also entered into
multiple regression procedures to develop prediction équations of peak
oxygen uptake for,yoﬁng girls. These procedures.selectéd predictors from
a mathematical rather than a physiological consideration. Comparisons
between different predictions were not based only on the size of the
correlétion;coéffiéiénts“since these could be influenced by the distribution
of the data. Instead comparisons were done on the basis of the prediction
accuracy as reflected by the standard error of estimate (S.E.E;). An
additonal measure of prediction accuracy that was reported'invthe liferature
(Bonen,'Heywafd, Cureton,: Boileau and Massey, 1979) was the_calculatién of
thé coefficient of variation (C.V. = x/S.E.E. x100).
Based on the standard error of estimate, the regression equation. shown
“in Table 6 was the preferred equation for predicting peak oxygen uptake. The
:prédi@tiénzégcﬁfacy;of&thié}eggétiqﬂfwaSJs}milarggbgthose;rg@qgted“igf?revidus

»-studiesuusiﬁgkdifﬁeféntusubjéctsn(BQngn;“Hgyﬁaﬁd@;qurgtgg,;Bpi}gau and

- Massey, 1979). -
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The;régreésiénieQdétianaé;Seéngin Table¢6§ﬂs@ighf1yﬁundereéfimgted-f
the subjects with high peak oxygen uptake, but overestimated the subjects

with low peak oxygen uptake (Table -11)+

Table 11.°

Observed versus Predicted Peak Oxygen Uptake Values

Usingithefﬁféfér%ea Regression Equation

Peak. Oxygen- Uptake (ml/kg-min)

Subject No. Observed Values Predicted Values" Residual
(ml/kg-min) (ml/kg-min). - (ml/kg-min)
11 60.050 © 56,59 3,46,
10 57.090 54467 2.62.
1 55.730 - 54.36 1.37
12 55.720 ' 53.48 02,23
15 55.070 253,10 1.96 -
18 54.570 53,45 101
17 53.140 $55.17- -2.03"
20 51.700 48.42 30270
13 51.540 :48.10" 2,43
8 50.600 757,00 C-6.40
19 50.090 511470 5-1.05
14 48.320 45.90 - 2,42 ¢
3 48.000 "'50.62 - "'—2.'6'2_,; ’
4 47.400 ' 41.90 ©5.49°
16 46.790 7.49.70. =2.91
7 41.260 43.95 22.69 .
6 40.760 ©35.50 5.26
9 38.500 41277 -3:27
2 35.200 34,86 0.34
5 '30.010 41.00 - .=10.99.
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It is important to note that owing to the small sample, caution should
be taken when using the equations to predict peak oxygen uptake, owing to
the specificity of ‘the group of subjects. However the reéults based on this
sample demenstrated “that the development of regreséion equations to predict
peak oxygen uptake was feasible and the: resultant equations were quite

accurate.

2. Test—Retest'Reliabilities

Thé second objective of this study was to determine if timed/distance
runs were reliable field tests in predicting peak oxygen uptéke.

The 12 minute run and ‘the 1600 metre run exhibited'sigﬁificant test-
retest.reliabilitywcorrelétion coefficients while the 9 mihute.run did not.

The 1600 metre run had the highest reliability coefficient. During
the actual testing of the three timed/distance runs it was observed bf the
investigator that many of the young female subjects. were able to practice
the concept of pacing in the 1600 metre run more efficiently and consistently
than in the 9 and 12 minute rﬁns. In the 1600 metre run, the subjects knew
they had eight laps of a 200 metre track to complete. Hoﬁever in both the
9 and 12 minute timed runs time was intangible, not concreté, and the
subjects appeared to find difficulty in relating the time to their running.
This ébility to reléte-to concrete information, the distance in the 1600
metre run, versus intangible information, the time in tﬁe.9 and 12 minute
runs, was reflected in'the high reliability of the 1600 metre run. Krahenbuhl,
Pangrazi,vPetersen,”Burkett'and Schneider (1978)‘also reported a high test-
retest reliability cdefficient for young. males and females in the 1600 metre
run.

In the 9 minute timed distance run there was a smaller dispersion of
scores compared to the 12 minute timed run as noted by the means and standard

deviationS'reported“in Trial 1 and 2 (Table 9). It was noted by the investi-
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gator that the subjects ran in closer groups in. this particular test, there-
foré’the individual differences among the subjects did-not show as much.
Therefore, because of the‘smailer dispersal of scores in the 9 minute timed
run, one would- expect a lower test-retest reliability. The extra three
minutes run in the 12 minute timed run appeared sufficient to increase the
spread of the subjects in their running performance thereby creating a

larger dispersion .of scores attained. This’was reflected in the higher test-
retest reliability score.

To date, no studies on the test-retest reliability of the 9 minute run
and the 12 minute run have been performed on ybung female subjects. Previous
studies (Maksﬁd and Coutts, '1971; Doolittle and Bigbee, 1968) reported high
test-retest reliability correlations for boys 11 to 14 years in the 12 minute
run. The ﬁresent study reported a reliability correlation of r =0.8154 for
‘the young female subjgcts.

The low reliabiiity corfelation of the 9 minute run was unexpected. No
studies to date have examined the test-retest reliability of the 9 minute
run in young children. The test-retest reliability correlation,@slvery'
sensitive and can be affected by several factors. One of the major factors
affecting this measure was ‘the sample size. 1In the present study tﬁe sample
size was very small. The addition‘of even one more subject could change the
reliability correlation significantly (Clarke and Clarke, 1970). Reliability
can also be influenced by other extraneous factors such as attitude and
motivation of the subjects, weathér’conditiqns, the timeu§f~day and equipment.
*Many of these factors were difficult to control although: efforts were made
-during the testing to eliminate as mény extraneous factors as possible.

~In all 3 time/distance runs there were no significant differences between
the means of Trial 1 and Trial 2 as measured by the t test for correlated
means. This demonstrated that the mean scoreé of all 3 timed/distance runs

on Trial .l were reproducible on Trial 2.
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Chapter V

SUMMARY AND CONCLUSIONS

A. Summary

.Renewed interest in health”conéerns has been instrumental in the
improvement of measurement procedures to evaluate physiéal fitness status.
Cardiorespiratory fitness is'a key component of physiéalvfitness and is seen
as an important risk reduction,measure.fof coronary heart disease. While

‘maximal oxygen uptake is thelmost_sﬁitablgplaborétory measure of cardio-
respiratory fitness, measurement of maximal oxygen uptake is not feasible
for the general public. Although field tests that predict maximal oxygen
uptake have been developed for. most of the adult population, little research
has been initiated in this area for young children, particularly for young
females.

The purpose of: this study was to investigate:

1. The wvalidity of the 9 minute and 12 minute timed runs and the 1600
metre distanqe run as predictors. of peak oxygen uptake and therefore
as measures>of cardiorespiratory fitness in girls 8 to 1l years of age.

2. The reliability of the 9 minute and 12 minute timed runs and the 1600
metre distancefrun as measures of cardiorespiratory endufance.

Sixty female:subjects from Crofton House School and St. Patrick's
Elementary School, Vancouver, B.C. were tested on the 3 fimed distance runs,
the 9 minute, 12 minute and 1600 metre runs and a maximal oxygen uptake
treadmill test. Anthropometric measures (height, weight, percentage body
fat) were also taken. Twenty of the subjects completed all of the testing.

" The validity of ‘the 9 minute, the 12 minute and the 1600 metre runs as
predictors of peak oxygen uptake and the interrelationships between all the

variables were determined by developing a correlation matrix, Stepwise
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multiple regression analyses were conducted to select the independent
variables (age,; height, weigﬁt, percentage body fat, 9 minute run, 12‘minute
run and the 1600 metre run) tha# best predicted the dependent variable, peak

oxygen uptake. The preferred regression equation was: -

Peak Oxygen Uptake (ml'kg_l'min_l) = 0.02287 (9 minute run) -0.71217 (Pércént

Body Fat) +29.788.

The reliability of ‘the 9 minute, the 12 minute and the 1600 metre runs
was determined: by developing test-retest reliability correlation coefficients.
The reproducibility of the mean’scores of the 9 minute, 12vminute and the
1600 metre runs from Trial 1 to Trial 2 was determined by a t test for

correlated means.

B. Conclusions
On the basis of the statistical analyses and within the limitations and
delimitations of this study, the following conclusions appear to be justified:

1. ‘With respect to Hypothesis One, the 9 minute and 12 minute timed runs and
the 1600 metre distance run showed significant validity correlation co-
efficients and therefore are valid field measures of cardiorespiratory
fitness in girls 8 to-1l1l years of age.

2. With reépect to Hypothesis One, part (a), the 9 minute and 12 minute timed
runs and the 1600 metre distance. run were significantly related to peak
oxygen uptake. Therefore the performance of girls; 8 tq‘ll'years of age,
on any of the three specified timed/distance runs could be used to predict
peék oxygen uptake.

3. With respeet to Hypothesis One, part (b), the results of this study did
not support this hypothesis. The 9 minute timed run demonstrated the
highest correlationﬂ&ith.peakwoxygen uptake, followed' by the 1600 metre

distance run and then the 12 minute timed run.
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Af‘ With respect to Hypothesis Two,. the results of this study partially
support this hypothesis iﬁ that both the 12 minute timed run and the
1600 metre distance run éxhibited significant test-retest reliability
coefficients and therefore aré‘reliable field measures of cardio-
respiratory fitness in 8 to 1l year old girls. The 9 minute timed run
did not exhibit a significant reliability coefficient.

5. Wifh respect to Sub-Hypothesis One, parts (a), (b) and (c), the results
of this study partially support this hypothesis. The 9 minute timed run
and the 1600 metre distance run demonstrated the highest inter-
correlation, followed by the 12 minute timed run and the 1600 metre
distance run and then the 9 minute and 12 minute timed runs.

Tn conclusion both. the 1600 metre distance run and the 12 minute

timed run~were»vaiid and reliable field tests to predict peak oxygen uptake

in girls 8 to 11 years of age. However the 1600 metre distance run |

demonstrated higher validity and reliability correlation coefficients and
therefdre Would'be the;preferred.field test to measure car&ioresﬁiratory

fitness in girls 8 to 11 years of éget

C. Recommendations-

Due to the small amount of research in the area of cardiorespiratory
fitness in young girls there are many unanswered questiohs and few
definite conclusions concerning their response to cardiorespiratory
exercise. The majority of research in the area of cardiorespiratory fitness
has been performed on adult males and young boys, therefore it is important
that researchers study the female to ensure that the physiological response
of a male is not generalized to the female. The research that has been
‘done with young girls has demonstrated that they respond differently than
" their male counterparts. to physical exercise, both quantitatively and

qualitatively.



- 49 -
The following areas need to be studied more closely with the young
female:

1. The attainment of a true maximal oxygen uptake and the criteria used
to determine this, such as, a :plateau in oxygen uptake values, heart
rate, respiratory rate, respiratory quotient, respiratory exchange
ratio;,etc.

2. The reliability of maximal oxygen uptake and its relationship to
attaining a true maximal oxygen uptake.

3. The treadmill test protocol used to elicit maximal oxygen uptake,

4., The relationship of anthropometric measurements, specifically bercentage
body fat, with maximal oxygen uptake, running ability and cardio-
respiratory fitness. In the prediction of peak oxygen uptake, per-
centage body fat played a significant role as demonstrated by its high

" correlation with peak oxygen. uptake and its inclusion’in the multiple
regression equation (Table 6).

5. The further de&elopment of multiple regression equations to predict

‘maximal oxygen uptake, In this study the preferred multiple regression

equation for predicting peak oxygen uptake in 8 to 11 year old girls

utilized the 9 minute timed run score and percentage body fat. However,

since the 1600 metre distance run demonstrated a high degree of test-
retest reliability, a multiple regression equation should be developed

utilizing it as one of the variables in the equation.
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APPENDIX L

"Consent Forms

THE UNIVERSITY OF BRITISH COLUMBIA

Informed Consent for Participation

in G. McCreight's Physical Education Study

Dear Parent/Guardian:

The students in Grades. 3 and 4 at St. Patrick's Elementary School
will be asked to participate in-a physical education study conducted by
Geri McCreight, a graduate student in Physical Education at U.B.C. and Dr.

R. Mosher, a professor in the School of Physical Education and Recreation
at U.B.C.

This study will be dealing specifically with the measurement of cardio-
respiratory fitness in young:girls. The study will take approximately one
month to complete.

The initial part of the study will be conducted with the cooperation
of ‘the principal and teachers at St. Patrick's Elementary School. Each
stﬁdent will be asked to perform 5 to 10 minutes oflong distance running on
4 separate days.during the time period of April 9 to April 15, 1980. These
same students. will perform 3 different timed/distance:runs (9 minutes, 12
minutes and a 1600 metre run) between April 16 and April 24, 1980. All of
this will oceur during the normal class time.

The finél'stage of'this study will be testing conducted at U.B.C.
during thé& last week of April 1980. During this week each student will
attend 1 testing session at.the J.M. Buchanan Fitness andvResearch Centre
at U.B.C. This testing session will be arranged during school hours.

In the U.B.C. testing session each child will perform a graded exercise
test on a moter-driven treadmill. The exercise test consists of running for
3 minutes at 4.5 m.p.h. at 3% grade followed by increases in the grade every -
3 minutes to the point. of veluntary fatigue. Heart rate, blood pressure,
oxygen consumption and expired carbon dioxide will be monitored throughout
the test. The height and weight of each child will alse be recorded along

with an estimation of per cent body fat.
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CONSENT FORM

PLEASE SIGN.AND RETURN THIS SHEET TO YOUR CHILD'S TEACHER AS SOON AS

POSSIBLE.

I have read the enclosed consent. form and I understand all of the test
procedures that my child will.be asked to perform.

(Please SIGN:ONE of ‘the following)

I give my comsent for ‘to participate in the
- ‘(name of child)

testing conducted at St. Patrick's School and U.B.C.

SIGNATURE .OF -PARENT/GUARDIAN: . .

I do not give my consent for. to participate
- (name of child)

in the testiﬁg_ conducted at St. Patrick's School and U.B.C.

SIGNATURE OF PARENT/GUARDIAN:

DATE:

ADDRESS: : . TELEPHONE :

CHILD'S MEDICAL BACKGROUND

Does your child have any history of heart or lung related disease?

Are there any other problems that you think we should know about?




-.60 -

THE UNIVERSITY OF BRITISH COLUMBIA

Informed Consent for Participation

in G. McCreight's. Physical Education Study

Dear Parent/Guardian:

The students in Grade 4 and 5 at Crofton House School will be asked
to participate in a physical education study conducted by Geri McCreight,

a graduate student in Physical Education at U.B.C. and Dr. R. Mosher, a
professor in the School of Physical Educatien and Recreation.at U.B.C.

This study will be dealing specifically with the measurement of
cardiorespiratory fitness in young girls. The study will take approximately
one month to complete.

The initial part of the study will be conducted with.the cooperation
of Miss Addison and the physical education teachers at Crofton House School.
Each student will be asked to perform 5 to 10 minutes. of long distance
running on 4 separate days during the week of May 28 ﬁo June 1, 1979.

During the weeks of June 4 to June 15, 1979, these same sfudents will
perform 3 different timed/distance runs (9. minute, 12 minute, aﬁd a 1600
metre rum). Ali of this will occur during the normal Physical Education
class time. at Crofton House. '

The final stage of this study will be testing conducted at U.B.C. in
the last 2 weeks of June (18-29), 1979. .During this 2 week period, each
student will be asked to attend 1 testing session lasting appfoximately
"1 hour at the J.M. Buchanan Fitness and Research Centre. at U.B.C. This
testing session will be arranged after school hours at both the student's
and parent's convenience. An attempt will be made to test students in
groups of twos and. threes. Transportation will be available for those who
~need it.

-In the U.B.C. testing session each child will perform a graded
exercise test on a motor-driven treadmill. The exercise consists of running
for 3 minutes at 4.5 m.p.h. at 3 per cent grade followed by increases in
the grade every 3 minutes to the point of voluntary fatigue. Heart rate,
blood pressure, oxygen consumption and expired carbon diexide will be

monitored. throughout the test. The height and weight of each child will


http://will.be

- 62 -

CONSENT FORM

PLEASE SIGN AND RETURN THIS SHEET TO YOUR. .CHILD'S TEACHER AS SOON AS

POSSIBLE.

I have read the enclosed. consent form and I understand all of the
test procedures that my child will be askéd to perform.
(Please SIGN ONE.of the following)

I give my- consent. for . . ' " to participate in
(name of child)

the testing conducted at Crofton House and the ‘testing session at U.B.C.

SIGNATURE OF PARENT/GUARDIAN:

I do not give my consent. for: =~ - . to participate
(name of child)

in the testing conducted at - Crofton House and the testing session at U.B.C.

SIGNATURE OF PARENT/GUARDIAN:

DATE:

ADDRESS: . . , ' TELEPHONE :

" CHILD'S MEDICAL BACKGROUND

Does your child have any history of heart or lung rélated disease?

Are there any other problems that you.think we shbuld know about?
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‘TIMED AND DISTANCE RUN DATA SHEETS

Group 1 Tester's Name:
Test: School:
Date:
Individual 7 Additional
Code " Laps Completed Distance
1 . 1 2 3 45 6 7 8 9 10 11. 12 13 14 15 + _
2 123 4 5 6 7 8 9 10 11 12 13 14 15 +__
3 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 + _
4 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 + _
5 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 + _
6 12 3 45 6 7 8 9 10 11 12 13 .14 15 + _
7 12 3 4 5 6 7 8 9 10 11 12 13 14 15 + _
8 1.2 3 4 56 7 8 9 10 11 12 13 14 15 + _
9 1 2 34 5 6 7 8 9 10 11 12 13 14 15 + _
10 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 + _
w11 . 2 3 4 5 6 7 8 9 10 11 12 13 14 15 + _
12 12 3 4 5 6.7 8 9 10 11 12 13 14 15 + __
13 12 3 4 56 7 8 9 10 11 12 13 14 15 + _
14 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 +
15 1 2 3 4 5 6 7.8 9 10 11 12 13 14 15 + ___
16 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 + _
17 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 + __
18 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 + __
19 1 2 3 4.5 6 7 8 9 10 11 12 13 14 15 + .
20 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 + _
21 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 +_
22 1 2 3 4 5 6 7 8 9 10 11 12 13 14 115 +
23 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 + __
24 1 2.3 4 5 6 7 8 9 10 11 12 13 14 15 + _
25 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 +_
26 1 2 3 4 5 6 7 8 9 10 11. 12 13 14 15 + _
27 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 + _
28 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 + __
29 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 + _ =
30 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 +
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TIMED-AND DISTANCE RUN DATA SHEETS

Group 1 Tester's Name:

Test: School:

Date:

Individual _ Additional
Code Laps Completed Distance
31 1 2 3 456 7 8 9 10 11 ‘12 13 14 15 +
32 1 2 3 45 6 7 8 9 10 11 12 13 14 15 +
33 12 3 45 6 7 8 9 10 11 12 13 14 15 +
34 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 +
35 1 23 4 56 7 8 9 10 11 12.13 ‘14 15 1 +
36 1 2 3 45 6 7 8 9 10 11 12 13 14 .15 +
37 1 2 3 4 56 7 8 9 10 11 12 13 14 15 +
38 1 23 45 6 7.8 9 10 11 12 13 14 15 +
39 12 3 456 7 8 9 10 11 12 13 14 15 +
40 1 2 3 4 56 7 8 9 10 11 12 13 14 15 +
41 1 23 45 6 7 8 9 10 11 12 13 14 15 +
42 12 3 4 56 7 8 9 10 11 12 13 14 15 +
43 1 2 3 4 5 6 7 8.9 10 11 12 13 14 15 +
4t 12 3 4 5 6 7 8 9 10 11 12 13 14 15  +
45 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 +
46 12 34 56 7 8 9 10 11 12 13 14 15 +
47 12 3 4 5 6-7 8 9 10 11 12 13 14 15 +
48 12 3 456 7 8 9 10 11 12 13 14 15 +
49 12 3 4 5 6 7 8 9 10 11 12 13 14 15 +
50 123456 7 8 9 10 11 12 13 14 15 +
51 12 3 4 5 6 7 8 9 10 11 12 13 14 15 +
52 1 2 3 4 5 6 7 89 10 11 12 13 14 15 +
53 1 2 3 456 7 8 9 10 11 12 13 14 15 +
54 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 +
55 1 2 3 45 6 7 8 9 10 11 12 13 14 15 +
56 ‘12 3 4 5 6 7 8 9 10 11 12 13 14 15 +
57 12 3 4 56 7 8 9 10 11 12 13 14 15 +
58 123 456 7 8 9 10 11 12 13 14 15  +
59 1 2 3 4 5 6 7.8 9 10 11 12 13 14 15 +
60 12 3 4 56 7 8 9 10 11 12 13 14 15 +
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ANTHROPOMETRIC DATA SHEET

Individual Subject Code:

Name: - .

School:

Group:

Date:

Heigth: cm.

Weight:

Skinfolds:

Triceps (mm)
Biceps (mm)
Subscapular (mm)

Suprailiac (mm)

Trial 1

Trial 2

Birthdate:

Trial 3

Total =

Final



