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ABSTRACT

Four boys were randomly selected from one grade five
class in Millgrove Eléﬁentary School. Heart rate data was
~collected every 30 seconds from an exersentry heart ;ate
moni tor in-é of each of the gymhastics, dance, and games
ortentated physical eduoation cly ses for each subject. The
1heart rates that were col?egﬁpﬁ&y@re categorlzed as follows:
'restmg (< 100 bpm); mi,ld %ﬁkm‘,g h1gh mi 1d (120-130) ;
modenate (131-159 ); h1gb moderate (150-159); and severe (>
160 bpm) . The percentage of class time spent in each
category was calcu]ated for the total group and for each
1nd1v1dual subJect

The group results indicated that the gymnastice and
" dance classes were similar in terms of the relatively low
act1v1ty 1ntens1ty that was exhibited by the subjjects, wh11e
the games c]asses resulted in a slightly higher &ct1v1ty
intensity. A high act1v1ty intensity was se ldom ma1nta1ned
for K:! 1ong per1od of time.

I&.was concluded that the classes stucied were not of a
sufficient intensity to cause/a thaining etfect' and that.
~the less fit subjects appeared to be more h1gh1y stressed

than the fit subJects stud1ed
2y v ‘ ‘ . R \
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I. INTRODUCTION .

Researchers for meny yeafs hgve been interested in promoting
physical fitness.invyoufh. Physicalnfitngss is an important
' pre-nequisite for'optihum physical, mental, and social
well-being (Hale and Bradshaw, 1978). The deve]obment of
physical fitness is an objective that is unique to the
-physical education curriculum (Fabriciusﬂ 1964; Hale and
Bradshaw,'1978). The benefits_of physical activity are well
Known and physicalleducation in one form br another, is
» un1versally accepted as a necessary part of a ch1]d’
education (Knuttgen and Steendahl, 1963).

In recent years the phys1ca1 educat1on of a ch1ld has
taken on increased importance. As Bailey (1973) states

"Canadian children today are entering a

post-industrial society characterized by sedentary

living patterns, emotional stress, poor d1etary

habits and. lack.of physical activity. It is

essential that our chiidren leave school prepared to

meet these facts of life as they exist today "“(p.

425) . S

Many 1nvestigators have examined the value of diffefent
‘physical education programs‘that nave varied in 1ntens1ty,
duration, and frequency. Many investigators have failed to -»
show an effect of physical edueation on physical fitness.
(Taddenio, 1966; Cumming et ai,“1969; Bar-Or and Zwiren,
1973), wnjle other investigators have demonstrated that
pnysical education, is successful in improving physica]
fitness (Fabricius, 1964; Shephard et al, 1979; Knuttgen and

Steendahl1,1963). The inconsistency in the resu]ts of stud1es

concerning the effect1veness of physical educat1on can



[partly be explaihed,by différencés in content as well as

xfrequency and duration of the physical education classes

- (Kemper and Verschuur, 1974). The characteristics of'the‘
sub jects participating'in the programs aléo have an effect
on the results of the programs (Kemper and Vehschuury~f974;
Shephard ‘et al, 1978).- } -

| When investigating the development of physical fitness

it iﬁoimportant‘to examiné the barameters of'intensity,
duratidn, and frequency. Daily programs of phyéica]-:‘

education have demonstrated fitness behe?itS‘(Shephard et
al, 1979, Quinney, 1882). During daily physical education
pbégramé, the duration of class time and the frequency of
classes is usually Known.?HoweVer, the intensity of
activities and‘the_duration of activities occurring within
the class time are seldom measured.. _

Intensity bf work should be monitbred and quantified to
provide an accurate account for the study of training
effects (Lussier and BqékirK, 1977): Minimum levels of
stress have been rééommended by many authors (Massicotte and
Macnab, 1974; Crews and Roberts, 1876: Sharkey‘and Ho]]eman,
1967; Karvbneh et al, 1957), but evidence of the actual
intensity of a physical education lessom is scarce (Hale and
Bradshaw, 1978). If improved pupil fitness ié a primary
objective of an elementary school physical educétion
curriculum (Faﬁricius, 1964, Millgrove School'Probosa1,
1977), then the intensity of a physica1 education.lésson ‘

should be considered. As Cumming et al (1969) have stated .



."The mere increasing of the number of hours devoted to
physical education classes er the provision of games periods
in the §gh 1 does not'neeessarily lead to improvements in
1abofat3ry?§easures of cardiorespiratory fitness" (p. 72).
-1t is also possible that different types of physical
education classes may provide mohevintensive activfty than
othefs and therefore may offer a poseibility for greater

)

improvement in physical fitness.

A. JUSTIFICATION

It has been established that the daily program of
.phys1ca1 educat.on stud1ed has been successful in
demonstrating f1tness benef1ts (Quinney, 1982) Therefore,
it was 1mportant to looK at more spec1f1c questions
concerning the program. The 1ntens1ty of activities that are
encountered dur1ng a phys1ca] education class wou]d provide.
1mportant 1nformat1on on the qualitative aspect of the
program. | _

Evidence. of the actual intenéity of a physical
educatienilesson is scarce (Hale and Bradshaw, 1878;
Faulkner et al, 1963). If investigators are to examine the
effect-of training on children, it is important‘that they
Know sOﬁe of the stresses the ehildren are under dﬁring
normal activities. The»quantificeffon of the intensity
encountered during physica1 education lessons would |
" .therefore add to the Knowledge base in the area of

children’s activities and fitness.



It is possible that the different activities which a
chde per forms méy have'varying effects on the fitness leQel:
of the child. This study involved a\comparison of physica]
education classes wjth a gymnastics, dance, or games .

: orientation. It is important to know Which\typé of
activities provide a high-level of intensit;,when p]anqing a
physical education program in which the primary objective is

- an improvement in physical fitness.

B. STATEMENT OF THE PROBLEM o
. The " purpose of the present stﬁay was to determine the
intensity of activities, as indicated by heart rate, |
encoUnfered during physica]5education classesfconsisting of
a gymnastics, dance,‘and games orientafion. The main
 objectives of the étudy'abeJés follows;-'
1. To determine the pércéhfagéé“of class time spent Tﬁ each
of ‘the resting, mild, mdderate;kand_sevehe‘heért rate
ncategofies during a gymnastics, dancé;*op\games
orientated class. S - \H\\\\\
2. To determine the individual heart rate responses\fb\{bé |
‘ gymnastics, dance, and games units in physical B
education@ | | |
3. To'deteémine the ?orrespondingloxygen consumptioh (v02)
values at heart rates of 130 and_160 bpm for each
subject. | | | Z
4, To'detérmine the percentage of maximal oxygen

éonsumption‘(mVOQ) that each of the oxygen consumption
- . \\ | ’ _



¥

values at heart rates of 130 and 160 bpm represented.

' C. LIMITATIONS OF THE STUDY - C
.

The investigator used an exersentry (Respironics, Inc.)
to monitor heart rate. The exersentry is a small,

lightweight device that is'strapped to the chest of an ¢

individual. It provides a digital d1sp1ay of heart rate.

The obtrusiveness of the exersentry may have caused
behavioural changes. |

The heart rate was recorded every 30 seconds during a
physical education class. The investigator recorded the
heart rate herself tf the chi]d‘was near,'or.catled for
a heart rate if the child was in activity. This method
ot recording caused limitations such as internuption of
activity and class, subJect’s know]edge of heart rate,
and teacher'’'s Know]edge of heart rate. However, a per1od
of accustomization to both the exersentry and the
investigator Kept theﬂinterruption of the activity and
class to a mintmum, | .

The subject was'required'to wear an exersentry and
therefdre Knew he was being monitored. This may have
caused him to be more ective than usuat. The
accustomiiation procedure that occurred prior 'to the

data collection islbelieved to have minimized the

‘novelty effect of the monitors. (

The class teacher was aware of the study and could

sometimes hear the heart rates that were being recorded.



Although he had been asked to provide his students with
, ‘ \ N
‘activities that were usually encountered in Kis class,

he could have provided more activiity or activities that

elicited higher heart rates than usual. However, after

observing classes prior to the study and d&rihg the
study, the:.investigator believed that the teacher was
conducting hfé typical classes.

The investigator could only monitor tWo sub jects during

. . o !A
each class. . 1

A small Samp]e‘from an atypical school was chosen makKing

it difficult .to generalize to the population at large.

DELIMITATIONS OF THE STUDY

,Iﬁérsémple‘was:delimited to 4 randomly selected grade

”ﬂf;ivé bays from one class at Millgrove Elementary School

Cin Spruce Gréveh Alberta.. |

The study'wa§ further delimited in that data for nine
Classés was collected fbr each subject. Three classes of

data were collected for each subject in each of the.

gymnastics, dance, and games orientated classes.

DEFINITIONS OF TERMS

DANCE ORIENTATED CLASS: a"claés which involved exploratory

movements to music.



GAMES ORIENTATED CLASS: a class in which the approach was to
develop skills for the major games, that is, volleyball,

-basketbal], etc.

GYMNASTICS ORIENTATED CLASS: a class in which the focus was
on movement pattern development and routine development.
It included skill development in.balancing, flight,

twisting, turning, and combinatiohs'thereéf.

HEART RATE ACTIVITY CATEGORIES: were defined as follows:

00 bph = resting (Marshall, 1981)

<1

101-130 bpm = mild (Massicotte and Macnab, 13874)
120-130 bpm = high mild -
131-159 bpm = moderate

150-153 bpm = high moderate ‘

>160 bpm = severe ((Gilliam et al,1981) .

HEART RATE PLATEAU:'thr-longest period of time during a

class that a heart/ rate was maintained above 130 bpm

(based on findings of Massicotte and Macnab,'1974).
9 |
MAXIMAL HEART RATE: the highest heart rate (bpm) that was

obtained during the bicycle ergometer test.

MAX V02 or MAXIMAL'AEROBIC‘POWER: the highést'oxygen uptake
(m1/Kg-min) an individual can attain during physical

work at sea level.



I1.. REVIEW OF LITERATUﬁE
The review of literature will be subdivided as follows:

1. descriptiye‘analytic reseérbh, which describes the
importénce of this type of investigation;

2. physical education and activities, wﬁich demonstrates
the effects and‘importance*of these programs on
children; |

3. physiologjca] variables, which presents therliterature
relating'to heart rate, heart rate versus oxygen |
consumption,'énd the devé]opment~of max V02 during
éhildhood‘énd adolescence; and

4. exercise intensity studies, where the concept of a
\

~ -

minimal training threshold is reviewed.

A. DESCRIPTIVE ANALYTIC RESEARCH

The aim of descriptive:analytic research is to
objectiveTy and accUrately describe (not evaluate)
behaviours or events that occur in the classroom (Costello,. ‘
1977). Although desériptive investigations aré fhe'least
sophisticated research effohts,.thé facts gathered.bybsuch
inVestigations may be essential before more SOphfsticated
types of research camn be carried out (Weber and Lamb{b1970;
Moursund, 1973). Descriptidns, case histories, and anecdotal .
~matekia1 are usUa]ly,intereSting and. are often_useful ih
pointing the way toward more formal develgpmentiéf

hypotheses to be investigated (Moursund, 1973)._



Information about classroom behaviour can be used in a
number of wayé. As previously mentioned, descriptive
information can serve as the baé#s for further
investigations. Descriptive information can also be é
valuable sourcé of feedback for teachers and it can also
provide feedback about_an’instructional program (Costello,

1877) .

B. PHYSICAL EDUCATION AND ACTIVITIES
Physiéa] Education
One of the primary objectives of thé‘physical education
curriculum in the elementary school is the improyement.of
physical fitness in boys and girls (Fabricius, 1964 ;
Millgrove Schob] Proposal, 1977). InveStigators have
examined the value of different physical education programs
~ that have varied in 1ntensity; eration, and frequency.
Many studies have fai]ed to demonstrate an effect of
physical education on tHe fitness of school children.
Shephard et al (1979) have suggeéted some possible reasons
for this failure when they state:

.Possible reasons include inadequacy of the
programme, the commencement of training at too- late -
an age, and the commencement of observations at too

" late an age. Some programmes have been quite light,
‘adding no more than one weekly physical-education
period to the normal programme. Some, also, have
continued for only a few weeks."(p.68) '

The results of physica]»education“programs are directly
related to: 1) the qua]jtafive and quantitative

characteristics of the program itself; and 2) the
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characteristics of the subjects who participate in these
programs (Kemper and Verschuur, 1974},

Taddonio (1966) compared the physical fitness, as
determined by the AAHPER Youth Fitness Test, of two grade
five classes: one which had no physical edhcation
curriculum, and one which had a curriculum of fifteen minute
daily per«<idds of calisthenics. The AAHPER Youth Fitness Test
was administered before the experiment began and at it's
termination four months later. The post experimental data
comparison between the control group and experimental group,
for both boys and girls, revealed no statistically
significant differences on an;Mof the test items. A
comparison of the mean changes of test scores between the
control and expefimental groups revealed avsfatistically
significant difference in favor of the experimenta]rgroup in
one item: the boys’ 50 yard dash. Taédonjo éonc]uded that
the examination of the post experﬁmenta] data indicated that
fifteen minute daily périods of ca]isthenﬁcs done at the
intensjty that fhey were ddne at in thig study, although
intensity was not quantified, ﬁadf{ittle orbno effect upon
the physical fitness of grade'five boys and girls as

measured by the AAHPER Youth Fitness Test.
. Cumming, Goulding, and Baggley (1969) examined the PWC
170 and#Tgiimgmﬁoxygeﬁ'ccﬁ§ﬁﬁbi{on (max V02) of grade ten

and gradé'éix”Wihnipeg‘boys from three different school
systems over the course of a school year. Two private

schools partic{pated in this study: one which offered a full
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program of physical education, and the other which had no
formal program of physical education, but where
participation in snow-shoeing and cance trips and farming
occurred. The publié school boys who participated in the
study haq less than ninety minutes of physical education
every six days.

The investigators found no significant change in the
mean PWC 170 ber Kilogram of body weight in any of the
classes during the school year. Similarly, fhe mean max V02
of the individual classes failed to show any alteration
during the school year. The fitness levels of the individual
students tended to remain constant, -those with h{gh values
maintaining their fitness and those with low values failing
to improve. Cumming, Goulding, and Baggley concluded that _
the PWC 170 and max VO2 of fairly fit boys was unlikely to
change over a school year, no matter how many hours were
allotted or facilities were available for physica]
education, without the institution of a training program
- specifically designéd to improve endurance fitness. They
suggested that for many of the younger boys, thé stresses of
most of theirgphysical education classes were likely less
than those of normal pTay activ{ties.

Knuttgen and Steendahl (1963) studied the fitness of

J—

”éTﬁﬁf§’55niSh school boyék(average age of 16xxgg£§ﬂandw7J/”””“”‘

months) ,- who had physiea%~edﬁ6€fioh7%6ur times a week with
approximately 35 minutes a session being devoted to physical

~activity. The boys were tested four times during the
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academic year with the AAHPER Youth Fitness Test and six
times during the same year with a test of cardiovascular
fitness employipng a bicycle ergometer. The investigators
found a marked 91 eral improvement in the fitness of the
subjects durin he course of the academic year, with the
greatest gains in cardiovascular fitness occurring during
the outdoor bhysical education programs of autumn and
spring. Knuttgen and Steendah! attributed the gains in
fitness directly to the physical education program and
concluded that the Danish physical education program had
definite positive effects on fitness.

Cooper et al (1975) investigated the feasibility of
implementing an aerobics conditioning program for an en;ire
school system. They studied 1215 high school males, (average
age of 15.4 years), who participated in a 15 week training
study. The experimental group (N=778) added 15 to 20 minutes
of aerobic exercise five times a weeK to their daily |
program. The Coopér 12 minute run-walk test was administered
to all subjects at the beginning of the study. The
experimental group improved it’'s average performance in the
Cooper run-walk test from 1.277 to 1.500 miles (17.5%),
while the control group remained relatively consistent.
Cooper and his collegues concluded that it was feasible to
implement an;aerobics conditioning program in an entire
school system. |

Frabicius (1964) chparéB“(ﬁe-physical fitness.

development of'grade four boys and girls who participated in
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a regular elementary school physical education curriculum
with those who participated in a regular elementary school
physical education curriculum which was supplemented with
selected calisthenics. Physical fitness in this study was
primarily cancerned with muscular strength, muscular
endurance, and circulorespiratory endurance and was measured
by the Oregon Motor Fitness Test. Both the exper imental and
control groups received 30 minute physical education classes
four times a week. In the experimental group, 3 minutes and
9 seconds were spent on added calisthenics in each class
period. The results of this study demonstrated that both
groups improved significantly in physical fitness in a six
month period. The experimental group improved significantly
more than the controls and this was attributed to the five
or six calisthenics that were added to the normal physical
education curriculum.

Bar-0Or and Zwiren 119733 studied the effects of
frequency of physical education classes over a nine week
period. Three grade four clas;es, 30 children in each class,
were given 2, 3, and 4 physical education lessons per week,
respectively. Each class was further subdivided into an
"endurance” group, which underwent strenuous interval
training in each lesson, and .a "regular” group, which
carried out a program of calisthenics and movement games.
The groups were matched for sex, max V02, body density, and

ethnic origin.
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No eignificaht differences were found in the max V02
'(ml/hg-mtn) in ahy classes from pre to pdst conditioning,
nor ébent“enduranoe“.and ‘regular” groups were compared.
Significant pre to post cond1t1on1ng changes were found in
heart rate dur1ng submax1ma1 treadmlll wa]K1ng the boys in
the "endurance" groupchao a'greater-orop in heart rate than
the boys from the "regular" group and this phenomenon was
greater in the class that™ had phys1ca1 educat1on 3 times per
week than in the other two classes. The authors proposed
that th1s latter finding, combined with the 1ntens1ty of.
tra1n1ng dur1ng the phy;?cal educat1on classes that was
performed, suggested that the ch11dren who:had physical
educatjon‘4 times per week became more fatigued than the
others, ahd this adversely affected their resbonse to
exercise. | |

A lonoitudinal s tudy egaminino the growth of 546 French
’Canedian school children, aged 6 to 12 years, was done{by
Shephard et al (1979). Equal numbers of boys and girls were
drawn from the town of Trois- R1v1eres and a rura] area, Pont
Rouge. Dne half of the sample was given one 45 minute period
of physical education per week, while the other half was
given an hour of physical activity per day. A1l of the
aotivity programmes were led by a physical education
graduate. The progr am stresSedzthe deve]opment of
cardiorespiratory endurance and muscular strength, with
meximum participation by(e}] students;throughoot the class

~hour .
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The results of the longitudinal study demonstrated that
the added activity had no effect upon the height and we1ght
of the ch11dren but it produced significant gains in
directly measured max V02, PWC‘170, muscular strength, and
physical performance as measured by the CAHPER fitness test.
The boys had significantly 1arger gains than the g1r1s
while the urban ch11dren tended to score significantly -
better. than the rural children. The main dividends of the
act1v1ty did naf\aggear until the child had reached h1s B
n1nth and tenth years., ’

Diary records that each child Kept throughout the
eourse‘of the study demonstrated'that the experimental
childreh who did more activity during the school day
>compensated slight1yAfoh this by doing less activity at-
home. However, on the weekend they remained more active than
the control subjects, demonstrating that the habits of
physical ectivity acquired during the week continued to
influence their behaviour when,fhey were not required to
attend school. | |

Shephard‘etfal concluded that appreciab]e‘gains.in
fitness could result fromAa program that introduced 5 hours
of vigorous physical acfivity into the classroom week of the
e}ementary sehool. v ’ |

| In the previous]y'mentﬁoned studies the investigators
refer to the intensity of work performed during the actual
physical education lesson, but have seldom measured the

intensity. Intensity of work should be moni tored and
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—
quantified to pﬁovide an accurate account fdr‘fheysjudy of
training effects (Lussier and Buskirk, 1977). Minimq;\TEVel§\\\\\
pf stress have been recommended by many authors (Massicotte T
éhd Macnab, 19745.Crews and Roberts; 1976;‘Sharkey and
Hol leman, 1967;'Karvonen et al, 1957), but evidence of the
actual infénsity of a'physical éducation lesson {s scarce
(Hale and Bradshaw, 1978). If, as stated earlief, {mprovedb
pupil fitness {s a primary objective of an elementary school
physicaT edugation curriculum, then the intensity of a
phyéiéa] education lesson should be considered. As Cumm{ng
et al (1969) have stated, . . ."The mere increasing of the
number of. hours devoted to physical educatiéh classes or the
provision\of dames periogé in the school does not |
necessarily lead to improvements in 1aboratbry'meésures of"
_ cardiorespirétony-fitness"(p; 72).
Two studies were found jn the'1iterature in which the
:authérs had quantified thevintensity of physicaﬁ education
lessons. Hale and Bradshaw (1978) used heart rate as an
 index of*intensity‘to descr{be the reactions of two groups B
of girils during ph&sica1 education“]essons. The first group
of girls copsisted of 10 randomly selected physical
education students aged 19 to 20 years, while the second
groﬁp consisted of seven school girls, aged 12 to 16 years,
regarded by the sChoé] staff as enthusiastic participants in
physical education lessons.

The heart rate was recorded by a Parkes telemeter for

24 practical sessions’; seventeen for the physical education
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group, and seven for the school girls. The heart rates'were
recorded on a tape and subsequently replayed through a
Washington pen-record;r; a minute by minute he;?t rate was
obtained. |

The activity sessions included: five gymnastics, six
games, one dance, and five Union games Fbr.the.physical
education group, and one keep-fit, two athletics, two
net-ball, and two badminton sessions foﬁvthe schoof girlé.
The mean heart rates recorded for the phys1ca1 educat1on
group were: 106.3 bpm for gymnastics, 121.6 bpm for games,
and 124.6 bpm for Union games. The values for gymnastics and
Union gameslﬁefe significantly different at the .05 level.
The schooi girls had an average heart rafe of 129.7 bpm
during theif'activity seSsioné

Out of 176 minutes of activity observed 1nvo]v5ng the
Aschoo] g1rls, the heart rate exceeded.140,bpm for 61
| minutes. Hale and Bradshaw 5uggesfed that. the physica]
education sessions monitored were not physiologically.
demanding enough to promote organic deve]opment to'any
. marked degree. | v ‘

Faulkner, Greey, and Hunsicker (1963) determined the
effeét of'physical activ1ty‘periods in a youth fitnesé
school on the heart rates of young boys; They measured the
heart rates of 42 boys, aged 7. to 12 years, who took part in -
‘a daily 35 minute activity befiod in each of ;wimming,

gymnastics, and sports sKills.
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Heart rate was obtained-by a pobtablevSanborn Visette .‘
Mode 300 The child was‘removed from the class for less
than 30 seconds per read1ng Six heart rate readings were
taken on each subject during each 35 minute per1od : one
during the pre- per1od act1v1ty, and one every f1ve minutes
‘durﬁng instruction or practice. A subject’'s mean daily heart
rate for the activity was obtained‘by averaging the 6
readings. Héart rate sampling in each of the three
activities was repeatéd with the same subjeCts on three A
different days to determ1ne the stability of the data
A The authors found that the composite mean heart rate of
148 bpm for sports skills was significantly greater thanwthe
136 bpm found in gymnastics and the 139 bpm found in
swimming. | | | ’

“The authors also found that- the subject variance was
significant in all 3 activities. The three main conc]uéions
thét Faulkner and his coTlégues drew'erm‘their study were:

"1)the mean heart rate of a random grhup of 1
participants varies among different activities, 2)the mea92\
heart5rate Qaries in.somehactiviiies froh day to day, andibw
3)the mean peak heart rates of individual participantsAvéry
’greatly while exposed to the same class structure."({p..97).
| Costello (1877) studied student behaviour in elementary
school physical educatjoh classevaAlthdugh Costello did Qgt
quantify the intensity of activities during a physical. :
education lesson, his study was interesting to examine

because he classified the student behaviour during a
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- physical education fesson. In his study, Costello used\
Laubach’s (1975) BESTPED (behaviour of students in physical-
education cliasses) System to describe the student behavjour
in physical education classes; In this sySﬁem a natural unit
of student.behayiourlis cdded according to its function,
mode , content, specific content, and duration. | !

| Using the BESTPED:System to describe tHé behaviourvof
193 students, Costelio found that 35.4% of class time waé
spent ;waiiing, 25.4% of class time was spent receiv{ng
jnfdrmation, which gégefal1y involved listening to the
teacher,land 29.4% of the time was spent either practicing,
game-playing, exer;isihg; or exploring. Fgrthermofe; 63.2%
of fhe class’ time was spent in non-movement, while 27.5% of
the time was spent in substantive moveﬁ;nt, wﬁich ref]ects
the actual parti¢ipation in physical education activities.
One of the most startling results was that 48.8% of the time
“was spent in non-substéhtive activity chéracterized by
waiting in line, relocéting, and listening to a teacher talk
about noﬁ—physica] education subjéct matte;. This study
‘provides us with somé.Va]uab]e information about the actual
activity of a child durihg his physical education lesson.

In summéry, the‘initial'studiesvhoted in this section
demohstréte bofh positive and negative effects of school
physical education on physical fitness. However, in the N
initial studies reported (Taddonio, 1966; Cumming et al,
1969; Knuttgen and Steendahl; 1963; Coopér et al, 1975;
Frabicius, 1964; Bar-0r and Zwiren, 1973; Shephard et al,

-
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1979) the actual intehétty of a physical education class was
not measured. From thevresults of the latter studies
reported, where intensity was measured (Ha]e and Bradshaw,
1978; Faulkner et al, 1963; Costello, 1977) it would appear
that the 1ntenswty of a physical education class is
insufficient to cause a training adaptation.
Physical Activity

It was interesting_to noteesome,studies in which the
investigators have'examined the habitua] physical activity
of chtldren Habitual physical activity studwes provide some
1ns1ght into the daily activities of children and shed some
light on the importance:of-elementary school physical
_ education. As Shephard (1976) states . . ."In particular, we
need to answer the challenge that existing phystcal |
educat1on programs are insufficient to improve the
physiological variables assoc1ated w1th fitness (Cumming et
al, 1969), and fail to deve]op patterns of habitual act1v1ty
that will persist into adult 1ife. "(p. 38). |

Gi]]iam et al (1981) examined the heart rate patterns
in ch:ldren aged six to seven years during the summer us1ng
a cont1nuous 12 hour holter monitoring system. The1r samp]e
1ncluded 22 boys and 18 g1rls who - had volunteered for the
. study and obtatned parental consent. No‘sex differences in
height, weight, and age were present before the .experiment
began. A holter monitor was worn by each child from 8:06
a.m. to 8:00 p.m. once during June and July. The parenté

were requested to complete a diary of the child’'s daily
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activities on the‘monitoring day, including information on
the environment. |

The investigators'grouped heart rate into 20 beat
intervals, beginnihg at-80vbpm. Of the 12 hours'honitored,
- the boys and gif]s had.heart rates greater than 160 bpm for
only 20.9 and 9.4 minufes; respectively. fn contrast, the
ch{ldren were at heart rates less than f20 bpm more. than 75%
of -the time during the 12 hour period.vThevamount of»%ime
the heart rate exceeded 140 bpm was greater for the boys .
Gﬁl]iam et al concluded that the children, even though
moderately active, seldomxexperienced physical activity of a
- high ehough intensity to promote cardiovascular health. |

Seliger et al (1974) attempted to elucidate the
relatibnship between habitual phySica1 activity and physical
fitness by providing a combrehensiVe overview of the
activity pétterns of eleven 12-year o]d_boys over a 24 hour
; period. Heart rate wasvreporded,throughout the 24 hour
period by telgmétry. The boys also Kebt personal records of
their activity, accountiﬁb for each minute. Themactivity
récords were evaluated in a subseqﬁent personal interview
and an attempt was made to quantify the'actiyities,as
follows: 1)sfeep (110% BMﬁ){ 2)awake, lying down (120% BMR);
3)moderate activity: sitting or standing, at rest (150%‘ |
' BMR); 4)low intensity activity (300% BMR); S)hodefate
intensity activity (500% BMR);.G)medium'intensity activity
(800% BMR); and 7)heavyvintensify activity, moving (1000%
BMR). \
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The investigators found that the subjects spent 44% of
the time sleeping, 27% and 25% of their time engaged in mild
activities at levels 3 and 4, respectively,«and only 3% of
the time in moderate or medium intensity activity. At no
time did the boys engage in heavy intensity activityi

The mean heart rates of the boys were as follows:
1)sieep=68 bpm; 2)awake, lying down=85 bpm; 3)moderate
activity, Eest=95 bpm; 4)low intensity=104 bpm; S)moderéte
intensity-112 bpm' and 6)medium intensity=118 bpm. Heart
rates of 150 bpm were rare and on]y encountered f]eetlngly.
The individual twenty-four hour heart rate curves showed
. great variations both in sleep and while awake. |

The subjects were also required to performva'bicycle
ergometer test in the lab. The mean maximal heart rate
obtained on.fne bicycle ergometer test was 204 bpm.AThe
authors'naye suggested that the daily heart response implied
that ver§ little circulation response was required to
support the daily activity. Seliger and his collegues v
conc]uded fhat the use of daj]y records of aotivity and
heart rate monitoring provides a feasible mefhod of
estimating circu]atory load from maximum and minimum values.

It was noted that each subJect in their study was |
requ1red to record activity for only one 24 hour per1od It
is not known.whether this per1od occurred on a weekday or
during the weekend. It was a]so'possib1e that the resu]te
, were‘biesed in-favor of .inactivity if the child was H |

unwilling to record a large number of activities.
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Rutenfranz, Berndt, and Knauth (1974) investigated the
re]ationshﬁp between physical performance capacities and
daily activities in fifty boys, aged 11 to 12 years. The PWC
170, as measured on the bicyle ergometer..was used as an
indicafor of physical performance capacity. A time budget
'study. involving a questionnaire which each chifd had to
fill oﬁt every day, was uséd'to examine the daily
activities. The questionnaire included queries about
duration of sleep, lessons, way-to school, homework,‘

househo1d duties, sports groups, and leisure time activity

...........

winter for a total of 464 days, thus allowing seasonal
Variat%ons'to,be noted in this time budget study. |

The authoﬁs found that a iarge difference in physical
per formance capaci£y (PPC) existed between the'boys in this
study and therefore they divided the bqys into 3 subgroups:
1) high PPC, N=12: 2) medium PPC, N=27: and 3) low PPC,
N=11. | _ o
| The high PPC group had the lowest body weight, while
the low PPC group had the highest body weight. THe fat
cbntent, as determined by skinfolds, increased
cd?respondingly'froh the éhi]dren with the high PPC to the"
children with the low PPC. o

The results of theif study demoq;tnated that children
differing in PPC showed similar, differences in their dai]y
life patterns.’The children with a high~PPCis1ebt 1é$s'aﬁaj

spent a larger propdrtion.of'their'movement activities at a
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high interlsity during their leisure time than the children
with a low PPC. Rutenfranz et al suggested that the
differences in the daily activities alone cannot explain the
differences in physical performance capacity between the
groups, but that more attention, in the future, should be
giQen to the behaviour of children with regard to their
budgetting of daily hours, eSpéciallyfduring their leisure
time. |

Kemper and Verschuur (1974) have also examined the role
of habitual physical activity in young boys. They i~
investigated the habitual physica] activity of 71 Danish
school boysy aged 12 to 13 years, thrgugh the use of a
guestionnaire-interview and by the measurement of scores
obtained on pedometers. Their questionnaire categorized~the
total tjme spent during leisure timé into three headings:
transportation to and from school, participation in sportiﬁg
clubs, and all other activities. The pedometer is an
instrument that measures vertical displacements. The
pedometer was attachedﬁto the waist of the subject, allowing
all movéments of the centre of graVity to be measured and
totalled over a given.period. The totalled score was used'as
'é measure oF the amount of physical activity. The pedometer
was used to measure the leisure time activity during 3
periods of the week: from Monday afternoon to Tuesday
morning, from Wednesday noon to Thursday morning, and from

Friday afternoon to Monday morning. To avoid seasonal

influences each measurement was performed for each boy twice
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a year, during the fall and during the spring.

From the questionnaire results, Kemper and Verschuur
were able to conclude that of the total leisure time, 30.8%
was spent for transportation , 16.1% was spent for erganized
activities, and 53.1% was spent for éll other activities.
The mean pedometer scores were higher %n relation to the
length of the measurement period. High inter-individual
differences in habitual activity were demonsfrated in the
\observed minimum and maximum pedometer scores.

Perhaps the most pertinent part of their study was the
measurement of total activity during normal lessons of
physical education. The score of each 1essoﬁ was obtained by
“averaging scores of §\randomly chosen pupils. The mean ’
pedome ter score for 10‘1e;son§ of physical education varied
from 2670 ‘to 3250, depending on the’teacheﬁf If a predicted
4 pedometer score of 6000 is assUmed'aé*a‘result of two extra
lessons of physicai education a week, the Hincrease in ;he
total physical activity for a veryngaetive/bey‘WTtHM;ﬁ
phedicted weeK]y total pedomeieelecore of 24,000 15\25%. On
the other hand, for a very physfcé]]y active classmate With
A a'predieted week ly pedometer score of 180,000, the same two\
.extra lessons result in an increase in the total hebitual
activity of only 3%. Kemper end Verschuur suggested that the

same training effect can not be expected &or both subjects.

\

\

i .
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B _PHYSIOLOGICAL VARIABLES
. )
HEART RATE

Under normal conditions, the heart is under the control
of the autonomic nervous system. Both the sympathetic and
parasympathetic nerve impulses can modify the heart rate
(Astrand and Rodahl, 1977). The sympathetic nervous system

. has an excitatory effect on the heart and acts via the
cardiac plexus to increase thé heart rate. The
parasympathetic nervous system has an inhibitory effect on,
the heart, and thus causés a decrease in heart rate via the
vagus nerve (Astrand and Rodahl, 1977; Mathews and Fox:
1976) .

In addition to nervous coﬁfkdl. the heart has it's own
pacemaker, the sino-atrial node tﬁat will 1nitiate
approx1mate1y 70 impulses per m1nute (deVries, 1974 ; Astrand
and Rodahl, 1977). o |
FACTORS AFFECTING HEART RATE:

1. The Age and Sex Trends in Heart Rate

The resting heart rate is quite variable fhrdughoutx
11fe, with a wider variation betwesn the extremes in younger
persons (Lowrey, 1973). The resting heart rate at b1rth is
between 130 and 160 bpm and falls gradually and equal]y for
both sexes each succeedlng year until adolesgence (Lowrey}
1973; deVries, 1974; Espenschade and Eckert, 1967) . Between
the ages of 10 fo 15 years, the boys’' rate decreases ﬁqhé“‘”
rapidly (Clarke,'1979; Espenschade and EcKeFE; 1967; I11iff

and Lee, 1952) so that in adults, the resting .rate is
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approximately 10X greater in females than in males (Clarke,
1979; Eﬁpenschade and Eckert, 1967). The average rate in a
resting adult male is approximately 78 bpm in the standing
position (deVries, 1974).

Table I illustrates the\fall in the resting heart rate

from birth to adolescence.

2

e
TABLE I: AVERAGE HEART RATE FOR INFANTS AND CHILDREN
AT REST»

AGE AVERAGE RATE 2 STANDARD DEVIATIONS
birth 140 ‘ 50
" month 130 45
1-6 months 130 45
6-12 months 115 . 40
1-2 years 110 40
2-4 years 105 35
'6-10 years 95 30
10-14 years 85 30
14-18 years 82 25

*adapted from LOWREY, 1973 (p. 214)

The maximal attainable heart rate shows a gradual
decline with age in adults (deVries, 1974; Astrand and
Rodahl, 1977; Vitale, 1973). Astrand and Rodahl (1977)
stated that "there is a gradual decline in maximal heart
rate with age, so that the ten-year-old attains 210, the

sixty-five-year-old only about 165 beats per minute" (p.
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189) . |

A conservative formula fdr estimati@% maximal heart
rate’is 220 minus the age/of the individual (Vitale, 1873).
HoweVer, this fbrﬁula may provide aﬁ estimaté that i# too
high for children as demonstrated by various training
'studies done on children . Eriksson and Saltin (1974) found

maximal heart rate values of 196 for boys 11.6 and 12.6

years of age who exercised on an electrically br aked bicyc]é

ergometer. Kramer and Lurie (1964)'found mean maximal heart
rates of 1§1tbeats per minute for trained, normal boys, aged
12 to 17 years, who exercised on a cycle mill. Wirth et al
(1978) found a maximal heart rate‘of 180 bpm for seven
prepubertal swimmer; who were exerciséd-on a bicycle -
| ergometer. Their-mean'age was 10.8 years. Macek et al (1976)
tested a group of ten boys, whose mean age was 12.75 years,
on both the bicycle ergometer and the treadmill. THey found
maximal heart rate values of 200 bpm on the b1cy]e
ergometer and 203 bpm on the treadm1l1
2. Physical Act1v1ty and Tra1n1ng
The heart Qate 1s the most often’usgd index of
.circulatOry functibn during,exéréiéé because of its
relationship to oxygen consumption, workload, and training,
and its s1mp11c1ty of measurement (Mathews and Fox, 1976).
The heart rate has often been used as a measure of work
intensity (G1111am et al, 1981; Karvonen.et al, 1957, '

Massicotte and Macnab, 1974).

.
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Physical training results in a decrease in the heart
rate that occurs in the resting state and at each level of
work (Amsterdam et al, i977; Mathews and Fox, 1976; Fex,
1979; .Astrand and Rodahl, 1977; Karvonen et a1,11957);;1twis -
not uncemmon to find resting heart rates between 40'to 55
bpm in highly trained male -and female ‘endurance athletes
(Fox, 1979]. There are indications that this resting
bradycardia and reduced heart rate during a standard work

load after a period of physical training is induced by an

increase ih vagus tone and a reduction in‘sympathetic drivex,
_(Astrand and Rodah], 1977; Mathews and Fox, i976). Another§; 
theory that has been put forth‘fer the reduced heart rate
during~ submaximal work dea]s with the stroke volume of the
heart. There is an increase. in stroke volume during
submaxima | worKloads with traihing, so that a trained
individdaJ can obtain an adequate cardiac output at a lower
pulse frequency than'before training (Brtha 1959; Fox,
1979). This s]ower beat1ng of the heart with a larger stroke |
vo Tume represents a more efficient energy utilization by the‘
myocardium (Fox, 1979). ' -
' Response of Heart Rate to Exercise |

The heart rate increases as soon as exercise begins and
in mahy instances even before,(Brouha; 1859; deVries, 1974;
Hanson,-1967). The antfcipatOry rise in heart rate prior to
exercise is commonly attributed to a diminution of the vagal
tone reflexly produced by the mentai preparation of the

effort to be made; it originates in the CNS (Brouha, 1859) .
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The first increase in the heart rate takes p]acé rapidly and
is followed by a second phase during‘which the level and the
behaviour of the heart rate aré determined mostly by the
workload (Brouha, 1959; deVries, 1974).
Brouha (19538} has outlined the heart rate response to

variable workloads:

"When‘}he workload is variable, the pattern of heart

rate follows each change closely: an increase in

-load produces an increase in heart rate and vice

versa. The relative abruptness of the change depends

on the degree of difference in workloads. For a

small load increase the heart- rate will rise

smoothly to establish a new, more elevated plateau;

- fof a marked load increase the change is rapid, the

adaptation to the heavier load starts immediately

and is achieved in a short time. The reverse is true

for decreasing work loads."(p.181) x '
-Recovery Heart Rate

The-heart.rate decreases almost immediately when wor

red

stops (Brouha, 1959). Several factors may influence the
decrease of the heart rate during the beginning of the
recovery period, including max V02, the work heabt rate, and
the difference between the work and.rest héart rates

- (Shapiro et al, 1976]). ‘

For a given individpa]; a heavier workload elicits a
higher heart rate during exercise and causes a 15nger time
period to be taken for thé heart to return to it’s normal |
resting level (Skubic and Hdégkins, 1965; M’%fie]d and
Brouha, 1963; Brouha, 1959; Nandi and Spodick, " 1977).
Physical training resﬁlts iﬁ?% smaller increase in thé heart
rate for a given workload and a more rapid‘}eturn of the

heart rate to its resting value (Maxfield and Brouha; 1963) .
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H Whén'exercise is nof continuous, thé'heart rate
recovery‘beactions are‘determinéd by the total work _
performedzaﬁd by the duration of the rest periods (Skubic
and Hodgkins, 1965). The reéovery can)be comp1ete for light
work in a short time even when several‘pefiods of exercise |
haQe already faken’place. For heavier work the recoveries
become less and less complete for a given rest time, so that
the récovery reactioﬁs remain at a progressively higher
heart rate level as the number of exercise periods increase
(Brouha, 1959);

Variations in Exercise

When only specific muscle groups are trained, Fhe'heart 
rate is subsequent 1y lower when those muscles work but is
not during exercise invd]ving other ﬁuéc]es which were not
included in the training process (Amsterdam, 1877). An
isometric exercise will also increase the heart»raté above

the value expected from the workioad (Astrand and Rodahl,
1877, Brouha, 1959). The heart rate at 2’ en oxygen uptake

is higher when the work is perfarmed with tHe arms than with
the legs (Astrand and Rodahl, %977; Fox, 1879),
3. Body Position and Posture

| The heart rate is lowest when lying, higher when
isitting, and higher yet when standing (Vitéle, 1973; Astrand
and Rodahl, .1877). The typical response to the change from
the lying fo the standing position appears to be an increése‘

bf 10 to 12 bpm (deVries, 1974).

-
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4. Body Temperature

An increase in body temperature above the normal value
causes an increase.in heart rate. It is estimated that for
every degree fahrenheit that an 1nd1v1dual s resting ora]
‘temperature lies above the average, the heart rate also lies
11 bpm above the average (Espenschade and Eckert 1967) .
With a decrease in body temperature the heart rate‘also
dec11nes, until a temperature of approximately 26 degrees
centigrade is reached at which temperature abnormal
electrocard1ographs are obtained that illustrate a danger of
-~ heart failure (deVries, 1974) .
| 5. ‘Environmental Factors

Environmental temperature is one of the most important
factors affecting the heart rate and total” cardiovascular |
response to exercise. There is a 1inearlre1ationehip be tween
the environmental temperature and the increase of the_heart
rate both at reet and during work (Brouha, 13959). At rest,
small increases in heart rate are seen as temperature
1n¢reasee (deVries, 1974). Prolonged exercise in a hot
environment causes a higher heart rate than exercise at.a
low room temperature (Astrand and Rodahl, 1977). Hum1d1ty
also affects the heart rate. For any given temperature and
worKToad, thelrfse in heart rate will be greater if the
humidity is high amd the air is motionless (deVries, 1974).
6. Food Intake

The resting heart rate is htgher whi]e the digestive

processes are in progress than in the post absorptive state

4
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(deVries, 1974).
HEART RATE VERSUS OXYGEN CONSUMPTION RELATIONSHIP
The relationship of heart rate to oxygen consumptfon,
whi}e unique to‘eacﬁ individual, is linear over the common
range of daily‘activities (gbady, 1980; Shephard, 1971;
Margaria et él, 1965; Astrand and Ryhming, 1954; CQmming and
Danzinger, 1963). Astrand and Ryhming (1954) peffoﬁmedk
experiments with healthy subjects from 18 té 30 years of age
and‘fouhd‘that‘thexrelationshjp between oxygen consumption
and heart rate was linear within the heartArate range of 125
to 170 bpm. |
However, there is eQidenée to suggest that the

rélationship between heart rate and oxygen consumption is
- not linear at very low 1htensityjexercise (Margaria et al,
1965) and very high intensity exercise (Davies, 1968). At
the lower levels of work it is believed that the heaft rate
is more susceptible td‘emotional'disturbances (Shephardp
1971). At the higher levels of work, ne@r maximal effort,
the relationship bfeaks downland the curve becomes
asymptotic &6avies, 1968) . | |

| Shephard (1967) has suggested that over the full range
of metabolic activity a sigmoid re}ationéhip éxists between
pulse rate and oxygen'cohsumption_dye to the combined i
effects of hemoglobin level and stroke volume. Because there
is hormal]y a small increase in both the red cell count and

the hemoglobin concentrationaper unit of blood with an

increase in metabolic activity, there isga tendenéy for the

&
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heart rate to increase” less than the oxygen conSumption 55 "
work loads that are heévy enough to indu;e'this effect. The.
variations that occur in étroke\vo]ume with exercise tendlto
be accompanied by a smaller {Hcrgase invpulse rate for a
given increment of oxygen consumptioniat low than at high
work Joads. Shephard (1967) does aghee, however, that theb'
relationship between oxygen consumption and heart rate is
almost linear in moderate and vigorous aétivity, between 35
to 90% of the aerobic power. |

Cumming and Danzinger (1963) found that the linear
relafionship between heart rate and oxygen consumption in
chfldren was maintained to a heart rate of approxihate]y 180
bpm, after which the relationship bedamé asymptotic. They
tested 41 grade - five boys and girls,_éged 16 to 11 yéars, on
a bicycle ergometer. Cumming and Dahzinéer found that the~_
average oxygen consumption at a pulse rate of 170 bph was
73% of th; max V02 of the children in thfs study. In the
average adult the oxygen congumption-at a pulse rate of 170
bpm was about 80% of the max V02 (Wahlund, 1948).‘

There are various factors which affect the heart
.rate40xygen éonsUmption relatiohship. Theée“factbrs include
physica1‘conditioning, age, sex, ambient temperature,
;fétigue, elapsed time after the previous meal, time o% day,
diseasé, stress and emofion, and the mechanfcél efficiency
associated with the work task (Metz and Alexander, 1971;
Rowell et al, 1974; Shephard, 1967; Hermansen and Oseid,

1971, Andrews; 1969). If an oxygeh consumption-hearf rate

P
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~regression line is used, as many factors as possible must be
standardized at levels or»withié raﬁges that are |
'representative of those which are‘expeoted to accompany the
anticipated uses of the regression lines (Andrews, 1969).
AFitnese 1eve1, environment, age, and sexvare usually -easily
control led in a study. However, fatigue,»absorpfion, and
‘pOSSible i]]nessee are fectors that ére difficult to control
and therefore these may cause limitations in the use of the
regression linee.. v
THE DEVELOPMENT QF MAX VO2 DURING CHILDHOOD. AND ADOLESCENCE
Difficulties with Childrens’ Studies '.

A number of d1ff1cult1es are encOuntered by
1nvest1gators 1nvo]ved in research concerning tra1n1ng
studies in children. The results from training studies are
usually compounded by growth changes. The evaluation of _
'training effects in children is difficult, particularly with
regard to long-term training, since aging itself appears to
.simulate many ohysio1ogicei_ohénges’produced by training
(Astrand, 1976). |

It is also difficu]t to elicit changes in max V02 in
children with training because of the high training »
threshold that chiidren possess. In tHe:percentage‘of
difference between the resting and maximal heart rate, it
appears that the traihing thresho]d in children is above
75%, compared to 60% ih’adults (Messicotte and Macnab,
19745 This apparently high threshold for a training effect

on the max V02 in ch11dren is probably related to their
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naturally active and vigorous lives (Stewartdand Gutin,
1976). It may be that the mejority of the young children are
already at or near their potential maximal worKing capacity
{Shephard, 1971), and therefore training has little effect
on a max V02vva1ue. | |

Another probleh in measuring max V02 in children is the
diffﬁcu]ty with motivation on maximal tests. The young child
may  have a tendency to "give up”'before the true maximal
values are reached .(Astrand, 1952).. |

There is also some evidence to suggest that children
participating in athletic training may be a selective group
who‘have a genetica]]y inherited aerobic eapacity that is
superfor'to their peers (Sprynarova, 1974). Since regular
training in previously trained persons can,'jn{most cases,
- increase the max V02 not more than 10 te 20%, it is evident
that the natural endowment is the most important factor
determining the individual’s maximum V02 (Astrand and
Rodahl, 1977). Subject selection, therefore, could possiblyr

bias a study towards high or low max V02 values and should.

-be considered in the eritiCa} analysis of research.
Trends in Max V02 Values for'Chi1dben and Ado lescence
' InQestigators examining the area of mava02 in children
appear to be in two main cahps: those who Suggest that
'“values foh_chi]dren and adolescents are re]atiVeﬂy the same{
,and}those‘who suggest that vaiues for the adolescent are |

higher. Shephard (1971), after reviewing many studies on

boys from 6 to 18 years of age, commented "that'boys with an
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aerobic power of 48" to 50 ml/Kg;min are close to their
potential and that rewards of training are small" (p. 337).
Kogh (1980) studied nine boys for three years, beginning at
age 12, while they were engaged in a high amount of physical
activity. The mean initial max V02 of his subjects was 59.5
ml/Kg-min and there was no substantial increase in this
particular parameter over the 3 years of high physical
activity. Koch (1980) suggests that the resths of this
study imply that 60 ml/kg-min represents the average upper
limit of trainability at the ages of 12 to 15 years.

The resﬁlts of many studies are presented ih table II.
_It was interestiﬁg to noté that when tHe prepubescent Bbys,
‘that is, the boys before the ége of 12, were éonsidered, the
max V02 values were a%ound 48 to 50 m]/Kg—mfn, with few
exceptions.vlt was also interesting to note that mosf of the
values For boys betweenv12 to 15 years were around 60
ml/Kg-min. A number of possible:reasons for this apparent
division of max-V02.values bétween prepubegcent and
adoiesceht children have been suggested and will now be
preseﬁted.
Training in Children Prior to 11 to 12 Years of Age

Children can train or be trained to achieve high 1e§els
of Hea]th'rélated fitness, but the cost in effort is highf
As has béen previously mentioned, children have a very high
training thresﬁofd,.and it may'be that training during fhe
years'prior'to puberty‘is very inefficieﬁt because their |

aerobic machinery has not reached its potehtial development.
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TABLE II: MAX V02 VALUES IN BOYS

AGES N ERGOMETER VALUE REFERENCE
S - "USED (ml/Kkg-min)
8.6 22 treadmill 47 .6 Krahenbuhl et al, 1977
10.0 . 66 treadmill 56.5 Cunningham et al, 1977
10.8 45 bicycle 53.4 Gaisl et al, 1980
10-11 16 . "bicycle 48.3 Scmucker et al, 1974
10-12 13 treadmill 49.5 Stewart & Gutin, 1976
11.0 6 treadmill 59.4 Ekblom, 1969
11-13 9 bicycle: . 51.8 Massicotte et al, 1874
12.0 g bicycle 59.5 Koch, 1980
12.5 20 treadmill - 58.1 Hermansen et al, 1971
12-13 17 bicycle 52.9 Scmucker et al, 1974
10-15 14 treadmill 59.5 Daniels et al, 1971
13.0 120 treadmill 58.3 Kemper et al, 1980
14.0 64 treadmill 58.8 Kemper et al, 1980
16.0 g bicycle 72.6 Koch, 1980
9-14 7 .treadmill 63.2 Kobayashi et al, 1978
13-17 43 treadmill 52.2 Kobayashi et al, 1978
14-17 6 treadmill 73.2 Kobayashi et al, 1978

Corbin (1980) suggestqﬁfbat unless the child is extremely

- W =

,mot1vated to train or un]ess there is some compelling reason
for the tra1n1ng, it appears that most children would be
best encouraged to ma1nta1n reasonab]e\]evels of hea1th :
related fitness in childhood but to save efforts at intense
training for a time when the effort-benefit ratio is more
efficient. | |

Kébayashi et al (1978) failed té find an effect of
trainfngbbéfore the age of 12 in their longitudina] study on
Japanese school boys. They suggested that physical irainihg
at prepubeséent ages may not appreciably improveraébobic
power . Hamilton and Ahdrew‘(1976) found that stroke volume

was similar in both trained and untrained prepubescent boys,

thch implies a limitation for cardiac development potential
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prior to puberty. Eriksson and Koch (1973) and Gatch and
Byrd (1973) did, however, find an increase in stroke volume
in pubescent and prepubescent boys with training.

However, this is not to suggest that physical training
would be detrimental to a young child. Certainly, soﬁe of
the training effects that have occurred in young subjects
are desirable. For example, there have been many reports of
an increased efficiency at submaximal workloads with |
training‘(Koch, 1980; Lussier and Buskirk, 1877; van Dobeln
and Eriksson;, 1972: Stewart and Gutin, 1976; Harﬁon et al,
?972). This allows a person to work for a longer time at the
same heart rate, or for a given submaximal oxygen demand to
be met with a s]ower'heart rate (Stewart and Gutin, 1876).
Aerobic training also alters fhe body compositidn,,either by
loss of fat, an increase in the muscle mass, oﬁ'by both
mechanisms (McMiken, 1976; Parizkova, 1980). Physically
active children tend to have a higher proportion of lean
body mass to body fat (Zaichowsky et al, 1880). Bailey and
his collegues (1880) suggest that the adaptive responées
thatvare generated through vigorous physical training during
youth result in persistently favorab]e 1nf1uences on the
organism dur1ng growth and development and into adulthood.
Training in Adolescence -

Although training in childhood seems to be inefficient,
~this does not appéar4t9 be the case in adolescence. Many
changes that are associated with the'pubertal growth spurt

appear to enhance the aerobic power of an indiVidual
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undergoing physical training.

Kobayaéhf et al (1978) fongitudinal ly examined changes
in max V02 in relat1onsh1p to chronolog1ca1 age and body
growth as indicated by body height 1n f1fty dapanese school
boys and six supervor junior athletes. They divided their
_sﬁbjects iﬁto three groups: group one, which trained for 1
to 1.5 hours per day, 4 to 5 times per week, (N=7); group
two ‘which took part in regu]ar physical education classes
and recreation, (N=43); and group three, high]y trained
winners df Japanese Junior Championships for middle distance
running events. Aerobic power increased in all three groups,
particularly, around the age of peak he{ght velocity (PHV).
From approximately one year prior to the age of PHV and
thereafter, training effectively increased aebobic power
above the normal increase aftributab1e to age and growth.
Kobayashf and his collegues suggest that the striking
increase in aerobic power, observed for many subjects to be
closely related to the age of PHV, might be mainly the
result of the rapid increase ih physical parameters
occurring at that time.

An 1ncrease’in aerobic power around the age of PHV
makes sense when one considers the factvthat the peak
vincrement in height velocity closely coincides with the beak
1ncrement in weight and in lean body mass (Parizkova, 1376).
The LBM, or the act1ve t1ssue mass, is c]osé]y re]ated to
the max V02.‘If a person possesses a larger LBM, he ‘should

therefore possess a proportionately larger max V0O2.
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Cheek (1969)(as cited in Bailey, 1975) provides further
evidence for an increase in LBM during adolescence when he
states:

"Most muscle hyperplasia occurs in fetal life and
early postnatal life, but during adolescence,
presumably under the influence of adrogens,.s
hyperplasia of muscle cells undergoes marked
resurgence.”

Further evidence for training effects during
adolescence was provided by Sprynarova (1974), who
1ongitudinaliy studied the maximal aerobic power of boys
from age 11 through to 18. He divided his subjects into 3 ,
groups: group one, who regularly trained for 2 hours 2 times
a week up to 15 years of age, and 3 times a week thereafter,
(N=8), group two, who trained, but not on a regular basis,
(n=19); and group three,%!tf were considered as untrained,

(N=12). The age range stqgééd was viewed as consisting of

two parts according to ‘aifj'te,of the functional growth of

. the oxygen transport system. The results demonstrated a
;rapid increase in max V02 to the age of 15 years followed by
a slow down. An inspection of the greatest and least max V02
per Kilogram values obtained by each boy showed the greatest
vélue to coincide with the pubertal growfh spurt. The mean
of the individuals’ Qreatest max VO2 per Kilogram value was‘
significantly grgater in group one than that of the other
two groups. Sprynarova suggests that these results imply
that the pubertal per\od is particu}ar1y susceptibfe to

training effects.
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D. EXERCISE'INTENSITY STUDIES
ﬁ  Severa1 investigators have examined the idea of an
optimal means of obtainihg a physfological traihing effect.
The factors aFfeCfing the optimal‘achievement of the
training effect most often studied‘arg‘thoée of intensity,
"duration, frequency, and initfa] fitness~1g9e1 (Sharkey,
1970; Crews and Roberts, 1970; Bufke and/Franng 1975).

Several investigators have examined the ro1e‘of
infensity dering exercise and the idea of a traﬁning
}thresholthgért rate. Unfértunate]y, these studies are often
éonfoundea by a factor relating tqidurationl tots ' work, or
energy expenditure (Sharkey}-1970).'1§ is also unfortunate
tﬁat a large number.of these studies havelﬁsed adult
‘suﬁjects. However, it was interesting'to examine 1 = idea of
a minimal trainﬁng threshold. A number of studies examining
the minimal training %hreshold in older subjects will
therefore be presented.

Karvonen et al (1957) studied six male medical
students, aged 20 to 23 years. The medical sthents trained
by running on a tréadmi]] for thirty minutes a day, four to
five days a week, for four weeks. The diffe}ent subjecfs'
were trained at different heart rate intensities by
‘adjustment'of the treadmill speed. The inyestiégtors
expressed the'intensity of heart rate as a percentage gf the
total range of‘pulse rates from rest to the maximal .

at{ainable by running. They found that q more intense level

of training, that is, taxing at least 60% of the%@vai]able

by
2
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range of pulse rates, or a heart rate ofeappreximately 150
bpm, caused a training effect as measured~by the heart rate
elicited at a given workload. | 4

Sharkey and-Hellman (1967) also found that it was
necessary to work at a heart rate of 150 bpm to obtain a
%rafning effect. They studied the effects of a 6 week
treadmill training program that went tnree days4per week %or
10 minutes a day on 16 college men, aged 18 to 19 years.
Sharkey and Hollman had 4 groups in their study: 37Ehaining
i groups who trained at heart rates of 180, 150, and 120, bpm,
respectively, and a control group who participated in a
fencing cless. They Found.$1gn1f1cant differences in the
results of a step tes% and a Balke treadmill test between
the'180 fraining group and_al] others and the 15Q training
group'and all others. Sharkey and Hollman suggest that an
1ntense act1v1ty is more effective in e11c1t1ng tra1n1ng
changes than when a light or moderate act1v1ty is used as a
training stimulus. _ v

Thad and Crews (1976), uti]izing a pre to post PWC 170
measurement have a]éo suggested that a heart rate of 150
bpm is effect1ve in caus1ng a tra1n1ng effect. They trained
A3 sedentary men ‘with a mean age of 39.5 years, for 7 weeké
- with a rpnning,program.lThe subjects were divided into six
>training groune representing all possible.combinations of 3
1evels‘of'frequency of training (5,3, or 1.day/ week), and 2
levels of intensity of training (exercise heart rates of 150

and 120 bpm). Their results revealed no significant"
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'intefaction effect for any of the dependent variables. The
results, however, did indicate a greater tféiﬁing effect, as
demonstrated by a PWC 170 score, for the 150 heart raye
groups over the 120 heart rate groups.

Burke and Franks (1975) studied the effects of a 10
week bicyclg ergometer training program on the max V02 of‘16
males, agéd 16 to 18 years. The sub jects were randomly
assigned to one of ;hree training groups br a control group.
The training groups trained 3 days per week on a bicycle
ergometer atvdifferenf intensities (85%, 75%, or 65% of
heart rate maximum); with all groups~dofng'the sgme total
mechanical work (12,000 kpm per training sessioni. The
control group participated in physical education 1essohs.

- The investigators found significant post test differences in
.a max V02 test bétween both the 85% and 75% gronS»and the
control .group. No significant differences were found between. -
the~85%'group ahd the 75% group or between the 65% group and
the cohtrdakgroup. Burke and Franks (1976) concluded that
“when compar ing between training 1nten§ities'while hoidfng
total mechanical work constant at 12,000 pr_per training
session, it is necessary to work at a minimum of 75% of tHe
maximum heart rate to elicit a significant change iH Vo2
max" (p. 37). Training at 75% of the haximhm,heart rate in
this study was equivalent to training at 143 bpm.

‘Faria 01970) studied,the effects of a 4 week bench

4

stepping*ﬁfé{ning program on a PWC 180 measurement on 40

*co11ege meh.with a mean age of 20.55 years. The subjects
. N : ) . ‘

?



¥

45

were randomly assigned to one of three training groups or a
control group. The training consisted of bench étepping
until an assigned heart rate of 120 to 130, 140 to 150, or
160 to 170 bpm was e]icited, 5 days per week, for four
weeks. The control group participated in a regular physical
éducation volleyball c]asévthree times per week. Analysis of
the results revealed that there was no significant
differénqe on a post-test PWC 180 measurement between the
140 to 150 and 160 to 170 training groups. Faria suggested

that the tra1n1ng thr&shold for a training effect on the

cardiovascular syé‘em. ref1ected by a lower heart rate for a

given amount of work, lies somewhere below. 140 bpm for the
subjects iA this study. Faria also notes that:

"One might conclude that there is a threshold value
in terms of working heart rate, below which no
training effect will occur. However, this threshold
may vary individually and be’ re]ated to
cardiovascular fitness status at the outset of the v
training program.” (p. 49) _ o

The preced1ng studles suggest that a heart rate of at
1east 140 bpm ¥s necessary to elicit a tra1n1ng effect The
question as to the exact tra]n1ng'heart rate threshold is

still unsettled, however, and it appears that intensity is

not the only factor to consider in obtaining a training .-

effecf. It is also interesting to note that the term

"training effect" is applied to both an improvement in
submaximal wgrk, as reflected by a lower heart rate (Faria,
1970;‘Sharkey and Hol]man, 1867; Karvonen, 1857); and an

improvement in maximal aerobic power, as reflected by an.



increase in max V02 (Burke and Franks; 1975). Perhaps the
training intensity required to elicit a change in max V02 is
greater than that which is required to elicit a submaximal
vtraining effect, although the evidence provided in the study
by Burke and Franks (1975) woqld suggest'that it is not.
They obtained an increase in max V02 at a training heart
rate of 143 bpm. However, studies involving children
(Sfewart and Gutin, 1976; Maseicotte and Macnab, 1974)
suééested‘that it was possible to elicit submaximal training
- effects at lower heart rates in children than those requ1red.
to elicit changes in max V02. The studies on training
intensities in children will now be presented.

Massicotte and Macnab (1974) studied the effects of a
bicyele ergometer training program on max V02 in 36 boys,
aged 11 to 13 years. The subjects were fested‘on a bicycle
ergometer to determine their ma x VO2.prior to the study.
They were then ranked according to their max VOQ',b1°CK?d
into three fitness levels, and randomly assigned to one\of
four treatmegz groups. The f1rst group. . tra1ned at a hear&
rate of 170 to 180 bpm (T1); the second group trained at\150 '
to 160 bpm (T2) the third group at 130 to 140 bpm (T3); ah?
the fourth group acted as a contro] group (T4). The training
was conducted on the bicyc]e ergometervthree timee a weeK,y
for 12 minutes a session. |

Fo]]ow{ng the six week training period, the submaxiha]
heart rates on the bieycle ergometer decreased significantly

in the T1, T2, and T3 training groups by 16, 12, and 16 bpm.-
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There was no significant differences, however, in the
control group and also between the decreases of the three
training groupé. The max V02 improved significantly by 11%
in the T1 group but remained essentially unchanged in the T2
and T3 training and contré]tgroups. |

| Massicotte and Macnab have‘postu]ated that as long as
the training heart rate is above 530 bpm, substantial
decreases in heart Eate_at a given submaximal worK 1oad'can
be achieved with children. However, they suggest that the
training threshold hecessary to increase the aerobic
capacity is different to the gtimulus decreasing the
subma}imaT heart rate. The training thresho Id for an’
improvement in aerobic capacit; in children appears to be
above 170 bpm. This trainingvsfimulus corresponds to
approximaté]y 75% of‘thé différence between the resting and -
maximum heart rates, compared to 60% in adults. Massicotte
and Macnab (1974)'sugges¥ed that "the tfaining_stimulus in
térms of heart beats,inecessary to improve the aerobic |
cahacity in children, is higher,than in adults, brobably
because their maximal heart fate is sltightly higher and thus
the relative inteﬁsify'is different for the same heart'rate
‘when compared with adults" (p. 245). Gilliam et al (1981
have postulated that if the same standard of 60% of the
heart rate.range uééd for training adults is applied to
children, the target heart rate would need to be at least
160 bpm. As Burke and Franks (1975 noted: "Two individuals

working at a heart rate of 150 are not necessariiy~working
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at the same intensity if they have different maximgl heart
rates." (p.32). | ‘ o

. Stewarf and Gutin (1976) studied the effects of an
eight week interval runhing pfogram on the max V02 of
previously untrained children. Their sample consisted of 24
boys,‘aged 10 to 12 years;'13 of which trained, and 11 of
which acted as controls. Each sUbject per formed a pre and
post submaximal bicyc]e'érgometer test and a maxfmé] |
treadmill test.

Interval training was conducted during the physical
educat ion c]asse§. Training sessions were held four times a
‘week for eight weeks. The control subjects particibated in
the regular physical education class whicﬁ contained various
stretching exercises and/or 1ow-activityﬂgameé. Telemetered
heart rates of randomly selected subjects during the
sessions indicated thét.the training gfoup was working at
\approximately 90% of the mean maximal heart rate of 207 bpm,
or 185 bpm; while the control group was working at |
 abprox1mate1y 55% of the mean maximal heart rate, or 115
bpm. |

Stewart and Gutin found that no changes occurred with

" training for max V02 and cycling V02. However, they did find

“that the mean cycling heart‘rate and submaximal treadmill
heart rates decreésed signifiqght]y in the tréined group
whilé no change occurred in the éontrolé.

| It is possible thaf the interval training'used was not

of a sufficient intensity or ion to affect the children
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" studied. As Stewart and Gutin noted:

. . for training to be effective in increasing
the V02 max in children, it must clearly be of
.greater intensity than that to which the subjects
are accustomed and administered over a prolonged
period of time. The apparently high threshold for a-
training effect on the V02 max in children is
probab]y related to their naturally act1ve and
vigorous 'lives."(p. 117)

Stewart and Gutin suggested that the main effect of
short-term physical training in children leads’ to
improvements in submaximal cardiorespiratory function that
are independent of changes at maximai efforts. They
concluded, therefore, that the assessment of the training
. effect in children warrants the consideration of submaximal
physiological and work performance measures as well as
maximal ones.

Lussier and Buskirk (1977) studied the cardiovascular
effects of a 12 week endurance training program in 26
prepubertal boys and girls, aged 8 to 12 years. Sixteen of
the children trained, while ten acted as eontrole.’The
" training regimen consisted of distance running for
progressively longer periods (from 10 to 35 minutes), two
times per week, with 2 additional sessions per week devoted
to runn1ng games. A single session was 45 minutes long. The
1ntens1ty of the work was assessed from running pace and
heart rate. The target workout intensity was 75 to 80% of
max V02, which corresponded to a heart rate of approximately
185 bpm. Increased distances were covered by the

eXperimental group during ten minute run trials, conducted

C A

A



50

at monthly ihterva]s. The hedrt rate at gubmaximal workloads
on,the‘treédhi]l for both running and walking decreased
significantly in the trained group. fhe héx V02 increased
éignificantly in the trained grdup, by an average of 7%, but
not in the contréT#. The authors concluded that prepubertal
children respond to an endurance training program by
improving their running.capacfty, which is, to a limited

extent, associated with increased aerobic capacity.



III. METHODS AND PROCEDURES

A. THE SCHOOL

Milligrove E]eméntary School, situated in Spruce Grove,
Albérta, is a progressive school that opened in September,
1977. One,bf the primary anticipated outcomes, which imply
“the general goals and objectives of the school, was improved
pupil fitness (Millgrove School Proposal, 1977). Many of the
teachers are physical education»specia]ists,asince each home-
room teacher isArequired to teach his or her class physicaT“
education. The students of the school are required to attend
physical ercation class for one hour per day. Although a
portion d?sthﬁs class time is theoretical, the emphasis_is

on phyéical éctivity.

B. THE SAMPLE

‘The sample selected for thisvstudy consisted of four
randomly selected boys, aged 10 to 11 years, from oﬁe grade
Five class in Millgrove Elemehtary School. The sample was
Timited to ma]es;onlyqfecause of the eqﬁipment difficulties
associated with mdnitoring female heart rates during c]aSs..
The'principal bf Mirigrove Schoo] was asked to éelect a
grade five teacher whom he'considered a good physicé]
educator. The investigator then met with this teacher,‘
explained the study to him, and asked for his cooperation.
The teacher granted full cooperation.’The four subjects were

then randomly selected from his class.
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A brief letter expjaining the study and a consent form
were sent home with each child that had been selected for
the study (Appendix A). The signed consent forms were
returned to the school for all four initially chosen

subjects.

C. PROCEDURES o R .

The heart rate of each subjéct was Mbnitored during 9
physical education classes by an éxersentry heart rate
monitor (Respironics, Inc.). The exersentry is a small
lightweight device that is strapped to the chest of an
indiv{dual. Soft plastic electrodes contained within the
strapping monitor the e]éctrica] signal of the heart. fhe
exersentry provides a digital readout of heart rate which is
'recomputed every 4 beats and displayed. The subjects were
,able‘to run, climb on apparatus, jump, roll, and do many
‘other activities with no observable restrictions caused by
the machines.

The exersentrys were brought into the chosen grade 5
physical education class at Mi]]groveoElementary School in
the third week of January, 1982. The study was explained to
the entire -class and questions were received. All four of
the rahdom]y selected subjects wore the heart rate méﬁifgrs
'for at least 2 classes before test data were coTlected.kThis-
was considered a reasonable amount of time for the chf]d to:
become accustomed to wearing the monitor and calling heart

rates.
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DATA COLLECTION

The test data were collected at Mi1lgﬁove School from
January 20 to March 18, 1982. The grade five physical
‘educatibn curriculum consisted‘of 5 classes per week: 2
gymnastics classes, 1 dance, 1 games, and 1 6utdoor
education class. Data was collected for 3 classes for each

subject in each of the areas of gymnastics, dance, and

games, for a total data collection of 9 classes per subject.

Thé outdoor education class was not monitored due to winter

e
”

The investigator monitored 2 subjects per class. For

weather and clothing.

- the first three weeks of data collection, all 4 subjects
wore an exersenfry heart rate monitor during physical
education class. However, Oniy 2 subjects wéré monitored.
THe investigator felt that this allowed each =ibject to
become more comfortable with tBe instrumen: ¢ subjects
did not know prior to the class whether they were being
monitored or not. This was considered to help decrease any
anticipétbry,rise in heart rate that may have occurred. The
investigator chose the subjects to be monitored ih such a
way that: 1) no subject waé monitored for 2 consecutive
classes, and 2) the same two subjects were not always
monitored together. |

. -After the subjects dressed for physica] education
class, they reported.immediately to the %nvestigator in the
gymnasium. For the first three weeks of the study, the

investigator applied the exersentrys to all four of ;he

48
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subjects for the physical education classes. Follé&ing this
period, the investigator applied the exersentry to only
those subjects to be monitored for that day.

The heart rate was recorded at the beginning of the
class, and a stop watch was started. Approximately every 30
seconds the 1nvest1gator received heart rate 1nformat1on
from the subjects being monitored. Heart rate information
was obtained by the investigator either visually or
verbally. [f the subject was sitting or standing quietly,
the investigator visually observed'and recorded the value.
If the subject was in activity, the investigator ca!1ed to
the subject, who then looked at the digital display and
relayed the heart rate to the investigator verbally. At the
end of the clas; the heart rate was recorded for thejlast 30
second segment and the exersentry was removed.

During each 30 second interval,‘fhe inveStigator.noted
the actiQity that was being performed to elicit the heart
rate. These ancedotal records were used in the description
of the data. | . |
HEART RATE CATEGORIZATION |

The heart rates recorded during each class were
graphically displayed (Appendix B). The longest plateau of
the heart rate above 130 bpm was noted from each graphwand'
recorded. The heart rates were then categohiied;as fédiowé:‘
resting (<100 bpm); mi1d‘(1o1-130 bpm) ; moderate kﬂ31-159 -
bpm):'andvsevere (>160 bpm). In addition, the folf%w1ng

heart rates were categorized: high mild (120- ISO;bpm). and
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high moderate (150-159 bpm). The total number of heart rates
rgcorded in each category during all the classes for each of
the gymnastics, dance, and games areas was divided by the
total number of heart rates recorded during each area'to
provide the percentage of class time spent in each heart
rate category (See Appendix C for sample calculation).
LABORATORY VISIT

. The subjects visited the exercise physiology laboratory

;:;h the University of Alberta twice during the study: once on
February 6 and once on February 27. Both visits occurreéd
from 12 noon to 4 o' clock p.m. Each subject was instructed
to eat lightly before visiting the laboratory. The types of
measurements taken on each subject during the twg labofatory

visits are reported in table III.



TABLE IIl: MEASUREMENTS TAKEN DURING'LABORATOR¥ VISITS

 FEBRUARY 6 = . FEBRUARY 27

. height = . height
weight oo ‘ weight
bicycle ergometer - skinfolds

bicycle ergometer

LABORATORY PROCEDURES
.ﬁeight and‘Weight
Height and weight were reqorded on‘a‘medico-detecto
scale, Height’Was recorded to the nearest .5 of a centimeter
while wéight was recorded to the nearest tenth of a
Kilogram. Shoes“Weré femoved for both measurementsl'SubjectSj
were clothed in shorts or sweat pants.
Skinfolds |
Skinfold measurements, consisting. of the triceps,
,'bicéps, subséapular, and .suprailiac sftes,'were taken on
each child (Qpinn;y and Conger, 1981)..Each site wég Jocated
on fhe right side of the body and then marked wjth a felt |
-pen. A harpenden skinfold caliper wasused for all |

measurements. Each skint. 4 was recorded to the nearest 0.

‘imeter. Each site was measured twice., If the. o



- measurements for one site differed by more than 0.4
millimeters, a tHird measurement was taken and the mean of
the closest pair was recoﬁdéd. The skinfold measurements :
werektaken in the foi]owing order: triceps, biceps,

‘subscapular, and suprailiac.

Triceps Skinfold

The site was located ha]fwaylbéiween the acromion and
olecranon on the back of the right arm and marKed with a
felt pen. The subject stood with the érms extended by the
side in a:relaxed“position. The sKihfo1d, which was parailel
to the long axis of the afm, was raised With the thumb and
forefinger of the left hand of the investigator ovef the
subject’s‘triceps muécle and measured. |
Biceps Skinfold - }

The site was ioéatéd on the front of the right arm,
directly opposite the triceps Sité, fhe subjects stood with
“the arms extendéd by the side in"a re]axedvpositfon./The s
skinfold, which was baba]lel to the long axis of the afm,
was ra{séd with the tﬁumb énd forefinger of the left hand bf
the investigator oveqsthe'subject’s bicéps»muscle and
measured.

SUbscébular Skinfo]d; '

The site was Jééated just lateral té the inferior angle.
of the right scapula and marked. The subject étood in
normé], relaxed posture. The sKinfo]dJ;which'was at an
approximately -45 degree downward sloping angle to tHe

inferior angle of the scapula, was raised with the thumb and
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fbrefinger of the left hand of the inkestigator and
measured.
Suprailiac Skinfold - \ )
The site was 1ocaﬁed approximately 2 Ceﬁtimeters above
" the right anterior’suserior iliac sp%ﬁe and marked. The
subject'étood in normal; relaxed pésture. The skinfold,
which sloped slightly downward, was raised with the thumb
and farefinger of the left hanJ;of the 1nvéstigatortand
measured. |
Bicyle Ergometer Test

The bicycle efgometer‘test was a continuous test which
consisted of two’barts. The first part of the fest was |
considered as a calibration procedureQ at which time an
individual heart rate-oxygen consumption relationship wa§<
obtained for each subject. The second part of the test
~allowed the investigator to obtain each subject’s maxima]
ox&ge&vconsumption. Gases were coi]ected and analyzed during
the_teét by the Beckma@ Metabolic Measurement Cart (BeCKman
Inétruments),:which was'prog%gmmed to provide information on
gas analysis. every 30 gecondgf | |

Before a‘subjéct per formed thg%%icycle test, his
previously detefmined weight was inserted'jn the Beckman
computer (Beckman Instrumeﬁts) to enable readiﬁgs of oxygen
consumption in m]/Kg—min.to be obtained during the test. An
exérsentry was worn by fhe‘subject to enab]e~héart rate

readings to be obtained. A speak-easy stress mask

(Respironics, Inc.) was attached to the subject’s head and
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face: this allowed the subject to breathe into the metabolic
cart withoutvhaving fb wear a mouthpiece and noseclips.

The sub ject was instructed to sit on the bicycle
ergometer and the seat height was adjusted so thet th leg
was s]ightly'bent when the pedal was ‘in tﬁe,down pos{tion.
Gas analysis and heart rate were monifored every 30 seconds .
Stage One: Establishment of VO2-HR Relationship |
| Approximately 3 minufes of pre-ekercise measurements
were taken. The subject was then fnstructed to begin
pedalling at 20 kilometers per hour and maintain that pace.
until told to do otherwise. The tension on the bicycle was”
initially at zero and was subsequently increased so that a
slow, gradual increase in both the~hearf rate and oxygen
consumption occurred. When a heart rate of 170 bpm was ‘
reached, no further incfements in tension occurred.

Stage Two .Establishment of Max V02

The genera] procedure for estab11sh1ng an 1nd1v1dua1’
max V02 was as fo]]owe. once a subject reached a heart rate
of 170 bpm, he was instructed to increase his pedalling
speed to 4Q Kilometers per hour, which he pedalled at for
approximately one minute. From this point, the speed was
increased 5 Kilometers per hour every minute until
exhaustion occurred

A subject was considered to have reached hfe maximal
: oxygen cohsumption if the‘oxygeﬁ consumption showed no rise
greater than 2 ml/Kg-m{n wiE@jacw{ncreasing work load

(Stewart and Gutin, 1976; M%yers and Gutin, 1979; Cunningham
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et al, 1977), or if the subject was unable to éontjnde due
v fo fatigue (Burke and Franks, 1975; Boileau et al? 1577).
’Dur{ng the second labongtory visit the heart rate
during the bicycle ergometer test was moni tored by both an
exersentry and an ECG machine (Sénboﬁn.SOO.Viso-Cardiette).
The ECGnmachine was cbnnected to.theTSubject‘via'meta] plate
electrodes: 2 electrodes were placed on the chest anq 1
~electrode was placed on the back of the subject. The ECG
machine allowed the investigator fo check the validity of
‘the exersentry heart - rate monitors._A'Pearéon product-moment
correlation coefficient was ca]éﬁlated between the heart
rate values obtainéd from the exersenfry éhd the ECG machine
for each subject. The algorithm for a Pearson;s r was
obtained Ffom Ferguson (1976) and a program was written for

the Hewlett Packard 9825B micro computer.

D. DATA DESCRIPTION '

Due.tb fhe'small‘number of subjects and the
non—barametricnnature of the data collected, it wés debided
to descriptive]y‘ana]yzevthe data.

COMPOSITE DESCRIPTION

Thé'percentage of claSé time spent in each heart rate
category for each type of class was ca]cuiated ( Append ] x C).
" HEART RATE PLATEAUS

- The longest amount of time each subject was able to
maihtain a heart rate above\ﬁBO bph in each 'class waé

~determined. The heart rate plateaus were compared between
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classes and within classes for each subject, and between
sub jects. |

INDIVIDUAL DESCRIPTIONS " ‘ s\

| The percentage«of class time spent in each heart rate
category for each type of class for each subject was
calcﬁlated (Appendix D). The 1ndividLa1 results were
presented“in fourdéeparate tables. Thése results were'
compared to the composite percentages and discussed.

_ PERCENTAGE OF MAX V02 '

From the second bicycle ergometer test the heart rate -
and oxygen,consumpfion va]ues obtéined during the heart rate
range of 120 to-170 bpmvwere used in the establighment of an
individual regressioniline for each subjé¢t3!Values from the
second bicycle test were usedvbecéuse the sﬁbjécts were more
familiar with fhe equipment and procedures used and
therefore the values were more indicative of the usual state
than the first test. Indﬁvidua] regression,]inesgbf heart
rate and oxygen consumption (m]/Kg-min) were calculated by
the method of 1easf squares-straight line fit on the
Olivetti Programma 101 eiectronic-desk cémputer. From this
individual regression Ijﬁe it was possible to predict oxygen
consumption values from the heart'rate values that were
obtained durAng the”physical education classes. In
S%rtic@]ar, the oxygen consumption values at heart rates of
130 and 160 bpm were calculated (see Abpehdix E for sample
calculation). Because a maximal value of oxygen consump tion

was obtained for each subject , it was possible to estébi}sh

e PR
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the percentage of max V02 that the heart~ratesvof 130 and-
160 bpm elicited, thereby providing further information on
the intensity of activity (see Appendix F for sample o
calculation). The highest of the two max V02 values that
were obtained for eaéﬁ subjéct waé cons{dered to be a
Subject’ﬁﬁgax V02 and this value was used whenever a

percentagé”of the max V02 was calculated.



IV. RESULTS AND DISCUSSION

A. PHYSICAL CHARACTERISTIﬁ OF SUBJECTS

Table- IV presents the physical characteristics of the

subjects. <

TABLE IV: PHYSICAL CHARACTERISTICS OF SUBJECTS

SUBJECT AGE HEIGHT WEIGHT . SUM OF SKINFOLDS

(yrs) . "~ (cm) (kg) (mm) -
- CS 10.8 133.0 - 34.1 28.9
KA 11.0 128.0  29.3 24 .4
KK 11.5 139.5 ' 39.5 39.2
JR 10.7 1520 ——582.7 42 .9
: — 3

As can be seen in table IV, there was a wide variation
in the hefght, weight, énd the sum of sKinfoids for the four
subjects. Although the puberty status of the four subjects
was not measured, it was assumed that they had not yet
reachedApuberty.'This assumption w;s based on observation of
their physical characteristics.

| According to fhe CAHPER (1980) Fitness-Performance I1°
test normative data, a value of 145 cm representsvthe
fiftieth percentile for height for 11 year old boys. This
woﬁld sUggest that subjects CS, KA, and KK were slightly
short for their age, while subject JR was tall for his age.
Indeed, JR's value of 152 cm lies in the eightieth

percentile for 11 year old boys according to the CAHPER
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norms, while KA’s value of 128 cm lies below the fifth
percentile for 11 year old bdys.

According to the CAHPER norms'for weight, a value of
36.7 Kg represehts the fiftieth percentile for 11 year old
'boys. Subjects CS and KA were slightly below this value,
approaching approximately the thirty-fifth and fifth
pehcenti]es, respecfive]y. Subjects KK and JR were both
heavier than the fiffiéth percentile'value, approaching the
sixty-fifth and ninety-fifth percentile values,
respectiye]y.

To assess the skKinfold data, comparisons were drawn
with normative data that had been established from a random
sample of 600 Edmbnton school children (Quinney and Conger,
1981). A sum of 31.80 mm for a 4-site skinfold measurement,
consisting of the~triceps, biceps,,subscapular, and
suprailiac éites, constituted the fiftieth_pefcentile score
for the 10 to. 12 year old boys in the Edmonton sample. The
skinfold values of subjects CSeand KA were above the |
fiftieth percentile values, approaching the sixtieth and
seventy-fifthkpercenti1es, respectively. Subjects‘CS and KA
would therefore appear to be lean for their age. The values
for subjects KK and dR‘were belowvthe fiftieth percentileJiﬁ!
value, approaching the thirty-fifth and twenty-fifth |
percentiles, respectively. Shbjects'KK and JR appeared to be
fatter than most boys their age.

It appeared} therefore, that both'subjectngS and KA
were small, light, and lean for their age, whjjé;gubject JR
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was tall, heavy, and relatively fat for his age.‘Subject KK
was shorter, heavier, and fatter than most boys his age..

Rutenfranz et al (1974) found tha active children had
a lower body weight and a Iowér fat contept when compared to
less active children , The values Obtainein;ah\the weight and
sk1nfold measurements appeared to be logical and support
Rutenfranz s (1974) study when the activities the subJects
were involved in were considered.. Subjects CS and KA were
both considered light and lean for their ages. SUbject CS
was actively involved in boxing, and, as will be discussed
later, was a very fit}child. Subject KA was a hockey player.
Their involvement in extracurricular spcrts\may have aided -
in maintaining the fat component of their bodies at a
relatively low level. The re]at1ve]y high sK1nfold value for
subJect KK came as somewhat of a surpr1se because he was
actively involved in a soccer program. However, the soccer
program was only run once per weeK and therefore may not
have been as effect1ve as- the box1ng and hockey programs in
terms of ma1nta1n1ng the fat component of the body at a
relatively low level. The high skinfold sum for subJect JR
was not surprﬁs1ng since this subJect appeared to be
relatively inactive in comparison to ghe other three
subjects. He was not actively 1nvo]ved in a.communifyvleague

program.
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- B. COMPOSITE DESCRIPTION
Table V shows the percentages of class time that were
spent in each heart rate category for each activity. Table V

contains the composite results of all four subjects and

therefore is representative of 12 classes in each activity.

TABLE V: COMPOSITE PERCENTAGES OF CLASS TIME SPENT
IN GYMNASTICS, DANCE, AND GAMES.

HEART RATE CATEGORIES
ACTIVITY REST MILD MODERATE SEVERE  CLASS

LOW HIGH LOW HIGH . LENGTH

(min)

GYMNASTICS 16.7 51.6 (18.4) 29.5( 5.0) 2.2 47 .7
- DANCE 24.5 54.6 (19.6) 18.6( 3.7) 1.3 - 29.5
6.0 30.4 (12.5) 39.5(12.3) 24 .2 25.8

GAMES

As can be seen in table V, the gymnastics-orientated
class was longer in duration than either the dance or games
orientated class. The dance and games classes were very
similar in length. )

The gymhéstics and dance orientatéd.c}asses-appeared to
be Very similar in terms of the percentage of class time
spent. in each heart rate category. The gymnastics classes
provided slightly more»activity in the moderate heart rate
range, as indicated by the 29.5% obtained in gymnastics

compared to the 19.6% obtained in dance. The subjects also

spent 24.5% of the class time in the dance-orientated

W
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classes with a heart rate below 100 bpm, while in gymnastics
they only spent 16.7% of the time with a heart rate below
100 Bpm. A gymnéstics'orientated class, therefore, may have
provided slightly more intensive activity than a dance
orientated class, but generally the percentages obtained for
both types of.cla$ses in the heart rate categories were very
. similar. The similarity between the gymnastics and dance
" orientated classes in the percentages of class time spent in
each heart rate’category is illustrated clearly in FIQpRE‘I.
It should be noted that in both types of classes the
majority of the class time was spent below a heart rate of
130 bpm.

| The games-orientated classes appeared to provide more
intensive activity'than either the dance or gymnastics
-orientated classes, particularly in the higher heart rate
categories. These differences can be ségn clearly in figure
one. The subjects spent 24.2% of their time in severe
activity in a games orientated class, whereas they spent
only 2.2% and 1.3% of the class time in severe activity in
gymnastics and dance orﬁentated classes, respectively. This
difference appears to be qufie large. One might assume that
because the games orientated classes were shorter in
~duration than the other two types of activiti=s, fhaf more
intensive activity could occur. However, the games‘
orientated classes and dance orientated classes were of a’

similar duration.
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Qw;\ E The similarity between the gymnastics and dance
Vbr1entated classes in the percentage of cl@@s time spent! 1

each heart rate category appeared to be )ogical when the
type of activity tHéa was occurrugg in each class was
considered. The gymnastics orientated classes involved a
movement education approach to physical education and
contained act?&ities such as flight, balancing, rolling,
Jumping, and combinations thereof. The dance orientated
classes involved movement to music,"and‘in,fact, many

_students used the skills they had learned in the gymnastic

orientated classes during the dance orientated classes. Bo
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types of classes started with an aerobic warm up, where two

students in the class were asked to lead the others in
caiisthewic-type exercises to music. These wérm ups were
approfﬁmatély‘10 minutes in duration and appeared to be
similar for béth the gymnastics and dance orientated
classes.. )

: {
The games orientated classes appeared to provide more

intensive activity than the gfmnastics or dance orientated‘

clésses, The games classes that were investigated in the
present: study contained a basketball and scoopball

'onientation. Each subject was studied for two basketball

cléQses'and one scodbball class. The games results in table

V therefore represent the composite scores of 8 basketball

classes and 4 séoopbal] classes.

The games orientated classes involved ski]T developﬁent

1

in the respective games, and the playing of lead up games
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and actual games- The warm up prior to a games orientated
class appeared to be much more vigorous than the.warm up
pn1or to e1ther{a dance or gymnastics orientated class. The
games warm up,usual}y involved‘sprints'and'relays from one -
. side’of the gym to the other, as wetluas some calisthentcs.
‘The activity in a games orientated class was usua]]y al a
high pace and the chw]dren seldom were still. In a dance and
gymnastics dr1entated o]ass it was not uncommon for children
to sit and 11sten ‘to 1nstruct1ons or to wait for relat1vely
| 1ong perlods in a line- up |

Costello (1977) us1ng the BESTPED System descr1bed

" the behaviour of 193 elementary physical educat1on students[
He found that 35.4% of the class time was spent awaiting and
'25 4% of the class time was spent rece1v1ng information, |
wh1oh general]y 1nvo]ved listening to the teacher. Only
29.4%‘ot the time was'spent.either'practicing, game-playing,
exercising, or'exptoring jThe'type of ctass that'Costetlo
was descr1b1ng appeared to be s1m11ar to the gymnastics . and
_dance or1entated classes in the present study In the |
gymnast1cs and dance or1entated classes the act1v1ty 1eve1

. was not constant The ch11dren seemed to spend a large
amount of time wa1t1ng to perform thetr activities.- Per1ods
of 1nstruct1on where the children were required to sit and
11sten ‘were also fatrly frequent The games or1entated‘
_c]asses,.however, provrded a more constant flow of

activities and therefore a more cons1stent1y}e1evated heart

rate was achieved. It should also be noted;thatrthe children

e
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studied appeared to enjoy the games or1entated classes much
more than either the gymnastwcs or dande orientated classes
and therefore did not seem to mind or notice that they

worked harder in a games orientated class.

C. HEART RATE PLATEAUS

It is important to examine the intensity'ot activitiee
when studying fitness benefits. However, the measurement of-
intensity alone is almost meanihétess if the duration of the
activity is not considered. For this reason, “the & -
investigator measured the 1ongest period of t#%e gﬁat each ¥
" subject maintajned the heart rate-at . 130 bpm or greater‘
dmrihg each class This measurement was Known as the heart
» rate p1ateauiand the values for each subject for each class
,are‘contained in table VI. A Valuezof‘130’bpm was chosen
;Beeause Massicette and Macnab (1974)‘have suggested that as“
Iong‘as the heart rate is above 130 bpm substantta]
v/decreases 1n heart rate at a g1ven submax1ma1 work]Q?d can
beiach1eved in ch11dren That is, it may be poss1b1e “to
elicit submaximal graining.efteets in children at a heart
rate of 130 bpmpx _4 ~ | ‘ |

As,can‘be seen in table VI,’there was a wide variation
in the heart rate plateau vafLes withih the same'type of
class and between,the dtfferent.types of elasses; There also
abpeared.to be a variation in the heart rate plateaus '

between the subjects. Faulkner et al (1963) found similar

variations in hear't rate in 42 boys during swimming, = °

SHy . g
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TABLE VI: HEART RATE PLATEAUS (MINUTES)

/
[
|

SUBJECT CLASS GYMNASTICS DANCE GAMES
csS 1 1.5 2.0 3.0
2 5.0 2.0 4.0

3 2.0 0.5 9.0

KA 1 1.0 1.0 3.0
3 2 1.5 1.0 6.5

| 3 2.5 5 4.5

KK K 6.0 2.5 7.5
2 2.5 2.0 7.5

3 3.0 2.5 3.5

JR 1 9.0 3.0 11.0
o P 2.0 1.5 9.5
3 3.5 2.5 /8.5

v /
gymnastjes, and. sports skills classes. They found that the

mean heart rate varied among different activities; that the

"heart rate varied in some activities from day to day; and

that the mean peak heart rates of 1nd1v1dua1 part1c1pant5‘(
var1ed greatly while exposed to the same Qlass structure.
However, a few general trends appeared to exist in the
present study The heart rate plateau for the games
orientated classes,appeared to be h1gher'than those obtained
for.either the gymnastice or dance orfentated c}aéses; The

heart rate plateau values for the dance and gymnastics

orientated classes appeared to be similar, with’few

kexceptwons. SubJects KK and JR appeared to be fa1r1y active

in.one‘gymnast1cs.class each, demonstrated by the obtained

\heartfrate plateaus of 6.0 and 9.0 minutes, respectively.
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HOwever,‘the most noteworthy fact concerning the heart
rate pla%eaus‘was thét they demonstrated the discontinuﬁty -
of the activity that was encountered in the different types
of physical educaffon‘clasées.'For example, although the
sﬁbjects spent approximately 64% of their clas§ time, or
about 19 mjnutes, aboVe a heart Eate of 13C bpm in a‘games
orieﬁtated class, this time washseldom continuous. The’
péttern of -heart rate during all.of the classes can be seen
more clearly‘fn'the separate class graphs for each subjéct‘
fn AppehdiX'B. .

It is doubtful that 1.5 or 3.0 minutes of continuous
activity above a'heabt rate of 130 bpm is sufficient to

- elicit a submaximal cardiovascular -training .effect. The

’ﬁ;;té'and~Manab’s (1974) study exercised
for 12 minutes a%ff?i,thfee~times‘per’week. Some of” the
heart Qgte plate Y va]ues in the gaﬁés orientated classes
.apprgaéheé 12‘qﬂéutés, such .as the 11 minutes demonstrated
by sﬁbject dR‘AHoweveh, a games orientated class oq{y |
occurred onqé/;er week. -The hearf rate plateau valués in the
gymnastiCs.and games or1ent;ted_c1asses were relative]y

. ] t
small in c

arison to 12 minutes, with few exceptions. It
. appeared, t efefore, that the 1ntensity and duration ct
‘activi{ies en¢ouniered in the physical educatiohy@]aéses'
"studied may not- have been of a éuffic;ent level to elicit
_submaximal training effects. The classes studied,

particularly the gymnastics and dance orientated élaéses,

}&¥a not appear to.be that intense.
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The lack of intensity in the physical education classes
studied was not surdﬂising since the literature relating to
the inténsity of children’s activities suggests this
fihding. Hale and Bradshaw (1978) found a mean value of
129.7 ppm for a 25.1 minute physical education class for 7
school girls‘in.England. Gilliam et al (1981) studied the

heart rate_pattefns in children aged six to seven years and
found that for the 12 ‘hours monitored, the boys in the study

had heart rgtes greafer than 160.bpm for only 20.9 minutes.
Seliger et afl (1974) found that heart rates of 150 bpm for

12 year old boy€ were rare and ongy fleetingly encountered

in a 24 hour pehiod; |
‘;ggg? ¥ith reference to .the lack of ihtensiiy found in the
pHysica] educat?@h c]asses,étudied, it muét»bé remempered
that the devé]opmeﬁ@ﬁand improvement Qf Cardiova§gu1;r¢'
fitness is.only o@e ofmthe objectt&é§fof thé physical -
education prograﬁ’in the 'school. Furthermore, the emphasis
on the development of cardiovéscu]ar fitness‘%ay have been7
differeht for the three types of c]ésses étudied{ |
. a)
D. INDIVIDUAL DISCUSSIONS
| Since the heart rate response to exercise varies with
'thé fitness of an 1nd1j}dua1 (Brouha, 1959; Fox, 1979}, it
is pogsible that the sémé physical education class could be
very intense for one individual, and not O ihtense for
another. Consequently, the fesultsvobtainea for each subject

will be discussed individually.
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SUBJECT CS “

Subject CS was a very fitHchild who was actively
involved in boxing. He abpeared to enjoy all of the bhysical
éduc?tidn‘classes, partiéular1y the games orientated
classés. The results of the classes studied for sdbject %%
are contained in table VII.

The resu]té for subject CS are fairly close to the
composite results rgported(in table V. Howevér, it abpeared
that subject CS spent a élightly higher percentége of class
time in the rest1ng heart rate categorx‘wn bé h the

time as the group di%iﬁi the mild and moderate heart rate
nangés for all three activities. However, he spent a

slightly smaller percentage‘of time in the severe heart rate

- category in both the gymnast1c§§§ﬁd dance or1entated classes

than the total group. These differences were re]at1ve1y
small: with 0.7% versus 2.2% for the gymnastics orientated

class and 1.0% versus 1.3% for the dance orientated class.

»The ‘percentage of time spent in the severe heart rate

éatégory for the games orientated élasses¢was'$1ight1y lower
than the group score: 23.9% for subject CS versus 24.2% for

the group. v
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TABLE VII: PERCENTAGES OF CLASS TIME SPENT IN GYMNASTICS,
DANCE, AND GAMES FOR SUBJECT CS.

HEART RATE CATEGORIES

ACTIVITY REST MILD " MODERATE SEVERE
‘ o | HIGH H1GH

GYMNASTICS  23.0 48.9 (16.7)  27.5 ( 5.2) 0.7.

DANCE 28.6 51.0 (15.3)  19.4 ( 5.1) 1.0

GAMES 6.3  30.2.(10.1) 39.6 (18.9) 23.9

As stated previously, subject CS was a very fit

) ) '
. individual. His results ¥uggest that, when compared to the

,étressed'during the physical education classes studied as

other 3 subjects studied, he may not have been as highly

the total group scores«inditatedthF appeared to .spend more
time in the resfing category theﬁ?fhe total group, and
elightly less time than the gPOUpwin the severe category. It
appeared that subject CS speht approximately the same amount
of-class time as the group in the mild and moderate heart
rate categor1es, although it should be notequﬁ%t he spent a
1arger percentage of time in the h1gh moderate category when

Compared to the group in all three act1v1t1es.

Because subject CS was fit, his heart rate would be

Jower at a specific level of work than an unfit ehild

(Amsterdam et al, 1977; Mathews and Fox, 1976; Fox, 1979:

Karvonen et-al, 1957). ThisTmay exolain why subject CS

'demonstrated a higher percentage of class time in the high |

--moderate heart rate range, but a relatively.smaller

percentage of Classrtime in the severe heart rate range when
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compared to the group écores{ '

When a person is physically.fit, he is also able to
recovér more_duick]y frém exercise. Phyéiéa] training
results in a smaller iﬁérease in the heart rate for a given
workload and a mor rapidbreturn of the heart rate to its
resting value (MaX'ield and Brouha, 1863). Since szject CS
was fit, his heart rate probably did not increase as much as
his unfit classmates and he waswgb1e to recover faster. |
Therefore, he spent a relatively larger percentage of cléss‘
time in the ﬁesting heart rate category:when'compéred to the

pigrotip. |
- I't appeared that the activitiés encountered in the
physical education classes studied by‘subﬁect CS were not
fhat stréssful for him. Indeed; in the gymnastics and dance

orientated classes he speht 71.9 and 79.6% of the class

time, respectively, ih-a heart rate below 130 bpm.

SUBJECT KA |
\\ SubjectAKA was a relativel; fit subject who
;\\ participated in hockey fou '~ five times per week for the
; duration of the present st. He seemed to enjoy thé‘

physical education classes, out he was not as Keen as some

~ of the othérs in his class. He did not~appearv£o enjoy the
;'dancé‘orientated-c}asses. The results for subject KA ar%
presented in table VIIL. | |

Subject KA spent a largenyﬁercentage of class time jn

the lower heart rate categories in ai] 3 of the activities,
A . s |

wiih the exception of the rest 9ategory in games."whenf

r
i’
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TABLE VIII: PERCENTAGES OF CLASS TIME SPENT IN GYMNASTICS,
DANCE, AND GAMES FOR SUBUJECT KA.

HEART RATE CATEGORIES '
ACTIVITY REST MILD MODERATE SEVERE

HIGH HIGH
GYMNASTICS  25.6 50.8 (17.6) 23.2 (2.7) 0.4
DANCE 32.8 57.1 (18.5) 10.1 (0.5) 0.0
GAMES 4.2 43.1 (17.4) 34.4 (9.7) 18.8

compared to’the compdsité scores.‘Consequently.bhe spent a
smaller percentage of class time than the group in the
higher heart rate categories in all thﬁee activities.

The- gymnast1cs and dance orientated classes were not
"wvery stressfu] “for subJect KA. He spent 76.4% and 89.9% of
his'time at a heart rate below 130 bpm in the gymnastics and
. dance cﬁééses,“respeetive]y. Heart rates above 160 bpm for
sub ject RA“were rarely encountered fn‘the gymnastics
oriéntated classes and were never>enéountered in‘the‘dance'
orientated classes. The low pércentages of class time spent

1n the higher héart rate ranges in the dance classes could

be partially expla1ned by his apparent dislike of the dance

class content.

Subject KA spent a relatively smaller percentaae of
class tjﬁe in the games orienféted classes above irt
rate of 13b bpm than the total group. He spent 52.8% of the
time in activity greater thén a Heart rate of 130_bpm, while
.the group épent 53.7% of thé class time above 130 bpm. This

relatively large difference may be related to the content of
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the games class. Two basketball classes were investigated
for each subject during the present study. Subject KA was
Qerydsma]l and light for his age and this may have
influenced his activity level duf{ng the basketball classes.
Whene?er the students were involved inda game, they tended
to pass to their taller classmates, although it appeared
that the teacher made some attempt to match the height of
“the respectlve teams. It was also possible that subject KA
did not enjoy basketball because his.height placed him at a
disadvantage. v

, It appeared that generally the bhysical education
classes were not very stressful for subject KA.VA]thOUgh
subject KA appeared to enjoy the classes, he was not as keen
as others to do the activities andAtherefore hfs heart rates
were .not as_high: He was a relatively fit subject in terms

of max V02 and therefore fhe activities provided for him may

- not have provided sufficient stress to elevate his heart

rate. It was subJect1ve1y felt by the 1nvest1gator ~however,
- that subject KA performed the activities that were presented

to him at a conSJstent_1evel, regardiess of the activity. He

- was un]iKeFOiher students in the class, who wehe really

excited to do some activities, and not so exo1ted to do
othere. This attitude poss1bly influenced the heart rates_
that were obta1nedvfor him. |

It was also noted that subject KA‘spent a.relatively
shorter time at a heart rate plateau for éach class than the

other subjects (see table VI). This was logical since
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subject KA appeared to have spent a smaller percentage of
class time above 130 bpm. |
SUBJUECT KK v

Subject KK, in terms of max V02, was thelleast Fit of
the four subjects studied. Subject KK participated in soccer
once a week for the duration of the present study. He
enjoyed participating in physical education classes jn
total, but he did not seem to enjoy some specific activ{ties
that he was asked to perform. In particular,'he did not
appear to enjoy some of the movement to music activities@@n
the dance classes. The results for subject KK are contained
in table IX. | | |

Sub ject KK spgnt a relat1vely Iarger percentage of

class time at a heart rate over 130 bpm when compared to the

" group resu]ts in the gymnastics andldanceg rientated
classes. These were 39.1% in gymnastics‘]% in dance,

while the gnoup scores were 31;7% and 20.9%, respectively.

Consequently, he spent a relat1ve1y smaller percentage of
class t1me in the lower heart rate categories in gymnast1cs
and dance. The games results for subject KK were very
similar to the group scones.

The relatively high percentage of class time that was
spert at the higner heart rate ranges in the gymnastics
orientated classes could be partially explained by the
active ending in one of the three gymnastics classes that
was studied. During this particular class, subject KK was

“involved in demcrisii . ing partner wqggbat the end of the
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TABLE IX: PERCENTAGES OF CLASS TIME SPENT IN GYMNASTICS,
DANCE, AND GAMES FOR SUBJECT KK.

HEART RATE CATEGORIES
ACTIVITY REST MILD MODERATE SEVERE

HIGH - H1GH

GYMNASTICS  12.8  48.1 (20.4) 33.2( 5.9) 5.9
DANCE © 16.6  47.8 (26.1) 34.4( 4.5) 1.3
GAMESS 9.7  28.5 (13.2) 38.2(10.4) 23.6

class. His heart rate was elevated above 160 bpm for the
last 4 minutes of this class. The inclusion of the last 4
minutes of this class caused an increase of 3% in the
percentage of,time‘spent in the‘severe heart rate category.
By excluding this 3% the percentage of time spent in the |
severe Hearf rate cafegory would have been closer to the
composite score for the group. However; the percentage of:
time“that KK spent above a heart rate of 130 bpm in the |
gymhastics orientated cla;ses would still have been slightly
above the group value. |

Thelrelatively large percentage of class time that
subject KK spent in the dance ofﬁentated‘classes above a
heart rate of 130 bpm was a surprising regg]t since he
appeared to not particularly enjoy these classes. It
appeared that he was more highly stressed in.the dance
orientated classes thén subject CS and KA were. Thié may
have been dueito the-fact‘that subject KK was not as fit as
. the previougly describéd éubjects, and therefore his heahtx:‘

rate was higher for similar tasks (Amsterdam et al, 1977; '
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Karvonen et al, 1957; Astrand and Rodahl, 1977). The same

rationalfcould explain the relatively higher heart rates
found in the gymnastics classés.'

The games results foh subjéet KK were élso surppisjng
in that they did not demonstrate a larger percentaée of

Y

class time in the higher heaﬁt rate‘categoffes SubJect KK -

appeared to be very active in all of the games classes. Dn?
possible explanation for the slightly higher percentage cf
class time spent in the lower heart rate categories in the

games classes was that subject KK tied his shoes twice*

e

during one warm up period, which caused his heart rate to be
abnormally lower. He was also told to leave one géﬁés class

5 minutes early. fhe other subject who wag monitored in this
class demonstrated heart rates above 130 bpm for theblast 5
minutes of the class. This extra 5 minutes of activity could

undoubtly have raised the percentage of time spent in the

 higher heart rate categories.

It appeared that generally subject KK was stressed to a
higher degree in the physiical -education classes studied than
subjects CS and KA. This was probably related to the

relative fitness of the 3 subjects. Since subject KK was not

as fit as the others, highér heart rates would bé expected

for similar tasks.
SUBJECT.JR 7

Subject JR, in terms of max V02, was Hot as fit as
subJect$XCS and KA. Su&ﬁect JR did not part1c1pate act1vely

S in a commun1ty program
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enjoy either the gymnastics or dance classes, but he liked
‘to play games. In particular, he strongly disliked any type
of calisthenic exercise. The results for subject JR are
contained in table X. : ’ J

Subject JR spent a smaller percentage of'class time in
the pestjhg heart rate range in all 3 activities when
compered to the group scores. The resting category
percentages for subject JR in gymnastics, dance, and games
were 5.9%, 18.1%, and 4.1%, compared to the group values of
,16.7%, 24.5%, and 6.0%, respectively. In the‘gymnastics
orientated classes, subject JR spent a larger percentage of
time in the pild and moderate heart rate categories than the
group. He a]So spent a larger percentage of time in the‘m¥1q
heart rate cafegohy dufingvthe dance orientetedfclasses than
'the group. | |

Sub ject JR spent a larger percentage of class t1me at a
‘heart rate above 130 bpm in both the gymnast1cs and games
orientated classes than the_group._These values. for JR were
35.3% (gymnastics) and 74.6%(games), eompared to the group
values of 31.7% and 63.7%, respectively. The amoqet of time
‘subject‘dR spent above 130 bpm-in the dance erie%tated‘
classes was similar to thaf’of the group. The- amount of t1me
spent 1n the severe heart rate category was h1gher in the
games or1entated classes for subject JR (29.6%)‘than for the
' group (24 2%) ‘as it was 1n.the dance;class (2.9% vs. 1.3%).
Since subJecf\dR was relatﬁ;ely_gnfit when compared to

~ subjects CS and KA, it was not unexpected that he
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TABLE X: PERCENTAGES OFbéLASS TIME SPENT IN GYMNASTICS,
: DANCE, .AND GAMES FOR SUBUJEC®" JR.

©

HEART RATE: CATEGORIES

CACTIVITY  REST MILD ~ MODERATE - SEVERE
: - HIGH HIGH
GYMNASTICS . 5.9 58.8 (19.0)  33.6 ( 5.9) 1.7
DANCE 8.1 62.0 (19.9)  17.0 ( 4.7) 2.9
GAMES 4.1 21.3 (10.1)  45.0 (10.1) 29.6

-»

demonstrated higher heart rate values dur1ng the phys1ca1
education classes..Generally, the: results obtained for

subJect JR suggest that he was more highﬂy stressed during

n

the physical education classes than the other three
) subjects. This occurred ih spite of the fact that he did not

‘ enJoy ‘some - of”’ the c]asses
: 7
xt A]though subJects JR and KK had relatively longer heart

Y

R : . :
ratd plateaus than subjects CS and KA, the activities

-

performed 1n the phys1cal educat1on classes studied dhd not

appear 1ntense for a long per1od of time.
f
. |

E. OXYGEN CONSUMPTION-AND HEART_RATE

- The results for the maximal bicycle ergometer test and
the percentages of maximal heart rate and maximal oxygen
consumption at heart rates of 130 bpm and 160 bpm for each
subject are presented in table XI. '

MAX vo2

s

It éan be seen_Jn\table X1 that there was a w1de

variation in the max V02 scores that were obta1ned_by each
4 \ _
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TABUE XI: BICYCLE ERGDMETER TEST RESULTS AND PERCENTAGES
. - OF MAX V02 AND MA#IMAL HEART RATE.

/

SUBdECT MAX VO2  MAX HR / HR = 130 HR = 160
(m1/kg-min) (bpm) %MAXVO2_%MAXHR %SMAXVQ2 %MAXHR

. 206" 35.3 63.0 52.0 . 78.0

61.4 :
KA 51.5 197 5“ 43.5  66.0 69.7 81.0
KK 456 184 46.3 ' 71.0 70.6 87 .0
JR 47 .8

-208 42,1 63.0 64.6  77.0

subject‘intthe bicyo1e ergometer.test. Shephard'11é71),
efter_reviewjnﬁQmany étudies on boys from 6 fo 18 years of
age, suggested "that boys?With‘an aerobic power ofv48 to 50 .
mi/Kkg-min are close to their potent1al and that rewards of
training are smal]“'(p 337) ‘ -

SubJect CS’ max V02 value of 61.4 ml/Kg-min was well
v above the value of 48 to 50 ml/kg-min that Shephard has
_suggested for potential deve]opment. However, values close
to 60 ml/kg- min for boys h1s age have been reported in the
11terature Cunn1ngham et al (1981) found that twentyfe1ght‘
12 and 13 year old school boys hdd a mean max V02 of 57.2
ml/Kg-min when measuréd on the preadmi]i. Daniels et al
'(19785 found a mean max‘VOQ of 61.1 ml/kg-min for 10 year
~old runners when meaeured.on a treadﬁi]].-Andersen et al.
(1876) found a mean max V02 of 60.0 ml/Kg-min in 10vyear old
NorWegian boys’when they pedalleo a bicycie ergometer The |
authors have suggested that the . boys tested were fit.
‘SubJect CS’ active involvement in box1ng probab]y‘a1ded‘io

developing his high level of fitness.
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The max V02 value of 51.5 ml/Kg-min reported'for

> “
subject KA was very close to the potential development value

S of‘48 to 50 ml/kg-min repcmted by Shephard (1871). However,

the values for subjects KK and JR of 45.6 ml/kg-min and 47.8
El/kg-min, respeetively, were s]ﬁght1y below. this Ja]he.
Subject KA was actively invoIVeg ih hockey.;His max'VdZ
»vaIUe of 51.5 was slightly below the Value of 56.5 ml/kg-min
that"CunningAam et*é] (1977) found for ijty—six‘1b year old
hockey players. However , Cunningham/s subjects wefe o
exercised on a treadmill and differences in the ergometer
used makes eoﬁparisdns difficult. Subjeet‘KA’s max V02 value
was very close to the 5t.8 m]/ngmin_tﬁat Massicotte and
Machab (1974) rebqrtedefor nine 11 to 13‘year.o1d bee fhaf
:were exercised on a<bicyeje ergometer. ’

The va]ue of 47.8‘m1/Kg-min reported for subject JR Wae
very c]oee to the potential deVelopment value describedAby
Shephard (1971). This value was somewhat’ surpr1s1ng since
sub ject JR was not act1ve]y 1nvo]ved in a commun1ty program
A]though he was more h1gh]y stressed ‘in the physical
education c]asseSvthan the otherdsubjeets, the 1ntensity'of
his performed activities was still not very high. Subject
JR" s habfteal physical activity was probably fairly High to *~
maintain fhe level of'fitness that he demonstrated.

- The value of 45.6 ml/kg-min reported for subject KK was_-
steWHét below the values that have been reported fn the
literature for children his age. Subject KK,'at 11.5 years,

was the oldest subject in‘the group studied.” It is not
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‘anémmon to ffnd‘max,VDZ valueS'of_approximately 60
m1/Kkg-min for fit 12 year old‘bpys (Koéh, 1980). The low
value that was obtained for supgect KK was somewhat
SUPprising.since he was an actiQe‘%occéb‘p]ayér and_he
seeméd to‘enjoy physical activity. However, he was short,
‘heavy;.and re]atively fat for hié age. The max: V02 vaJQe was
expreésed reTativefto'body weiéht and‘conseQUently he would
‘have a smaller max V02 fhan someone h{s4own he{ghtvwho was
lighter. Another possible explangtion-for the Tow max V02
value vbtained for subject KK may have béen his habituaT
bhysica] activity level. A1l though he.Was acfﬁye in soccer
once periweek, that méy have been all he was involved in. _
- Rutenfranz et é] (1974)_found that children differing

| fn'physical perfofménée cabacity showed similar differences
. in their daily life patterns. {hey found that thelchjldrenﬁ

¥witﬁ‘é high bhygical per formance capacify slept less and
spent a larger propértfon of fhejr;moVement activities at a
high intensity during theiﬁ leisure tﬁm@ thah children,with
a low.physicalfperféfmance cébacity. The'subjects in‘the |
.présenf study mgy have beenvsimiiar to those in'RUienfrahz/s
study. Subjects CS and KA were actively'involved in
community sports prognaﬁs and exhibitéd higher hax V02
values than subjects JR and KK.
MAXIMAL HEART RATE | )

As cah be séen in table XI, thére_was a fairly wide

variation in the maximal heant.rateS'thét'were obtained for

each subject. It was difficult to‘describe a representative

«
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maximal heart rate since w1de var1a\1ons in max1mal heart’
rate for children have been reported™ 1n the 11terature In
.add1t1on, it is we]l known that there is a great deal of
biological var1ab111ty in heart rate. Eriksson and Saltin
(1974) found maXimal heant rate va]ues.of 196>bpm for boys
11.6 and 12.6 yeane'%ﬁ'age who‘exercieed on'anre]ect}ically
braked eicycle ergometer. Kramer and Lurie (1964) found mean
maximal heart ratéds of 191 bpm in average normal boys, aged
9 ‘to 16 years, and 192 bpm for tra1ned normal boys,.aged_12
to 17 years, who exercised on a cycle_m1]l. Wirth et a] \4
(1978) found a“maximal heart rate of 180 bpm for seven
prepubertal ewimmers who were exerciséd on a bicycle
ergometer.‘Their mean age was 10.8 years,'MaeeK,ei_ai (1976)
tested a group of ten‘beye,hwhose meanlage.wae‘12.75 years,
om both the'bicycle.ergometer and the treadmil1. They found
maximal heart rate Qa[uee of 200>bpm on the bicycle
ergometer and 203 bpm on'tne treadmii]. Thiart and Wessels
(1974) foundAmaximal heart'bate'values of.203’bpm in
‘thirty-six 10 to 11 yeah.old'boys_whe'were,exercised on the
‘tfeadmi]l. 1t appeared that the values obtained for the 4
subjects in tne‘present'studyewere accéptable maxfhal heart
rate' values when combaredffo_the values in thelliierature.
| The value:of 184Kbpm thatzwas obtained fobasubjeet.KK

'was low. HoWever{ his pre-exercise heart rate value in the
‘1abora£ony_was 65 bpm, which was alSo‘low,fconsfdering that
he was not extremely Fit. Tt may have been that subject KK

had a. lower heart rate than could normally be expected for



‘someoné his age. ' ' {
PERCENTAGES.-OF MAXIMUM VALUES T -

As can be seen ih table XI the percentage of max V02,
and the percentage of max1ma] heart rate that each subject
was ellc1t1ng at a heart rate of‘1304and 160 bpm was quite ,
different. The results would seem to. suggest that each |
sub ject was‘streSsed to'a difterent‘extent at~the specified
heart rates.'Subject CS, for example, was only working at
52.0% of his max V02 at a heart rate of 160, bpm, wht]e
tsubject KK was working at 70.6% of his max Vo2 at the same
heart rate.’ It was doubtful that ‘the same physiological
effeot could have been expected for both subJects if they
were required to work at a.spec1f1ed heart rate for a period
of time. | _ |

Subject CS was relatively more fit than the other
subjects and 1t was therefore expected that he wou]d not
4 have been stressed as much as the other subJects It was
surpr1s1ng that subJect KA, who was also relatively fit in
terms of max V02 had to work at the percentages of max V02
that he did at the respect1ve heart rates of 130 and 160
bpm. H1s va]ue of 69.7% of max V02 at a heart rate of 1%0
bpm was very close to the value of 70.6% that sbeect KK
obtained. Subject KK Qas retative]y unfit. fhis particdiar
finding was difficult to explaih: One possible exptanation
" may be that a true max V02 was not obtained“for'subject KA.
’In;both bicyclettests that he performed a plateau in oxygen
‘consumpt ion with'ahvincreasing_workloadeas not reached
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because he voluntarily quit cycling due to exhaustion. It is
difficult to motivate children to their maximal tjmit
'(Astrand: 19525. If, in fact;.subject Kﬁ_did not reach a
true max V02 value, Whe percentages that have been presented
for him were erroneous. The percentage values of max V02
would have been 1ower if .his max V02 was hwg . This would
have .been an‘'expected result. It can be ggﬁn‘d#%xn tab]e XI'
that subject KA and subJect CS work af ﬁgﬁ&*ggggﬁy the same

-~ percentage of maximal heart rate .at heart rates of 130 and

160 bpm. The values of the percentages of max HR for
subjects CS and,KA were 63% and 66%, respect1ve1y, at a
heart rate of 130 hpm, and 784 and 81% at a heart rate of
160 bpm, respectively. ﬂ

It was d1ff1cu1t to assess the mean1ng of the varied
.Ahercentagee of max V02 and qa{ HR that were obtained for \
each subject. It appeared that these resu]tslwere simtlar to‘X
those of Kehper and VerschUUr (1974)Q-who‘h9pothesized‘that
the same twc physical education classee per week could cause
an increase‘of 25% of the total physical activity in a Week
for a very inactive“bcy, and only a 3% tncrease in the total
physica1'actiyity for an active bcy.‘Kemper and'Verschuur‘ ‘
’suggested.that the same training.effect can not be expected
for both subjects. Similarly, it was unlikely. that the boys
in the present-study,received the same stress from their
phyeical education cTasses The amount of time spentvin each -
of the heart rate categor1es was essent1al]y the same for

¥]

each subJect The less fit subjects spent sl1ght1y more time
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in the higher heart rate categories. Howe;er, thebless'fit
sub jects were workﬂpg at -a higher percentage of their
maximum values iR ténm§ of max V02 and max HR and therefore
probably received more stress from the physical education

classes.

F. VALIDITY

Campbe 11 and Stanley (1966) have bresented_eight
~different classes of extraneous variables, that, if not
controlled in the expepimenta] design, will affect the
internal validity of a s{udy_ These classes of vabiablas‘k%;%q
include: hisfory, maturation, testing, instrumentation, R
~statistical regression, selection biases, experimental\
morfa]ity, and selection-maturation interaction.

In the present 9 week study, it is unlikely that
maturation and history affected the results of the study.
With regards to history, extracurricular activities may have
had an effect on the fitness Tevel, and therefore‘the heart
rate during the physical educatioh classes of each~subi¢ct.
However,vthe experiment was conducted over a period when the
extracurricu]arvactivity was fairly constant for each
subject. Three subjects participated regu]ariy in either
boxing, hockey, or soccer for»the dufatfon of the'study,
while the fourth subject appeared'to be ‘relatively inactive
in compérison. |

The testing pnocédure‘had a novelty effect at'the

beginning of the study. However, the initial pilot work that
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"was done allowed the subjects to become accustomed to the
exersentrys and therefore it was felt that the novelty
effect was reduced.

It appeared that the exersentrys were a valid measuring
instrument. During the second bicycle test, a.hFart rate was
recorded from the exersentry and a heart, rate récOrding was
taken from an ECG machine every 30 seconds. The correlations
between the heart rate values ranged;from r=.955 to r=.977.
If the ECG measurement of heart rate can be assumed to be
accurate, it appears that the exersentry would provide a
valid measurement of heart rate. In addition, the battery in
each exersentry was changed whenever the digital display
dimmed or when the machine beeped continually, ensuring that
an adequate power supply was maintained to run the machines.

| It was unlikely that statisfical regression or
selection biases affected the study, sihcé the subjects were

- randomly selected and not selected on the basis of extreme
scores. Experimental mortality élso did not have an egfeql
*on the study, since all 4 initially chosen subjects
completed the studyp

Campbell and Stanley (13966) have also’presentéd factors .
that jeopardize the external validity of a study. These
factors ihc]udé: the reactive or fnteraction effect of
testing; the‘interaction éffects of selection biases and the
’experimental variable; the reactive effects of experimental

':arnangements; and multiple-treatment interference.
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The reactive or iﬁteraction effect of the testing
procedure probably had an effect on this study and would
therefore reduce the ability to genéralize the results.
However, the initial period of testing, in which the
subjects became accustomed to wearing the exersentrys,
reduced the novelty effect of the exersentrys. The testing
also occurred in the normal envirponment, allowing the
subjects to behave as they typica]l&!would once they became
accuétomed to both the invesfigator and the exersentrys. It
was believed, therefore, that tHe subject’s sensitivity to
.the heart rate measurement was rqpresentative of a typical
situation in a physical educationfcléss.

The réactivé effects of experimental arrangements was
considered a problem in the geqeralization ofvthe results of
this study. Millgrove School represented a special type of
school and it was probable that other schools did not employ
a similar type of curriculum: It was unliKely that children
in other schools received'instruction in dance, gymnastics,
aHd games during the same week, and such classes, if héld,
weré prdbably}not arranged in the same way as they were at
Millgbove. It was difficult, thgrefore, fo generalize the
| findings of‘this stu&y to other‘bopulations. |

The multiple treatment interference was contrd]]ed to
some extent in this study because thevstudy occurred within
the regular framework of the physical education curriculum.
However,'it,wés once again difficu]t'to generalize the

findings because the "regular framework of the physical
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education curriculum” at Miligrove School was probably not a

i

typical situation.

G. GENERAL DISCUSSION h

Massicotte and Macnab (1974) have actually quantified
the work intensity of boys 11 to 13 years of age. From their
results, Massicotte and Macnab have suggested that in
children, a training heart rate above 130 bpm appears to
cause a submaximal training effect. To elicit changes_ in max
V02 in chilaren, they suggested that the heart rate should
be above 170 bpm. Their subjects exercised on a bicycle
ergometer three times per week for 12 minutes a session.
Stewart and Gutin (1976) were able to elicit submaximal
training effects in previously untraineé children. These
children per formed interval training four times a week for
e1ght weeKs in their regular physical education classes ”at
a heart rate of approximately 185 bpm. No increases in max
VO2 were reported. However, it was doubtful that the
interval training was of a high intensity for a long enough:
duration to effect the max V02. Lussier and Buskirk (1977)
utilized a running program with a target workout intensity
of 75 to 80% of max V02, which corresponded to a heart rate
of approximafely 185 bpm, to eljcit both submaximal and
maximal tra%nihg changes in previously untrained children.
It appears that the intensity in théir.study was of
sufficient\du;ation to elicit maximal training effects. The™

subjects trained 4 times a week for 45 minutes a session.
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In the present ;tudy, the intensity of physical
education classes was relatively low in comparison to the
imtensity described in the previously mentioned studies. The
intensity in the dance and gymnastics was particularly low,
where 79.1% and 68.3% of the time, respectively, was spent
below a heart rate of 130 bpm. Although approximately 20 to
30% of theitime spent in these activities was above a heart
rate of 130 bpm, this time was seldom continuous. Therefore,
the submaximal training effect that may have been obtained
from the heart rate being above 130 bpm was probably lost.

The gémes classes resulted in a higher percentage of
class time spent above a heart rate of 130 bpm (63.7%). Once
again, however, the time spent at a heart rate ;bove 130 bpm
was seldom continuous. Therefore, it was doubtful that a
submaximal training effect could be elicited from the games
classes. However, the gpmes classes appeared to be much more
intehse than either gﬁe\gymnastics or dance classes.
Possibly, more games orientated activities should be
incorporated into the physical education éurricu]um'if a
fitness objective is to be achieved.

The relatively less fit subjects in the present study
appeared to be stressed to a larger degree than the
relatively %ﬁt subjects. It was difficult to say, however,
whether the degree of stress the unfit subjgcts encountered
was sufficient to elicit training effects. Although they
were stressed to a higher degree, the duration of the

elevation of the heart rate was still relatively short. It
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appeared that these fit children were fit because of the
activities they were involved in outside of school, not
because of their physical education classes.

"P students at Milligrove Elementary School were
required to attend physical education classes 5 days per
week. Although the classes that have been studied at this
school were not that intense, the daily program of physical
education that was offered served to educate the students in
the importance of physical activity. Shephard et al (1879)
found that children who received daily physical education
remained more active on the weekend than children who
received physical education only once per week,
demonstrating that the habits of physical activity acquired
during the week continled to influence the daily physical
education students’ behaviour when they were not required to
attend school. The habit formation for physical acttvity
that may be developed from a daily physical education
program is impoftant. If children are encouraged and learn
to become involyed in activities outside of school time, a
greater possibility exis{s for fitness development.
Therefore, alihough the actual classes may not be intense
enough to cause a physiological adaptatioh, the habit
formation for physical activity that may be developed from a
daily physical education program may aid in the development |

of fitness.



V. SUMMARY AND CONCLUSIONS

A. SUMMARY |

Four "boys were randomly se]ected for the present study
from one grade. five class in M1llgrove Elementary Schoo]
Heart rate data was co]]ected every 30 seconds from an
~exersentry heart rate monitor in 3 of each of the
gymnastics, dance, and games orientated physical education
classes for each subject. The heart rates thet were
collected were cateéorized as follows: resting (5‘100 bpm) ;
mi]d-(103-130); high mild (120-130); moderate (131-159);
high moderate (150-159); and severe (> 160 bpmt. The
.percentage of class time spent in each category was
catculated for the total group and for eaeh individual
szject. In addition, laboratory measures of height, weight,
skihfolds, max V02, ahdrhax HR were obtained for each
subject . An 1ndividUé1 regression 1ine‘of heart rate and
oxygen’ consumpt1on was- also established for each subject,
a]]ow1ng the 1nvest1gator to determ1ne the ~oxygen
consumpt1on values for each subJect at heart rates of 130
and 160 bpm.

The g:ouperesults tndicated,thet the gymnasttcs and
. dance classes were similar ih terms of the relatively low
‘activity intensity that was exhibited by the subjects, whi]e:
the games classes resulted in a-slightly higher activity
intensity shown by the subjects. While at times the
activities wefe intense during the physieal education

!
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classes, this éctivity intensity was seldom sustained For.a
long period of time.

The individual results Suggesfed that the're]ativé]y
unfit children were stressed,slightlg more during the
phys%ca] education classes studied than the fit children.
'THe unfit children not ogly spent a slightly higher
percentage of the class time above a heart rate of 130 bpm,
they a]so‘appeared to work at higher percentages of their

‘max V02 and max HR at specified heart rates than the fit

chi1dren.

B. CONCLUSIONS

From the results and withi% the 1imitatibns of the présent

study, the following conclusions appear justified: B ‘

1. The gymnasfics and dange classes investigated during‘thé
present study‘did’not appear to be‘intense enough to
cause a training effect in the subjects studied, és
indicated by the high per;entage of class time spent in
the lower heart rate categories. | | |

2. The games classes studied provided mofe intensive
activity than either the gymnastics or dance classes in
the-pfesent study, but it was doubtful that the
intensfty was of sufficient duration to cause a training
effect. .

3. The less fit subjects apﬁéared to be more highly
stressed than the fit subjects in the physical education

~classes studied.
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{‘
RECOMMENDATIONS FOR FURTHER STUDY .
..ﬁThe present study should be done on’a larger scale,
“1nc1ud1ng females.
Futurefstudies of this nature should utilize telemetry
equipment te ensure that fhe interruptioh»to the class
and individuai*being-studied is kept at a miﬁimem.
Future studies should try to include'éome measure of the’
hebitual physical activity of the subjects being
stud1ed | ‘
Future studies should try to include a physical activity
attjtude quest1onna1re.
If the‘primary objective of a physi¢a1 education program
is improved pupii fitness, then eossibly mOre games

orientated activities should be,inc]uded'in'the\progrem.
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APPENDIX A: LETTER AND CONSENT FORM

. DEPARTMENT OF PHYSICAL EDUCATION

FACF&E’TY OF PEYSICAL };DUCATION AND RECREATION

Dear Parents,

I 2z a2 Masters!' s=
grea of exercise

the

intensity
<l cbam and Nr.

1082

January 14,

n.clve approxlmctex\ IouT IC SIX weens
c:. ol scho There will be twe mein Tequirements c¢f
€tk ¢cnilc ir the study. Firstly, each child will be recuires 12 wear 2
stzll heaTt rate monitor feor nine Fhysical educzticn ss <
Tite moniter will be strepped tc the chest of each ch b
CEvice uselote measure exercise internsisy todsy and T
by T 'ﬁ'ld wearirng hezrt rete moniter Fzch

-

consent form is . ¢nilcosed for vour convenience, cnile
L2y Cillver to the school If you heve any questicens iheostudy,
rv.ezsc¢ Ieegl Iree to phoene me ot 4FI-II0Z [University) > hooel

. 'POOR COPY
" COPIE DE QUALITEE INFERIEURE



CONSENT FORM

I give my consent for , ™ to

take part in the study that Dru Marshall is conddcting at
Millgrove Elementary School.

I understand that the,child will be required to wear a
heart fate moﬁitor and complete a physical fitness test of
moderate intensity. Evéry effoft will'be made to mipimize
discomfort and potential risk, although past experience has
indicated that fisk'of any nature associated with fhis test

is minimal.

Signature:

A\thne Number:
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APPENDIX C: COMPOSITE PERCENTAGES
SAMPLE CALCULATIONS

+

RAW DATA: | |
 ACTIVITY  REST MILD MODERATE  SEVERE TOTALS
' T HIGH HIGH | T
GYMNASTICS 191 591 (211) 338 (57) - 25 . 1145
DANCE 175 389 (140) 140 (26) g 713
(' 77) 243 (78) 149 616

' GAMES 37 187

| PERCENTAGE EXAMPLE: -
1) REST CATEGORY FOR GYMNASTICS:
191/1145 x 100 = 16.7%
2) Low MODERATE CATEGORY,FOR DANCE:
140/713 x 100 = 19.6%
3) SEVERE CATEGORY FOR GAMES:
149/816 X 100 = 24.2%



| *APPENDIX D: INDIVIDUAL RESULTS

RAW DATA (1 = 30 seconds)

ACTIVITY REST  MILD MODERATE SEVERE TOTALS
| ' " HIGH HIGH

cs
GYM 70 149 (51) 84 (16) 2 305
DANCE 56 100 (30) 38 (10) 2 196
GAMES 10 . .46 (16) 63 (30) 38 159
GYM 67 133 (46) 64 ( 7) o 262

- DANCE. 62 108 (35) 19 (1) 189
“GAMES 6 62 (25) 49 (14) 97 144
KK |
GYM 37 139 (53) 96 (17) 17 08g
DANCE 26 75 (41) 54 ( 7) 2 157
GAMES 14 41 (19) .55 (15) 34 144
JR | |

CGYM 17 170 (55) 97 (17 5 289
DANCE 31 106 (34) 29 ( 8] 5 171

(17) 76 (17) 50 169

GAMES 7. 36



APFINDIX E: -CALCULATION OF OXYGEN CUNSUHPTION
SAMPLE CALCULATION

SUBJECT: CS

SLOPE = 2.9251 Y-INTERCEPT = 66.5254

HEART RATE
OXYGEN CONSUMPTION

<.
"won

bx + a
y - a/b

FOR A HEART RATE OF i30 bpm, THE OXYGEN CONSUMPTION IS:

oy
therefore X

x = 130 - 66.5254/2.9251 = 21.7 ml/Kg-min
. . ! N



APPENDIX F: CALCULATION OF PERCENTAGE OF MAX V02
SAMPLE CALCULATION

Ed

%, SUBUJECT: CS ;
V02 VALUE AT 130 bpm = 21.7 ml/kg-min
!

MAX V02 = 61.4 m1/Kg-min
= 35,34%

PERCENTAGE OF MAX V02 = 2&.7/61;4 x 100

S

S

134



