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ARSTRACT

The poimas purposce o Yhe picesont investigation was

to determine the matari ty ot the running pattorn of Dre-
pubescent boys on the basis of measurements of the mechanical
citiciency of submaximal, steady state running. Secondly,
the helght, weight, bodyv surface area, leg Jength, lower 1o
onath, deg strength, and stride length were asscssed o5 to
“helir o influence on the mechanical efficiency of horizontql
Yunning at a constant speed. Finally, the effecté of throe
repeated trials on the mechanical efficicncy SC(;I‘L.\S WeTr o

detoermined. o
P

torty-six boys from thoe ages of 9.3 to 12.9 vears
were classificd into three groups with respcc! to age. Each
subjoct was tested three timos within a span of soven woeoks.,

Measures of mechanical wfricioncy were determined as
the gyuotient of ti yoro of cneray oxpendj;uyg to the rate
of doing work. Erdrgy oo Ctegmi tron. measures of
oxygen consumptlion and the oexeoroinsco respiratory quotient.
The external work accomplished w. éstimated as. the produce
0f the subject’s gross woeight and the velocity of the treadmill.

Measures of weight, height, leg length and lower leg
length were taken. Body surface area was calculated. Izso-
metric leqg strengch at a knee angle of ]15° was assessed
using a Jdyucsoncter.  The number of strides taken during the
period of gas anals=1s were used to determine the average
stride leng#higufﬁhg each trial.

iv



Results indicated that there wore no si1gntticant
o ’ .
dittfoerences boetween the age groups; however, the older group
of boys attained the highést mechanical efficiencies.  The~y
mean mechanical efficiency for the ontirve sample was 23,820,

Y Stridu Llength (r=0.44) and leg strength (r=0.32)
correlated significantly with mechanic.l cfficiency The
application of partial correlatiéns,on these variables
revealed that when age was held conséant, the correlation of
stride length and mechanical efficicency remaineq significant
(r—-0.37); however, much of the relationship of log strength
w{th mechanical efficiency and dtride length was by gi{tuo
of 1ts relation to age in submaximal running. The simple
regression cquation derived to predict mechanical efficiency
vas: Mechanical efficiency = 15.796 + 9.111 (Stride length) .
The correlation between observed and predicted mechianical
ctfficicncy was significant at the 0.01 level (r=0.43) .

. There was shown to be a significant impfovement in
mechanical eficiency betweer both the first and second
trials and the second ant t:ird trials. The oldest group
demonstrated the greatest rate and extent of skill improve-
ment over the three trials. .This period of pre—pubéscence
appeafs Lo be a time when practice will eliciﬁ significant

improvements in the pattern of running.
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boys aged ten to twelve years. On the basis of measurements
ol the methanical efficiency of Steady-state running, it is
the purpose of the present invostigétion to aetermine the
matﬁrity of the running.pattern of pre-pubescent boys classi-~
fied by age. Secondly, the height, weight, body surface
areca, leg length, lower leg length( leg strength and stride
length will! be measured and used to assess their influence,
1f any, on the mechanical effiéiency of horizontai ruﬁniﬁg
at a constanﬁ speed. 1In addition, avmulfiple regression
cquation for the prediction of mechanical efficiency will
be presented. Finally, three repeated trials will be taken,
over approximately é month, in an attempt to determine the
'effgcts of learning the - - of treadmill running.
The following nuell hypotheses will be tested:

l. No difference in :hutical’efficiéncy exists
between the different age gLoups.
“Ol: the méan(values for méchanical efficiency show no
differences between the age groups (A, B, Q). HAl: A<B«<C

2. Mechanical efficieﬂéy has zero correlation with age,
body surface area, weight, height, leg length, lower leg
length, leg strength «ad stride length.
HOZi rho (m.e., x) = 0 |
HAZ:-rho (m.e., x) > 0 -
where x is one of the above variables.

3. No Difference in mechanical efficiency exists from

one trial to the next.
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Al

Hooos The mean valucs for mechanteal officiency do not change
|

Do bweog tepreatoed brra g [ ' o).

Justitircat ton .of tho Stady

G the subject of running, most coaches are able Lo
point oat differences in running swyle of the highly skilled
ves o onnski b led dnq the old vs young which may be af fecting
Phe etticiency of poerformance. Knowledge of the efficiency
cbounning and the functional and structural factors and
the rospoect tve hontrihﬁtiongkwould provide teachers,
coachioes and parcnts with a toot whereby specific help based
cnorecogntzod necd could be extoendoed _to the runner.

Statements made In the literature concerning mechant-
cal oificiency have dealt almost e clusivély with adults
cond primarily o with a fow wg]l—trained.athletes (16, 85, 93).
Pl trnne of 0 boy's 115 rmmediately preceding thé pubuscont
W Lh SpUr U 1S Cchiar et e, bv slow and constant growth.
s alse o poriod of Fapa feavning, perfection and
Stabilization of previously acguired skills and abilitics

&
(44) . deuromuscular skilis, such as running, should,

thevorore, show some Improvement in this age group. A lag

L

Sinotho developnent of motor ability and a recession .in per-

’ . " . /’ » P
feifiatce have been reportoed during pubescence, approximately
Letweon the chronologi cal ages of 12.5 and 14" years (56) .
Astraned (6) reported that youny subjects had higher CNnergy

wvrpenditures T per ki logram of body weight than older boys



and adualts o wles running at o oa qrven ﬁpwud on adtreadmi L.
Heoexplained this lower of ficioncy as part Ly - result ot g
gieater satride froequeney .

Various exercise tosts Love beon usod to dotoermine

.

mechanical efficicncies, but (i vochitier widoly in detail,”

.

‘WT%H%&L;lﬂumriuuns Jdrrticult (5, S8, 59, 1oy . In general,

basio standardiZat 1on \i(il<lmrlml""l"'“‘h""%«dh‘l;‘,l_|tihll‘ Oon - onergy
costo, skl factors, of tcicney, and inter—- and intra-

tielividinal vartabi ity . here j b CONTOn agrecment soon e
duperiority of the bicyele ordom tor and treadmill to
Tnsure exact reproducibility ot work loads.  The trooadn o
was proforred for several reasons:

I. The work load on the treadmill is fixed without any
requirement for the subject to keep time.

. \

2. A larger total cenergy expenditure is obtainalile on

che oy cadmi 1.

3. On the tveadhor b, v wonr ey toad 105 automat tead by

adjusted to the x

Ao Bun g 1 mor. : CoosRil o upon wihid ob
many Gthor moter oo torps oo

5. Impli tions for younyg irack athloetes are possible.
An objective standard of measurcment of running
ability varies considerably from onc s;udy to another.
OUxygen consumption tas boeon utiitizod to estimate tlhie
potential of an individual to run unde;vaerobic conditic.
Most practitioners cmpldy a time-distance measurement . R

-~

. <
Other researchers have outlined a biomechanical analysis of

P
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\ﬂn}t'tlh‘y constder a mature running pattern (78) . Track
coaches and physical oducators Still rely upon their abidi by

to cisorve the form in ranning,
v

For many vyears the systenatic study of the dove] O =

ment of running was noglocted o tiply bocause there was no
~———

AyParent oreason to o seck addition ol it ormation (81:25). A
oW Ing concorn for o] fective movemont has stimulated some

tesearch in the mechanics of the running pattern and the
) u
developmental changoe:s (23, 54, #1).

.
.

Althougli the rescarch o sparse, there have been
dttempts to study the motabolice cost (7, 102) and biomoghanic:w
(23, 81) of running in children of different ages. However,
these factors are limited in their ability to probide an

dccurate indication of the of feot that a child's structure

and function has on his porformance. ‘The degroece o iy

witho o wnitch o child o able so POrToOrm s a measure ot i

,
mechanical ofticiency; that to, the ability te porform work

by outilizing th 1 PoosnlUde cneragy 7). AS motor,
strructural newsroaccualar, L ol Gl e developments

take place in the maturing ohisoa, o s crpectad that his
running form adapts b6 function nore cfficiently-.

The variabliooss o wolghl, hoight, age, body suriace

area, stride longti, leg size and strength are suspectoed to
Prave an iaf luence on Lhoe oviite st pattorns of children.
Knuttgen (75), Hogborg (64), and Hofiman (63) have indicated

that pace length, stride Froquency and height affect oenerqgy

output an’ poerformance and there appears to be an optimal
I 1 Pr I



H
Stride longth tor vv;ly Spoeed. However o van Dor wWalt ol al.
(I cxetuded pPace dength Crom his ogression couat ton oy
Prodhicoing oxvagen tetake s Hogborg (64) aloo stated that the noot
tmportant e thod of FNCTCatin b Lot of stride wag
Py more power Whobog drive.s  Since Lo st rength i1s a \
Fimiting foctor in childron (523, it was chosen as a variable
Lo be oxamined . ’111 addition, the tibia and Fibuta are th,
l.lf{l Leg bones to drows thercofore, it WAy be a major imit
Plog Lo ENCTCAs g nf!idU.]PHWIM'(§8, 70, 80, 100). Finall.y,
Aotrand (8) ;;tut(wi that vouny Q[n ldrmw1 are at a mechanical

disadvantage when running on oa {readmi] ) CWINGg to theis

shorter logs.

~—

Lt is boelicved thai the offect of Jearn ing would be
of considerable intorost in proepubescent. boys . Conflicting

results have bheen Veported concoerning the effect of training

on o mechanical Chb b oney () Fopoatod testings have shown
Lt Lo Gt dcioney o TS O ALY = TRTEIE PN o S subject
: ! . - :
Docomes  acoust o S O AR e Shephaid (100)
\ -
Weasitod gy o ! Lon over the (i

thvoo treadmiibl yg o b rdbiiica i to SKLIIT Tearning.
To the knowlodage of the Juthor, there cxist no dat .

it many ot che volar tenships Lo e examined in this stindy

Assumpt ions

In this study, the foilowing ASSUMPLiONs were made s

1. " Determin.tion of Prepuberty will be on the basis of

‘

sccondary sex characteristic of nnderarm hair.  The upw!;
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chosen trom varion:s progyrams ot BEdmonton Parks and Recreat ion
FOact an g Samp e reprc ontat jve of ho&lghy prepubescent
Mot oo,
2 Stratitical fon Tnro tion oo ;ubthnpu based on age
was done following (e tandom uump}inq ( tu.5; LOLO=11.4; 1714
oo The speod on runni Ng was dotermined on t’flt‘t basia .
clTetting o Steady state gt approximatoly 859 of Wax 1 nam
. 70 Kg. mwan having g max imum heart rate ot 195 b.p.m.
Vorridh v gt g dynamic cgurlibriam of 170 b.p.m.)
Thelength o the tost Wds restricted to dpprOXimutwjy
e ihautes (gas analyzoed in tinal minute) since children
tend Lo oo gch Steady state and tatigue more quickly than
adults (gy .
Dod vt o,
The o] hold ror the torms used
nothos study s
Apjrarona hie i Patl o ot the
oexternatl wWOork rat. nstoogra
and  the correspond:ine o - lic Ll
metabolic rate at sz, P 0y Lol
bxternal work. rhe "t wchan: -l
. 4 . .
WOrk necessary to suscoin the oI TS U Iravt
f]6).
Healthy. FProo from discase or S1LLoy, L

Forty-six bhoys aged 9.3

¢ngaging,

least minimally,in
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activity.
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YOoars were random]y
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thgqjjnﬁiyiﬂggl_yqrﬁgpcy. That dirferonvh_uttribntpd
to true difforences hoetweon individuals.
IU}IleudiyiﬂUQL“VJrlJnUV. That ditterence attribut o

to brological variation in the it ion.a | status of the

individuca] .

-
Oxyaen uptake.  The volume ot oxygen (at 0°C.
1

760 mm Hg., dry, S.T.P.D.) oxtracted (iom the inspired air,
nsuufly expressod as litres por minute (VO,) . [t the body
psoin steady state, the oxygen uptake cquals the volume of
xvx{;wn utilized in the metabolic oxidation of foodstuffs.
Partial cor relation.  An obscrved relationship
betworn two variables when other varitables, which may have
an influunvv, are kKoept o constant (101:223)
Prepubescence. The period betore which the Secohdary
sexocharacteristics appear (109). :

Running pattern.  » cooadinated movement of bods,

sarts usoed voluntaryily oo dnveluantarily to achioeve -a MO
t p )

which is basicaliv cioar wov e Dy continnous phases of
Supportoand recovero {(§10300 1,
Steady stoioe. Wb orioa during wniecnh the pulse

\J

rate and other organic functions have adapted to the Work
3,

)

being performed. _ : e
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s been measued trom the oxXydgen consumption when the specd
rsosach that a steady state can be attained and no ONY (e h
debtoas contracted during the period of measurement. At a
constant and submaximal load, 11 has beeon shown that the
dsore ef fieiont ;\w{ 1>r\ would oo Jower oxyvagen intake
during exerciao an o owell oas oo :~:nml:]<;-1‘ oxyagen debt (5, 8,/ 5'79’;»‘&
T bos also been tound that under steady state conditions,
the vnergy expendito: o per kilanetor of body” weight, and por meter
covered amounts to about 1 keal TmoRg. incth(w1dcudﬁ of speed
Sooewide range (15, 28, s, 85, 86, 92). Sargent (98) was
One ot Lhu_(lrst rescarchers to'establish this linear
relationship between metabolic rate and speéd oﬁ running.
in addition, an increase in stride length was found to be
dirgctly related to the Lnereaso in running speed in trained
runnervs (Lo, 64, 75) .

Several attompts havo boon made to derive a goener.o|
tormula relating encrgy cxponei Lur. Lo Sveed and olher
varitanles (14, 31, Ll LSS Pactors ol speed, slope,
Load, weight ool torrain o o chuzed o éredict tho

CHOTgyYy Ccost or

\

Lhe horinontal and rortiesd components of
running (34, 49 . Howover, {numust of these studies, the
validity of th form of the egqu2tion used and the signifi-
cance of the divferent torms of e equition have not been
Assessed. In an attempt to develop a simple statistical
modol‘to describe energy expenditure, it was shown that leg
length and stride length significantly tnfluenced the energy

cost of running (112). Other researchers have used time/



distance relationships of pertformances to estimate and
CONMPare energy cxpenditures over varying distances (77,

iy

Stlverman and Andoerson (1) van children aged 6-11

»

Foarsoat o treade DL vpecds s hrgnt by slower than those used
o the precont s stady The resulis were oxpressed in terms
cbomutbrp e vegresiiion analy o rolutihq oxygoen Consumption
Dodyorvcight, treadmi b specd and gradiont. cmalbl o differences
Fhoil were observed when compared with other studies may be
«ccounted for by th? standard rusbiratmLy.quotiont (0.868606)
ned Lo caleulate the onergy expendod.

Astrand (6, o, found that adult menbof véryinq Ages
had si1milar oxygen uptakos per Kg. body weight at a given
submaximal speed; however, children had relatively higher
metabolic ratus‘than adults reducing their mechanical

L;Liuivncy. Tt has been =uq500ted that the obvious differ-

cnoes botween Ehe energy cxpend Ly oid and vouny are

brought about maiti. 1 v o on fhe economy of muscular
movement and o the amoune R activity (90). In
SOme carly experimontal oo itowas o bscrved that no

significant changes occurred with age atfter maturity, but
boys from 6~13 vears had lower mechanical efficiencies than
. .
olaer people (9). Various factors such as cardiac output,
lung ventilation, respiratory gquotient and muscle lactate

concentrations have been shown to be lower in children than
adults (31, 41}.

Good agreement ..as beon réported between average
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:
values of various methods of determining encrgy exponditure

in pre-pubertal boys (60). However, rhe intra-individual

drtieronces wore considerable., Inter-individual variances

for running at o submaximal specd ave also boeon reported

Brotworn cliiddron o0 Gl for adqos 1oy Lo ]

|

Various size indicos have [)LW‘11'1'<‘1{1t(‘(] to engrgy
expenditure both for adults and children.  The metabolic
cost ool running has been shown Lo e predicted accurately
by qross body weight: in tact, a linecar préportimnaiity
Cppedars to exist (87, 90) . Statistical analyscs showed {hat
no o significant predictive value was gained by taking into
account height, lean body, mass, body surface  area, chest
circumterence, abdominal clrcumferconce, or resting metabolism
(87, 95).

Knowledge of the mechanical work performed in the
“un has been very convenion: Locousce it allows the use of
the treadmill ae an Crgometor. The work involved in running
has ann shown . . TR TS RS B GURE O o intérnally and exter-
ey Pl o v S L gorias, energy
diasif&tud becausc D Toaotiona !l Lnu viscous resistances
in joints and muascies, and energy used in the continuous
accelerations and decelerations of the mass of thelbody and
of the limbs (74). An exact analysis of these requirements
has been a problem because of Qeomctrical complexities. AS
early as/l930, Fenn demonstrated that the vertical movemnents
of the body, changes in horizontal velocity and kinetic

encrgy ot the limbs accounted for an appreciable fraction
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of the total energy of a sprint (46, 47). Using similar

motion plcturce analysis, Blftman (5o) has determined the
tesuitant noment s of forcoe ofsthc muscles acting about the
joints of the limba , and the ratos at which they da work
For a running stop. |

Cavagna ot ql. (16) reported that in running, the
work due to tforward speed changes (variation in kinetic
.(‘naﬂ”q\f) -and to vertical displacement of the centre of
qrdvity (va{iution 1N potential eneraqy) , woere Substantially

IS phdso throughout the step éycle. A straight line was
obtained by plotting the total external work done per minute
in runninqlagainst the speed. The slope of the line was a
coOnstant, independent of speoﬁ,ihdving d val: “7 0.25 Kecal./
.Kq. Km.. Mechanical officienciés of 40% to 50% were obtained

‘ ' >
wilh several healt:.  males aged 25-30 years.

Several methods have bheen nsod to ostiméte the
mechanical work done in vunniling.  wWhile running againot o
horizontal dmpcdic: tore . i+ wan notoed that thelmechanical
cfficioncey was dilghor than @b . w;rqd Lor cyéling and
grade wélkingn'and Gighor tnan che 250 otion assumed to
apply to runninq (7¢) . The overall mean from these experi;
ments was 36.1%.  Puygn (93) provided results showlng £hat .
the apparent cfficiency.af WOYK against wind (69.0%) was

grecater than the apparent cfficiency of the cor sponding

work agailnst gravity (45.6.), us in funning on a gradient.
2| : : ! .

The rate of work done against the vertial force of gravity

By a person running oh a treadmill was calculated as a
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tunction of the speed and gross weilght raised.  Lukin ot al.
(82) have shown that the oner Jy expenditure was a lincar

et ion ol the gravitational work and appeared to be depon-

dent upon the vertical 1ift Povoakep multiplied by the

mumber ot steps baRen per omine Maraarta (84) found thar

the potential cncrgy and kKinot e CNergy rnereasod at thee
saouite \ and the total positive work performed was the sum
of toe o rential o and k{nvtiv chanoes.,

In. Lilochemical f(»rnn;, the high officiency values
i those obtained by Pugh (9 3) have been questioned. At
Lleast half of *he ATp energy has been lost as heat in
running, implying that valucs for whole-body efficiency
above‘35% were unlikely (78). A substantial difference has
been noted between direct measurements of the mechanical

work performed and the positive and ncgative work calculated

from the cnergy expenditure of fevel running (84) . When
running on the level, the AEGa Ve external o W
approximately cogn o s Powitbrve work, T asitive

wOrk performeds in o stor i Ll ng has Leen found to
bo vers high as combare ! with o cuergy oxpended, resulting

in high efficiency values. This plenomenon has been
interpreted as dué, in part at ]eist, to the elastic recoil
of the contracted nuscle stretehed by inertial and gravi-
tational forces (16, 17, 3z, 40, 46, 61, 62, 74, 78, 84,

85, 110). ‘The gucstion of whether any negative work can be»

recovered in the reversal ot tnergy~-yielding biochemical

processes in the muscles has beon seriously considered since
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the 1920's, when Fenn observed that lengtheping of a muscle
during contraction decreased the heat production in the
nuse e (74) . The utilization of muscle elasticity during
robounh~Lypo eXCercisces has been shown to eolicit greater mean
Dower and mechanicoal effrciency (110). If a contracted
et s stretched by an external toroe, nJasLiC‘enorgy
must be stored according to its elastice proportiosé as has
been «tudicd parLiculdriy by Hill (61, 62). The importqnc&
of this property of the contracted mﬁsclo in running, however,

has been somewhat neglected in the rescarch.

Developmental Characteristics Affecting the
Mechanics of Running

The subject of running, fundamental as it is in
athletics, has still been one in which even tentative claims

L0 finality would be foolish in the face of so much that

Fack.: iversal accoptance. Foertunately, however, some
aspocts of runnine have boon well o ostablished (Lo, 23, 33,
35, %6, 39, 50, 65, Lo, ¢+ - fvﬁ, 111, 113). Rigofous
flechanical descriptions of - matur raniiing pattern have

been prbvided by soveral rosdarchers (68, 108, 111).
Other authors (1:, 33, 38, 50, 106) have done cine-

matographical and electrogoniometric analyses of leg and

ol
¢

body mdvement in running. Deshen's (3) results tended to
support the concept that ctiicient running 1is characterized
by a high knee 1ift, long strid-, and placement of the foot

as closely as possible beneath the ¢intre of gravity. These
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Lactors, however, ma& not produce greater running speed. Sinn-
Ing ot al. (JQh) showed that distance runners increased velocity
by Increasing both step length and frequency; length played
G greater part at lower velocity and fi'ecquency played a
gqreater part at faster Spoeds.,

f

Much of the research nas boen done on a treadmilil

which produced some variations in the mechanics of running.
Nelson ot al. (88) found treadmil1 running to pg‘character—
lzed by longer periods of éupport, lowor vertical velocity,
dna less variability in vertical and horizontal velocities
45 compared to overground running,

Many authors have reported results of various running
tests for children; they have usually been included in a
test b tery to méasurc speed performance (L1, 13, 18; 2i,
22, 30, Jl,'42,v43, 14, 69, 76, 81, 99, 103, 107, 109, 113).

In a kinematic analysis of the development_of the
rinning pattern in preschool bovs, Clouse (23) examined

anagles at jointe an Hreplar v docitios at seloctod positions
during a stride. Amonag tha: G oo i l, Erends noted’, a
Steady increasc in Lunning speed was found through this age
period which can be explained in terms of ﬁbe Steady increase
.in,body size. The subsequent incrcases in lever length and
strength have provided an increased length and frequency of
the stride.

The ages of about six po twelve years have been N

reported a reclatively slow and constant growth trend leading

up to the puBescent growth spurt (30, 43, 44, 51). It has
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been a time of rapid learning  characterized by the perfection
and stabilization of previously acquired skills (44) .
batcnaw (76) found difforences in imotor 'skills with age

Jroups from nine Lo thivteen voure . She conc. ...d that it

dppeared as if CRPOTTeNCe, o1 some form of maturation,
would be a more significant Tactor in determining perfor-
flance than would age.

Cincmatographical studies of rhnninq haVG.given
cvidence of similar developmental trends in this later
childhood stage:

L. An increase¢ in the length of the running stride
(resulting in an increase in running speed).

2. A decrease in the relative amount of upward movement
of the body in each stride.

3. An increase in the extension of the propulsive leg.

4. An increcase in the amount of time in the non-support
bhase of the stride. '

5. An increasc in the closeness of the heel to the
buttock on the forward swing of the recovery leg.

6. An increase in the heintt of the knee at the end of
the forward lLog swing, .

7. A decrease in the relative distance the forward foot
1s ahead of the conter of Gravity when it makes
contact wit!. the ground (112:28-29) .

Fortney (113:27) found simil o crovement for twelve bovys
dged seven to oleven Years over alive s yodr period regardleoss

of their initial classification. iHowever, distinct traits
re idenpified that distinguished the good runners.

The mature running pattern has been described as a
refinement of a basic technigue (42, 89). Nett (89) has
exélained it as the basic course of a technical process of
ovement into which gradual changes must be introduced.

These refinements in the outer course of motion, he has

’
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explained, arve adapted to the inner dynamics and the rhythm
Oof motion.

fnoan analysis of mean running performance of

children six to nine years of e, Seibls (99) revealed a e

“
vather constant incroase. fle b laitned the highest correla-
Fion (vo= 051 hotween skoelotal maturity and 1 aning per-

ormance. Similarly, Espenschade (43) found that, with bovs
aged 12=-15 years, approximately 25% of the variance in
runﬁjnq performance was accounted for by the combined factors
ot age, height, and weight.

Maximum running speed has been shown to be dirccely

-~

¢
proportional -to the maximum strength of the muscles and to

the ‘distance over whici. they can shorten, but inversely.
proportional to the mass which must be moved (3, 8, 9). Asmus-
sen et oal.(4) has shown that the large increasos in, acceler-
ation with growth may be traced back to the additional

Increase in muscular stroength.  The fact that biological

factors modify muvo g dvrnaci s wonld account for deviation
g strict Dods dlnension s o - .nning performance,
swhich demands Mol ausow g SmeiLidl, WOould increase with

height at a much greater rate than predicted by dimensions
(53). This incrcase in strength during qrowfh has been
explained as the result of a better mastery of the néurd;
muscular system, evidently aided by a consequent better
muscular development (13, 109). 1t has been suggested that

running at a stcady state requires less skill than maximal

running and that this skill or abiiity to coordinate

it



increases botweon the ages of Soven o Sixteon yeor
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s (4).

Gross strength tests woere one ot the best differen-

Prcan ot athiletic ability as o shown in the Medford project’

(L8Y . wWhen Sctivities wore mdly ol o terms of the amount

ol force or onongy Feguiiod, 0 ubstantial vrelationship

L

was tound to exist hotwen stal e oand . Iynamic strongth (44) .

. . - . . - - r
Most signifacant. corrolat tons were found for boys aged ton

and twelve vears.,

With the stoeady increments that have beon reported

reobody size and in o strength, there can be expected consis-

tont incremeyt s also in e basic skill of running
Fator ohi ldhood. Longrt.aiimnal data have indicated
poaking of the Stremsth Spurt occurs about one and
years atter poeak hetght inercas o and about o year

peak woelght gains (44) . In general, the pubescent

during
that

one hailf
atter

boy gains

steadrly tnoorunning pertorm o wlhion spoed 15 the criterion;

however, Cloearloy (00 ——L mined that the relationsh 1p

\J

hotween porforma. o Y six=sccond run, age, heigit
ared o owenght v e ey TS was nonlinecar.
)
The seeady nor o cae s T g s1eeod during the
period of propubosoonse oan b o explained in terms of the

steady 1ncrease in 1oonsr Length and stroength providing

Increascd stride longth and [requency (L5, 54) . The essence

ot steady-speed ranning oo bheen trgarded as the exact,

alternate repotition, by arms and legs of the movement

pattern associated wirh cach stride and described as the

s

rolation: TUNNInNnG speed = st

rater » stride length.



By means of closed path tracings of the ankle joints of a
sprinter and a milor, Hopper (65) has treated these quan-
Cilien wath oa different perspective.  He has SUQQOS£Gd that
the above relation was roversed ol that the rate at which
tho g r(5Llrlth;(] Foot passed under e body was the main factor
which detoermined Loth stride frequency and stride length.
Rapp (94) veported that changes in the velocity of the
runnes resulted in significant differences in the mean
stride length betweon a 2-mile pace and an 880-yard pace,
aso well as between the 2-mile pace and a sprint.

Boje (15) fournd that increased speed was compensated
for by a greater length of stride. Coefficients of correla-
t1on have been roported which have shown a more significant
relationship between the length and frequency of stride

with

» the leg length than with height among top class
sprinters (63). Thb studies of Knuttgen (75) and Hogberg

(64) have indicateéd that an optimum stride length exists

)

for every speed an! tuan .oy g tnis length provided the

Ficico v. % ¢ wWait and Wyndham

th

highest mechanical o
(112) Have shown that diffcranccs e cween individuals'
stride length and ieg length significantly influenced the
energy cost-of running. The most important factor effecting
the stride length has been suggested to relate back to the
powef of th; leg drive (64, |

Clouse (23) reported an increased ratio of length
of stride to lenth of extremity‘in the Lﬁhning pattern of

preschool boys, probably due to increased strength.

\A.



Strght Iy older children wore found to be at a mechanical
disadvantage owing to their shorter legs which was suggestoed
GO pessible reason Tor ot he increasced oxygen consumption

per Kg. o body weight (6, 90) . .

'I‘rninpd Versus Untrained: Motor Learning of the

‘Rmi-h'fn_g Skili

Many track and ticld cvents have been classified as
/

technigque skills; that 15, skills where the motor action
jfuu]f is of paramount importance (24, 35, 89). .People have
ldumonstrdtod that they learn in various Qays, but the
learning processes are affected by two major factors: the’
~Jdearner's attributes, and the sk1l1 beinq learned (24, 25,
30, 89, 104, 113). Kéonomy ot of(urtihas becn theﬂrosult
of learned and skllled movemonté of ﬁhe body and its ability
to adapt to the rate and load of work!bcing accomplished.:
1t has been shown that a+ o cuonstant and submaximal load,
the more officicrt osen woula have a lower oxXvagen intak.
during exerciss (7.

Muco of the vavriane. in oo ohonieal cifficiency scores
for running has been duc Lo i cantoent ét training of the
runners (16, 47, 77, 79, 93). tlubbard (66) has reported

N\
fundamental differences in the actions of certain key
muscles of the lower limh Ec‘woen trained and untrained
runners.

Several carly studies were conducted on other basic

motor skills in relation to the cttects of training and



levtrniineg . For adualt subjects the training of fect tor walking

Wonominimal (29, 40y . T was suggested that the reduction

vt nergy oxpenditare dur ing training was the result of
. . . "\
bettor mascular coordinat ton rathied than 1ncereased musculay
o : ' /
cbbicreney (29) 0 el b ebrandt ol (57) explained that {ic

ot o contral o perveongy Integration oxpands with growth

e o devetopment of all the mechanisms cvolved to generate

S~

and T elease the CHergy gquantum required.,

Rescarch concerntng improvements in enerqy cost and
i chanical efficicncy of runnipg have reported vaiying
Clindings. Tho cvidence that there are no cignificant
metabolic differences in repeated performance of standardized
muscular work, however, has not beon great. Most subjects
Who wore well trained runnors Showed Tittle, 1f any, improve-
ment an running skill oand ctficicney (32, 78). It hds/also
Poen demonstraccd that will, o ner training periods, there

appearad to be a plateao i the running efficiency. It has

been suggested o oo cochincane of superior runners and
thal ol A ati o0 g o . © v litile and can be
presuncd Lo obeowe el i Suotnoan inletic exercise

Like running (15, i

‘ Boje (15) “ound no certain differences in energy
consumption in trained runncrs while 1t was siightly higher
In untrainéd subjocts.  Margaria ot oal. (86) reported the
mechanical effiéicncy Qf running to bo apout 5-77 higher in

toosathletes than in untrained subjects. A 7% decrease in

eXygen consumption over the first three treadmill runs was
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cobserved by shephard (100), which he oresumed to bo due to

loearning. A change of this order could have arisen purely
I

"oy '

Promi g cdeciedase i it work," without otrheor changes 1in
cltticionay (29) . Davie: and Ha:ﬂ~w (1.2) have stated that
Pho etticiency of Lot positive and negalive work depend
oo the degrec of habidtuation.  However, Fhoy added  that
although adult subjects had habitnated to the exercise, thoe
Pearsig and increased skill of performing may have been
minimal.,

Many track cxperts have beon Ln—dgreement concornindg
the cffects of repeoated exercife on youﬁg athletes (7, 10,
»9) . Several authors have cited that the fine form. in

~

Skilds, Tike running, must be ottioected atr an early age and
e cxtont and roate O loarnin: are inf inenced by the age
of the learners (13, 24, 8», 1073, 104, 113). ttowever,

Hot lelbrandt vf\fl. (H7) have aaphasized that the learned

Anpects ob skl o cannet Lo ditieerentiated uneguivocally

-

omothe pattociss 0t e conuscular response . Astrand
/

(8} has recont! couoctea v o coovement in performanc.
With aqe 15 parcly o am  LtLon w0 iroreased body dimensions,
but alsco a "maturiiv" of the q=ntral nervous system, an
eventual cffoct orf rractice.
Retention of motor skills has been éhown to increase
between the ages of 2 to 6 vears (103). Although develop-
mental trends may; be due to growth and maturation or gain

in skill due to oxjeriecnce, severas authors have outlined

chavacteristic changes in o o running pattern during later
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childhood (12, L A , 109, 113). Lt has
been shown that woll trained athletes were able to freely .
oo thelr most oconom 11(:.1 I stride length; however , ho

ovidencee dppears to errst o concerning ohildroen (15, 64, 75).

pummary

The tollowing briet jeneralizations were made in oan
Attempt to summarife 1 ho nmjor findings of the rescarch.
Lo The e necessary be o ospeed maintonance in

romming has been measured (rom thoe oxygen consumption when

the speed is such that a steady state can be attained and

Sreeoxyaen debt s contracted during the period of measurement.

2. The oneray cxpenditure per kilogram of body welght
vl mecor covored has been found to amount to about ] Kcali./

me g ., independent of speed tor o wide range.

—_

Several attemnts e heeen made to derive a general
torminla relat ing SR TR e Npen b rure o sreod and other
Variables.,

do Higbe nouoldie e . o ronemy of muscul Gl

mevement have Do, oo Caewsons tor Jower mechanical

4

cffleioncres wiliv ol cdren .
:
5. Gross body w tght was e orted as being the hest

indicator of Shobev oedpenditure for running.
6. The total positive work performed has been estimated
LY osumming the potontial und Finetic encrygy changes.

7. High valucs reported for mechanical efficiency (40-

507 ) huave been Suduested to boe the result of Substantial
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storage ot elastic recoil energy from stretched contractoed
muas e le .

. Resoareh examining the ch&ractcristicn ot a maturce
running pattern have boeen descoribeod.

Y. Cinematographical st s of running have given
cvidonce of simi o developmental trends in the later
chol bdhood stage.

Faor, Increases in ;ixo( strength, and coordination have
Peon discussed with respect to thl? cffects on running
w:.nt children. Special cemphasis was given to the stride
Length.

LT, Most well trained athletes showed little, if any,
ttprovement in running efficiency; however, their scores
were qenerally 5-7% higher than untrained subjects. A
similar decreasc in energy cost over the first three tread-
mill runs has been reportoed

12. Charaétéristic dacwvelopmontal trends have been
suggested as due cCovT 00 o marnration or gain in skill
due to cxporione s oot e o © o nearomuscular

CSPOnGa.
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2
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g;_g_j_.g_]_n of the study

Following a short pllot project, data collection
coveroed a'poriod Ol seven woeeks., Every subject was given

three dates to be tested, cach twe woeeks apart. The two-

11

week poriod was “considered sutiiciently short to allow the

mvestigation of a possibloe "learning' trend.

Several measures were repeated at each test scssiori.
These anluacd welght, 'standing® motahoiic rate, steady
viate oxygen consumption, number 0Of strides, heart rate,
and cnvironmental data. Puberty identification and anatdmical

measurements were done only during the first testing. leg

strength measures were taken during  the final @ test

session.

Test Descriptions and Instrumentation

2

Pricr to any dain rolircti(y, cach boy performed what

a
{

tho author termed be "Poss-Fari e Arm Reach Test."  The
veriod of proyaube: conce s . fanctionally defined as

the period berfove which the sccGnait: @y characteristics

w

appcar (L09) . The 0 w0 wag }'rvujmud wiith no shirt and was
designed to detect Lhe presence of und  arm nair.

In preparation for the pilot project (N=1), the
following instruments were cdlibrated: treadmill (27:33);
wlect;ocardiogram (paper speed); Beckman oxygen analyzer
(model E2 manual): Godart carbon dioxide analyzer,(mahpai);

.

Beckman dry gas volumeter (against a calibrated Tissot



3

Juasomeler) ; strength dy namome tor (1O ; and the Honoywe Ll

’

Bromedical Roc

Tordoen

(manual) . The B.C.G6., gas analyeoers,

i dynamoneter were calibrated cach day of testing.  The

\

pidot project

smaller nose colips and mouthpicee were usod for the

sy

i atd In body

provided sovoral procoeduoral dmprovements.

Tape was also

Lhe treadmi LT,

Thoe rate of oxvgen

actual

placed on the wall facing the treadmil |

allgnment

and Tine of vision while running on

consumption was measurcd while

anding on the treadmill with no Stpport o once the heart

Pate o had fallen bolow

100

then given Instructions

onee the subje

b.op.m. (26:337). The subjoct was

for stepping on a moving 'readmill.

ot demonstrated the ability to walk and run

Eowly, the treoadmill

unt ot he

co gt least o one mine
v LY G bopom, f,‘u Iy

Thic procedure was

XU minute n

f 14((;&&1"‘,‘

A0 IMe-asuroement: .

brrataed fromn

the ca.

speed was ralsed in osmall incerement s

Lo

4

heart rate maintained a desired steady state lovel

The doesived hicart rates rand.

P

et depending on oage (9:310) .

Pt

[ et four to s1x minutes long.

EToD v o i measurad i ing the

.

cocabnaxindl L running {(26:343)

’ ‘A
sirrdes was counted for the minute oOf mmsplodd

The calovice equivalents fFor oxygen uptake were

Ated respivatory quotients (27:439).

T differonces botween Lo running and standing cnergy

vaponditures

riannt oo,

Prov 1dd e

<l

easurcement ot the energy cost of

The rate of doing work was calculated using the



e

3.)

Ulli))('\‘(?;. welal o and the speed of the treoadmill (W=Fv) and
a standard conversion to cnergy units (29, 74, 84, 93) . The
spparent o mechanical et tficicney was determined as 4he ratio
ol the Uxternal work rate and the corresponding increasce in
et b lre rate.,

The hergbt and welght were recorded and the body
SUVtace drea was obtalned tfrom this data (27:27). A Gulick
Tap e was used to measnre leag length and lower leg length.
With oo shoes worn, the distance from the floor to the jliac
dest was taken as thu leg length (112:559) .  The lower leg
length was the distance from the floor to the medial articu-
Fation line of the knee (15:365). The leg strength was
deterimned as the maximum isometric force produced at a knee
fivr Lo Ot llﬁy. Areliable (r=0.97) continuous recording
Prom the load cell of the dynamometer was provided by the
Heve i zwcoxd;f'(lﬁg). The averaygye dist®nce Lravelléd\in
e nten urk}trido fongth was the quotient of the distance

I8
.

crovoelbed and tee ot g % cueney for the minute of gas

.

Adrinistration of Tests ;

Four examlners were usced 1n adminiétering the variousl
‘{usf[ng procedures. The chief investigator and two trained
sssistanis collected the metabolic data. A third assistant
testod leg strength and recorded the anatomical measurements
ot Lo sizel Bach examiner performed a specific function

durlng the entire collection of data.
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The subjects were instructed to wear jxunning shoes
and shorts or.nun—rwstrictivo pants. A minimum of instruc-
tion wes given, atthough ample warmup time was pro\/idod.
Parents and other obscrvers wore not permitted entry into
the rescarch laboratory until conpletion of the test.

E Temperature, barometric pressure, and relative
humidity were recorded for cach subject pricr to the

troadmill testing.

‘tistical Trcecatment

Preliminary calculations of the metabolic data wore
. . . ,,/.
done utilizing an APL/1500 teiminal and a 3Sony Sobax calcu-
lator. Statistical treatment employed the Communications

Terminal of an IBM 360/67 computer located in the Physical

N -

Fducation Building at tho Univervsity of Alberta.

T o Existence of dirferences in mechanicatl efficiency
scores between the threo ade groups wevre tested for signifi-

cance by a onc-wey aecdivses of variance (114) . The sianitr-

cance level of U.0'w wag sobopr o Uy s hreatmonco.
Foliowing .« deceripeion of Lhe means and standard .
A\

. . . . . . . N
deviations of the variables in question, a multiple J
correlation matrix was obtained (1, 114). Correlations
with mechanical cfificiency were tested for significance at
the 0.05 level (1i4). Scveral partial correlations, keeping

. . # ' N
age constant, werce calculated for selected variables (101, e

114). Utilizing eight predictor variables and the criterion ,

of mechanical efficiency, a stepwisc rggression was applied
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(114). The percent o1 he varianeo accounted for in each
Slep was tostod POT g bl cance gt (e 0.05 level., At the
Soe condf idence Tove + the significancoe of prediction was

tested using a Studont's t—{ony

The diftovonces in m anitoal o Liciency between the
Phirce trials widl

L

voch age aroup was testod by ansoofog

two-way analysis of Variance wiih repeated measures on ty,.
tri.l factor (114). A t-tost Somparing rotated or dopondent

means was applicd between trials to locate S1anificant

o
mean differences ot the 0.05 1ovel.

)
4
/

TESTING APPARATUS



CHAPTER TV
RESULTS AND DISCUSSTON
Phyuivqligpd;qu!~lin{igx ol the Subjocts

Moan and range values for age, hoetght, wolght and
body suartface arca are depicted in Table 1. The forty-six

Mmaeio subjects who participated in the mvestigation were
x

wss1fled by age into qroups A (N-20), B (N=123) , and

B

COAN-L3) . rotal group data are also displayed.

Di(t«roncosrinrMQC!W
Boetween Age Groups

1anical Effigiency

A primary objective of {he present investigation was
to determine the maturity of the running pattern of preo-
pUubescent boys cn the basis of measurcments of the mechanica;

chidbciency.  For this curpose, an average value of mechani-

cal effircioney g noher oo the second and third
)
broale. T o e W Tl provids e b

indication of (. IOl R S ST EPE CU T ECE SP N s IV 44, 100,

104) .
The difrorcnces in mechanical ofiiciency between the
three age groups are shown in Table IT. A comparison of
Liese maln differences may e graphically seen in Figure 1.
The averagoe mnchagical cfficiency for the entire sample was

23.82 percent. ‘

¢~

o
L
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Mean Mechanical Efficiency (%)

25.00

26.00

24.00

23.00

22.00

2100

20.00

1

T

MEAN (N=46)

19.00

A B _
AGE GROUPS

FPTGURE
DIFFERENCES IN MECHANICAL BEFPICIENCY

BETWEEN ACGEH GROUDS
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The Si(]il?’i/ 1cance of the differences botweoen age
droups was tested boa once-way analysis of variance. Table
PR rndicates o summary of  fhe analysis.  Although group C
demonstrated an increascd mean score for mechanical cfficiency
no-Stgnittieant i torences wero notoed between age groups at
the 0.0% level.

(n{lucnce of Selected Variables on Mechanical
Ltiiciency

The mean and standard deviation of a number of
variables measured are presented in Table 1V. They were
Aaverage values for the entire sample (N=46). w4

inter-corrvelation matrix. Nine of the above vari-
ables woere selcected for correlation procedures: age, height,
leg strength, leg Tength, Jower teg length, body surface

: !
Aares, werght, aversge stride 1oaath, and average mechanioo!
ciiicioncy (P> and Pu) . o antos -corvelations muy.bo scun in
Table v. ~ .

The sigorroanee o crrelation betwoeon the
TIESE odunt vartabh s dnd e e L soohanical ol flo o o
Was examinaeag at ihe 0,09 Veved V1) o0 Pearson Product-
moment corrclatior ~ocfficients for stride length (r=0.44)
and leg strength (v:0.32) were significant. The highest
corrclation coefficient between mechanical efficiency and
age, weight, or baody surfacc arca was adge (r=0l25).

Between the lincar measurements of'heiwht, leg length, and

lower leg length, 1t was found that leg length correlated

most nighly with mochanical cfficiency of running (r=0.20).
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TARLE 1V

DESCRIRPTTION o
VARTABRLRK MEAN
Ade (Years) 10.¢
Horgnt (ems L) 145.7

Leqg Stiength (Kgs.) 3.
(cms. ) 59 .

{cme ) 42,

Laa foength

Bovrer Leg o Loength

Sooeod (M/S(;‘C.)"'I'L 2.5

Stride Length (m) =1y

Specd =Ty

<

Stride Length =

Speoed =0
o)

<o

Stride Longth -7 y

]
Avoerage Strido Longt b (Ty,Tj) 5.88
Woerght (Kgs.) 17002
body Surface Arve. (M- 1027
Mochanical Efficicncey (od =y 20,223
Mochanical Effici oo R 23.06
Mochanical Efficicie (0 G "L60
SVOraGe MPCHJHILJi Fiyes
(7,1 SRR

STANDARD
DEVIATTON
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The correlation coofticient betwoon observed and predicted
values ot mechanical of fici cney was 00425 which was signiti-
anl at the 00010 loved . AU the same Tevel of contidence, a
t-test revealed no signiticant dittorences between the mean
values of observed and predicted scoves (Table Vi) . A

graphic comparison may be seen in Figure 2.

Diffvroncug in Mechanical Efficjoncy Between
Test Sessions

A finalioijctivo of the present investigation was
to determine the coffect of r‘opeatod' trials on the scores of
mechanical efficiency of running. Mean mechanical vificinncy
values and mean ditferences are shown in Table VILIL.
Improvemént was assessed for cach age.group and a total for
the three trials. The greatest improvement over the three
test sessions wans demonstrat. o o phe older group € (6.18 )
Tho samplc as a wholce dVMQHStlJqu a groeatoer improvement
between trial one ol iwe 12.820) than between trial two wnd
three (1.54%). (. neral oi.. o crtent of dmpeovement
between trials for cach age groar s 0 soen i P
The average values for i campble (N=4i) are also plotﬁéd.
In addition, incrunscs over the three trials we:o also found
for average specd and average sti dJe lenqth.(Table IV).

The Significaﬁce of the differences between trials
with cach age group was tested by a two-way analysis of
variance with roAﬁatod measuros.of mechanical efficiency

\

for the test sessions. Table 1x provides a summary oi the
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. As o domonsitrat o carlior, ther

.’)()

RSN RN CoWelre o d i Gronees

Dotweon the age ot In addition, t(he Intoeraction

COTWOOD e annd Prials was not sSignit icant . However, o

et boant Boog Pidcel b becf was found ot the 0.05 Loove ],

Inorder to ot crmine Glrec

PUOmOdan (i Ferences, o

ol or e compan g dependent o volated means taking two

Pt e was emp fov Sraniticant didtforences Woertes foand

oot betweon all Comparison (7 Vs 'I',); 'I‘[ Vo 'l‘); r SR
ot {ne Oo05% Tove ] .

ACSWIIGrY O f e analysis da dopoaeted

P humom b vicwed aa a machine, s far more

SRR i han cven the MOsSE modern mocihani am Of the times.

vors the degrec of skill dop mstrated by the indivige.!

. Porrenead Lyosuch o s s agee, S12e, strongth,
, shiorp ot Vot o Soveral o siinlios have examined the
P e i - vt chani ool o PIciomay moeasuc. s
SR RIS PR A T Fow censidorat bog e
‘ R R S T L N R rospoct bfu chirldren (7, 102y .
R TR S AT P S S S Tosent Anvesiigation was o ckamine *ho
s 0 T cf osteady state running in pre-
KRt R TE A In addition, sevaral factors WOIe assessod
Cor Uit int haenee o

- e economy of running. And

Fepeated trials on the efficicney s



TABLE X _ :
T=TEST FOR DEPENDENT TRIAL MEANS

’1‘I ves ! T, vs T

3 2 !
A o 00189 o =0.017
VA t 6.H8* t 2.08*
Asiagnifroant at o the 0.05 lovel. t(0.95, 45 - 1.68



S

Prticrences i Mechanteal Btticioncy
Relweon Agoe Groups

w

Various authors have puovided descriptive cvidonoo

ot adencral bilomechanical tvends o b Jdovelopment ot g mor e
N

mature running pattern in children (1.2, 23, %4, IF13). The

i sent o study has utilized the measure of mechanical

ctticiency to determine the economy of cffort and =i

tavolved In steady state running.

Comparisons with other studies involving athlotos
oot ticult due to the varited methods of aAssessing the totba

work accomplished by cach runner.  Margaria (84) hos ciained

Pt the off1ciency of veortical work is similar to Chol
contiacting muscloe: that s, about 2% percont . Howoever,
ctla o rescearchers have reported much highotr officioncios,
corectally in grade running (16, 17, 78, 92, 93).

denetheless, compirisons within the sample coan b

Prrbeae s GEEToVences dn seclanioal of ficioney botween the

R TR I RN ES S S P HU I N SR S TIL and
o snd i eant dultorone L Wl e Teporoed; Lowe e

Tl o r arows of boys demonsiratod o somewhot hilgher score

Phan the Coundgol groeaps. ~lthough comparisons wiLh.othor

it shnould be made with some resorvation, the mean
mochanteal efficiency for the ontire sampls 0f pro-pubescon?

Wi 0,820

a
The tact that the range of ages was not lardge, gl

Il

secondly, the speed of running was adjusted to thoe physio-=

Logleal capabilities of the subjects would provide some

I

'



Yo
cxplanation tor the absence of signiticant Jdifference o e
apparent upward trend in the older group demands turthen
investiagation.  Reasons for the increase just prior to the

Ay

g

L

of puberty arve speculative, but i

gqroater heilaht,

odoand stride Tength may have contributed to the cefficioney.

b lity exists that encergy stored when stretching

Thoeo o
Phe contracted muscles can beoud i]i‘;',wd as elastice roecoil
coeeragy (e, L7, 32, 48, 61, 62, 74, 84, 85, 93, 110).

Very toew spuritouns results ocourrved; however, those
sl were recorded had respiratory quotitents grealor Ui
. 0. ‘In these 1solated circumstances, the ('wti\/it'ylu?
anactobleoenoergy cources may have of tected and measured
Chetge expenditure (67) .

Influcnce of Scelected Variables on
MWootwnieal Bificicncy

v nas been notoed that from age of about ton,
Poe baody i oport tons rwtlar {0, S Fosr 11 o Tl-poar
el bovs ther o 1o ne signtd Lt o in spoeed with
STSTRE o (8, 45, ddy. Othery rosoarch has indicated that
cnergy oxpondl ture mory be oaftfected by welght, Pody surface
ey, and o stride length (15, 22, 43, 60, 64, 72, 87, 94,
U, 102y, The assoessment of the im’f]mnuirs ot such variable
cooespocially critical when examining children.

only variables which significantly correlated
7 <

wilhh moechanical efficiency were stride 10ngth and lcqg

rength.

The contributions of age, height, leg length,
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body surface area, and weight were below the oritical
correlation value, (‘,5‘1,-‘1(\3, (22) has also reported little
relationship botweoen runninﬁ pertormance and age, height,
and werght in children.

The utilization of partial corvelat ions cnabled
comparisons of twe variables with the offocts of age nulli-
fred.  With the influences of age upon both mechanical
et terency and stride length raled out, the corrvelal ton
botween the two was sl sygniticant (r=0.37). HQwoyer,
when age was held cunstant.for the correlation of leg
skrvnqth and mechanical efficicncy, the result was not
sltgnificant (r=0.23). The corrclation between stride length

and leg strength was 0.40 and the correlation between siride

.
[

length and age was 0.51. By partialing out age, 1t was
Found that the correlation between leg strength and stride

5 ’
Tength nearly vanished (0701 90 . It appears that leg

strength as such has no bhearing apon stride length when
running at o oaoar beocorma L speesl o This  lack of relationship
may not appe oo oudint r g .

Tho applioat 1on L7 0 towise rogaoession revealed
that no signifi- ol greoater d¢CUUﬂt of variance could be
madoe by RERSIT IR than one prodroctor variable.  The
rclarionship:bwgwpun runnine performance and age, height,
and woight have been-shown to be nonlincar in children (22).
Although lcg strcength was the second predictor variable
entered, It was shown by partial'currelation that its

-

association was by virtue of its relation to age. Van Der



Walt (112) has usced stride length i combination with mass,
Specd, and Teg Tength tuAprvdivt the energy expoendlture oy
Plarning . he med hani cal ctfictency in the present invest -
E[:If Fon was prodictod with Feasonalbe g e ian (r 0.43%) from
Lhoe average tongtn oo R RS R Subwmae s imal, Steady stato
yun.

Since no significant il crences wore noted botwoon
dGeoroups, the regression oot ion may ‘he considerod tood,.
applicable to boys in tht.“‘ fiw Yyodrs preceding puia ty .
ﬂthouqh.tho standard orrof.ot prediction was quito brigh
(2.23), the cquation may bé a uscful estimate of runnlng
ctficiency if the runner has reached a submaximaL Steady
state comparable to the method used in the prcscnl investi-
qa}ion. '/

It has };o(\n sugyestoed that the cnerqgy cost of rannind

on o the Jovel 1o groateor o chrtdr o owing 1o their shorter

ttrides and 1S degeoibons o 4 doilily to adjust thoe
stride length o Lo L Sherted npeeel T Th, 890y
Several o cincnr ooy dhCal o L o shaown that an
increase in the ioieiiiy o e voamndng st e a distinet

developmental tirond (12, 113y,

bifferences in Mechanical Efficiency
cen Test Sessions

(U

It has been round in several studies that the

»

~

efficicncy increases as the subjoect becomes accustomed to

the work (15, 100). Economy of ¢ifort is the result of
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It 1s suggested by tho aut 'lf)l' that the ability of
the older boys to adapt to a more mature running pattern
weiy beodue teoan increased kinesthetic sensitivity. Greater
awareness of the kinesthotio sonse world facilitate loafning
aired ruiinwmgnis when pertorming a relatively new skill (13,
104) o Whatover the explanation, the result: indicate that
the tame dmmediato ] ‘prj(x'vd'i N ;,:nbwr Ly may boe the bhoest
poricd to introduce and teach new or refinements of old
motor skills. c
Work is done uneconomically when a new skill s
boinq lecarned.  Work done in this instance is incftio-i.
unt il the new skill pattern is learned and the necessary
adaptation 1s made.  The learﬁod aspects 6f skill cannot be
differentiated unequivocally from the autonomous adjustments

In the patterning of the neuromuscular response to runninag



CHAPRER Vv
SUMMARY  AND CONCLUS 1ONS
Sy

The purposce of  {he present study was to detormine the
matuwr ity or the running patter: of pre-pubdscent boys on ot
Basis Of measurcments of  the mechanical effic}oncy of steady

“Aate o running. secondly, the height, wéight, body surfécc

area, leg length, lowor leg length, leg strenath, and stride
}

o

length were assessod a5 to their influence on the mechanical
ctficteney of horizontal running at a conétant speed.
Finally, the offocts ot three ropeated trials on the mechani-
cal efficiency Sémrus woere determined. ’

Forty-six boys from .. ages of 9.3 to 12,09 AAISS af
were s2lected From VATIONS reciro ational programs in Edmontqn,
Alborta, Canada. e subiects were all pre-pubescont and
Were classifio iato thro Lo, With roespect o, Qe
X
Fach subjoct wos 1ot ad three Lims vochin a period o
dpproximatoely on.. | month.

Machanical crficiency measures were obtained by a

ratio of the rate of energy

expenditure to the rate of doing

work. The encergy necessary for specd maintenance in running
L : .

was delermined from the OAYJCn consumption when the Speed

was such that a submaximal- stcady-state was attained. The

rate of caloric expendirture abuve that neccssary to maintain

58
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.

donbtanding position was obtoained DY means or the conen o

. .
Pesiprratory cgquot tentso The total oxtornal worh accomp b ahed

wasestiiated as Che product of the subject 's gross woight

Taisod and the velocity of Chee {readmi Fhe o Mean values for

mechantcal officieoncy wore obtained by averaging the scords
onoLrial two o and throo.
Measurcements of weight, hotght, leg Longth, and ™oy o

Fedg foength were takeon. Body surface arca was caleulated fron
' 1

oo subjects ! helght bad weight . Lsometric ltoeg strenoath ot

ke angle o of 115 degieas was assvssod Us1ng a dynamomet o
" V‘ \1'{‘ ,‘. .

e numboer or o strides taken during the poriod of as Gl L

et ned o detoermine the werage stride lencels o, '
Cooh o triad,
N N v e e . . \ R .
The existoncesot difforonces in mechanieat o 1o -,
L SN .
: : 2 7 .
cney between the throo aoec Jroups was toegted for siamny s o

Ob variance. The nfluence oF covera)

varrab bos o e Pelticioney was assossed booan anton -
~)
correlatton matt Severa ! R correlatrons o siand -
CAantovary b s worc  ocalculat od | S ETUE A IS TN agoe factor §
constant . A SLOpWIse ‘roagross Lo Wl Ao tied | b oy e

!
trheocredictabil oo of mechanical efficiene fron these
ST L R Finally, the existence -of o - f SENCes Tn .

dochanieal officioney hetween the three test sessions was

>

L - o2Y slygnificance by a two-way analysis of wvariance

.

B
R S

Wt cnented measures on one fdctor. i _ .

“Sup

.

Hesults Indicated that there were no. signitficant
N Ay

/ ‘
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ditferonces botween | he age Jroups; however, the older Jroup
ol boys demonstrated a somewhat hi aher mechanical of £ iy CNey

. L TN
than vhe younger gfoupse o The mean mechanical of £i civncy for

-«

the entire sompile was 23,480 proreont

S

The onds caraabhlon th o stgniticantly corralated with

¢
1

Prechanieal ST ey Wy i Penaths (0 0.44) and Leqg

ot enagtn (0. iAJ)!. Bograr bl 1ng out ‘3.111, the correolation
Witho strade lTongth owae gtill Sooanificant (r-0.37); howcver,
the correlation wilh (A strwnq{h was mot Tticant
(L-H.QJ}. The @ignificant relationshiy 1oor w4 stride.
lonqth>and leg strength (rﬁ0.40) was ¢ ad ¢ almost
N , ;_ -
(r=0.14) when age was hulg constant. The sumple regressyon
cgquat vived o prcdibt muchanical O'Liciency was:
Mocha; o BEfticicacy = 15.79¢.4 9. 11 (stride length) .
The correlation botween uﬂgefQQd and -predicted mechanical

crilclency wag slhinificant 0 the 0001 ltovel (r=0.43) .

Sochrvwn tor e o dignificant improvement in -

PN P Wt thie U orse and second .
‘ o . 7 .
B vy i - oo 1 i Jen b Cr TN
. BT i L . i e S U »JA!A“:)L_I{)

S S SR S ‘:nx\; oK1l improve-

\ . y:. : -“‘ .

ed upon the Losults of & o investigat}bﬁ ROSE!

- Bas
N & B

-~ -

- within the scope aud limitations sat forth S&r the stud,

f7 the following conclusions seeom warranted:

N

1. Despiic. a higher mean value -of mechanical efficiency:
. ‘ - ” ‘
. .
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Far the oldest group, no o signitficant differences weve

Pound Tootween the throe ogroups with mean ages of ©ov 0 g,
PO yoars, ad 1L Y.
AN 2. Slgniticant (,:m‘rl’wl,-xf boas o 0L and, 0,32 were found
/ - N LY

. s o . . [ 3
to exist boetwern wechantical  cfbteieney and otride length
’ )

dut Tedg Urerngth .@'umn»‘ct Tvedy . Partial correlations
- - “ . .
Fovealod iWel o nucn; of  fhe relationship of leg styongtls woob

mect gilcal effacioney and stride length was by virtue ol

x'wl.lt.iova) bo ange. In"add i,‘t;ion, a s i,‘m,pl(‘ regression equat ion
for the predict fon of mochanic.: . t.jcj]wncy“ of steady tate
. llﬂl.lillq from the @i 1';idO Jength v presented (r=0.43) .

.0 8ignil t‘i_vcant differences 1n nk%chunic&l efficlency

w

were found to oxist between cach of the three repeated

drrals.  The oldest gre monstrated the greatest rate
and oxtong of ekl improvement  {(6.1480)
Focommonds 1ons -
ATCor v Cooosdi s and rosults of this
T

study, bhe b iowing . roconne i da e appropirlate:

1. ALthougs oe asivvmont OF GXYJon CTaSumpl 10N Wi
ditrticult, the presont method of - assessing ma;charﬁlcal

BN iciency should Lo extended to -tnc' peritod of ecarly child-
ho{;‘d. Tho ~tuu) ol .vzdoiosc(-;)t purformanhce may also provide
infovinavion concerning the {in. vefincements of the running
17);4};?’.’“11;6’1";;2. - RN

.dy X

2. A moroe accuarate,estimate of the total work "accomp-

ny AY

listoed during rurnming could be obtained bv utilizing both

4 4 Lo

N PR i< S
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cinematographical analysis a 1 an iccelerometer to measure
body ments involved in o ide. ‘ _ S

foooFuture studies should be oxtended o investigate 7 My
the ctbeets ob o vqrﬁlul]y‘dosiqnnd training program or at
Foast oo number of practice soncons pricr to testing.

4. U Do beon suggested tihat Lhe abllity to learn a

Skl oo make rof tnement s (.rn/:m old “kill may involve an

. . A Y B .
tneceoased Kloesohiot e seftgdiAavity.  Although measuroment

/

ot thrs may be d ift‘i(:ﬁi U odue to the specificity of running,
. e
tLowouls appear to bd#a variable worth further investigation.
v :
s
. - ’v
Application .
d
I

In -light of the findinas of this investigatlion, tho
] 2] J

aunther fecls the inclusion of the following lhrief practical

.quﬂi\\; would be of valut to the physical oducator,
coach and  pavents: \_w o, 3

N

1. Although 1 Jdvd net apw ar rhat e o woere eonsider-
J !

hlo it vone AT voe o of tuina g botween ten-,
clewvens o e ey e oo wan evidence of

. . .1‘ - .
SIgniproant b L e b s e - st accustomed

H
to th& treadm b ;ﬂhu;nf. Ctherefioroe, this period of pre-
pubéséohCU should L. one in wihi-ch children ar- guided and
cxposced to a great number or locomotor skills. A great
e ! Y running and activities such aé track,,lAQKQSva
field hockuy,?czoys«c«nnrry Orionteerinc and soccer atfl

3

sugdested afp this age.  The present study has pr¢ o .

&0
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cvidence Lo suggest that boys closest to the age of puboerty
a . . . ‘

would henet it mest from this emphasis on locomotor skill
pot inemnent. .
2o The most critrcal variabic aftcocting mechanical
: D)
ctficteoncy cxamincd 1o the facstiation woas shown o be the
AVerade runntng o staocbe lengthe 'Yained athictes have been

reportoed to he able to th cly choose their most economical
«7 B

strade length ot o given speoed (64, 75). However, this Uhljﬁi'
beoarproblem arca with younges, untrained individuals. It
1o suggested that the physical cducators and track coaches

pay considerable aﬁbcugéon to this aspect of the running

pattern in pre-pubescent boys. .

3. The following field test is proposed as a pragtical:
cstimation of running efficieney forr pro-pubescent boys:

The test may be used to determine pe sible potential

oo hoy O Pt Ton e eerolb ie et inning activities such as
CoosE-oount oo s Lo e e VN, Lt may also servae
. 1
cea method ot T crirrelvion of povs for such
k3 - .
SDOrts a5 Toace s floid, ci . o1n two parts and
should reguire o oy A ono-boen pericd 0 cxamine approxi-

mately thirty-boys. Thi first part requires eacn boy to
AN
"
fun g guarter mric at a steady, submaximal pace. Heart

rate is taken wmanually immcdiateoly fol!s *ng the runs

smAall o adjustments 1n speed should be made in the second part

1f the heart rate 1s over 180 b.p.ﬁt*w; under 170 b.p.m.

The same procedure is followed for the second sectiosn of' tf

’

a

roest. In additjcy

the number of strides are counted  for éﬁ
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a distance ol 100 moteres in the middle of the run.  This
-
Pield test reoguarres Tittle equipment and approximates the

punntag conditions as o ontltined in the present investiation.

The hnowledae of the average stoeide length in a steady state
submaximal vt e /..Isi:'zg&t,.dw'\\.y\.?t e calculation of
} g »
ot !

mechantoal ciricteney Trom the reagression coquation proposed

) \//

carlien

4
]
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v q N
STATISTICAL TREATMENT

/\nle 1:, Ot Mnluncu :
Ll rdlldnee . ”

A one-way analysis of Variance was ‘employed to deter--

’

mine significant ditferences in the mean values of mechanical
of’l i('icm,‘.y‘ for the three age qroups; The analysis was '
obta11\J by the use of thoe following pregram:

Program:  ANOVIS , | g

Language: Fortran 1v

Differences in improvement”between'thenihree‘repeaﬁed
‘trials with each ag@ groug were tested for 51gnlf1cance by a
two-way analysis of variance with repeated ‘Mmeasures on one

-factor. The analy51s was obtained by use of the follow1ng

Program: ANOV23
Language: Fortran 1V

Stepwise Regression

-

A StQlenO regressic.. 4. ivsis was applied to a

number of bredictor variableos for (o criterion of mechanical

1

efficiency. A square symmetric inter—correlatiqn matrix was

‘Obtained through the use of the Ffellowing program:
N . : Ay

Program: MULR@6

Language: Fortran 1Iv

¢Orrelation Coefficient
A Pearson Product- —-moment correlatlon was calculated

between observed and predicted values of mechanlcal



<1

- ‘ : : 94

L ] -
cttrciency.  The followi ny program was usod:
a

P}f}giiigy/ LESTY2

Language: Fortran 1v

A student's t-test was also applied to determine the

significance of the differences botween the means of observed

and predictad mechanical efficiency (1). A t-test on depend
Means was used Lo determine  the differences in mechanical
efficicncy between the three repeated trials (114). Both or

these tests were calculated on a Sobax desk calculator.



