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- HAPTER 1 | o T
: e ‘ - A

_STATEMENT OF THE PROBLEM T

'skilisiand:team execution, is- it possibie ‘that a decondition-

- : oo

v 1. INTRODUCTION

' .;; " The pre -season and in- season preparation of footba]l

players ‘pose a‘humber“f probiems One problem is that of

cbnditioning Eootbail players must reach a minimum level ¥

7 of conditioning during the pre- season period and maintain or
‘ improve this level of conditioning throughout the season.

This is of utmost importance if a player is to participate

_,0

to his maximum potentia] 1n every game situation
7

Canadian high schoo] and university footba}l teams are

'generally limited to a two or three week pre season period

.Ohviously this is .a very short time in which to prepare a

football team, both physicailw and mentaily, for the.. upcoming

season. However, it wou]d appear that the tba11 coach

reaiizes the importance of conditioning for his players and

_therefore a great deal of emphasis is usuei]y placed on this

aspect of the’ game during the pre- season period..w.

Once the pre season period is over it would be va]u-

able to know if the relatnve emphasis on conditioning remains

at this high peak throughout the season. That is. as the

' season progresses and more practice time is spent on team

4

: h\ - . '.
Y



. .

ing effect occurs during the season? This is something that ;
3

v'the football coach shou]d be aware of when deveioping an

It should be noted that physical conditioning isﬁsomeJ' N
what of a nebulous concept and there ane a number of ways in:
. .Which the physical condition of athietes can be medsured.
‘,Some methods of measurement require expensive equipment.'
."highiy skilled testers. and a great deal of time and effort
by .the subject. On the’ other hand, some methods require iess ’ﬁ
expensive eduipment. 1ess:skill by the testers, and 1ess time
and effort by the subject. .An example»of the\Tatter'methodf‘
- is the modified Sjostrand Physical Hork Capacity Test (1)
which has been administered to the intercolTEETite f‘otball

| iplayers who have acted as the subjects ‘for this study ' .

o= I J:

S I ‘THE,PROBLEM

The purpose of this study was to compare beginning of
'.pre -season, end of pre~season, and end of. regu]ar season
phy51ca1 work capacity scores of intercoilegiate footbai]

'players as. measured by a. modified SJostrand Pi?i(‘.]70 ‘test.

L]
| JPE. . Iy

= CERT §3 8 SUBfPROBLEMS }

!

-~ .

TQe fo]lowing sub- prob]ems were studied o
_ (1) The mgan difference between beginning of pre-f,
| season and’ end of pre s€ason, physicai work capa-

~ocity scores | K\ o cL
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(2) - The mean difference, by position, between beginn- .

- ,ingiof pre-seaso v

ind end of pre season physicel

» '

g ey et [T

A'i('3") The nlean. ]

"

e

_erence between beginning of pr S

’

season end end of reguqar season physical work
o cepecity scores. (~ | m" | |
(Q) The mean d’ifference. by position. between beginn-
- ing of pre season and ehd of. reguTar season physical
work capacity scores. 7, - ;._ N °7- » .
(5) The mean difference between end of pre season and

‘end of regular season;physical work capacity scores

(6) The mean difference, by position between end of

. pre- season and en, s 2

' regular season physical work

capacity scores

- (7) The mé%n difference, by position. between physical

work capacity scd?es at the beginning of the - pre-‘

' season

5(8) The _mean difference. by position, Betw&en physicel

work capacity scores at the end of the pre- season./..
@9) The meen difference, by position between physica‘

‘ work capacity scores at the end of the regular/ -

season, o . S

v .'-DELIMITA’T;ons S

- T(T) The subjects used were twehty -six volunteer inter-Auf

coTTegiate footbal] players at the University of
Alberta, dur%ng the 1973 season.. Lo '-‘{“, ef~'

POV S AP



: ‘2)  he control subjetts usad were n1ngtegn Vo1unt’§r‘fl}
. 1rst yenr male Physical Educat1on studaots at thgi

” o
"v

(%) Tje experiment was limited to one suﬁmaximal method
measuring phys1ca1 work capacity._*flqﬁﬂ" .

.,\ .0

'_'5?1)

| “.(2).-

therefor

e no bgferenl
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longed phy'slcal work. Q : _' :_- \ \' .
. llhﬁgoapaclty to perform.prolonged physloal workfmm

\ . P 5170

——_———i—

‘t ‘ Ste&dy stete hgart rate of l7o beats per nﬁnutelv"“(
SteLLState. The work lsltuatlorl ‘hwre oxygen up’e‘ake

o equals thla roxygen requirement of the Mssues.\‘ 3 w S
” \Kllopond (kp;)_. ;.One kp. qs yhe force actlng on the
:mass of one kg “f,.,at normal acceleratlon of gravl'ty,‘ ,? ,

Ki]opond Metre (kpm4 A mtasure of work on the bicyﬁc‘le

AT ‘s
RIS ]

: ",\, . ’ - = AN RO

Hork l.oad The callbrated frl‘ctlbnal force applfed to .

a frlction belt which the subject?uf t overcome to‘ continue :

";s,\. s

: oycllng at a 'ratV 'of s*lxty revolutlon er minute (2)

regu‘lar season game. AR L o A

.f".-""" | .‘.-;Linemen. Those football players whose prlim}ary
4_'~“ ) Offenslv. ',B‘acks Those football players whos”
V_'.v'v.-',ﬁ:'"posit'ion was: one of the followlng qwarterback fu'llbao"__.

= §_~“_’j'foffenslve ha‘lfback, wlﬂback. or fl anker. . e
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e 1 Steadnard R nﬁn-“if ettt of -Jog " : ‘Am
e “Pressure,. Vital Capacitys- Bo Fat. and Physichl
e “Work .Capacity" \Bnpubl\shedﬂPaper. Un1ver51ty of
Alberta. Edmontbn. 1970, e

N . v . Ve o :

gy Za VE'H R, “Reliab111ky dﬁd\lmpnivement with Repeated

R , Performance ‘of;the. Sjostrand Work Capacity ‘Test", o
~: ;' Unpublished Mgster $ ﬁviais dUniversity of Alberta. L

Edmonton. 1965¢ :
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- j«’f"-_; CHAPTER II N
L I :
N ..ynevlgw or‘rne LITERATURE
SO T o PHYSlpALvHORK CAPAleY o

. , Many physiologists (l 2 3 4 5 6 7 8) are of the opinion :
[ R
"-._.that an individuaq 's: ability to perform prolonged physical

work is a useful measure of cardiovascular fitness.; This L
‘Vability to perfonm prolonged physical work is termed physical
~work capacity (3 9 lO n lz) R B l‘” .

An 1ndividual s physical work capacity is dependent on o

his abiJity to take up, transport and deliver oxygen to the

. working muscle (lO) ' Therefore, maximal oxygen intake is'gn

A \'
N,
\

o ®
A generally cOnsidered to be. the best single indicator of
'E’physical work capacy ty. (2 4, 10, 13 14, 15,16, 17) However.

indirect or submaximal methods of assessing physical work

-Cfﬂ;capacity (3 8) are also very evident in fitness testing today$
BL L 7‘£,a? fi:7: ;5'-a* DU -Fi,L’L‘n"' &AZ“J‘V ;%23"f

- *‘RELATPiNSHIP BETHEEN MAXIMA{ AND SUBMAXIMAL HORK TESTS »
":'Althﬂﬁgh maximal oxygen intake is a very populir method

'f)of assessing physical work capacity, it may be inadvisable

o for a variety of‘?easons Williams (18) lists four limita- -3e°

3.

lﬁ'g tions which are inherent in the use of the maximal test
- v'se include vl., “ o .'.‘ S T
’ Aygl) Therhhis no standard criterion to indicate when 4§»§




."“:reached his mataial 1ntake level.

Some 1nvestigators ?eel that th maximal anel is

ET’

i

g;e&ched when the oxygen consumption‘does not \ 'fu

zﬁncrease as the work load is increased ' However.
Al others: may set a minimal value for the increase
"' in oxygen consumption. such as lSO or 200 ml. when",

B ;the work 1oad is. increased

o - S
o (2) Psychological factors may limit the subject from

| performing at’ his maxlmal physiological capacity.
oo (3)",Direct measurement of maximal oxygen intake is

R A;relatively time cohsumiug )
,‘\.(4)j The equipment necessar& for such testThg 1s rather

B R . - "t i
' . I s [

ivexpensive S T R

Ve

_ Astrand and Rodahl (3 348) also recognize the possible .
limitations“*f'maximal work tests and emphasize that a maxi-_~;,

mal oxygen intake test should meet the following requirements‘ir

b‘o'

(l) - The work must involve large muscle groups

(2) The work must be measurable and reproducible.

'-}?(3) The test conditions must be such that the results ?'
R

~}~5¢:vfare comparable»and repeatable,ofﬁL.;;;;;;; ;Jdﬁr-;~4

'A’ (4) The test must be tolerated by all healthy indivi-'

22

y 7*"'3duals S 'éﬁmsffif?—ffjfsx
”'(5)”‘The skill involVeﬂ in the task should be simple =
| Jr'and uniform in the population tested i "“f
'f. fResulting from the limitations of maximal exercise test-
ing. submaximel tésts (3 8 9 171, l4 ls 19) have been developed

in an attemPt to predi:t maximal aerobic caP861t¥- T*¥‘°' '-.f



e "

pEre

”af:‘system. Therefore. Fate |
as, an indicator of maximal aerobic capa;ity'- C°"5°q“‘“t1¥'xiﬁ

SR v'the submaximal test when used to predictﬁmﬁ7[ma1 oxygen in-&

take levels. These are,‘_-.i ‘ ST
- (1) The relationghip»b%gneeﬁ hdﬁ?t rate and oxygen
féiﬁ‘” consumption dwgnng progre?§§ve1y increasing work

i . . R CA :
-,». l N . . . . . - ‘ .

| '.ioads 1s linear only toa. poiut (z s, 18) |
o (2) }An elevatgp rgﬁting heart rate may resn]t tn an;{g
ﬁ'i_t _"'§5funderestimation of maximai aerobic capacity (2 ]8)

ng(é)jQAerobdc capacity vaiues may be overestimated for 7[
PRk f,~w;;g_, .

'tpolder subjects and atmietes (2 18)

However, there ane stiTT some\useful applications of,\

AR submaximgl tests These inciude fv'““' %::df%,
‘*Q;;gjﬂw;.%*ﬂ(l) In repeated measures experimémts. the subject

:»éﬁéﬁif:._ SR f_serves as his own control and therefore. repeated
'“submaximai tests at: differe t time intervals may

. Vfbe indicative of training ef!ects 718)

| q(_)\ In those tests where norms are estabiished an:

L o . ;.]1- individua1 s sCore may be compared with set stdnd-l
T s (8. ‘,tf&f;3/°’iq‘.:fﬁ;;;{;;;{«- S
o -i‘pTaylor (21) compared the responses of -a group of thirty-

N

;
., vy

T a o MRS DT T L T g



) of this sugmaxime1 test. the subjactsu&‘ae\fie;eAyuﬁja :
fv_period. The meximai woc;.coﬁsisted of ?unnjngzgh:the tread-{l ¢
The Antttal grade.;‘of the tréa o

"f miil to exhaustion.

RY

subjects were retested f.rthree days.' It uesxfdhnd that the ‘_}‘

heaft rate end b]ood lectate were the most reliable submdxiMal

AR St
[P EERAN o

'”nﬁ meesures.e ’;1’Q;ﬂ_esn;3 ;;f‘f“ ﬁk?(,;ﬁVﬁ;{ L
T Astrand and Saltin (5) conducted a study on four mele

and one fema!e subjects 1n order to analyze how critical*the

v/.Vﬂ

o wreswxcseindjcatedcthat aer »Juc,.cap'asi ty_can’ be mee‘sured in
ta work test of from two to eight minutes duration., However;l
1n studies of circulat1on and eespiration during submaxima]

j;}ff work it is conc]uded that thed#urat1on of uork should exceed

L flve minutes. .
o .
?ﬁix#f_' Cumming et a1
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;method of me&suNngl maxima] oxygen uptaké,‘ Thi c‘:o"f‘f-"cient
| w’ Of v"““” fJL t}‘e "td“’“t me,jf.g.d..of determmingt R

;vrecbrdmgs dufring submaximal work 1s ‘:&e'ss vthpnl;j'; vdﬂlrect s
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'ed{e_specially when deang é ndivi-.
lt-zwas also noted thau e
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f to conclude that the conventional method of expressing work
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capacity values on a bicycle ergometer. especially at htgh .

work load:, may be- misleading., A second conclusion emphasized

that interﬁgubject variation of bicycling skill may begsmall S

- thIABILITY OF NORK CAPACITY TESTS

in subjects ‘with minimal training on the ergometer

Glassford et al (28) compared four, techniques of mea-

: | suring maximal oxygen consumption in twenty- four male subjectsﬁ-‘

aged seventeen to. thirty three Three direct tests, two on
-a treadmill and one on a bicycle ergometer, and one indirect o
test, on- a bicycle ergometer.‘wer! given to each subject.

-~ The results indi;ated that the two treadmill ‘tests and the

. indirect bicycle ergometer test had sﬂgnificantly higher mean ;‘

values than did the direct bicycle test It was concluded

that direct treadmill tests yield higher maximal oxygen uptake

e? s
values than does the direct bicycle ergometer test._ Inference

was made that treadmill tests involve grEater muscle mass than
do bicycle tests aad thlS _may bé related to ‘the results | |
Hermansen and Saltin (29) have concluded that maximal

heart rate, oxygen consumption. arteriovenous oxygen differ-~

f ence. cardgac output. and stroke volume for a: particular L

1ndiv1dual are usually higher on the treadmill than on the |

t I

bicycle ergometer.~‘;~;.u‘,,zuea

| Borg and Dah]strom (30) studied forty two military
recruits who performed two bicycle ergometer tests The‘

initial test was performed ‘h the summer of one year and then
BT d rff R s
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T | - . o
kL " was. repeateinn the spring of ‘the following year. The intra-.
~ test reliabflity coefficients Were found to be: as high as. .97'”

‘These . reliability coefficients were assessed by correlating

L

the’ pulse rates with each other after two, four. and six

-

¢

_minute work periods. The re-test correlation after eight |
months was’ .75P‘ o B ~ JE"
' Cumming and Danzinger (3l) administered a bicycle ergo- ‘
meter test tp nineteen boys and twenty- two girls The subjects B
were . tested in the spring, and the“fall of the same year‘.
Although no figures were reported, it is stated that there
‘/(‘fi.was no significant difference between mean'working capacity -
values for the two testing sessions B L
o Sime et al. (32) assessed the reliability of standard-
12zed ergometric tests on the treadmill and the bicycle.  Thir- 7::
: teen male subjects, mean -age of forty nine. were studied on B
the treadmill Forfy six male subjects. mean age of forty- e
eight, were studied on the bicycle erg? The results At
revealed that the mean of the second of pair of tests was.‘
‘consistently less: Zy 1. 0 to 3. 4 beats ‘per minute than the’ |

P .
mean of the first It was also shown that intra- individual
variability ranged from 2 0 to 6.7 beats per i?:gte.- This

LD

bicycle subjects. j ' ., S

an forth.e . ', “ T,f. -



e more than ten beats per minute dur1ng constant ‘work. Rar1ck
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' .i”.p '; I. SJOSTRAND chl?O TEST ».;’
DEVELOPMENT\GF THE“]‘EST o L .
The SJo{trand!Test 1s one of theeﬁost common submaximalt

cotem
P o

,-SJostrand (8) 1nt%bduced the po!sildlity of- 1nd1rect work

*capacity tests in 1947. The 1n1t1a1 study (8) was designed ‘

-HD

‘to 1nvest19ate5the cﬂanges 1n the resp1ratory organs of work-
 men at an ore smelting works The subJects were twenty ore
;smelting workmen. aged thirty -two to fifty - The test con~'.
sisted of riding a bicycle ergometer at three ten minute work;;'
loads. and one, four to six minute work load"'The first three f
‘work loads were respective]y set at 300 600. _and 900 kpm.
per minute The fina] work load was set at 1, 200 kpm. per .
m nute Each sgbject rode the bicycle unt11 his heart rate
exceeded 175 beags per minute or until the heart rate rose
(33) staté\ that this study has- Ted to the conclusion that . )>
‘the work load necessary to produce a heart rate of 170 beats-\h

'Jper minute 1s associated with near maximaT values for cardiac

output and oxygen conSumption.;AV- , : : L
Nahlund (34) modified 4he test by reducing the dura» .

i

- tion*of each work load to Gk minutes., The. test was. termin-: :Q"“

"ated when the subject could no longer pedal or when he had

"Tfreached a work load of 1 zop'kpm ‘per minute The test was

also designed so tham the ma_1mum heart rate at. which work
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llf minute 135)”' kf this specified heart rate was not reached.vfpl'*;i
= the estimated wdrk which would have Been done at this heart lzm
,rate was extrapolated from the known relatfznship between E?f .'"'

heart rate and work load (14) ;‘?f3*“7;f

';The pedai]ing rate was als

‘v‘of the second work period. and between 160 to 170 beats per .;‘
'minute at the=end of the third and finai work period |

'”*tion of. 't e test was therefore reduéed‘from eighteen to

E i.twelve mij,
'-:ﬁ'work leveis are between 115 to J30 beats per minute for the }fff

| Bengtsson (6) modified the test further when he studied EF o

. the working capacity of seventy six chiidren, aged five to‘ ,;h'"
jffourteen, and thf’ty eight adults, aged fifteen to forty. '

modifidd and ‘Was set at either dia;jsv

- The duration of each work ;fad was reduced td six minutes.da

J:

-

| .forty five or sixty revolutiohs per minute._ Three work ioads ,ﬂf35

K “were- used and were adjusted so as-to e]icit a heart rate of°‘

l

between 125 and 130 beats. per mihute at the eni; of the first
work: period between 140 to 150 beats per minute at the end

ey

Adams et al (36) conducted a study on eiementary and

fijunior high schoo] students ‘and reduced the number of work

'periods from three to’ two " Each exercise period maintained :g;;gff

N

_ _i}éa iength of six minutes The first work load was set to
'»’;:jhopefully produce a heart rate of approximately 140 beats
- per minute~#nd the second a heart rate of approximately 170

"m

gwbeats pe

mi nute .. e i,,-.ﬁ _‘.,.".:.l ..»'lo&.,_._:...;_'o.'..:T;,‘,;a:-a,,';.‘ 7,_,'?,_;-,;._.,‘ _‘_Av, ,*,.,,,M . 5 e ’ s

Ho eii and Macnab (14) replaced the three six minute

[fwork Periods with three four minute work periods,‘ The dura-;aﬁff

- “\3 ‘ )
“tes The desiﬁ%d heart rate response to the thre!l
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; first exercise period between 130 to 745 b°lt§'i'ff 

for the chOnd éktrcise period. and betﬁeé

. g

‘ i B

the test (14) so‘that the iéart ra;e“QLVeacL{fﬂ‘ E"”";J'.'““[w

t
te
1
O

7
a

4 red by an electrocard1ograph on]y at the énd Of'éﬂCh four ??

’M"n"te period Of exercise., This 1s 1n sontrast to”the cOn-ﬂ}:w
veﬁtiona] method of m0n1tor1ng the heart rate ‘f?gr'eve,y g

mjnute of exercise. The moHified SJostrand Tesv as stﬂted
by Steadward (37) 1s the basis of the test usedrin this study.s‘j 2

L

"‘}tth'fil‘Sha*key (38) conducted a study on thirty s1x ma1e{

'.;three work periods was 2& minutes 1n duration.:u ““

'f’:;work 1oad was set at 300 kpm..per minutq and was increased by»”'

LS

e b ~
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oxygen uptake (19 34) S
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‘:\ilfnineteen to tWenty;sfx weeks 1n
gng}jwere he1d from five Eo six days a week The swimmers were

*Vf;@divided 1nto three groups.“ The f1rst group consisted of

'Tduration and tra1n1ng sessions

"ﬂfffmales, aged sixteen to twenty-two., The second group was com«»fl5;£:

i 'f!pr1sed of males, aged &hirteen to e1ghteen. The fina] group

| J?Fwas composed of females.’aged th1rteen to seventeen

"eff;results;of the study 1ndicated no s1gn1f1cant changes 1n mean

R

~

’ifPuc{;olscores for any of the three groﬁps of swimmers during




"v,v"“'?t:fmprovement (42) Th‘e degree of '[mprovemen't was dependeﬂt

fQ;{ﬂupon the frequency of pahticibat1on 1n the partfcular program

v;?fheart rate defined as 85 per cent”of'thevpredicted maxima1 .
5ihfheart rate 1s an effectivexmethod by which tO accomplish t"‘S"x

" O

f"ﬂﬁfnractivities of sw1mm1ng and C¥¢11"9~ . -'

*’Q{ffour ghysica1 education maJors, sixty f1Ve St“de"t nurses. o 3;;ff
d;ﬁfand seventy three 1nd1v1duals chosen at random comprised the |
“5fffisamp1e for this study., A]l subjects were female. Each sub-’r
v.'--_'_'»:,"'.'__:ject rode 2 bicycle ergometer for two ‘minutes at maximuﬁ'
"""-_'."f»?":lgefforto Ph’ysical educatlon majors. who' particwate%‘"
) regular exercise, had a significantly higher physical, work
Hh,fffcapacity than'either of‘;]the other t"° groups.ﬁl
fffbi}mum work rate,of-the ph&sical education
’fffig;kgm /min.. In c0ntrast the mean maximUm work rates of the
M‘ff?gstudent nurses and the random sample were 2722 3 and 2617 1
“iiihﬂkgm /min.. respectively It was a]so found that a maximum
-‘jiiieffor;‘of one minute 1s as good an 1ndicator of}work;cab301t¥"'
F3]hias a’ maximum effort of tWo minutes Maximum uork rate“wash5;?

”Kiifreached usua]ly 1n fifteeff

fh;,; work capac1ty i 7

—and" tﬁe nature of’the a;tivity.m Runninf_produceﬂ’more 1mprove-fﬁﬂ§§

\'j7_ment 1n physica] work capadity than the non weightbearing
Tutt]e (43) conducted a study to test the assumthOn

Tﬂthat physica] education majors should have higher work capa-lx*ff

'hThtrtya-iT

"xcity than student nurses or a group chosen at randomﬁ

he'mean maxi-} .

““Jors was 3076 5 ¢

oeconds and was maintainednfof'” o

"ﬁyonly a few seconds.,ff{

vAdams_et_al




{'were claSsified intof‘free major traindng groups. Tﬁe fij:

‘{,." s

: > grodp was designated as highly trained and coﬁsiste“‘

"f%} children who were abtive 1n sports and received ath]et1c
w“s‘gsewards. Who had received a good gymnastic grade 1g,schbo[,

or who'. performed heavy manua1 1abar.‘ The moderately tra;

'”;”:.Ngrouquonsisted of children who had an average gymnast?c

..fwﬁﬁjgrade.or who. walked or rode a biCYC1& over t"° k1lometers
to s%hdol e*d!’ﬁ day The fi"ﬂ 9"°“P was. t""‘“ P°°”y,‘.‘f.m
‘y-iltrained ﬁnd consisted of children who seldom took Pﬂrt *"

| "d_*sports, who received no awards for 3port5. OV Wh° had a poor‘,

*7fj:j§;525§?**‘marf”?ﬁ schobl- A sjostrand test was administered

'" s in the 1a£e spring aﬂd earfy fa” ,°f ”'9 “"‘
‘ffeficantIy greater with increasdng degree °f PhySf

"‘edétwenty cbntrols.: Complete data'nas“avai




four groups.; The first gnoup acted as-controlA,,

| the minimum of eXerc1se necesghfy for everydiy'“wﬁ ,
"V : othrr three groups walked ten kiloﬁeters. tWenty kilometers.f_f

andrthirty kilometers dh11y, resPeCtiverﬂf




1t 1s beating less frequent!y. As training progriépes. ]

it ff‘heart rate becomes sﬂower for a standard amount of. work

: pply and the muscu apsfuncti f +in ]
' (50) cond"tedfhfsthdyqtn fourteenfm?l tar}
B | A1 su jLots W







."\.

,l"prised the sample'for the study ’ The athletes were tllted

"before and after.their respective season.p Thg

lower resting, anticipatory. and recovery hea‘ajrates than 7,

the non athletes both initially and terminally However.

.
‘there was ‘no significant differences between the athletes and .

; no; athletes in terms of physical work capacity i' . o
Natson (55) asse;sed the effects of a twenty—one week ,f’;g}
_season of ice hockey on ten varsity hockey players. aged o
twenty to twenty five 7 A group of ten undergraduate and
‘graduate stqunts. aged nineteen to twenty eight, acteth"f
»T the controls All subjects were tested on a modified proule.
n,‘Chapman maximal oxygen consumption test. Testing took place
on ‘three occasions pre season. mid season, and end of season. -
i:The hockey players showed a significant‘increase in maximal
-oxygen consumption in terms of liters per minute between pre-\ “
'pseason and end of season testing sessions ' There was no .
significant difference between'the control.and experimental
b_groups when~maximal oxygen consumption was expressed in terms'“‘

¢ ..

-.of ml/kg/min No significant difference between the subq_ -7

5

"‘maximal heart rates of the hockey group and control group

Zl'could be att_ibuted to the hockey training program : . }
'.Qﬂi' Twenty varsity football players, aged nineteen to twenty-
,four were tested during periods of pre training. training,
.1Land de training to investigate physiologﬂ;al changes ‘which -
,might occur during and following a season of football (56).
"The results indicated no significant differences in mean -

;systolic blood pressure or mean pulse rate after exercise

? .
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However. Hammer (56) concluded that the pulse rate measured

’

after-a standard form of exercise will become lower as an

,'n athlete continues to participate in 2 systematic traiping .

. . L }/1
il N .

| Hanne (57) studied twenty eight basketball players'
thirteen young cyclists. and seventeen adult cyclists during
rpreparation for their respective nationaJ championships. All '}5 !
”subjects practised five to six times a week A step test L
‘;'was administered -and oxygen uptake and carbon dioxide emission
"“values were obtained for each subject - Regular training was L
shown to favorably influence oxidizing and recuperative pro-,f
cesses and thb condition of the subjects in all groups

g nson -and Tabakin (58) compared the circulatory response to:'

K R

“"

frc1se in—twenty five normal men, aged twenty to twenty-»"’ ‘

gnine, and nine male/distance runners, aged eighteen to twenty- [f;i

: four. *’Alt.subjects were studded while standing and recumbent 'Y 2
at rest and wﬁile walking on a treadmill They found that

‘the heart rate at both nest positions and during all levels

of exercise was 1ower in the distance runners B These differ-

-

ences became greater amd more significant as the work loads
fincreased Tah;kin et"al (59) revealed that these same dis-‘_~:“'
3 tance runners showed“asdecrease in exercise heart rate after o

']three months of training The‘differences between re train-

i

| '_1ng and post training exercise hearb rate. was not significant

,.—' B
S, T

-

however A '7_7: i'iﬁ‘,; ‘ -A;_’ “'1,j3 -E“i*- P
R Andre g_ g_ (60) studied the effects of training in AR

.athletes and”’ non athletes.v Each subject served as his own

¥ . ) . L. o o Vv.-
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. f,,‘,[},

control The athlete groﬁﬁ consisted of four university .

“hockey players, aged nineteen to twenty three. and the non- :tyﬁpgf
' athlete group ;onsisted of four male university freshmen. . o

B aged seventeen to nineteen. The hockey players trained from ”11-3Q

"jsix to. eight hours weekly for four months The non athletes

"rengaged n a four week training program in whfch they spent an

lhour daily, five~days per week, on. running, bench Jumping, and
;rope climbing exercises All subdects were tested on a '
1bicycle ergometer at. three submaximal'work loads. The work p.
yloads for the hockey,players were 550 kpm/min., 750 kpm/min., ?1'{
lauh 900 kpm/min.; respectively.i The work loads for the” non- LQ»
-athletes were 350 kpm/min.. 550 kpm/min s and 750 kpm/min.,al

“~respectively Both befo nd after the respective training

'ﬁprograms, the athletes had a lower mean minute volume. lower

.Tmean stroke volume at the two external work loads, and a lower ‘7”3
‘w;mean heart rate at the higher work load The hockey p1ayq.5
| h:SiQ"iflca"tly decreased their mean heart rate at 4he work load

"hof 550 kpm/min On the other hand the mean heart rate of

; ~‘the non athletes :hgnificantly decreased in the 350 and 550

"~v_occurred at the .05 level

"submaximal results The maximal load used was extrapolated

h,from those results.i Each subaect was tested twice daily.{sixi3'~fi

,kpm/min. work loads Significant decreases in all cases ?j-+~;;9

Cumming et al (22) studiedasix boys and six girls, both

;Taged thirteen to sixteen, during a sdx day period of intensive
"training at a youth*s track camp All subJects were tested

'~on a bicycle ergometer using the method of Hahlund (34) for

|

o-"’-< Lo e : L



the boys or the giris duringruhe'six-day periodw“

pulse'rates were seen to decrease si; be’ts per minute for .

f}f,fper minute for a constant work load,,

The results aiso indic- ﬁfjﬁb

"V.i;ated that submaximal pulse rates tendgf'to dEC11ﬁe d“""Q

' htraining before any;]fcrease in aerobic capacity occurred

Karvo#ﬁn and Barry (61) nvestigated the effects of a ;';[iﬁﬁ

i‘._gsix month training program on fifteen sedentary ma]es. aged

AS

L_chirty five to’ fifty five., The training program was offered

M~§n'at nbon six days per week and mean attendance wis 3 4 times

:Qwere ab]e to peda] for Tonger periods of time pefore reaching -

ifthe ride 1ncreased from 8 86 to 10 79 minutes This value
hf??rates at standard work ioads were at Teast ten ‘beats
"“f;entary males, aged thirty six to fifty six, in order to study

_.“fffthe effects of physical conditioning on physicai work capacitfo
'I'gﬁ;fThe subjects participated in an eight week condittf:_

ffper week A bicycie ergometer was used to test.physical work
_capacity The initiai resistance on the bicyc]e ergometer offif?nf

.g?was set - at zero and Was increased by 300 kpm/min. every tWo

‘3fminutes Each subject exercised unti] his heart rate reached

fifTSQ beats per minute when the heart rate.reached this ievei

ﬂthe test was terminated As training progressed the subdects

:ffva heart rate of 150 beats per minute. The mean duration of |

’;is 51gnificant at the 001 Tevei In addition, mean‘hearf

‘*}jminute iquer This difference is significant at tﬁegQQT%ieVe

Swenson”and Zauner (62) conducted a study on ten sed

°ing?period\




Subjetts,ﬁere tesae‘u i

partiff;thf'program.

__ ;? sity hockey players. ,
‘ “n ,after their four month trainidg period A bicyt]eiergometer ffj}ﬁﬁ

was used to administer shbmaximal and maximal tests to the ﬂi5?7

subjects.QﬁEhch subject;signjficantly 1ncreased hig maxima]_

a11 subJects performed a given woff load w'te$”  s stre
,ﬂd'”ESP‘* tion than bef&’g.trainingf””'wjy

.'"%m evident (63) i
Ekblo

' twentyusEVen. The subJects werefteSt

',J and 1t was shown that'as a resu] ¥






1139 ‘bBeats. per. minute

en_members of an










g;wgf;tncréased 8 79 per cent It wasﬂalso shown that mean PHCI70‘
L) o
1mprpvement increased more signf?icantly witn age

Nag1e and,Pellegrino (72) 1nvestigated the changes 1n 7; f7ﬁ?f

-hfiﬁven to eight weeks duration. Sub-aa.:

A

fﬁfemale 1dent1ca] twins~ One of the twins was receiv1ng spec1a 4



”m}ﬂduration.. AIT

'"?es 1n hegrt rate for Xhe thrge‘trainingfgroups’at su£~‘
'ﬁno significant_di4ferences

_ 'ﬁmaximal worklii
egﬁ*ﬂijoccurred between the three trafhing_grOUPS"T

| ' _1v PHYSICAL NORK CAPACITY AND AGE o

; ; ‘:.‘K&“.‘."‘ o, ‘..- L L . PN oL
‘%he liter ture generally agrees that physfbal work capa-
TﬁT

. ‘eity steadily i creases with age to a certa1n%point,¢f
_n.i;lgleve{ling off‘occurs and physica] work capacity declines (3 :
17ffe}s 24,36, 37, 75 76 77a78) f"' ,‘“If SR
§ f.In Howell and Macnab's study (14), which exa_\hed q,
;sthe.resylts 1ndieefed

3*~ffeross sectdon of canadian chi1dren:

“ﬂﬂeﬁTess of age.e They feel that this applie =?r0m*the ages °f



aerobic power 1s seen{_

hiéﬁir tha
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' ./RESULTS AND DISCUSSION =~

Y

Th e_purpose_oi_the_study_w” :

work capact,ty. as measured bwmodifieﬂ Sjostrayd chWO |
test. of 1nterco11egiate football plafers at three times dur-ff.,

'_ing the course of a season. The players wene tested at the

b
B X

" -._.'.beginning of pre-season train'lng (Test I), at the end of pre-'{.f_";;;;:,_;
season tra1n1ng (Test II) and at the end of the regular sea-. oy
son, (Test III) L I : el

Data wasrobtained on fift'.

. ‘.'_tiive footba]] p]ayers dUMJ\g
, he f'irst test'lng session. -hroubhout the season, tNenty-,}._ 5
: _--,t ee: subaects Ieft the 1:ea and s'lx subjects were 1"Jured
‘":§1" P]a.\”ﬂg« Therefore. ompletb data was. obta‘ined on' |

if

| twenty six 1nterconegiat% footbaﬂ players. Nmeteen first-ﬁ-"-_‘.:' 3
"l’."':g‘yearﬁiversi‘ty physical e ucation students volunteered to

e fserve aszkiontrol 'subJects”'v_"_.;,". B .(I‘“

' a group, and to the cont_o] subjects. ‘as a group. Tg’

refers to the football 'Iayzrs in terms of the prima f

";".j,:__f},,tion played F'our post; ions‘thave been def'ﬂ'red. (17'::
""Hnemen. (2) soffernsfve ’/backs,‘33) aefensive Hne;" ‘Al

t defens4ve backs.. _ N { '~ s :

Any significa“nt differences which are sta’"



[TRREREr

f§;j7fsflg,li' ﬂNTWROPOMETA_"ZATA or THE GROUPS

| . ;;] The mean age. height, and weight of the footba]i and “
"“‘;f control groups are presented in Tables I and Ii (pﬁ 59 Go)tffiﬂﬁ

The mean age and height reported are those va}ues obtained

3'1ﬂ‘ dufring the first testing session.- The mean weight va]ues areij;ff
a tJ;se recorded at’ each of- the three testing sessions. Anthro-fhﬁi
pometric data ;or each subject is presented in Appendix B o
Ui73;’§;\ The football piayers. as a group, were oider. talier.
| “and heavier thanmihg contrdls. - As. the literature (1.2, 3, n
5 6) indicates, these age,.height,'and weight factors are o ’
important when comparing the physicaT WOrk capacity of indivi-?igf

duals and/ér groups. ?EV“

o It conPAarsonsuwuun BETMEEN GROUPS <
A two way ana]ysis of variance with repeated mEasures

(7) was used to treat the footbail a@ contro] group physi- .

'"7ﬁf-ca1 work capacity seores Tabié III (p 61) summarizes the

anaiysis ef~the PNC]70 scores for the two groups"&'Signif"caht N

Q -
R A
1.

Tahies 11;\'
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significa,nt,ifa,,e the | os" Teyel:
NS-’ ot 'signt: theq.OS 'leV‘




Calcu}ated :

s 5. 49 |
15 49 17 22
A7, 22

._7’ Significant at the 05 1eve1
,gNS Not significant at the 0511,5;?

S . - R A
: : 3

o ‘

ot pre season tests.s Differences be;wéin the tNO other mean
N \/ . ‘. N "'.- _' i

'”ffngNc]70/kg comparisons were no;’ nifi =
| s indicate that the onﬂy significantidiffer_

These resu]t"

5&fﬂigéntgs in mean PNC]70 and PNC]7DIWg.,scores, for the
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;?SCHEFFE TEST FOR,BETNEEN GROUP ch]76;; L

»_I

o

C A

" "Football

B RN
“Meanp - Cr'it.ica'l

Dif‘ference L FL #

1?““15,4§T{

i #15 23 "( -24 Ns 3. 92

MEANS ON TEST 1&

SCHEEfE TEST\FOR BETNEEN GROURﬁchkﬂoﬁWQf:n




_ 'A'J'-;ruxfi \ANFHROPUMETRIC“DATA BY: POSITION b Do
R ‘ ’ . \' A
B ﬁ.‘ .." v.t, . . N ) N

v

Thé mean age, height.‘and weight of the football p]ayers.g
| by posimon are out'l'ined in 'Tables‘ xyu xvm )qu and xx
t(pp. 13, 74, 75,-76): | qu_ mean %gd‘
thosq/gﬁ%ainedﬂdi;ing the fiﬁ K72

"f‘“wwgight values aré thbse,recorded at eax3*

’ ﬂ §essions.'

;-,:. a »o-

The mean age bytp
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AR :BY POSITION MEASU%ED AT THREE TIMES ouaxua THE;."
' ”*?; TR&INING SEASON OFFENSIVE LINEMEN, Nas, OFFEMSIVE
| e

Source of ’3; / Sum of ©wn o Mean
var1at10n SRR _e_”,Squares gdefyhje5 ) ,

Between Positions 1’;98 447 3?;?/ .28, 0.
' i;w}34 Q10 . éJ%;;17 00 . 4:99 ‘0. 01"
“?2}35 021 5 aai!ﬁ 1. 71 '*o 149€ﬂ
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OffeﬁsiYe 11 1421

/ TNs6 e
: Offensive Backs 1237

Defensive Linemen L ; T e
Defens1ve Backs
’ N 5 A

TABLE xxrv‘  :;}j;_{{tff{“jjﬁjj;c;qf

Sl T

: PWC]70/kg FOOTBALL MEANS BY PUSITION MEAsunsnfﬁfﬁj;fffﬂfj

"f AT THREE TIME§.DURING THE TRAINING SEAsou‘""" E




S{CH_I‘-:FFE .- »T'EST FOR “.BAETNEEN} TEST P
i MEANS»FOR-OFFENSWE LINEM__N

L e
Test III D1fference DU













\ I }?r 84

TABLE XXXII

o 7 ..
SCHEFFE TEST FOR BETWEEN TEST PWCy,0/kg.
MEANS . FOR DEFENSIVE BACKS

Mean '/Critieai ‘Calculated

Test I Test II  Test III 4Bifference _F : F .

‘ 17.61. . 19.63 2.02 NS 6.42 . 2,99
17.61 . 17.78 | | 7 NS 6.42 . .02

| o : | -~

17.78 (. . 19.63 1,85 NS 6.42 - 2.51

NS' ‘Not significawt at the .05 level. —

s

. ) . .
g, . . . . : \ »
% . : . -, -
. . . . , . .
- '

h

. N ; |
raquired some form of concentrated running. In contrast..much-

ﬂ of!;he practice time for the offensive linemen. offensive
backSw-and defensive iinemen was spent on play execution and -
team skilis This required reiatively lit¥e running in: ‘
comparison .to the defensive backs. Team skills necessary for

' the defensive backs were taught in conjunction with game like
situations Therefore. running was a primary concern
Another point which must be realized is that three iine-

L backers were inciuded in the group of eight defensive iinemen

\\_

Linebackérs are simiia4\\; defensive backs in that they'also
._have pass toverage respon: ibiiities Therefore. the three :
-linebackers dn—this study.spent a substantial amount of their
; practice. time with the defensive backs ,

A fifteen minute period at the end of mos t ntactices

was*designated as a conditioning session. It was noted that

~

C e
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‘20" test mean differonces within ariii between gr¢ups. -
, iihen the footbai! data was treated as a.,group and com-
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- R 4: Tem . ) ' -

ing sessfons . _ N

) Comparisons of the foogbaJl players, within each posi-

B ;ion. revealed significant increases betweqn beginning of ';lff\\;
' pre season ‘and end»of pres season mean PNC170 and Puc]7°/kg ‘ H
- T

scores for dhfensive iinemen. No significant differences in -~;

*bhysicai work capacity were seen wighin either of the other
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"» -t ree positions , ‘3;7 . \§ f" - o A S vhvy,

717- positions at each testing session. revealed no significant

"}: dfiferences

COmparisons of mean. physicai work capacities. between
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sive Tinemen. offensive backs or defensive backs.
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- [u] = COVe+/XxY ; . ‘-
'£5] SSX++/X*2 . .
[6] BYJHcov-((sxxsyml))*(ssx-((SX*z)m)) _
o L71 - -A;%—(SY—(B.YX*SX))*N : :
. [8] WO130+{BYX%130)+AYX
[9] . WO150+(BYXx150)+AYX
[101 _WO170+(BYXx170)+AYX =
c[117- AGE‘FAC«-(AX 0. oogoe)+1 212 '
S [2)e H2=1)/17 -
“. 7 [13) | PREVGRL+(0, 00277xw0170)+o 12
.l PREV+(PRE‘V02L*(G*2 2))*1000
j [15] - PREVOCOR«PREV*AGEFAC’ ‘
C L [18] - 20 .
o 17 PRE’VO2[A-(0 oozus7xw017o)+o 51
~' (18] ' PREV«(PREVO2E3(G#2.2))*%1000 .
o [193 ° PRE’VOCOR*—PRE’VXAGEFAC .
20 =21
o[22 W0K01304-U0130*(G*2 2)
oo [22] " WOKG150+HO150#(G+2:2)
Coneo o [23] - womﬂo«rgamo*(mz 2)
8 [ou) 8
.+ 77 [25]) ,wmsowaisowono .
T e {7 U NOKGL30, mxaiso wawow e e T S
- [271 PREVO2L . .. - o
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"-work oopacity test. \This test co s'ts ‘
-“".for\ twalw consecutwe m"ﬁthSa The work load' wm be
\111ncreased at the and . of the’ fourth and;eighth minutes of

f,»,v ¢ '.

lsgexercise.. Hhile pedal]ing. you should try‘to ksep 1n time :,;i

.-,fwith the nbeeps" of the metronome.v This Will énab1e you

"Q;ride to- exhaustion- B

o;;to pedal at a. rate\of sixty revolutions per minute.‘ This ;

_test 1s not a: maxim 1 testtond you w111 not b:}expected Qo

4h1s test 1s a submaxima1 test and 15'5'4f
. designed to raise your‘heart rate to approximateTy 170 beats;i.
‘,flpeicminute., If you gave any questions. please osk them nowt,og

..o
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ﬁisqihca ﬁeart Distance - - " Heart Distance . Heart.
of ) Beats. Rate " of 3 Beats Rate of 3 Beats: Rate
—_ - - ’
17 /. 265 - 36,5 123 ¢ 56 80
17.5 257 | 31 122 56.5 80
18 250 '37,5" 120 57 79
18,5 243 38 118 51,5 78
19 237 38.5 117 58 78" * |
-1 19.5.. 231 .39 1s . 58.5 77
o 225 | 39.5 114 59 76
20.5 220 (| 40 113 . 59.5 76
1 =a 216 | 0.5’ 1 - 60 - 75 r
'21,5 209 I 110° 60,5 74 .
22 ° 204 41,5 108 - .61 74 .
22,5 200 42 107 61.5 73 |
" - - " T - ‘ .
23 195 42,5 . 106 62 . 73 -
23.5 191 43 _ +.105 62.5 72
= 187 43.5 703 . 63 7. .
5 26,5 & 184 4 102 63.5" n
25 180 . |. 445 . 101 64 70
25.5 176 | 45 100 64,5 70
26 173 45,5 99 65 69
, 26.5 © 170 46 98 65.5 69
b 161 | eses 97 . 66 68 | ..
' | 21.5 R TSR B Y 96" 66.5 68 . |.
28 161 47,5 . s .| 61 67
| 28.5 158 48 94" - 6745 67
PR B I 155 48,5 - . 93 6 86 -
29,5 -~ 153 49 92 68.5. 66
. 30 . 150 49,5 91 .69 ., 65
30,5 148 L %905, - 69,5, 65 -
oy 31 145 . 50.5 -89 70 ~ = 64
Lo ) %5 163 s1 - -88 7 63
32 . 161 81,8 - 81 oo72- .62 . .
32,5 '+ 138 52 87 73 61 .
o i
R Y . / 136 52.5 86 - h 6L
©y 335 134 53 85 .75 . 60
Co g; o o132 53.5 % B4 6 60 ..
] s T 130 56 - 83 77 -
) 13 129 | s4.5 - - . .83 28 58
. 35,5 127 55 82 79 .87
36" 125. 55.5. -81 - 80 © 55
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