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CHAPTER I

INTRCDUCTION

Significance of the Study

The continuous surpassing of records is an indication that
performaﬁces in ccmpetitive swimming are steadily improving, Success
in competition depends upon a swimmer's ability to "maintain a high
velocity ovexr time."l Factors which deteéﬁine the ability to main-
tain high velocity include muscle endurance, efficiency, and total
capacity for energy expenditure,2

Through various types of training methods, the swim coach has
teen able to increase physiological changes in his athlétes, including
nuscular endurance.3 A valid measure for determining energy expendi-
ture is through analyzis of data obtained by testing for oxysen con-
sumption, There is also a linear relationship between oxygen consump-
tion and heart rate, By observing heart rates, the energy expended could

be determined by similar procedures.h However, measures of determining

stroke efficiency are either time consuming or confined to laboratory

1John A. Faulkner, What Research Tells the Coach About Swimning,
2d, John M, Cooper (Washington: American Assoclation for Health,
Physical Edvcation, and Recreation, 1967), p. 38.

2

Itid.

2James E, Counsilman, The Science of Swimming (Englcwood Cliffs:
Prentice-Hall, Inc,, 1968), p. 225. ;

uﬂ. S. Malhorta, J. Sen Cupta, and R. M, Rai, "Pulse Count as a

Measure of Encrgy Expenditure," Journal of Applied Physiolozy, 18:9594,
September, 1963,




equipment, The swim coach shculd have a measuring tool that could be
used to deternmine efficiency of the swimmer available at poolside with-
out being timec censuming or limited to laboratory equipment, Therefore
a comparative analysis of selected measures of determining stroke
efficiency to a crawl stroke form rating scale was deemed necessary by

the investigator,

Statement of the Problem

The purpose of this study was to develop a form rating scale

for the crawl stroke to determine siroke efficiency,

Hypotheses

The follecwing hypotheses were investigated:

1., There is no significant relationship between scores achieved
on the crawl stroke rating scale and selected measures of stroke
efficiency,

2, A multiple regression equation to significantly predict

scores achieved on the crawl stroke rating scale cannot be developed,

Limitations and Delimitations

1, The eight male subjects for this study were chosen from menm-
bters of the Scuth Dakota State University men's intercollegiate varsity
swimming team on the basis of past performance and predicted success in
future competition,

2, Assessment of stroke efficiency was limiﬁed to velocity-
pulse rate, velocity-stroke rate, and velocity-maximal oxygen uptake,

3. The oxygen consumed at the various work loads was deter-

mined by tethered swimming of the crawl stroke and may not be

™



representative of the oxygen consumption when free swimming of the
crawl stroke is involved,

L4, The degree of motivation involved in testing could not be
objectively measured.

5. The cutside activities of the subjects were not controlled

and may have affected the subjects data,

Definition of Terms . .

Maximal Oxygzen Uptake, The definiticn as stated by Cock was

adopted for this study:
Maximal oxygen uptake is the maximum amount of oxygen that
can be supplied to the active tissues of the body per minute,
This measurement may be recorded in liters per aminute (l/min) or
milliliters per kilogram of body weight pexr minute (ml/kg/min).
This term is also known as aerobic capacity, maximum oxygen
intake, or maximum oxygen consumption,-
Stroke, The movement of one arm through the motion of an entry,
a pull, and a recovery in the crawl stroke, This term is also defined

as each time a hand enters the water for a pull,

Tethered Swimming, In this study tethered swimming refers to

swimming in a fixed or stationary position while attached to a pulley-

weight system,7

5william G, Cook, "The Physiological Effects of a Season of
Varsity Swimming Competition and Training on Selected Bodily Responses
of Swimmers"” (unpublished Master's thesis, South Dakota State Uni-

Ve}"sity, 1971)’ Po 3.

éﬂarold M, Barrow and Rosemary McGee, A Practical Approach to
Measurement in Physical Education (2nd ed., Philadelphia: Ilee &

Febiger, 1971), p. 328.

?John R. Magel and John A, Faulkner, "Maximum Cxygen Uptake of
College Swimmers," Journal of Applied Physiology, 22:929, May, 1967,




Efficient Movement,

The combining of coordinated movement to produce the force
required by the particular purpose and to apply it though [sic]
the most advaritageous point, and the gost advantageous direction
with the least expenditure of energy.

Velocity., As used in this study, velocity is the ratle or speed
9

cf motion; measured in seconds.

8Marion Broer, Efficiency of Human Movement, (3rd ed.,
Philadelphia: W. B. Saunders Company, 1973), p. 39.

? ; Webster's Seventh New Collegiate Dictionary,

(Springfield: G, & C. Merriam Company, 1971), p. 984.




CHAPTER II
REVIEW O RELATED LITERATURE

The review of related literature was divided into three parts:
(1) literature related to maximal oxygen uptake and effects of train-
ing on specific pulmonary parameters; (2) literature related to specific
measures of strocke efficiency; and (3) literature related tc the con-

-

struction of rating scales,

Literature Related to Maximal Oxygen Uptake and
Effects of Training on Specific Fulmonary Parameters

When the body is.at rest, the muscles require only 200 to
300 cc, of oxygen per minute, During vigorous exercise this need
may increase more than twently times.l After prolonged work the respi-
ratlory and cardiovaccular system can no longer ad just to the increased
work load, At this point the maximum amount of oxygen that can be
supplied to the active tissues of the body is reacﬁed.2 This maximum
amount of oxygen being supplied is called maximal oxygen uptake and,
2 . 1s usually expressed as an absolute value in liters per minute

3

- or a relative value in milliliters per kilogram per minute”,

1Peter V, Karpovich and Wayne E, Sinning, Physiology of Mus-
culay Activity (7th ed., Philadelphia: W, B, Saunders Company, 1971),

p‘ 9Ol

2Hilliam G. Cook, "The Physiological Effects of a2 Season of
Varsity Swinming Competition and Training on Selected Bodily Responses
of Swimmers" (unpublished Master's thesis, South Dakota State University,

Brookings, 1971), ». 7.

3Karpovich and Sinning, loc, cit,



Saltin and Astrand tested 95 male athletes of which 5 were
swimmers belonging to Swedish National Teams, The swimmers were
tested on a bicycle ergometer pedaling at a rate of 60 or 70 rpm,
Workloads for each athlete were selected by Saltin and Astrand,

Oxygen uptazke was determined by collecting the expired air in a
Douglas-bag and the volume was measurasd in a spirometer, Gzs samples
were analyzed by the Haldane technique, The mean maximal oxygen
uptake was 5.0 liters per.minute and 67 mi/kg/hin.u

Magel and Anderson studied cardiac output in 10 well trained
Norwegian male swimmers and 9 healthy untrained Norwegian males, The
subjgcts were tested on a bicycle ergometer for maximal oxygen uptake,
Each subject began at a workload of 300 kgm/min with an" sherbdse of
200 kgm each minute until each subject reached exhaustion, All subjects
pedaled at a rate of 50 rpm, with work periods lasting approximately
8 minutes. Maximal oxygen uptake was measured by gpen-circuit spirom-
etry using a Douglas-bag for collecting the expired gas. Maximal
oxygen uptake was reached when samples plateaued or any two measure-
ments agreed within 5 percent of each other, The mean maximal oxygen

‘uptake in liters per minute was 4,33 and in ml/kg/min was 58.5,5

4Bengt Saltin and P, O. Astrand, "Maximal Oxygen Uptake in
Atkletes," Journal of Applied Physiology, 23:353-358, September, 1967.

5John R. Magel and Lange Andersen, "Pulmonary Diffusing
Capacity and Cardiac Output in Young Trained Norwegian Swimmers and
Untrained Subjects," Medicine and Science in Sports, -1:131-13G,

September, 1969,




McArdle and Magel compared results obtained using & treadmill
and a bicycle ergometer to determine maximal oxygen uptake, Twenty-
three male students, 3 of whom were athletes from Queens College,
were the subjects, The treadmill speed was set at 3,4 mph and the
subject waiked for the first 2 minutes at 0 percent grade. The
grade was increased 1o 2 percent and increased 1 percent per minute
until exhaustion was attained, The subjects pedaled on the bicycle
ergometer at a rate of 60 rpm, The workiﬁad was increased 180 kgm/hin
every two minutes until the subjects could no longer continue, For
both tests gas samples were collected for each minute after the heart
rate.reached 170 beats per minute, Gas samples were analyzed in a
Fisher-Hamilton gas partitioner, On the bicycle ergometer the mean
maximal oxygen uptake was 2,95 liters per minute and 38,5 ml/kg/min,
while the mean maximal oxygen uptake on the treadmill was 3,27 liters
per min..and L2.7 ml/kg/min.6

Astrand and Saltin studied seven subjects'in workloads per-
formed by the arms, legs, and arms and legs by employing bicycle
ergometers, running on a treadmill, skiing, and swimming, Oxygen
uptake and other functions were studied.7

Arm and leg work exercise testing involved the use of two

ergometers which were modified so that the subject could pedal one

6William D, McArdle and John R, Magel, "Physical Work Capacity,
and Maximum Oxygen Uptake in Treadmill and Bicycle Exercise," Medicine
and Science in Sports, 2:118-123, Fall, 1970,

7P. 0. Astrand and Bengt Saltin, "Maximal Oxygen Uptake and
Heart Rate in Various Types of Muscular Activity," Journal of Applied

Physiolozy, 16:977-981, November, 1961,




ergometer with the arms and the other ergometer with the legs, Air
samples were taken at specifjied intervals. The samne procedure was
employed in testing separately the axms and the legs.

A motor driven treadmill was used in running, Running started
at seven miles per hour on a grade selected from scores subjects ob-
tained on a Harvard fitness test, Expired air was collected ahd
fractionized in 20-60 second samples, The procedure was repeated on
another day with a 2,5 percent grade incfease. This procedure was
continued until maximal running time was less than 2 minutes and 45
seconds,

A Douglas-bag was carried by the subjects on a rucksack during
skiing, The subject had a 10 minute warm-up period; then was to ski
at a high speed which would exhaust him in 3-4 minutes, Expired air
was collected for the last 45-60 seconds, Skiing was done on the
horizontal, For swimming a low resistance respiratory valve was used
for testing purposes, The inspiratory side was léngthened to reach
above the water, the expiratory side was connected to a Douglas air
bag which was carried alongside the pool, "Warm-up period, (running and
calisthenics), speed, work time, and so forth were balanced as described
for skiing, and 2 to 4 determinations were made on each subject,"9

The experiments were conducted over a period of 3-5 months,
Results indicated that heart rate and maximal oxygen uptakes in the
ergometer tests did not differ significantly, Maximal oxygen uptake

values in running were 87 percent of that obtained during cycling,

8Ibid, 9Astra.nd and Saltin, loc, cit,
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Heart rates were similar in experiments where oxygen intakes were
close to the maximum ever xecorded for that subject.lo

Magel and Faulkner tested and retested seventeen male college
swimmers for maximal oxygen uptake during tethered swimming, free
.swimming and treadmill running, The study was designed to test the
reliability and reproducibility of maximal oxygen uptake duriné
tethered swimming, and to compare this value with those obtained
during treadmill running and free swimmiﬁg,

In tethered swimming, the swimmers were attached to a pulley-
weight system while maintaining a stationary position over an object
fixed on the bottom of the pool, Testing began with a workload of
L, 55 kg and a 3 minute swimming period, After a rest of 3 to 5 min-
utes, swimming began with an increased load of 1,14 kg, These three
minute periods continued until the swimmers could no loanger support
the weight during the three minute swim and remain above the fixed
object, Testing on the treadmill consisted of a 5 minute run at 7
miles per hour, beginning at O percent grade, with a 10 minute rest
between runs, Each run had a 2.5 percent grade increase until the
maximum voluntary capacity was reached. The free swimming test con-
sisted of ten 50-yard sprints starting every 45 to 60 seconds, After
a warm-up, the swimmers performed six 50-yard sprints with a 10-second

rest between sprints, Gas samples for all 3 tests were analyzed by a

1O7p14.

llJohn R, Magel and John A, Faulkner, "Maximum Oxygen Uptakes
of College Swimmers," Journal of Applied Physiology, 22:929-933, May,
1967,
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model number 25 Fisher-Hamilton gas partitioner for carbon dioxide,
oxygen, and nitrogen, Results found no significant difference tetween
maximal oxygen uptake obtained during tethered swimming and maximal
oxygen uptake obtained during treadmill running.l2
Costill investigated an apparatus which would reliably regu-~
late energy requirements for exercise in water. Thirteen membérs of
the Cortland College varsity swimming teams were chosen for the in-
vestigation, Two trials were administered to determine xeliability
of volumes of oxygen consumed and heart rates obtained during the
third minute of a three-minute exercise bout, The swimmers were
fitted with a belt attached to a pulley weight system, When the
exercise period was initiated, the swimmer fluttexr-kicked hard enough
to maintain an elevated weight at a height of from 10 to 15 inches,
When more work was desired, a heavier weight was added, requiring the
subject to exert more force with the legs, The mean welight selected
for all subjects was 5.38 lb,13
The open circuit method using a Douglas-bag was used to collect
the expired gas during the third minute of exercise, A Haldane-Hender-
son-Bailcy gas analyzer was employed to determine carbon dioxide and

oxyzen content, and a Collins chain compensated spirometer measured the

volume of expired gas., The mean maximal oxygen uptake for the tests

lzlbid.
13Davld L. Costill, "Use of a Swimming Ergometer in Physiolog-
ical Research," Research Quarterly, 37:564-567, Decembexr, 1966,




were 2,471 liters per minute for test one and 2,492 liters per minute
for test two, Reliability was 0,915. Similar results could he ob-
tained when the complete crawl stroke was used,

Faulkner, in his study on the physiology of swimming, found
that maximum oxygen uptake values cbtained during swimming are approx-
imately 15 percent lower than those obtained on a bkicycle ergoﬁeter, or
a treadmill, or in skiing,15 Karpovich stated that the average water
Pressure exerted on each équare Inch of the chest is ,182 lbs., causing

¥
a vital capacity of about 300 cc's, less than on the land."b

Summary

A review of the available literature has revealed that there is

disagreement among researchers with respect to values cbtalned during
1

17,18,19,20,21 Tests of

tests of maximal oxygen uptakes of swimmers,
maximal oxygen uptake during swimming are limited because of the dif-

ficulty experienced in obtaining results in the water.zz' Values

I
44,

lSJohn A, Faulkner, "Physiology of Swimming," Research Quarterly,
37:49-50, March, 1966.

16P, V. Karpovich, “Respiration in Swimming and Diving,"
Research Quarterly, 10:8-9, October, 1239,

L

17Sa1tin and Astrand, loc, cit,
18Hagel and Andersen, loc, clt,
lgAstrand and Saltin, loc, cit,
20Mage1 and Faulkner, loc, cit,

29
2l00sti11, loc. cit, Karpovich and Sinning, op. cit,, p. 130



measured in the water tend to be lower than those obtained on

I
land, 23124125

Literature Related to Specific Tests of Strcke Efficiency

Chapman compared three methods of measuring efficiency in
swimming:

1, Number of strokes constant, time and distance vary,

2, Time constant, number of strokes and distance vary,. .

. . 5 <

3. Distance conztant, time and number of strokes vary,

Results of the study indicated the thixd method of measuring
o s . . . . 27
efficiency in swimming to be most satisfactory,

Burris studied the speed-~strcke test and its relationship to
other tests of crawl streking ability in sixty-nine college men and
vomen, Her scores were converted to I-scores,; then added to get a
neasureable criterion, Hexr results, computed on a tesl-retvest basis,
indicated the test 1o be valid (,836), reliable (,906), and. objsctive
(.933). T-score norms were constructed for the speed-stroke test for
20- and 25-yard distances for men and women, however loczl norms needed
{o be ¢eveloped, Since the speed-streke scoxres represented two com-

28

bined T-zcores, the average score was 100 instead of 50,

Faulkner and Dawscn studied pulse-~rate velocity relationships

23 24 . .
Magel and Faulkner, lcc, cit, Costill, loc, cit,

25

Faulkner, loc, cit,

26Harold 1M, Barrow and Rosemary McGee, A Practical Approsch To

[

v
1 Wuecation (an cd,, Philadelphia: Lea &

SRS

Neasvrement in Physica
Febiger, 1271), pp. 325-323.

I'n—" 9
27na.  2O1pid.



of nineteen glrls ranging from 12-19 years in age. Zwims of Tifty
mators at slow, moderate, fast, and all out gpecds from e push-cff were
recoxrded to the nearest tenth of a second;, then converted into velccity

n neters per srcond, When each swim was ccmpleted, the swinmers turn-

=

ed around and stood cn the bottom while the experimenter nmeasured the
carolid pulse count, DPulse vas taken fifteen seconds after the Louch
for fiftcen seconds, then rultiplied by four to obtain a rate in beats
per ninute, The four coordinates were plotled and a line of bhest fit

20
vas drawn,””

Maximal oxygen uptake-velocity was investigated by Karpovich.

The formula ror stroke efficiency which resulted from his investigation -

" IEOL
% officlency = L LDOOHEE0 st 304100
i v oxygen uptake (liters/min)

L. . o
s = distance in m,, and 1 ko-m of work = ,00CLGS6-

Karpovich and Pestrecov rzported thal lhe range of efficilency
of swimming vas betuween 0.5 to 2,2 percent, while Karpovich and cthers
reported a range of 1.71 to 3,99 Percent, Fugh and others reported
that lue range in 2fficieacy of channecl swinmers was from 1,6 to 7.2

t, L

Pexrcen

29

“Joon A, TFaulkner and Rosemary Dawson, "Pulse Rates After 50-
Mater Swims," Research guarterly, 37:282-284, HE”» 1966,
SQtptCT Vv  Uarpsvich and Veyne B, Sincing, Physiology of us-
~ AR RN 4
culer Aciivity (7ih c& , Philadelphia: ¥, I, saunders Comypony, 1971),
14D L S Y ke W2 ) ~
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Literature Related to the Construction of Rating Scales

Haskins stated performance dealing with the quality of ex-
ecution must be evaluated through subjective ratings, Through the
use cof a rating scale, subjective evaluation can be objectified,32

Rating scales may serve several purposes., Before a scale can
be constructed, the evaluator must have a clear understarding of ways
in which the results will be used, The trait or activity being
measured must then be determined, and its‘components must be sub-
divided and defined as carefully and objectively as possible.33

The division of traits into sub-traits is the next step in the
construction of rating scales, This operation adds to the validity
of the scale., An example of the division of traits into sub-traits
is that of the golf swing, which could be divided into address, take-
away, packswing, contact, and follow through., The rating device must
be divided into points on the scale called categories. The usual
number of categories is five, if two or more categories are required,
These categories should be defined as concisely as possible and should

describe the level of accomplishment at each point of the scale, When

a number is assigned to each category the data obtained may be statis-

tically trea'ted.%"35

3Znary Jane Haskins, Evaluation in Physical Bducation (Dubuque:
Wm, C. Brown Company Putlishers, 1971), pp. 180-181,

33Ha.rold M, Barrow and Rosemary McGee, A Pract%cal Approach to
Measurement in Physical Education (2nd ed., Philadelphia: Lea &

Febiger, 1971), pp. 556-559.

3ZJ'Ibid. 35Haskins, op. cit,, PP. 188-189,



When the rating.scale is prepared, several principles must be
followed, It must be accurate and easily administered. The instruc-.
tions on the rating sheet must be clear and concise., When more raters
use the scale, it adds to the validity of the instrument, Evaluators
must be as fair and impartial as possible in order to maintain the

7
validity of the instrument,36'3"38

36Helen M, Matthews, Measurement in Physical Education,(3rd ed.,

Philadelphias W, B. Saunders Company, 1968), p. 306,
37

Barrow and McGee, loc, cit,

J8Haskins, op. cit, pp, 188-189,
/



CHAPTER III

METHODS AND PROCEDURES

Organization of the Study

The purpose of this study was to develop a form rating scale
for the crawl stroke to determine stroke efficiency, The stud& vas
conducted during the 1974-1975 men's intercollegiate swimming season,
Maximal oxygen uptake, heart rate, and séroke rate were measured
during free and tethered swims, Each subject was tested lhree times
for each selected measure of stroke efficiency, Test dates were
scheduled so that a subject was not given the same test on consecutive
test days., Sequence for the administration of the tests was determined
by a coin toss procedure,

The entire test battery was administered in a period of
fifteen éays, beginning on [ebruary 10 and ending on February 25.
Additional data was accumulated through the use of a rating scale,
Four area swimming coaches observed each subject at the same time,
Each time the subject was rated, the judge was located in the same

observation point, Data from the selected measures of stroke effi-

ciency were compared with the scores achieved on the rating scale,

Source of Data

Eight members of the men's intercollegiate swimming team at

South Dakota State University were selected as subjects for this

investigation, These individuals were selected on the basis of past

performance and predicted success in future cempetition, The subjects



ranged in age from 18-21, and the weight of the subjects ranged from
142-189 pourds, Five of the subjects were freestylers participating in
sprint and distance events, The remaining three subjects were middle
distance swimmers whose primary events were backstroke and breast-
stroke, The characteristics of the subjects have been presented in

Table I,

Collection of the Data .

Three different measures for determining stroke efficiency in
swimming the crawl stroke were used, Velocity-pulse rate, velocity-
stroke rate, and velccity-maximal oxygen uptake were selected as meas-
ures because all are ", . . reasonably linear functions of swimming
3 % S0 ” LR o7 2 s vgl L2 ks
velocity between 20 and 70 m/min,’ A rating scale was developed and
used to determine whetner a relationship exists between performance and
efficiency,

Measurement ol Haximal Oxygen Uptake, As the workload in-

creases, the amount of oxygen consumed also increases in a linear
fashion, Cook states, "When the work rate reaches an exhaustive high
for the subject, the oxygen consumption does not increase to any extent

and the subject's maximal uptalte has been rcached",2

lJohn A, Faulkner, WYhat Reseaxch Tells the Coach About Swimming,
ed, John M. Cooper (Washinston: American Assoclation for ilealth,
Physical Education and Recreation, 1967), p. 21.

Zwilliam C. Cook, "The Physiological Effects of é.Seafon of
Varsity Swimming Competition and Training on Selected Bodily Responses
) e . " -3 o ) ] |~ —
of Suimmers," (uapublished Master's thesis, South Dakota State Univer

sity, 1971), p. 32.



SUBJECT CHARACTERISTICS AT
THE TIME OF INITIAL TEST

TABLE I

Competitive Stroke

Name Age Weight

RA, 19 162 Freestyle
S.A, 21 171 Freestyle
R.F. 19 147 Breaststroke
M,I, 19 189 Freestyle
T.K. 18 16 Freestyle
MR, 21 177 Freestyle
M.R. 18 158 Backstroke
T.W. 20 142 Backstroke
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The technique employed in the present study tec mcasure mazimal

oxysen uptake was a modification of the tethered swimming test devel-

oped by lMagel and Faulkner.3 (lympic-type weights in a pulley-weight

used lo provide the

system were resistance,

ile maintaining

rrey

L)(‘

The subject begen swinming for three ninutes wt

a position over a fixed object (a racing line on the bottom of the pool

Ir s
0.

2.12 meters from the cdge) while pullins against a resistance of 4,55
After a four-minute rest the workload was increased by 1,24 kg and the

2

swinmcr began another 3

whistle

el

l.)

-minute swim,

The

subject was

The 1lest was terninated once any of threec condit

signaled by e

ons were

mhenever he did not maintain his positlon over the tarzet area,

ohsexrved :

(1) The subject could no longer support the weight,

(2) Upon hearing the whistle, the subject could not return
tc 2 position over the tarset axea,

(3) Oxyzen percentages im lhe expired alr no longer continued
to rise,

The cpen circuit methol was used for the collection of the ex-
Pirad gases, Iasal breathing was rostricted by the use of a nose rlug
fitted with a strap, Cne outlet of a Collins high velecity, low resis-
tance two-way breathing valve suspenicd above water level was connccted
by a tube 73.8 cn, in length te a Collins P-257 rubber mcuthpicce
vhich the subjioct held between his teeth and thrcoush which he breatheld,

3, John R Vacal and John A, Fauliner, axinun OLy;”n Uptake of

: Journal of Applied Fhysiolegy, 22:929, Hay, 1967,

t- oL
[ 3.3

College Swuirners,"
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A second - outlet was connected By a tube 4,34 meters in length to a CDL
Dry Gas Metex, which measured the volume of expired air, The remaining
outlet of the two-way breathing valve was open to allow the subject to
inhale atmospheric air while submerged in water, All connections were
made with low resistance plastic'tube which had an inside diameter of
38 em, '} AJH @if the equipﬁent employed for the tethered swim test can

be seen in Figure 1,

Connected to the inlet of the gas meter was a centigrade ther~
mcmeter which recorded the temperature of the expired air, The expired
air was then passed through a valve into the gas meter which measured
the volume of expired alr, This procedure was followed during the last
minute of each three-minute bout and during each minute ds the subject
approached exhaustion, I1f the test was stopped pricr to the completion
of a full minute, data obtained in the previous minute was recorded,

Expired air temperature was recorded along with barometric
Pressure in order to correct the gas volume measurement to STFD
(standaxd temperature and pressure, dry)., Barometric pressure was ob-
tained by contacting the Weather Enginecring department on the South
Dakota State University Campus which provided readings uncorrected for
sea level, Barometric pressure was corrected along with temperature by
the use of a conversion table, Figure 2 shows the recording of gas
temperature,

From the dry gas meter the expired alr passed through a mixing
chamber, A small electric pump was used to draw a sample of the expired
air into a 5 liter Collins P-337-5 rubber breathing bag for a periocd of

one minute. A GCodart Pulmo-Analyzer was used to measure the percentage
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of carbon dioxide and oxygen in the expired air (see . 3 This

was accomplished by connecting the hreathing bag to the Pulmo-Analyzer.

£ <

3 -

Deflection readings representing the percentage of carbon dioxide anr

p

oxyzen were recorded at this time,

A male member of the South Dakota State University swimminz

-

4

team who did not participate in the actual experiment served as a
subjeet for the nilet study, which was conducted to determine placament
and modification of the equipment,

Meassursment of Rating Séale Score, A rating scale was con-

structed based upon principles reecommended by swimming cosches Jamos

™ ov1vn 2 3 . A AR avwe i yvwres ] ey e an -~ ~e -1 ~ o, £ v -

Counsilnan of Indiana University ax 1es of the Santa €lax

QL AT P 5 — 4L s | M e (e "

Swim Club, These ecoaches were selected because they have been proiincent

1 3.3 ” R et ) ARy G P erimmine 3 4+ ITM3tad Qdada, M,
LS allVailll oL Gae f_)_p‘..‘.l_ A 01" sWimnmll |24 in the United =R WA TS, 1112

rating sczlebean hel FollntiNiaaipoend ix A,

The crawl stroke was divid into three major divisiocns: [the

o

breathing, and the kick, The arm stroke was subdivided

into the pull, push and reccvery phases, More emrhasis was placed on

$+-a

the axvas beecause, cCerdimgitoM@oinsilnan, ", . , at Ffast spseds

. . . Iy
Yick contributes nothing to the propulsion created by the arms,'” The

acpree of elbow flexion in the pull phass is emrhasized since xresearch

-
indicat that the best position from fingertips to elbow is between 45°
and 90 Counsilman-states that the force createld with the ar in the

- - ~ o~ S . -, . 1 Q. Yyt ~rr s 11 o+ ~ -~
above sitign =N roteS.aperce of L8 - rounds, con ed with a force of
"
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only 31 pounds with a straight arm pull.5 During the pull phase the el-
bow is kept highexr than the hand or wrist to prevent, as Haines termed
it, "leading with the elbow and zlipping of the hand."6 The hand
should follow the midline of the body through the pull phase,
Counsilman studied forces in two types of crawl strokes, The
glide stroke was defined as the extension of one arm in front of the
body and then pausing until the other arm moves to a similar position,
The continuous stroke was defined as thatnof initiating the axm pull
as soon as the arm enters the water. Results have shown the continucus
stroke to be faster than the glide stroke and capable of creating,
accopding to Counsilman, "more propulsive force with less fluctuation

7

in the applicaticn of force,”"’' Following the pull phasé there is a puch
Phase in which the palm of the hand is pointed directly toweid the feet,
This phase should end four to six inches below the water surface ic aid
in the elimination of bobbing,8

The recovery starts before the push phase is finished, The
elbow should leave the waster first, followed by the hand, When the

shoulder is shrugged forward excessive movement in the hips and legs

is decreased, By positioning the palm of the hand toward the feet,

5Ibid,

6George Haines, "Freestyle Hints," Swimming World, 14:4, July,

1973,
7

James E, Counsilman, "Forces in Two Types of Crawl Stroke,”
Research Quarterly, 26:127, May, 1955,

Haines, loc, cit,




only 31 pounds with a straight arm pull.5 During the pull phase the el-
bow is kept higher than the hand or wrist to prevent, as Haines termed
it, "leading with the elbow and slipping of the hand."6 The hand
should follow the midline of the body through the pull phase.

Counsilman studied forces in two types of crawl strokes, The
glide stroke was defined as the extension of one axm in front of the
body and then pausing until the other arm moves to a similar position,
The continuous stroke was defined as that‘of initiating the airm pull
as soon as the arm enters the water, Results have shown the continuocus
stroke to be faster than the glide stroke and capable of creating,
according to Counsilman, "more propulsive force with less fluctuation
in the application of force."7 Following the pull phasé there is a puch
pPhase in which the palm of the hand is pointed directly towzil the feet.
This phase should end four to six inches below the water surface ic aid
in the elimination of bobbing.8

The recovery starts before the push phase is finished., The
elbow should leave the water first, followed by the hand, When the
shoulder is shrugged forward excessive movement in the hips and legs

is decreased, By positioning the palm of the hand toward the feet,

STbid.
6George Haines, "Freestyle Hints," Swimming World, 14:4, July,

1973.

7James E. Counsilman, "Forces in Two Types of Crawl Stroke,”
Research Quarterly, 26:127, May, 1955.

8Haines, loc, cit,
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the shoulder and elbow are further aided in the forward shrug allowing
for a higher elbow recovery.9’10 The entry of the hand should be thumb
first well out in front of the shoulder, and btetween the midline of the
body and the shoulder.11 This normal reach entry prevents the swimmer
from digging his hands in too deeply, which is the result of an early
arin entry,lz .
Swimmers are encouraged to develop their own brezthing style
depending on the rhythm of the kick and ﬁeéd roll, The head should be
in a comfortable position in a point between the hairline and the
eyebrows.13 Lifting the head to breathe causes a distortion in the
body alignment, By turning, the swimmer's head is working with the

arms amd body.l4

Counsilman states that the kick is used as a streamlining
and stabilizing forxce, rather than a propulsive force, The swimmer
should employ the kicking method which allows him to swim the fastest.

Discontinuing the kick causes the hips and legs to drop too low in the

9Counsilma.n, The Science of Swimming, op, cit., p, 36,

11
1O.Haines, loc, cit, Ibid,

12Counsilman, The Science of Swimming, op, cit,, pp., 40-41,

13Haines, loc, cit,

llLCounsilma_n, The Science of Swimming, op, cit., p., 59.
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water and results in an undesired drag.l5 Haines states, "The kick
should not be too deep in the water but within the surface of the
water."16

The original rating scale was devised with the aid of the
swimming coach, the thesis adviser, and a staff member. A pilot
study was conducted to aid in determining the final draft, usiﬁg
four swimming coaches as judges, Results of the pilot study revealed
that the scale failed to adequately discriminate between performance
levels, It was revised to include three categories instead of the
original five, A second pilot investigation supported the use of
three categories, since all functioned with greater frequency, Each
Pilot study for the rating scale was discussed with the four coaches
for purposes of familiarizing them with terms on the scale and the
scoring of the scale,

The rating scale was administered to each subject during four
50-meter swims. The coaches observed each swimmer and scores were
recorded at this time, If any coach desired to see the swimmer in
order to complete the scale, the swimmer was requested to swim an
additional 50 meters, Each swimmer was rated threse times by the

four coaches, Location of observers remained constant throughout

the evaluation process.

Measurement of Velocity. The watch was started on the signal,

go", and stopped when any part of the body of the swimmer touched

15Counsilman, The Science of Swimming, op, cit.,, pp. 25-30,

léHaines, loc, cit.



the side of the pool aflter completing the rrescribed distance, Times
were recorded to ithe nearest tenth of a second,

Heasurement of Stroke., The technique employed in the Iresent
study to measure the stroke-velocity of each subject was described by
- ]7 [ o 1o 1. 2 ) a
Burzris, Strokes were counted and recoxded for each subject during a

R5-yaxd swim, Fach subject wes instructed to swim the 25-yard distance
as fast as possible using azs few strokes as possible, starting on the
signal go., No swimmer was allowed to push off of the side with his feetl
at the starl of the swim, Bach time either hand entered the water for

a pull, one stroke was counted, Counling was begun when the first

-

arm entering the water pulled and continued every arm pull until a

hand touched the side, Immediately thereafter the number of strckes
g 1

and he time was recoxied ior the subject

Meosurement ol Pulse Rate, TFaulkner and Dawuson descriked

the nethod used to obtain the pulse rate-velocity relation used in

o
this investigation, tach subject was ingtructed to swim four

-

25, 50, 75, and 100 percent of his maximun,
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After completing cach swim, the subject stood on the bottom, turned
arcund, and faced the far end of the pool, Fifteen seconds after the
compiotion of each swim, a carotid nulse was measured for 15 seconds

and multiplicd by four to determine the pulse rate for one minute,

n P " 2
Mlgrold I, Parrow aud Rosemary McGee, A Practical Anproach to
Measurement in Physical Pducation (End ed,, Pniladelphia: Lea &
Febizer, 1071), mp, 325-328,
18John A. Faulkner and Roscmary Dawsol, "Pulse Rates After
= = . ,0an_opn! 66
50-Feter Swies," Heuearch ;3_1&?"&0]?1:\/, 37-202"-41 by lays 1966,




When pulse rates obtained were above 140 beats/hin., sufficient time
was allowed for the pulse rate to return below this level, Pulse rate

and time were recoxded after each 50-meter swim was completed.

Procedure for Collecting Data

All testing was completed in the Natatorium located in. the
South Dakota State University Health, Physical Education, and Recreaticn
Center, After a general overview to acquaint the subjects with the
tests, an explanation and demonstration of techniques of the various
tests was given., The subjects were told that the tests not only
served as a conditioning device, but that the results would be used
to miore accurately formulate trairing programs, The actual purpose
oi this investigation was not explained to them,

Test dates and times were set for each subject before the
tests were given, The procedure followed for each of the three
testing periods was:

1, The subject reported to the Natatorium in his suit,

2. The subject was tested for stroke-velocity,

3. After a brief recovery period, the subject was tested
for pulse rate-velocity, The rating scale was admin-
istered at this time,

L4, On the next alternate day the subject's weight was

recoxded,
5, Maximal oxygen uptake was determined through the use

of tethered swimming,



The scores achiéved in each measure of efficiency for all
test periods were ranked for each swimmer and compared with the
results of the rating of the swimmers form as evaluated by the four

coaches,
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CHAFTER IV

AVALYSIS AMD DISCUSSION CF RESULTS

Organization of the Data for Analysis

The purpose of this invesﬁigation was Lo develop & form rating
scale for the crawl stroke to determine stroke efficiency,

The data collected from the eight subjects were maximal oxygen
uptake obtained during tethered swimming, velocity-pulse rate, velocity-
stroke rate, and periTormance on the form rating scale. The subjectls
were tested on all variables three times during.a fifteen-day period,

Raw data lor all variables are presented in Appendix B, Table II
indicates the mean scores and standard deviations for all'wariables.

A coefficicnt cf correlation analysis was the primaxy
statistical treatment applied to the data on the tests.l The purpose
of this treatment was to analyzc the data to see vhether a relationship
existed betwcen sceres oblained in selected measures of stroke efficicncy
and scores achieved cit a form reting scale for the crawl stroke

Multiple regression was a second statistical treatment which
was applied to ecach of the variables on the tests.z The application

of this procedure was suggested by the Experiment Statlon Statistician,

ta Ztezie University and was used to determine wvhether a

at South Dako

dyavome C. Weber and David R, Lamb, Statistics end Research in
. Y v Ly £
Phvsical Tducetion {St, Louis: The ¢, V, Hosby Compaxny, 1970), pp. 59-86.

r
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TABLE IT

TABLE OF

NEANS

Variable

Rating Scale

Stroke

Pulee

Haximal Oxyzen Uptake

Velocily

Efficiency

1,65

s




rogression equation could be dsveloped for rrediction purposes, An
electronic comruter was used for data analysis to facilitate speed
and accuraecy, In beth statistical trealments the 0,05 level of con-

fidence was required before the null hypothesis was rejected,

The resultz of the cocfficient of correclation analysis are

shown in matrix form in Table III, A coefficient of 0,396 was re-

quired Tor correlations to be significant at the 0,05 level,

Significant correlations at-the 0,05 level of confidence were found

-

Tor the varialles of rating scale score to pulse (-0,481), stroke to
velocity (-0,559), efficiency to maximal oxygen uptake (-0,781), and
efticiency to velocity (0,590),

The results of the multiple resression analysis indicated

Ticant relationship at the 0,05 level for all variatles, which

=

5 wyer
a saign

accounted Tor 77./l percent of the variance in the score obltained on

scale, The multiple regression equation developed for this

Le

the rating

study to determine gcore oan the rating scale from the selectiec

e) -3.379 (efficiency) -0, 354

7,649,
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Total varicnce = 116,865

¥S variance = 4,25

. . - ' 4
Sum of squarcs reduced in final step = 17,257
Mininuwn needed +to contribute significantly te the equation = 6,567 :
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CORRELATICN MATRIX TABIE

PCR ALL VARIABLES

P 3 3
Rating .. .
Stroke Tulse

Rating Scale 1,000 ~0,257 -0,481%
Stroke 1,000 -0, 34%

Pulse 1,000

Maximel Cxygen Uptake

Velccity

BEfficiency
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Discussion of the Results

The correlation coefficient indicated a significant relation-
ship between score and pulse, stroke and velocity, efficiency and
maxinal oxyzen uptake, and efficiency and velocity, hrough the use
of multiple regression analysis, it was revealed that all variables
indicated a significant relationship to the rating scale score.‘

Maximal Oxygen Uptake, The correlation coefficient indicated

no significant relationship between maximal oxygen uptake values and
rating scale scores, The mean maximal oxygen uptake in this investi-
gation for all tests was 48,27 ml/kg/min. or 2,99 liters per minute,
Costill investigated maximal oxygen uptake values of swimmers obtained
by a tethered swim procedure and found mean values of 2;&9 liters per
minute.3 Magel and Andersen found maximal oxygen uptake values in
Norwegian swimmers to be 4,33 liters per minute while being tested

on a bicycle ergometer.4 Faulkner stated, however, that values ob-
tained during swimming are approximately fifteen percent lower than

5

those obtained on land.

3pavid L. Costill, "Use of a Swimaing Ersometer in Physiolog-
ical Research," Research Quarterly, 37: 564- 567, December, 1966,

uJohn R. Mazel and lange Andersen, "Pulmonary Diffusing
Capecity and Cardiac Cutput in Young Trained Norwegian Swimmers and
Untrained Subjects," Medicine and Science in Sports,'1:131-139,
September, 1969.

2J chn A. Faulkner, “"Physiology of Swimning," Research Quarterly,
37:49-50, March, 1966,




Magel and Faulkner used a tethered swim procedure tc obtain
maximal oxygen uptake values of swimmers, Results indicated a mean
value of 4,27 liters per minute., The higher value obtained here
could have been due to the fact that several subjects used in the
study were Olympic or All-American swimmers.,

Velocity and Strokes, Coefficient of correlation analysis

found no significant relationship tetween the number of strokeg
or the velocity to the rating scale, There was, however, a signif-
icant negative correlation between the number of strokes and the
velocity, This correlation could be explained by noting that ome
subject participating in the present study had the fewest nuwaber
of strokes and the greatest velocity, while another subject had the
largest number of strokes and the least velocity, Burris developed
norms for the speed-stroke relationship for swimmers having inter-
mediate or above skill level, The average T-score was found to
be 100,7 In the present investigation the mean T-score was 130,
indicating the skill level to be well above the average score of 100,
Pulse Rate, Through the use of coefficient of correlation
‘analysis,; a significant relationship was observed between pulse rate
and the form rating scale, Faulkner and Dawson observed a linear

relationship between pulse rate and velocity recorded in four

John A Faulkner, '"Maximum Cxygen Uptakes of

6John R. Magel and
of Applied.Physiology, 22:929, May, 1967.

College Swimmers," Journal

 Measurement in Physical Education (2nd ed,, Philadelphia: Lea &
Febiger, 1971), pp. 325-328.
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50-meter swims.8 Linear relationships were also observed between
pulse and velocity in this investigation., Figures U4-6 graphically
illustrate the reliationship between pulse and velocity in each test
for each subject,

Efficiency, No significant relationship was found between
calculated efficiency and the rating scale when coefficient of '
correls.ticn analysis was used, However, there was a significant
relationship between efficiency and maximal oxygen uptake as well
as for efficiency and velocity, This finding was further supported
by the fact that both velocity and maximal oxygen uptake were part
of the formula used in determining efficiency, The range in ef-
ficiency in this investigation was found to be from 3.18 tc 6.47

percent,

Karpcvich and Pestrecov reported the range in the efficiency

of swimming to be from 0,5 to 2.2 percent, while Karpovich and
others reported a range of 1,71 to 3,99 percent, In an investi-
gation involving channel swimmers, Pugh and others reported a range
of efficiency in swimming from 1,6 to 7.2 percent.9 The present
‘researcher was unable to obtain the procedures of data collection,

and methods of computation for the efficiency rating in any of these

studies,

8John A. Faulkner and Rosemary Dawson, "Pulse Rates After
50-meter Swims," Research Quarterly, 37:282-284, Maybll966,

9John A. Faulkner, What Research Tells the Coach About

Swimminz, ed, John M, Cooper (#ashington: American Association for

" Healtn, Physical Education, and Recreation, 1967), pp. 22-23.
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Pulse Rate

Figure 4, Pulse-Veloclty Relationships for Each Individual in Test 1,
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Pulse Rate
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The Tirst hypothesis, which s

D)

relationchip belween sccres achieved on the crawl stroke rating scale

correlation coefficiecnt for the veriatle of pulse rate (-,281) was

significant at the 0,05 level of confidence, A second hypothesis,

predict scores achieved on the crawl stroke rating scale was also
rejected, The computed F-ratio for variance accounted for (?7,&)

was significant al the 0,05 level of confidence,



CHAPTER V

SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS

Summary of the Study

The purpose of this investisation was to develop a form
rating geale for the crawl stroke ts determine stroke-efficiency,
The zubjects were eight members of the South Dakota State

University men's intercollegiate varsity swimming team, A1l sub-

cets vere teslted three timez for each variatle during a 15-day

o

testing period., Testing began on February 10, 1975 axd was com-
pleted on February 25, i9¥5. The measures of stroke ffi ieney
selected For nee in this study were stroknfvelocity, pulse-velocity,
and maximal oxygen uptake-velocity., The form rating scale was con-
structed from principles reported by Counsilman and Haines, 1,2

Data woere collectled and recorded in such a manner that
relationships belween the sclectied' measures of stroke efficiency
and the form rating scale could be analyzed, Nultiple regrezsien
analysis was applicd to the data to delermine wvhether a relation-
ship existed, Coefficient of correlation anralysis was also applied
to the dala to determine reletionships hetween sll variablec,

The 2,05 level of confidence was accepted as the minimal level re-~

quired in oxler to reject the null hLypotheses,

James &, Counsilman, The 3cicncc o¢ Sw:nnlno (Englewead
CliCfs: Prenticc-ilall, Inc., 196E), rp. 7-50.

> . 3 S » X . .
“George Haines, "Freestyle lints®, Suimming World, 1L,




The results of the coeffic

dicated that only the variable of pulse

1
S

The results of the multiple regression

that a4 regressi

study could be

rating scale,

1ip to the form rating

scale,

ion equation us
used to predict
These varigbles

the form rating

ent of correlation analysis in-

had a significant relation~

analysis indicated
ing the variables selected for thi
achievement of scores on the form

ccounted

a

for 77.1t percent of the

scale,

Within the limitations of this investigation the following
conclusions seemed warranted:

1. Subjects having lower maximal oxyzen uptake values ob-
tained on a graded tethcred swim test will achieve a higher level
of elficiency, as determined by the Kerpovich formula

2. Az svimming >cd increasecs, efficlency as computed with
the aid of the Harpovich formula is prreportionately higher,

3. As pulse rate increases, lhe score obtained through the
use of the form rating scale will decrease,

Reccommendations

The following recommendatlons axe nalc
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e other measures of

3. That a similar study be coapleted wher

S

marximal oxygen uptalke in addition to the methed used in this study
he investizated and analyzed to find a nost valil measure of deter-

imal oxygoen uptake value of e swimmer,

study using a greater number of judges in

., Replicate the

to imprcve the

[oN

order to determine cbjectivity, reliability, an

accuracy of the crawl stroke rating form,
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APPENDIX A

CRAVL STROKE RATING SCALE

SWINMER TEST # 1 2 3

Freguency of the ohgervance of 1, Never--does not occur
these traits: 2, Somnetimes--half of the time

Please check the appropriate square:
AR STROKE
Pull~bent elhew of 15 to 90 degrees from fingertips to clbow

Always--is constantly occurring

-elbow higher in the water than hand ox wrist

~hand fTollows midline through pull phase

-constaent turnover so pressure is maintained by a
hand =t all times

Push~at the end of the pull phase there is a distinct push

of the waler

-end of push phase hand is 4-6 inches below water surface

Retovery-high or bant elbow with elbow coming out first and

hand coming out last

~rotate shonlder forward by reaching with the elbow and
shrurzing the shoulder forvard

~palrn of hanl Taces touaml feet at all times

~hand enlers well ocut in front of the shoulders betlween
nitling of body and shoulders

~hurl enters thumb side down

BREATHING

-turn the bead to breathe as
natural breathing side ente

;..r
e
5]
WD
I\
o

©
<
")
O
=

-water lovel betwcen hairll

1 to breathe rathze than 1ifiing head

~head returns to original posiiion

KICK

~continuous kick (no break in rhythm)

~kicks from bip with legs and feet extended (no
excessive knec flexion)

-not too deep in ithe water (feet next to the surface
ut not out of the water)




APPENDIX B

INDIVIDUAL MAXIMAL OXYGEN UPTAKE AND EFFICIENCY

RATINGS IN EACH OF THREE TRIAIS

(1iters per minute/milliliters per kilogram per minute/percent)

Subject

T

T,

-

T s
MR,
M.R.

T.W,

2.17/29.47/5.59
.85/36,69/5,18
17/47.47/3.71
.26/37.97/14. 53

.73/81.12/5.11

N

N W W

.52/4:3.73/3.34
.65/50.87/3.79
.10/48,04/3,57

wooww

3.81/52,33/3.18
2.61/33.40/5.66
3.24/48,23/3.63
3.41/40,36/4.33
2.37/34.82/6,22
2,96/36.60/3.97
3.46/148,23/3.99
2.75/42,32/l+, O4

2.76/37.68/4.39
2.64/34.72/5.59
3.06/45.75/3. 84
3.41/40,52/4.33
2.28/34.66/6 17
2.56/31,6/4.59

3.27/45.56/4+.23
2,68/42,14/4,15




INDIVIDUAL SCORES FOR RATING SCALE
IN EACH OF THREE TRIAIS

(Average of Four Coaches Ratings)

Subject Ty i T,
R.A, 50, 00- 49, 50 49,75
S.A. 49,25 48,00 49.00
R.F. 43,25 45,25 45,25
M. 1. 49,25 49,25 50.25
T.X. 46, 50 47,25 . 46,50
M.R. 50, 50 51.%9 54,50
M.R., 49,00 49,25 49,00

T.W. 43,25 48,75 L7,75




INDIVIDUAL SCORES FOR PUISE-VELOCITY

ON 50-METER SWIM

(beats per minute/velocity in meters per minute)

. Subject T1 T2 T3 |
R.A. 116/1, 32 128/1,19 112/1., 33
122/1.42 140/1,43 126/1. 48
132/1, 53 144/1, 56 142/1,62
142/1, 74 152/3, 74 150/1, 76
S.A, 106/1, 28 100/1, 20 96/1,27
106/1, 37 102/1, 32 106/1, 36
114/1.45 112/1.43 114/1, 46
140/1.75 140/1,75 144/1,75
R.F. 142/1,32 104/1, 28 0 108/1,31
142/1, 42 120/1.38 120/1.38
152/1,48 140/1, 52 134/1, u8
156/1., 57 148/1, 56 156/, 57
M, I 80/1.25 74/1,22 100/1. 27
98/1.39 98/1. 40 100/1,41
106/1, 52 118/1. 52 122/1, 56
138/1, 71 160/1.69 136/1,68
T.K. 106/1, 28 110/1.27 94/1,20
114/1.35 112/1, 35 108/1,37
124/1, 44 112/1,48 128/1.48
146/1.,69 144/1,69 132/1,72
M.R, 90/1,27 114/1.35 96/1.26
96/1.37 118/1, 39 110/1, 41
104/1,48 126/1. 52 120/1,43
144/1,53 140/1, 55 134/1, 56
M.R 102/1.28 90/1,27 94/1.23
116/1, 34 98/1,28 108/1, 36
120/1,49 104/1, 45 124/1, 51
134/1.63 136/1.69 140/1.68
TV, 104/1,27 - 101/1,25 99/1.27
110/1, 37 114/1,37 110/1.39
120/1,47 122/1,49 125/1, 50
143/1, 64 145/1,65 142/1,65




INDIVIDUAL SCORES FOR STROKE-VELOCITY

IN EACH OF THREE TRIALS

(number of strokes/time in seconds)

Subject T, T, Ty
R.A. 19/13,0 18/13,1 19/13.5
S.A. 20/13; 0 20/13.0 19/14,2
R.F, 20/14,8 21/15,5 22/14,7
M.I 22/13.1 22/12.5 23/13.0
T.X.. 2l /14, 5 26/13.6 25/14.5
M.R 22/14,7 23/14.7 . 22/14.7
M.R. 24/13,6 23/14,0 24/13.3
T.W 28/14.,6 28/14,6 29/15,1

\n

W



	Relationships of Scores Achieved on a Crawl Stroke Rating Form and Selected Measures of Stroke Efficiency in Swimming
	Recommended Citation

	Erickson-Bradley_1975-0001
	Erickson-Bradley_1975-0002
	Erickson-Bradley_1975-0003
	Erickson-Bradley_1975-0004
	Erickson-Bradley_1975-0005
	Erickson-Bradley_1975-0006
	Erickson-Bradley_1975-0007
	Erickson-Bradley_1975-0008
	Erickson-Bradley_1975-0009
	Erickson-Bradley_1975-0010
	Erickson-Bradley_1975-0011
	Erickson-Bradley_1975-0012
	Erickson-Bradley_1975-0013
	Erickson-Bradley_1975-0014
	Erickson-Bradley_1975-0015
	Erickson-Bradley_1975-0016
	Erickson-Bradley_1975-0017
	Erickson-Bradley_1975-0018
	Erickson-Bradley_1975-0019
	Erickson-Bradley_1975-0020
	Erickson-Bradley_1975-0021
	Erickson-Bradley_1975-0022
	Erickson-Bradley_1975-0023
	Erickson-Bradley_1975-0024
	Erickson-Bradley_1975-0025
	Erickson-Bradley_1975-0026
	Erickson-Bradley_1975-0027
	Erickson-Bradley_1975-0028
	Erickson-Bradley_1975-0029
	Erickson-Bradley_1975-0030
	Erickson-Bradley_1975-0031
	Erickson-Bradley_1975-0032
	Erickson-Bradley_1975-0033
	Erickson-Bradley_1975-0034
	Erickson-Bradley_1975-0035
	Erickson-Bradley_1975-0036
	Erickson-Bradley_1975-0037
	Erickson-Bradley_1975-0038
	Erickson-Bradley_1975-0039
	Erickson-Bradley_1975-0040
	Erickson-Bradley_1975-0041
	Erickson-Bradley_1975-0042
	Erickson-Bradley_1975-0043
	Erickson-Bradley_1975-0044
	Erickson-Bradley_1975-0045
	Erickson-Bradley_1975-0046
	Erickson-Bradley_1975-0047
	Erickson-Bradley_1975-0048
	Erickson-Bradley_1975-0049
	Erickson-Bradley_1975-0050
	Erickson-Bradley_1975-0051
	Erickson-Bradley_1975-0052
	Erickson-Bradley_1975-0053
	Erickson-Bradley_1975-0054
	Erickson-Bradley_1975-0055
	Erickson-Bradley_1975-0056
	Erickson-Bradley_1975-0057
	Erickson-Bradley_1975-0058
	Erickson-Bradley_1975-0059
	Erickson-Bradley_1975-0060
	Erickson-Bradley_1975-0061

