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This study investigated possible effects of hypoxic

training upon speed of high school sprint freestyle. Thirty-

eight subjects, grouped as their two schools, performed

identical loads during the ten-week program. The Experimental

group used hypoxic techniques for about one-half of each work-

out.

Pretests and posttests conducted for the 50-yard and

100-yard distances yielded highly correlated mean scores,

with marked differences between the two groups. Analysis of

covariance was used, selecting the .05 level for rejection.

The comparison of adjusted group means indicated neither

group superior at 50 yards, while the 100-yard F-ratio was

significant at the .0047 level favoring hypoxic training.

It is recommended that hypoxic techniques be incorporated

into existing programs, possibly benefitting other strokes.
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CHAPTER I

INTRODUCTION

As is true with many athletic events, speed, or elapsed

time, is the determining factor in competitive freestyle

swimming. Existing records in the different events are fre-

quently bettered. Coaches and contestants spend more time

each year seeking to attain greater speed. The national and

world class swimmers now train for six to eight hours daily.

In many high school programs the situation may be reversed

because the amount of workout time is limited each day by

scheduling problems. Consequently, the effectiveness and

efficiency of training programs must be assessed (4).

The development of speed is the concern of each coach

and competitor. Its development over a number of years seems

to be dependent upon the maintenance of aerobic capacity in

the pre-puberty years, body strength, swimming skill, and

the development of increased anaerobic capacity (2).

Sprinters should be concerned with facilitating the anaerobic

processes, and they should possess a good distance training

foundation so as to be capable of rapid recovery (8). Any

adaptations of the body to bring about better transportation

and absorption of oxygen and a tolerance to the lack of it

would benefit the swimmer. It is assumed that these changes
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would occur by running high levels of oxygen debt in the

muscles. This can be accomplished by working at a level so

intense that energy must be provided through anaerobic pro-

cesses. Another method for creating oxygen debt is through

breathing less frequently during exercise, or hypoxic train-

ing (1).

Statement of the Problem

This study investigated the effects of hypoxic training

upon sprint freestyle swimming in the high school competitive

program.

Purpose of the Study

The purpose of the study was to investigate the possible

effects of hypoxic training techniques upon the speed of

swimming the 50-yard and 100-yard freestyle events in high

school competitive swimming.

Hypotheses

The following hypotheses were proposed for use in this

study: (1) No statistically significant difference exists

in the effect of hypoxic breathing patterns versus normal

breathing patterns upon the speed of swimming the 50-yard

freestyle; (2) No statistically significant difference exists

in the effect of hypoxic breathing patterns versus normal

breathing patterns upon the speed of swimming the 100-yard

freestyle.
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Definition of Terms

The following definitions of terms are used in the

study:

Aerobic-- A process occurring in the presence of oxygen

(3).

Anaerobic-- A process occurring in the absence of oxygen

(3).

Anaerobic capacity-- The ability to perform for a limited

time without oxygen or a reduced amount of oxygen (3).

Glycolysis-- The breakdown of glycogen resulting in lac-

tic acid (3).

Hypoxia-- Insufficient oxygen supply by the blood to

keep the respiratory chain functioning in oxydizing hydrogen

atoms to form ATP energy (3).

Hypoxic training-- Method of training which employs

breathing less frequently during exercise (1).

Interval training-- A system of training involving

repeated swims with equal rest periods between each swim (6).

Also called repetition training (1).

Oxygen debt-- Often oxygen debt is measured as the amount

of oxygen taken up in excess of the resting value during

recovery (3, 5) .

Oxygen deficit-- A lack of oxygen in the initial period

of work caused by the lag in circulatory and respiratory

adjustments (3, 5).

Sprint training-- All-out sprints for short distances
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with 20 or 30 seconds rest (6). Sprints in this study were

25-, 30-, and 50-yard swims.

Limitations

This study considered only competitive sprint freestyle

swimming. The subjects of the study were selected members of

Dallas high school swimming teams who have had stroke train-

ing and competitive experience, thus possessing the necessary

skill for freestyle sprinting.
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CHAPTER II

REVIEW OF LITERATURE

Very little has been written about hypoxic training as

it is a relatively new concept in swimming training tech-

niques. The aim of hypoxic training is to run high levels

of oxygen debt in the muscles, creating better transportation

and absorption of oxygen and a tolerance to the lack of it.

Anaerobic Systems

Since freestyle sprinting involves exercise of high

intensity in a period of two minutes or less, the energy for

this work is supplied through anaerobic processes for the

most part. There are two systems for anaerobic production

of energy. One is the ATP-CP system. Adenosine triphosphate

(ATP) is the first-hand energy producer for the muscle. As

the ATP gives off energy, it breaks down to adenosine diphos-

phate (ADP) losing a phosphate molecule. Creatine phosphate

is available to resynthesize ATP from ADP. This process can

go on until the available creatine phosphate is exhausted,

and it is usually functional for about ten seconds. The

second source of anaerobic energy is glycolosis, the break-

down of muscle glycogen with an accumulation of lactic acid

(2, 4, 6, 9).
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The accumulation of lactic acid is one of the factors

involved in ensuing muscle fatigue. The lactate levels are

looked upon as indicators of the degree of anaerobic metabo-

lism and are related to oxygen debt (12). That is, as the

level of lactate rises, so does the level of oxygen debt.

The depletion of glycogen in the muscles along with the

previous factors result in fatigue. When exercise represents

a true overload in which the steady-state cannot be maintained,

duration of work is limited by the capacity to sustain an

oxygen debt (4). Hermansen (6) conducted a study showing that

swimmers had sizeable improvement in the ability to contract

oxygen debt while training for the 100- and 200-yard free-

style. Blood lactate levels increased during the short inter-

val training used in the study. He found that too long and

too short intervals did not give maximal values. Van Huss

and Cureton concluded that the capacities measured by gross

oxygen debt are more relative to performance in the 100-yard

swim than in the 440-yard distance (10).

In experiments using the cycle ergometer, the oxygen

deficit was found to reach a plateau after four minutes,

oxygen debt in two to three minutes. It was also found that

oxygen debt exceeded the deficit if exercise was stopped

before a steady-state could be reached (11). Studies under

conditions of hypoxia induced by high altitude produced

results in which the oxygen debt and blood lactate levels

were higher at a given work load than at sea level (1).
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Karpovich performed studies with the use of inhalation of

oxygen to affect change in performance. He concluded inhala-

tion immediately followed by a 100-yard swim resulted in

increased speed. When oxygen was inhaled four to five min-

utes prior to the effort, no effect on speed was evident (7).

Effects of Training Programs

Military training studies have shown increased levels of
ATP in the muscles when distance running was incorporated

three days per week. This increase would undoubtedly be of

importance in periods of anaerobic work. Another possibility

for improving the anaerobic precesses is the overshoot

phenomenon. This occurs when muscles are worked hard enough

to deplete glycogen stores; hence, developing the ability to

store greater than normal amounts of glycogen. Continual,

methodical stressing of the organism by subjecting it to ever

increased work loads results in responses or reactions to the

demands of increasing metabolism. Possible physiological

changes induced by training include lower resting heart rate,

lower rates for submaximal loads, greater maximum stroke

rate, and greater capacity for oxygen debt. The existence

of a threshold of value for work intensity to attain a bene-

fit would be approximately sixty per cent of the maximal

heart rate (4).

In a study at Indiana University in 1973-74, two groups

of swimmers used interval training four days each week. One
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group used hypoxic breathing, while the other used normal

breathing techniques. It was concluded that the hypoxic

group had a greater efficiency in the extraction of oxygen.

In checking pulse rates for the two types of breathing tech-

niques, Counsilman found a definite difference in increase of

heart rates. The group breathing every two arm cycles was

only 3.0 beats per minute greater than the group breathing

normally, but those breathing every third cycle were 6.9

beats greater in a series of 5 x 200-yard swims. In a series

of 10 x 100-yard swims the third cycle group posted a differ-

ence of 13.8 beats per minute. Assuming that an increased

oxygen debt is desired, the higher pulse rate would be

feasible (2).

Counsilman states that as distances swam are shortened

and the intensity increased there is an increase in stress,

heart rate, and oxygen debt. The oxygen-carrying ability of

the blood is increased by increasing the red blood cell count.

It has been found that red blood cell production is stimu-

lated by low oxygen levels. Also, he has found trained per-

sons able to create high blood lactate levels. Therefore,

trained persons could exercise longer than those whose toler-

ance of lactate level is low (3) .

An important principle in athletics is that of specific

training. One must drill and exercise in such a manner so

as to create the desired effects for the final performance.
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To train for speed one must progressively attempt to achieve

the same body movements in less time (5, 9).

DeVries demonstrates that interval training is sensible,

since the primary goal of a training program is to achieve

the greatest possible work load with the least amount of

fatigue. Shorter intervals give the greatest effects upon

anaerobic capacity (4). Short interval training advantages

are that some of the ATP-CP resources are replenished and

available for use in the next repeat, thus delaying the

accumulation of lactic acid. Also, some of the lactic acid

is resynthesized to glycogen. Some of the oxygen debt is

restored. Repetition training causes an increase in glycogen

and catalyst stores in the muscle. Its high level of oxygen

debt is the main stimulus to bring about conditions that

cause more efficient transportation and absorption of oxygen.

Under this type of training the swimmer's muscles adapt to

high lactate concentrations. Sprint training probably causes

an increase in the muscle ATP-CP level. This results in

increased ability to sustain a sprinting tempo longer.

Eighty-five per cent of the energy cost in short events is met

by anaerobic metabolism. For example, a 50-yard freestyler

may breathe as few as two times during a race. The estimated

percentage of anaerobic work in the 100-yard event is 60 to

70 per cent, while the 200-yard swim is only about 50 per

cent (2). Pulse rate can be used as a determinant of maxi-

mum performance level. Regardless of the resting rate, a
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pulse rate of 175-185 is maximum in most young adults in a

swim (8).

As much of the literature deals only with the physiolog-

ical systems, some evidence is found linking training tech-

niques to the various aspects of the cardiovascular and meta-

bolic systems. Inference is also made that some of these

interlocking facets may increase speed of swimming.
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CHAPTER III

PROCEDURES

Subjects

The subjects, representing an incidental sample, were

thirty-eight members of two high school swimming teams in the

Dallas Independent School District. The swimmers were

grouped by their high school swim team with the control

group having eighteen members and the experimental group

having twenty. The -two groups were not separated with regard

to sex. The experimental group had eight females and twelve

males. The control group had eight females and ten male

members.

Tests

To measure speed the 50- and 100-yard freestyle swims

were used. The swimming tests were given at an indoor 25-yard

pool, using a push-off start from the end wall of the pool.

Three times were taken for each swim, recording the average

time to the nearest one-tenth of a second. Two trials were

allowed each subject with the better time used as the criter-

ion for his speed at that distance.

Test Administration

All subjects were tested for speed in the 50-yard and

100-yard freestyle on the first and second days of the study,

13
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respectively. Prior to testing all subjects participated in

a six-week block of dryland exercises, stroke lessons, and

distance training. During this time each swimmer was told

and shown the test procedure. Swimmers were tested one at a

time. The commands used were "take you marks" and "go."

Timers were team managers with two years experience in timing

swimming meets. The timers started three watches on the first

forward movement of the swimmer's shoulders and stopped the

watches as the swimmer touched the end wall. Each swimmer

rested not less than fifteen minutes nor more than twenty

minutes between trials.

Experimental Program

During the ten-week program, both groups or teams per-

formed identical workout schedules. The difference in work-

outs was that at least one-half of each workout performed by

the experimental group was done using hypoxic breathing

patterns (1). The groups worked two times each day Monday

through Friday for an hour, with the exception of the first

Monday and Tuesday on which the pretesting was done. On

these days tests were given during the morning workouts and

regular practice was held at the afternoon workouts. Post-

tests were administered on the mornings of the Monday and

Tuesday following the tenth week of the program. There was

a total of ninety-eight workouts. These practices were com-

prised of slow interval training, fast repetition training,
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sprint training, and various combinations of these methods,

as seen in Appendix C. Also, kicking and pulling exercises

were used in either the morning or afternoon session. The

experimental group used hypoxic breathing on all pulling

drills (1).

The use of hypoxic breathing was initiated slowly (1).

During the first and second weeks, swimmers breathed on

every second arm cycle. For the next five weeks the breath-

ing was moved to the third arm cycle. The last three-week

program changed so as to alternate fourth arm cycle and third

cycle. If at any time a swimmer developed a headache, he or

she dropped back to the second arm cycle breathing pattern

for the remainder of that workout day, returning to the pat-

tern of the week on the next day (1).

Swimmers were checked periodically throughout workouts

to check on the amount of effort being exerted. This was

done by timing the work bouts and by carotid pulse during

rest periods between swims (2, 3). This was done for both

the control and experimental groups. Subjects were dropped

from the study upon missing ten practices or six consecutive

practices.

Design of the Study

At the outset of this study a 2 x 2 factorial design was

proposed. The main effect was gender, while pretest and

posttest effect was the other. Following the drawing of the
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samples, it was found that the two groups were markedly dif-

ferent. At the end of posttesting, it was found that the

pretest and posttest results were highly correlated. There-

fore, the 2 x 2 factorial design was abandoned in favor of

two one-way analyses of covariance; one for each the 50-yard

freestyle and 100-yard freestyle.

Analysis of Data

After the pretest and posttest scores measuring the

subjects' speed in swimming the 50-yard and 100-yard free-

styles were collected, these data were presented in table

form to demonstrate the rate and pattern of improvement for

each group. The data were analyzed by two one-way analyses

of covariance. The pretest scores in the 50-yard and 100-yard

freestyles served as the covariates. Covariance analysis was

adopted because of high correlations of pretest and posttest

scores and because of marked differences in swimming perform-

ances of the experimental and control subjects. All data

analysis was performed at the North Texas State University

Computing Center under program ST014. The .05 level of con-

fidence was selected as the criterion for rejecting the

hypotheses that there were no differences in the effect of

hypoxic breathing patterns versus normal breathing patterns

upon the speed of swimming the 50-yard freestyle or the 100-

yard freestyle.



CHAPTER BIBLIOGRAPHY

1. Counsilman, James E., "Hypoxic and Other Training Methods
Evaluated," Swimming Technique, XII (Spring, 1975),
19-26.

2. Faulkner, John A., What Research Tells the Coach About
Swimming, Washington, American Association for Health,
Physical Education, and Recreation, 1967.

3. Pollock, Michael L., Jeffrey Broida, and Zebulon Kendrick,
"Validity of the Palpation Technique of Heart RateDetermination and Its Estimation of Training HeartRate," Research Quarterly, XLIII (March, 1972), 77-81.

17



CHAPTER IV

RESULTS OF THE STUDY

It was the purpose of this study to investigate the

possible effects of hypoxic training techniques upon the

speed of swimming the 50-yard and 100-yard freestyles in

high school competitive swimming. Data were collected from

thirty-eight high school swimmers enrolled in two Dallas

schools. The subjects were grouped according to their high

school teams, disregarding sex. Each subject was pretested

and posttested for speed in swimming the 50-yard and 100-

yard freestyle. The data obtained in these tests served as

the basis for the findings of this study. The data were

analyzed by two one-way analyses of covariance programs at

the Computing Center at North Texas State University.

Analysis of Data

The results of the study are shown in Tables I through

IX. Table I reports the correlation coefficients for the

pretests and posttests in both the 50-yard and 100-yard free-

styles. Each of the measures correlated highly to the others.

The lowest correlation coefficient obtained was 0.9202.

These high correlation values justified the use of analysis

of covariance (3).

18
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TABLE I

CORRELATION COEFFICIENTS

Pretest Posttest Pretest Posttest
50 50 100 100

Pretest 50 1.0000 0.9784 0.9202 0.9329

Posttest 50 0.9784 1.0000 0.9246 0.9303

Pretest 100 0.9202 0.9246 1.0000 0.9830

Posttest 100 0.9329 0.9303 0.9830 1.0000

Tables II through V report data obtained from the study

of the 50-yard freestyle. Table II lists the group means and

standard deviations. The difference between the pretest

means for the 50-yard freestyle was 2.4850 seconds, which is

quite a difference at that distance. This marked difference

in group means necessitated the use of covariance analysis

so as to eliminate the effect of initial speed difference.

Table III presents the analysis of covariance. The adjusted

group means are listed in Table IV. These values were com-

puted to allow for the initial group differences in assessing

the comparison of group mean gains. Table V shows the com-

parison of adjusted means according to Tukey's Test.
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TABLE II

GROUP MEANS AND STANDARD DEVIATIONS 50-YARD FREESTYLE

0bserva- Standard

Group Variable tions Mean Deviation

Total Pretest 38 32.0921 4.0062

Posttest 38 30.9342 3.8921

Experimental Pre test 20 30.9150 4.0557

Posttest 20 29.6550 3.9696

Control Pretest 18 33.4000 3.6201

Posttest 18 32.3555 3.3608

TABLE III

ANALYSIS OF COVARIANCE FOR 50-YARD FREESTYLE

Sum of Mean
Source D.F. Square s Square F-Ratio P

Total 36 23.9229

Within 35 22.7198 0.6491

Difference 1 1.2031 1. 2031 1.8534* 0.1821

*Value of 4.12
confidence.

is necessary for significance at .05 level of
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TABLE IV

ADJUSTED GROUP MEANS 50-YARD FREESTYLE

Group Mean

Experimental - * - . - - . . . . . . . . . . . . . . 30.7564

Control . a . . * ---- . . . . . . . 0 0 0 0 00 0 . 31.1317

TABLE V

COMPARISON OF GROUP MEANS USING THE TUKEY METHOD
FOR 50-YARD FREESTYLE

Experimental Control

Experimental 0.0000 -1.9254

Control 1.9254* 0.0000

*Value of 2.87 is necessary for significance at .05 level of
confidence.

The study was designed to determine if the use of hypoxic

training would increase the speed in swimming the 50-yard

freestyle. Table II reveals a mean gain of 1.2600 seconds

for the Experimental group, while the Control group mean gain

was 1.0445 seconds. The F-ratio in Table III was not signi-

ficant at the .05 level of confidence. The application of

the Tukey comparison of adjusted group means was also not

significant at the .05 level. This would suggest that hypoxic

breathing patterns do not cause a greater increase in speed

of swimming the 50-yard freestyle than normal breathing pat-

terns.
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Tables VI through IX report the data obtained in the

study of the 100-yard freestyle. Table VI indicates the

group means and standard deviations. The mean gains for

the Experimental and Control groups, 3.3950 and 2.8667,

respectively, indicate that the workout program of hypoxic

training facilitates the increase of speed in swimming the

100-yard freestyle.

TABLE VI

GROUP MEANS AND STANDARD DEVIATIONS 100-YARD FREESTYLE

Observa- Standard
Group Variable tions Mean Deviation

Total Pretest 38 74.7132 10.0834

Posttest 38 71.5684 9.0678

Experimental Pretest 20 71.1950 10.3724

Posttest 20 67.8000 8.9066

Control Pretest 18 78.6222 8.3853

Posttest 18 75.7555 7.4183

Table VII reports the analysis of covariance in the 100-

yard freestyle. The F-ratio obtained was a 9.1288 value,

which is a significant value at the .0047 level of confidence

according to the computer readout. A value of 4.12 was neces-

sary for significance at the .05 level. Table VIII lists the

adjusted group means which were computed to allow for the

initial group differences in assessing the comparison of
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group mean gains. Table IX shows the further Tukey compari-

son of adjusted group means. For a significant value at the

.05 level in this comparison, 2.87 must be reached. The .01

level must have a 3.86 value. A score of 4.2729 is reported

in Table IX. This would suggest that hypoxic breathing pat-

terns did cause greater increase in speed of swimming the

100-yard freestyle as compared to normal breathing patterns.

TABLE VII

ANALYSIS OF COVARIANCE FOR 100-YARD FREESTYLE

Sum of Mean
Source D.F. Squares Squares F-Ratio p

Total 36 102.8108

Within 35 81.5425 2.3298

Difference 1 21.2683 21.2683 9.1288* 0.0047

*Value of 4.12 is necessary for significance at the .05 level
of confidence. Value of 7.42 is necessary for significance
at the .01 level.

TABLE VIII

ADJUSTED GROUP MEANS FOR 100-YARD FREESTYLE

Group Mean

Experimental . . . . . . . . . . . . . . . . . . . . 70.8036

Control . . . . . . . . . . . . . . . . . . . . . . 72.4182
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TABLE IX

COMPARISON OF GROUP MEANS USING THE TUKEY METHOD
FOR 100-YARD FREESTYLE

mExperimental Control

Experimental o.0000 -4.2729

Control 4.2729* 0.0000

*Value of 2.87 is necessary for significance at .05 level of
confidence. Value of 3.86 is necessary for significance at
.01 level.

Discussion of Results

In comparing group means for the 50-yard freestyle, no

significant difference existed between the hypoxic breathing

group and normal breathing group so far as speed was con-

cerned. The comparison for the 100-yard freestyle revealed

a significant F-ratio which indicates that the higher mean

gain for the Experimental group was due to the treatment

effect. These findings tend to support the assumptions and

findings of Counsilman (1). The aims of hypoxic training

are to run high levels of oxygen debt and create a tolerance

to the lack of oxygen, thus improving the anaerobic processes.

Since Counsilman estimates 85 per cent of the work is anaero-

bic in short sprints and 60 to 70 per cent in 100-yard swims,

it would seem that greater benefit may be derived from hypoxic

training in the 100-yard distance as was found in this study
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of speed in swimming. Perhaps the increase in speed for the

group using hypoxic training is related to the physiological

changes to which Counsilman has alluded (1, 2). These

results suggest that hypoxic training might provide greater

benefit than normal breathing methods using the same amount

of time and distance swam.
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CHAPTER V

SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS

Summary

This study was conducted to investigate the possibility

that hypoxic training techniques might increase the speed of

swimming the 50-yard and 100-yard freestyle events in high

school competition. The subjects were thirty-eight experi-

enced swimmers from two Dallas high schools grouped according

to their respective teams. The Experimental group performed

identical work loads in the ten-week program as did the

Control group, with the exception that hypoxic breathing

methods were employed in at least one-half of each workout.

Each group worked twice each day for an hour session Monday

through Friday. Workouts consisted of slow interval training,

fast repetition training, sprint training, pulling exercises,

and kicking drills.

Tests were given at the beginning and end of the program

in each the 50-yard and 100-yard distances. A push-off start

from the end wall of the pool was used so as to eliminate

starting factors from the performances. Test scores were

recorded from the best of two trials for each distance in

pretest and posttest sessions.

The mean scores in the 50-yard and 100-yard freestyles
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were shown to be highly correlated, and differences existed

in the experimental and control times, thus necessitating the

use of analysis of covariance in analyzing the data obtained

in the study. Although the group means for both groups indi-

cated gains in speed of swimming the 50-yard freestyle,

neither group was significantly better than the other. This

indicates that the hypothesis that no difference exists

between the effects of hypoxic and normal breathing techniques

upon speed in swimming the 50-yard freestyle is to be accepted.

The comparison of adjusted group means in the 100-yard

freestyle rendered different results. Both the Control and

Experimental groups exhibited substantial mean gains over the

ten-week period. The analysis of covariance for this distance

yielded an F-ratio of 9.1288 which is significant at the

.0047 level of significance. This value allows rejection of

the hypothesis that there is no difference between hypoxic

and normal breathing methods so far as effect upon the speed

of swimming the 100-yard freestyle. The hypoxic group did

have a greater increase in speed.

These results tend to agree with the findings and assump-

tions of Counsilman (1). He asserted that a work bout of less

than two minutes is primarily anaerobic with the percentage

of anaerobic production of energy increasing as the duration

time is shortened. By using hypoxic breathing methods, the

level of oxygen debt is increased forcing the swimmer's body

to produce the ATP for muscle contraction anaerobically.
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This is increasingly important as endurance is introduced

into the situation (1).

Conclusions

The conclusion has been reached that hypoxic breathing

techniques do not affect the speed of swimming the 50-yard

freestyle. The same techniques do, however, affect the speed

of swimming the 100-yard freestyle favorably.

Recommendations

It is recommended that further study be made in this

area of swimming training methods. Also, studies should be

made involving the other three competitive strokes: back-

stroke, breaststroke, and butterfly. Based on the findings

of this study, it would seem to be of benefit to the swimmers

to incorporate hypoxic breathing methods into existing train-

ing programs, thus allowing for more benefit from the time

and work used for training.
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APPENDIX A

EXPERIMENTAL GROUP RAW SCORES
IN SECONDS

Sub- Pretest Posttest 50 Pretest Posttest 100
ject 50 ___ 50 Gains 100 100 Gains

R.V. 24.4 23.6 0.8 55.1 53.5 1.6
J.F. 25.2 24.0 1.2 56.6 54.0 2.6
DaTr 27.7 26.2 1.5 65.9 62.3 3.6
D.G. 27.8 25.6 2.2 61.5 59.0 2.5
D.E. 28.0 26.2 1.8 62.5 61.5 1.0
D.K. 28.1 27.9 0.2 67.4 64.5 2.9
L.T. 28.2 26.2 2.0 62.8 61.8 1.0
B.W. 28.5 27.6 0.9 67.6 67.6 3.4
L.B. 29.4 28.9 0.5 67.5 64.6 2.9
R.S. 30.2 28.6 1.6 68.0 65.4 2.6
C.Y. 30.6 30.4 0.2 72.2 70.1 2.1
T.L. 30.8 30.4 0.4 68.5 66.1 2.4
DeTr 31.1 29.8 1.3 73.3 67.9 5.4
T.H. 31.5 30.5 1.0 71.1 67.6 3.5
R.W. 33.1 30.6 2.5 75.2 72.5 2.7
C.L. 34.8 34.0 0.8 80.9 75.9 5.0
D.W. 35.4 33.9 1.5 79.7 76.8 2.9
C.W. 37.4 36.2 1.2 93.8 85.2 8.6
L.C. 37.5 36.1 1.4 82.5 77.6 4.9
L.P. 38.6 36.4 2.2 91.7 85.5 6.2

Total 25.2 67.8

31



APPENDIX B

CONTROL GROUP RAW SCORES
IN SECONDS

Sub- Pretest Posttest 50 Pretest Posttes 100
ject 50 50 Gains 100 100 Gains

B.C. 25.9 25.6 0.3 61.4 59.1 2.3
G.S. 27.5 26.8 0.7 69.2 67.9 1.3
C.C. 29.5 27.3 2.2 69.6 67.8 1.8
C.B. 29.6 29.5 0.1 83.3 76.6 6.7
D.H. 31.3 31.0 0.3 72.4 73.6 -1.2
A.C. 31.4 30.9 0.5 67.8 65.5 2.3
C.D. 32.5 32.3 0.2 75.2 73.6 1.6
L.L. 33.9 33.6 0.3 74.8 74.6 0.2
M.G. 34.3 33.8 0.5 87.5 81.2 6.3
D.L. 34.4 32.6 1.8 76.9 73.3 3.6
E.A. 34.5 34.5 0.0 83.4 76.9 6.5
A.S. 34.6 34.0 1.6 78.3 76.5 1.8
R.D. 35.0 32.3 2.7 77.0 75.6 1.4
P.F. 35.9 33.3 2.6 86.3 83.9 2.4
C.G. 36.4 34.1 2.3 88.0 86.6 1.4
R.T. 37.0 37.0 0.0 89.5 84.2 5.3
JoOw 38.5 36.8 1.7 86.5 81.3 5.2
JaOw 39.0 37.0 2.0 88.1 85.4 2.7

Total 19.8 52.8
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APPENDIX C

DAILY WORKOUT SCHEDULE

Workout

1 Morning

Afternoon

2 Morning

Pretest 50-yard freestyle

Warmup 1 x 600
Pull 5 x 200 free H2 (1min.)
Swim 7 x 100 own (30 sec.)

1 x 800 free H2

Pretest 100-yard freestyle

Afternoon

3 Morning

Afternoon

4 Morning

Afternoon

Warmup
Kick
Swim

Warmup
Kick
Pull
Swim

Warmup
Kick
Pull
Swim

Warmup
Kick
Pull
Swim

Warmup
Kick
Swim

1 x 500
1 x 400
6 x 125
10 x 75
1 x 800

1 x 400
2 x 200
8 x 100
4 x 300

1 x 400
1 x 800
1 x 800
5 x 200

I.*M.
free H2
own (30
free H2

(1 min.)
sec.)

I.M. in reverse
I*M.
free H2 (30 sec.)
own H2 (1 min.)

free
I.*M.
free H2
own H2

1 x 500
1 x 200 any
6 x 200 free H2 (1 min.)
10 x 125 free H2 (every

2 min.)

1 x 500
1 x 400 I.M.
6 x 125 H2 (1 min.)
10 x 75 own (30 sec.)
1 x 800 free H2
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Day

5 Morning

Afternoon

6 Morning

Afternoon

7 Morning

Afternoon

8 Morning

Afternoon

9 Morning

Workout

Warmup
Kick
Pull
Swim

Warmup
Kick
Pull
Swim

Warmup
Kick
Swim

Warmup
Pull
Swim

Warmup
Pull
Swim

Warmup
Kick
Swim

Warmup
Kick
Pull
Swim

Warmup
Swim

Warmup
Kick
Pull
Swim

1 x 500
1 x 200 I.M.
1 x 400 free H2
Locomotive H2 25 to 150 to

25 quality work

1 x 400
5 x 200 I.M. (30 sec.)
20 x 50 H2 (30 sec.)
3 x 200 (every 3 min.)

1 x 800
1 x 200 I.M.
6 x 150 free H2 (30 sec.)
8 x 75 own H2 (every 1.5 min.)
Turns when finished

1 x 600
10 x 75 free H2 (30 sec.)
40 x 50 free (10 sec.) 1-20

reg., 21-40 H2

1 x 500
6 x 200 own H2 (30 sec.)
20 x 50 free 1-10 reg.,

11-20 H2 (30 sec.)

1 x 400 I.M. in reverse
1 x 500 free
10 x 200 I.M. H2 (30 sec.)
1 x 300 free

1 x 1000
1 x 200 I.M.
4 x 200 I.M. H2 (30 sec.)
3 x 400 free H2 (1 min.)

1 x 300
20 x 50 own (10 sec.)
30 x 50 free H2 (20 sec.)

1 x 600
1 x 400 I.M.
1 x 400 I.M. H2
10 x 125 back (30 sec.)
10 x 75 H2 (15 sec.)
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Day

Afternoon

10 Morning

Afternoon

11 Morning

Afternoon

12 Morning

Afternoon

13 Morning

Afternoon

Workout

Warmup
Swim

Warmup
Pull
Swim

Warmup
Kick
Swim

Warmup
Kick
Swim

Warmup
Pull
Swim

Warmup
Pull
Swim

Warmup
Kick
Swim

Warmup
Kick
Pull

Swim

Warmup
Swim

1 x 400
6 x 200 breast (1 min.)
8 x 300 free H2 (every

5 min.)

1 x 1000
10 x 50 fly H2 (30 sec.)
1 x 1000 all strokes

1 x 800
1 x 800 I.M.
10 x 100 free H2 (every 1.5

min.)
1 x 400 H2

1 x 400
1 x 400 I.M.
20 x 75 free (30 sec.) H3
Turns when finished

1
5
5
5

1

6
4

x
x

x

x

x

x

x

x

500
200
125
150

600
100
200
200

1 x 600
1 x 400
40 x 50

own H3 (30 sec.)
free (30 sec.)
free H3 (30 sec.)

H3 (30 sec.)
free (15 sec.)
I.M. H3

I *M.
H3 (15 sec.)

1 x 400 I.M. in reverse
1 x 400 I.M.
2 x 400 free H3 (every
7 min.)

5 x 100 own
5 x 100 free H3

1 x 500
3 x 100 fly (30 sec.)
3 x 100 back (30 sec.)
2 x 200 breast (1 min.)
10 x 100 free H3 (every

1.5 min.)
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Day

14 Morning

Afternoon

15 Morning

Afternoon

16 Morning

Afternoon

17 Morning

Afternoon

18 Morning

Afternoon

Workout

Warmup
Kick
Pull
Swim

Warmup
Swim

Warmup
Kick
Swim

Warmup
Pull

Warmup
Swim

Warmup
Kick
Pull
Swim

Warmup
Pull
Swim

Warmup
Kick
Swim

Warmup
Kick
Swim

Warmup

Pull

Swim

1 x 1000
1 x 200
2 x 400 free H3 (1 min.)
10 x 50 breast H3 (30 sec.)

1 x 600
20 x 100 free H3 (every
2 min.)

1 x 8 min. swim

1 x 300
1 x 1000 I.M.
20 x 50 free 13 (10 sec.)
1 x 8 min. swim

1 x 2000
20 x 75 free 113 (10 sec.)

1 x 1000
5 x 50 fly H3 (30 sec.)
6 x 100 free H3 (10 sec.)
1 x 400 own H3
1 x 600 free

1 x 200
1 x 200 I.M.
4 x 200 I.M. H3 (30 sec.)
10 x 100 free H3 (30 sec.)
10 x 50 free

1 x 500
5 x 200
20 x 50
20 x 50

free H3 (30 sec.)
own (10 sec.)
free H3 (15 sec.)

1 x 500
1 x 400 own
20 x 100 free H3 (45 sec.)

1 x 500
I x 100 I.M.
10 x 125 free (30 sec.)
10 x 150 free H3 (30 sec.)

1 x 500
10 x 50 free H3 (15 sec.)
20 x 25 fly H3 (10 sec.)
1 x 500 free
5 x 100 free H3 (10 sec.)
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Day

19 Morning

Afternoon

20 Morning

Afternoon

21 Morning

Afternoon

22 Morning

Afternoon

23 Morning

Afternoon

Workout

Warmup
Pull
Swim

Warmup
Kick
Swim

Warmup
Kick
Pull
Swim

Warmup
Swim

Warmup
Pull
Swim

Warmup
Pull
Swim

Warmup
Pull
Swim

Warmup
Pull
Swim

Warmup
Pull

Warmup
Pull

Swim

1 x 400
1 x 800
1 x 300
4 x 200
1 x 600

1 x 400
1 x 400
40 x 50

1 x 200
1 x 200
1 x 800
5 x 100
20 x 75

free H3
back
breast (30 sec.)
free H3

fly
free H3 (every min.)

I.M.
I.M. in reverse H3
free (10 sec.)
free H3 (15 sec.)

1 x 1000
1 x 500 free H3
2 x 200 back (30 sec.)
1 x 500 free H3
10 x 25 fly H3 (5 sec.)

1 x 1000
1 x 1500 free H3
10 x 50 free (every min.)

1 x 800
1 x 500 free H3
20 x 25 fly (10 sec.)
15 x 75 free H3 (15 sec.)

1 x 1000
20 x 100 free H3 (30 sec.)
1 x 400 free

1 x 600
30 x 50 free H3 (15 sec.)
10 x 75 own (30 sec.)
1 x 400 free H3

1 x 600
12 x 200 free H3 (every min.)

1 x 600
20 x 50 fly H3 (every 1.5
min.)

1 x 800 free
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Day

24 Morning

Afternoon

25 Morning

Afternoon

26 SAME AS 16

27 SAME AS 17

28 SAME AS 18

29 SAME AS 19

30 SAME AS 20

31 SAME AS 21

32 SAME AS 22

33 SAME AS 23

34 SAME AS 24

35 SAME AS 25

Workout

Warmup
Kick
Swim

Warmup
Kick
Swim

Warmup
Swim
Kick

Warmup
Swim

1 x 1000
1 x 500 own
10 x 50 free H3 (10 sec.)
10 x 100 own H3 (every

2 min.)

1 x 1000
1 x 400 free
30 x 50 free H3 (30 sec.)

lx

lx
lx

400
1500 free H3
500 own

1 x 400
3 x 500 free H3 (5 min.)

36 Morning

Afternoon

Warmup
Kick
Pull
Swim

Warmup
Kick
Pull
Swim

1 x 1500
1 x 200 I.M.
I x 200 I.M.
20 x 30 free
1 x 200 free

1 x 500
1 x 500
1 x 200
1 x 500
40 x 25

own
I.m*.
own
free

H4
H4 (15 sec.)
H4

H4

H4 (10 sec.)
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Day

37 Morning

Afternoon

38 Morning

Afternoon

39 Morning

Afternoon

40 Morning

Afternoon

41 SAME AS 36

42 SAME AS 37

43 SAME AS 38

44 SAME AS 39

45 SAME AS 40

Workout

Warmup
Kick
Swim

Warmup
Pull
Swim

Warmup
Kick
Pull
Swim

Warmup
Swim

Warmup
Pull
Swim

Warmup
Kick
Swim

Warmup
Pull
Kick
Swim

Warmup
Kick
Pull
Swim

1 x 1000
1 x 200 free
20 x 100 free H3 (every

1.5 min.)

1 x 500
1 x 300 free H3
40 x 50 free 1-20 regular,

21-40 113 (every min.)

1 x 1000
1 x 400 own
40 x 25 free H4 (10 sec.)
1 x 300 own

1 x 500
20 x 30 free
10 x 100 own

H4 (15 sec.)
(every 2 min.)

1 x 1000
1 x 500 free 113
40 x 30 free 1-20 regular,

21-40 H3 (15 sec.)

1 x 500
1 x 800 I.M.
20 x 100 free H3 (30 sec.)

1 x 1000
I x 200 I.M.
1 x 800 I.M.
20 x 30 free

1 x 500
1 x 500
40 x 25
30 x 50

own
free
free

H4

H4 (20 sec.)

H4 (10 sec.)
(20 sec.)
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Day

46 Morning

Afternoon

47 Morning

Afternoon

48 Morning

Afternoon

49 Morning

Afternoon

50 Morning

Workout

Warmup
Kick
Pull
Swim

Warmup
Swim

Warmup
Kick
Pull
Swim

Warmup
Swim

Warmup
Kick
Swim

Warmup
Pull
Swim

Warmup
Swim

Warmup
Kick
Pull
Swim

Warmup
Swim
Kick

1 x 500
1 x 500 free
5 x 200 free H3 (30 sec.)
10 x 100 free alternate

regular and H3 (30 sec.)

1 x 500
50 x 30 free alternate

series of tens H3 and
regular

1 x 300 free

1 x 500
5 x 50 own (10 sec.)
20 x 25 free H4 (10 sec.)
30 x 30 free H4 (15 sec.)

1 x 500
1 x 200 free H4
4 x 100 own
5 x 50 free H4 (5 sec.)
10 x 25 fly H4 (15 sec.)
1 x 300 free

1 x 500
1 x 800 I.M.
20 x 75 own H3 (15 sec.)
20 x 50 free H3 (10 sec.)

1 x 500
1 x 400 I.M. H3
1 x 400 back
15 x 75 free H3 (every

1.25 min.)

1 x 500
25 x 30 free H4 (15 sec.)
10 x 100 own (30 sec.)

1 x 500
1 x 200 I.M.
1 x 100 I.M. H4
40 x 30 free H4 (15 sec.)
5 x 75 free (20 sec.)

1 x 500
1 x 800 free H3
1 x 1000
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Day

Afternoon

51

52

Morning

Morning

Workout

Warmup 1 x 500
Kick 1 x 200 I.M.
Pull 20 x 50 free H3 (30 sec.)

10 x 100 free alternate
regular and H3

Posttest 50-yard freestyle

Posttest 100-yard freestyle

In this Appendix, work bouts and rest intervals are

indicated in the following manner: (1) 20 x 50 free indi-

cates 20 repeat swims of 50-yard swims; (2) (30 sec.) indi-

cates a rest interval of 30 seconds between each repeat;

(3) (Every 2 min.) indicates starting time of each repeat

to be two minutes after the start of the previous swim.
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