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Abstract

Swimming performance is a diverse activity combining energy, kinetic, motor control,
anthropometrics, and swimming strength. When discussing the demands of speed and endurance,
dry-land resistance training must be considered. The use of dry land training for swimmers has
received little to no attention in several Nigerian researches. Therefore, this study interest was to
examine the effects of a 6-week dry-land resistance training on swimming endurance and speed
of swimmers in Lead City International School Ibadan. Pretest-posttest control group
experimental research design using matched participants with a 2x2 factorial matrix was adopted
for this study. Fifty-two swimmers of Lead City International School were selected to take part
in the study. The participants were assigned into control group (26) and experimental group (26).
Experimental group were made to go through six weeks dry-land resistance training programme,
while the control group were made to undergo 20 minutes of benefits of exercise lesson for six
weeks. Data were collected before and after the intervention programme. Data was analyzed
using both descriptive and inferential statistics. The descriptive statistics used were frequency
count and percentages, while Analysis of Co-variance (ANCOVA) was the inferential statistics
used to determine the main as well as the interaction effects of the independent, dependent and
moderating variables. There was a significant main effect of treatment on swimming endurance
(F(1.49=102.087, p<0.05, n*=0.676) of swimmers in Lead City International School, Ibadan.
There was also a significant main effect of treatment on swimming speed (F(1,49=37.096, p<0.05,
n?=0.431) of Lead City International School swimmers, Ibadan. There was no significant main
effect of sex on swimming endurance. Resistance training on dry-land improved swimmers'
swimming abilities. Therefore, it was suggested that coaches be taught on the advantages of
adopting dry-land training to enhance swimming performance.

Keywords: Swimming Speed, Swimming Endurance, Dry-land training, Resistance training,
Swimming events

Word count: 256
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Chapter One

Introduction V
1.1 Background to the Study é/

Swimming is an individual or team sport that involves moving through water usi§ S

body.! The sport may be done in a pool or in open water such as sea or lake&vim g is
\

characterized by the repetition of a certain bodily action or swimming stroke &er o push the

i Xg style or crawl.

ing strokes. All main

body ahead.! There are several strokes, each of which defines a distinct

Front crawl, breaststroke, backstroke and butterfly are examples E%

body components, including the torso, arms, legs, hands, fegt& ad, move in a rhythmic and

synchronized manner throughout most strokes. 0

Endurance is one of the most import ments to be considered in a number of
competitive sport?. It is usually used in a omand anaerobic exercises because it is an essential
prerequisite for swimming perfor 3. Endurance is the ability to perform mechanical work
over a longer period of time h%shying the depletion of the energy supplies available in the
muscle cells®. The body gradually diminishes the effects of the residual substances accumulated
as a result of tissu@%t&lism, through the buffer systems and the mechanisms for the removal
of effort-ind@ tabolites®. The improvement of endurance is linked with an increase of the

number {ryochondria and the higher oxidative capacity of the muscles 3.

o

ngeed on the other hand is the distance travelled per unit of time. This is the rate at which
%l object is moving in an interval of time and this can be determined as the distance travelled by

O the object divided by the duration of the interval*. Swim speed is the rate at which a swimmer is

Q able
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to swim a given distance 4. Swimmers usually want to swim fast or swim more efficiently at \V
some point. To swim fast means completing a set distance in less time®. Swimming more Qg\
efficiently means completing a workout or a race distance in the same amount of time but @

lower energy cost. An increase in swimming speed requires a corresponding increz@ e

applied muscle force®. Swimming strokes necessitate different set of skills. The Wf ‘troke or
swimming event is one of the determinants of swimming performance. erally, swimming
performance can be influenced by the types of style adopted by the sv@g /In most cases, the

breast stroke and front crawl swimmers have shown improvedy | of performances when
compared to their counterparts in the other two strokes. \;0 been shown that differences

exist in the performance of the swimmers across the €our‘strokes in terms of techniques, energy

cost and stroke length’. For different levels ?ﬂ&tes (national level, international level), the

changes in the sex gap over time showed&t}\e sex-related differential in swimming speed was

bigger for freestyle than for brea e at race distances ranging from 50 m to 200 m for

national swimmers, but not @twnal swimmers’.

Swimming is a lovg-wt aerobic activity, which attract the participation of all category of
human being. QA a.s young as six months and adults in their seventy enjoy swimming
especially iloped countries. In some developing countries swimming is gaining currency
as swimnuag is included in many primary and post primary school curriculum and age group

a\

1

titions are organized as observed by the researcher '. Since the foundation of the first

O
Sodern Olympic Games in 1896, the sport of swimming has been a component of the Olympic
O events. There are 34 swimming events, with distances ranging from 50 to 10,000 meters, making
Q swimming one of the most well-liked Olympic sports. At the 2016 Rio Olympics, winning times
for Olympic gold medals ranged from 21.4 seconds for the 50-meter dash to 1 hour, 56 minutes,
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and 32.1 seconds for the 10,000-meter competition. Swimming is one of the most popular V
Olympic sports, with 34 events covering distances of 50 to 10,000 meters. Olympic gold medal Q/Q\
winning times ranged from 21.4 seconds for the 50-meter dash to 1 hour, 56 minutes, and 3@

seconds for the 10,000-meter competition at the 2016 Rio Olympics. A median time@ T

two minutes and 20 seconds is required for 26 of the 34 swimming events a,*(‘ymplcs

which are held over distances of 200 meters or less. Even though the of swimming

competitions are short-lived, swimmers' training regimens frequently i ggmﬁcant training
volumes, such as the total distance or duration completed each n, week or month, for
instance. This form of instruction is used regularly by s %ers of all ages and abilities.
Competitive swimmers also train far more regularly@ athletes in other cyclical sports like

running, rowing, cross-country skiing, and cyc 'ﬁlis is particularly true for young swimmers;

whose weekly mean swimming training @s range from 16 hours on average to 29 hours (or

110 km) on rare occasions.’ Q
In competitive swimrr%g goal is to complete the race as fast as possible. For that

purpose, an optimal in.terxuﬁn of several body components, such as energetic, kinematics,
kinetic, motor cefitrol, n:hropometrics, swimming strength and swimming power must occur'®,
Hence, in o obtain high-performance results in swimming, there is need to review the
training epts taking into consideration the parallel approach of all training elements '
@%ensity resistance training changes athletes’ physiological attributes in respect to aerobic

$wer and anaerobic capacity'?. It is further opined that high-intensity resistance training

O simultaneously increases athletes’ muscular endurance, hypertrophy, strength, and power!.
Q Resistance exercises and body weight movements can help athletes become stronger, more

flexible and better equipped to handle day-to-day feats of strength and athleticism that are often

17



overlooked'4. Resistance training is prescribed across a variety of sports and is shown to improve

swimming performance'*.
N3

<&

Dry-land resistance training is the activity done on land with the intended purp @
increasing strength, flexibility and overall physical mobility. This includes a number of different
movements and exercises ranging from beginner to advanced skill level. Som &eathat are
commonly performed include pushups, sit-ups, squats, etc. In well-train€d_ehdurance athletes,
dry-land resistance training can result in an improved capacity fi %ong- and short-term
endurance '°. Swimmers training need to include a wide rang istance training because they
require a good level of endurance whether they swim 1 istance or short. Power training as a
type of dry-land resistance training has the poten 'aléelop muscle strength under dynamic
conditions. The demand of dry-land resistan: a'%\g in addition to the aerobic and anaerobic
in-water training have the potential of 0@1 g physical requirements of swimming which in
turn influence the performance ', @rease in dry-land resistance training should translate to a

stronger and more effectiv@ ming skill performance'®. In this regard, similar dry-land

training exercises can irglpwforce generation needed for a push off in swimming'®.

The yeari Qexperience in swimming can be strongly correlated to the swimmer’s

performafice. higher the number of years spent by swimmers in practice and competition, the

gra&he level of achievement and the more comfortable they tend to be in the swimming pool.

@Ver, swimmers who have little training or competition experience tend to have less
s d

evelopment of the required swimming skills for optimum performance®. Therefore, this study
QO will examine the effects of a 6-week dry-land resistance training on swimming endurance and

speed of Lead City International School swimmers.

18



1.2 Statement of the Problem s

Swimming performance necessitates swimmers covering the event distancgsi theﬂuickest
time possible, with race results determined by fractions of a second.:'l\&c acity of the

swimmer to overcome the resistance of the water in an efficient QA
i0

start and turns can be related to variations in biomechanical, ph cal, and anthropometric

enerate successful

variables. Existing literature agrees that resistance training,i werful and effective technique

for improving swimming performance. 0

From the researcher's observations i «ﬁost recent inter-school friendly swimming

competitions, the Lead City Internatio \001 swimmers speeds in the first half of the

swimming races are fast, howev t@éed typically decreased in the middle of the events. As a
X

result, they sometimes faile@

observed that Lead City Ihfernational School Swimmers focused on the use of repetitive

edals at the conclusion of the swimming races. It was also

]
swimming in t &s their training method. The only land based activities engaged in during

training s @re light stretching before entering the pool which are not regular practices. The
rese chcgof the opinion that if the swimmers' speed and endurance could be improved, the

e that they will do better during competition is more likely. Previous studies focused more

%1 strength training as a way of improving swimming performance. Findings revealed that

O combining swimming and dry-land strength training improves performance in different events
Q more effectively than the swimming programme alone. On the other hand, previous studies paid

minimal or no attention to the use of dry land training for athletes in swimming. As a way of
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providing objective evidence as to the efficacy of dry-land training in enhancing performance in
swimming, this study interest is to examine the effects of a 6-week dry-land resistance training V

on swimming endurance and speed of swimmers in Lead City International School Ibadan, Oyo Q\

State, Nigeria. CQ/

1.3 Aim and Objectives of the Study é \

The aim of this study was to investigate the effects of a 6-week @emstance training

programme on swimming endurance and speed of swimmers in Q) International School,

Ibadan. The specific objectives for this study are to:

1. access the resting heart rate of swimmers @ and after six weeks in Lead City

International School, Ibadan é

2. determine the effect of a 6-week@and resistance training programme on swimming

endurance of swimmers i L ity International School, Ibadan

3. ascertain the eff t&ﬁ—week dry-land resistance training programme on swimming

speed of sw@rg in Lead City International School, Ibadan

4. exaz effects of a 6-week dry-land resistance training programme on swimming

teynce of the swimmers based on their sex.

O access the effects of a 6-week dry-land resistance training programme on swimming

i » speed of the swimmers based on their sex.

QO

6. determine the interaction effect of treatment and swimming endurance of the swimmers

20



7. determine the interaction effect of treatment and swimming speed of the swimmers in

Lead City International School. V

1.4 Research Question :\

The following research question was answered in this study.
1. What is the resting heart rate of swimmers before and @x weeks Dry-land resistance
training in Lead City International School, Ibadag?

1.5 Hypotheses

The following hypotheses were tested in @

1. There will be no signiﬁc@ain effect of treatment on swimming endurance of
swimmers in Lead % ternational School, Ibadan following a 6-week Dry-land

resistance training.

®
.
2. There wQe nd significant main effect of treatment on swimming speed of swimmers in
Lc;@lntemational School, Ibadan following a 6-week Dry-land resistance training.
h

A\

O Lead City International School, Ibadan following a 6-week Dry-land resistance training.

will be no significant main effect of sex on swimming endurance of swimmers in

O E 4. There will be no significant main effect of sex on swimming speed of the swimmers

Q following a 6-week Dry-land resistance training.
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5. There will be no interaction effect of treatment and sex on swimming endurance of the

swimmers following a 6-week Dry-land resistance training. V

6. There will be no interaction effect of treatment and sex on swimming speed of swimmers Qg\

in Lead City International School, Ibadan following a 6-week Dry-land resista

training. @

1.6 Significance of the Study 0%

Findings from this study will reveal the effec& s of dry-land resistance training programme
on in-water swimming endurance and sp the participants. The dry-land resistance training
programme utilized in this study serv€ as template which can be adopted by individual

swimmers, teachers and swim oaches for work-out to improve fitness and develop

attributes needed for enh c&ﬁformance by athletes in swimming competitions.

®
Athletes in inte | swimming competition usually put in a lot of time in the pool to achieve

minor impr s or marginal increases in their overall performance. An improvement in

perfo«sze})y 1% inside a competition (heats to finals) can make a swimmer to remain in

ntion for a medal. If a high-level competitive swimmer can reduce their total race time by
éore than 1% over the course of a year, they will be substantially more competitive in

O international events. This could be achieved using dry-land resistance training.

Q
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At the lower level of competitive swimming, athletes in educational institutions can benefit from

this research in the sense that there would be an improved chance of the schools winning medals V
in any swimming competition the school may partake in by incorporating dry-land resistance Qs
training to their training schedule. Finally, this research will provide objective information tto

will add to existing knowledge and serve as basis future research in the subject matter. E\

1.7 Scope of the Study { )|

This scope of this study focused on Dry-land resistance training as the iffdepcndent variable,
while Swimming endurance and Swimming speed were examined a@ ent variables. The

participants consisted 52 swimmers of Lead City International Sgchegl Ibadan. The swimmers

were divided into two groups of 26 participants each assi@ry-land resistance training

O

for experimental and benefits of exercise f&ltral group. The intervention programme was
conducted at the Lead City International @ sport field and swimming pool. Equipment such
as weighing scale, wrist watches@ ruler, sphygmomanometer and stopwatch were used.

Three (3) trained research a@ s were involved in the conduct of the study which lasted six

weeks. \/

[ J
®

1.8 Limitation Qne Study

There arQey cases of inconsistencies in training attendance by some participants as a result of
imstability in lecture time table and other commitments that sometimes kept them on and off the
Q)l since they are not camped. Also the researcher did not have adequate control over the diet
O of the participants since they were not camp for the study.
Q In addition, the researcher did not have total control over activities of participants on days of the

week when there was no training
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1.8 Operational Definition of Terms

Swimming: It is an individual or team racing sport that will require a participant to use one’s V

entire body to move through water. Q%

Swimming Endurance: The ability of the swimmer to keep exerting force against a resistanc§<9

Swimming Speed: The time the participant will use to cover a distance in water ov@ort

period of time. d \
1

Dry-land resistance Training: These are activities done on land wit ended purpose of
increasing strength, flexibility and overall physical mobility usinQ% g ropes, medicine ball

and exercise mat.

Swimming Strokes: These are the different swimmirig styles (Front crawl, Backstroke, Butterfly

and Breast stroke) that are employed in the cc@noving the body through water.

Resistance Training: It involves the pe@nce of physical exercises which are designed to

improve strength and endurance ef @rticipant.

Benefits of Exercise Le@ involves discussing on how the participant will develop and

maintain a healthy b y’ o

Resting he@gz This involves measuring the number of times the heart of the participant

beats<e iniite at rest.
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Q Chapter Two
v ew of Related Literature

'
The related literguMearch was reviewed under the following headings:

2.1 e ;l Studies

§ Concept of Swimming

&(J 2.1.2 Historical Overview of General Swimming Assessment Methods

2.1.3 Physiological responses to exercise in swimmers using dry-land

S 2.1.4 Training the Youth Athlete

QO

2.1.5 Youth Development Model
2.1.6 Historical overview of Exercise testing
2.1.7 Swimming Endurance and Speed
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2.2.1 Theory of Training Adaptation V

23 Review of Empirical Studies Qs

2.3.1 The Physiological Demands of Swimming

2.3.2  The Biomechanical Demands of Swimming §\
ments® and
\

2.3.3 Relationship Between Dry-Land Strength/Power Asseis

Swimming Performance
2.3.4 Effects of Strength Training On Swimming Per%éa\
2.3.5 Challenges to Health and Well-Being for t @ Athlete
24 Conceptual Model/Framework \&
2.5  Summary of Gap in Literature 0%

Endnotes !
2.1 Conceptual Studies ()

2.1.1. Introduction to Swimmi

Swimming is a sport or \ti%/m which participants use their limbs to move through water.

Swimming is a sp%at.mvolves competition and is seen as a beneficial form of exercise for

individuals (Qges and fitness levels. The sport may be done in a pool or in open water (e.g.,

In a sea‘or

ba&ke, breaststroke, freestyle, and individual medley events'. Four swimmers can compete

. Swimming is one of the most popular Olympic sports, featuring butterfly,

s er a freestyle or medley relay in addition to these solo events. A medley relay is made up

O of four swimmers who each swim a different stroke, which are backstroke, breaststroke, butterfly,

Q

and freestyle in that sequence.
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Swimming is one of the most well-liked sports, both competitively and recreationally,
with a variety of distance events in breaststroke, front crawl, backstroke, breakfast stroke, free V
style, and individual medley. The body must be moved through water using the arm and legs in ®
this individual and team activity. It involves a person moving by themselves through fresh or ng

water typically for enjoyment, sport, exercise, or survival. Location is achieved @

coordinated movement of the body, the limbs, or both. It must be acknowledged that excellent

performance is crucial in competitive swimming?* \&

Swimmers must cover the event distance in the shortest amou timte possible because
the outcome of a race might ultimately be determined by fracti %?a second in swimming
competition. Success can be attributed to differences in“pody mechanics, physiology, and
anthropometric factors, as well as a swimmer's ability to‘sepeatedly overcome the resistance of

the water and produce effective starts and Swimmers are frequently referred to as

overheated (}

athletes because they fre ue&ysustain similar injuries. However, swimming is very different
from other sports d ?o.training in a prone position and the use of both arms and legs for
propulsion, witl@% of the propelling force coming from the upper extremities’. Another key
differen n swimming and land-based sports is that swimming does not include ground
co&Land—based sports use the ground as a point of reference for movement. Swimmers must

ore use their core as the pivot point of movement, reinforcing the requirement that they
s h

O ave a strong core in order to succeed in the sport.

Q Power training has the potential to increase muscular strength under dynamic

circumstances. Power is the capacity to perform movements at a fast rate of speed or the capacity
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to use a lot of strength in a short period of time. More than forty years ago, Hill first outlined the

connection between the force, strength, and speed of muscle contraction (1938-2021). Swimming

performance is a multi-factor phenomenon that takes into account energy, kinetic, hydrodynamic, Q\

anthropometric, and strength characteristics*. Strength and speed are key elements determini
swimmer performance. Both scientists and coaches concur that training exercises should i \e
both land and water. Swimming strength and endurance training is done both on land am%‘,he
water. It has been demonstrated that combining endurance and strength téﬂl&bits the
growth of strength and power. One of the most crucial characteristics Lal e is mechanical
strength, which has a significant impact on both the speed at whi ovements are carried out
and the activities that call for both strength and skill. &

Swimming is a weightless, cyclical sport in@ﬁ E1ndividuals or teams of swimmers
compete against one another over a range of 'fé&s and swimming strokes. Cycling, rowing,

jogging, kayaking, and other repetitive m<1N0rts are examples of motor activities defined as

QO

cyclical °. One of the onl s;%vzere competitors regularly compete in a variety of events with

varying distances zwq{e techniques is swimming.

At t ah level, where swimmers routinely prepare to compete in a number of
tournaments in order to increase their range of competing options, this is particularly obvious. As
Q er who was trained from a young age to compete in a variety of events, Michael Phels is

od example. This gave him an advantage, and he went on to become the most successful

O Olympian of all time, winning 28 Olympic medals, including 23 gold, in the 100-, 200-, and 400-

meter races using four different swimming strokes. Freestyle, backstroke, butterfly, and

breaststroke are the four swimming strokes. Other medley events require a swimmer to compete
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using all four strokes simultaneously. Sprint (50 and 100 meters), intermediate (200 and 400

meters), and long (800, 1,500, and 10,000 meters) distance classifications are frequently used to V
categorize the races ® The three primary components of most swimming competitions are the Qs
start from the blocks, the turn off the wall, and the actual swim, with different techni

standards for each stroke technique. Due to the wide diversity of swimming stroke tech 'N,

event distances, and individual components, swimming is a complicated and cha engﬁor‘[

from a physical, technical, and tactical standpoint. Table 2.1 summarizes the m{@al winning

times for each of the 34 swimming competitions at the 2016 Summer O Rio.

Table 2.1 Olympic gold m&/k:ing percentages from Rio 2016 (Rio: Swimming 2016)

04/.

AN
Event ° Distance Male Female
®
AN
Freestyle 50m 21.40 24.07
100 m 47.58 52.70
200 m 1:44.65 1:53.73
400 m 3:41.55 3:56.46
800m - 14:34.57 8:04.79

31



1500 m 1:52:59.8 e

1:56:32.1
10,000 m \?“

Backstroke 100 m 51.97 58.45 <$
200 m 1:53.62 2:05.& \
7

Breaststroke 100 m 57.13 1:04.93

200 m 2:07.46 2:20.30

Butterfly 100 m 50.390§ ' 55.48

200 m A,%?ﬁ 2:04.85
AN
Individual Medley 200 m 1:54.66 2:06.58
400 m 4:06.05 4:26.36
Freestyle Relay ‘W m 3:09.928 3:30.65¢

.
. 7:43.03¢
Q 4 x200 m 7:00.66°

Medley Relay 4 x 100 m 3:27.95¢ 3:53.13f

ndividual 100 m freestyle relay 9Individual 100 m freestyle relay times of
\S es of 46.97 — 51.97 — 53.41 ¢Individual times for the 200

m freestyle relay ranged from 1:53.74 to
48.10 ’Individual 200 m freestyle

Q 1:56.69. fIndividual times for the 100 m
relay times of 1:44.14 —
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1:46.03 “100-meter medley relay medley relay ranged from 52.43 to 1:05.70.

timings ranged from 46.74 to 59.03.

However, it can be anticipated that these times would be significantly lower at your level. s\

Al !
1. Water-based methods c \
There has been a plethora of methods that have be Qt/o:ssess swimmers. The

"*§
earliest methods focused upon assessments carried out in t tét? Such assessments were first

2.1.2 Historical Overview of General Swimming Assessment Methods

initiated in the late 19th century, when swimming was ished as a sport by inclusion in the

first Olympic Games of 1896. The need for*mmmg assessments arose from increased
competition in these Games and also in lo &nce swimming events, such as swimming the
English Channel 7. The first reporte wzQed assessment method used towing of an active
swimmer behind a boat and @ed the forces generated during swimming using a
dynamometer. ® In later stl%, active towing was used to measure water resistance during

swimming. These st{nes employed the
°

Q
9

nt equipment, such as a resistograph °, a modified resistograph '°. Another water-

assessment method included the measurement of speed fluctuations during swimming.

%ﬁis involved the use of a system of cables and pulleys'!. The forces generated during swimming

O have also been assessed.
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This method used a system of weights arranged vertically on a stationary platform !' or a
platform moving at constant speed alongside the swimmer in a circular pool '!" Furthermore, the V

eviation between extreme velocities during swimming has been assessed using a linear Q\

accelerometer '!. C Q/

In the 1980s, a group of Dutch researchers developed the measuring active drag syste -
system !2). This technique involved the swimmer pushing pads that were fixed u@lawater to
drive themselves ahead. A load cell monitored the pushing forces used &&wimmer. The
active drag was then calculated using the premise that the mean pro@%orcethat is, the
force used to push the pad—exercised by the swimmer was e% mean drag experienced

while swimming, under the presumption that the swimmeg's\swimming velocity during the

measurement was constant. Due to its methodologic@t tions, the drag estimation utilizing

the MAD-system can only be used for front cr. imming without leg movements.

As a result, this method cannot @d to estimate the active drag that the swimmer
experiences while swimming with @entire body. The fact that swimmers alter their velocity
differently than actual swing/ onditions is another issue with the MAD-system. The product
of stroke frequency and. 1%‘8 is used to compute swimming velocity. In contrast to reality, the
MAD-system CQUO a;sumes that the swimmer's stroke length is constant and that the only
factor aff601mming velocity is the frequency of the strokes. On the other hand, another
twK(J

O
S
O approaches can be used to measure the drag in different swimming strokes. However, they can

Q only assess the drag during trials of maximum exertion.
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These three systems have primarily been used to evaluate the drag experienced by

swimmers, and the MAD-system is the only one that is able to evaluate active drag at various

velocities among the three 12 13, Q\
2. Dry-land methods \(9%

In addition to water-based assessment methods, there have been methods whi
used determinations in the laboratory. Swimmers have been assessed in the lab ﬂus)ng arm-
cranking and cycling and also ergometry which attempts to replicate the T rawl swimming
action (swim bench). The swim bench was developed in the late be used in dry-land
strength training of swimmers ' It comprises a dry-land exer Q/

fulfil swimming specifications, such as accommodating %e and to replicate the arm stroke
N

characteristics of swimming. Later, the swim berx o used in physiological assessment of
m

as specially designed to

swimmers 5. This was due to its ability to & nt the difficulties arising from waterbased
testing. One of the difficulties associated Withymeasurements of oxygen uptake during swimming
is related to the use of gas collec pparatus. This involves the use of a mouthpiece with
headgear, which may incr% ag, thereby retarding swimming motion. In addition, the
mouthpiece itself has lgewown to offer resistance to breathing '®. More importantly, this

®
arrangement po safety risk, as apart from the inconvenience it causes to the swimmer, there

is possibil'tater inhalation. Indeed, it was shown that it is possible to measure oxygen
0!:13411

upta mers at increasing intensities of exercise using the swim bench 7. Moreover, the

unity to quantify exercise intensity as power output has provided opportunities for novel

O%

Q assessment methods for swimmers. This has not been possible previously through use of any

other type of swimming ergometry.
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The most commonly used swimming assessment methods

A detailed description of the four most commonly used swimming assessment methods is given \V
in the following section, with particular focus upon the respective ergometers. Swimming. Qg\
assessment methods can be classified into two main categories: a) water-based methods that @

tethered swimming, measurement of active drag and flume swimming and b) dry-land@ S

that use swim bench exercise. \

1. Tethered Swimming CO\

u :ct remains stationary

of a belt worn around the

Tethered swimming is the form of swimming exercise where
whilst attached or 'tethered' to a cable and pulley system V
waist '8, The amount of weight attached to the cable“¢ah,be increased periodically, thereby
forcing the swimmer to exert more effort to maﬁ% his/her position, whereas the force exerted
by the swimmer must be sufficient to maiftain ‘the pulley at a given height. Alterations in the
original design of the stationary pl orgtethered swimming led to the development of a
moving platform. This system 1 @'semi—tethered’ swimming, as the swimmer is no longer
stationary. In this system em%yys are attached to the platform, which in turn connects with the
subject. The platfo c&n.be positioned either in front of the swimmer moving at constant speed

9

or behind the \Qner being pulled along the pool side by the swimmer. Further improvements
Qered swimming led to the development of 'swimming power output system' '°.

in the us< 0

Wb&sing this system the swimmer is tethered to a cable, which is connected to a computer.

@e of specialised software, the forces that the swimmer generates while swimming can be
s c

O onverted to power
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output. A diagramatic representation of the 'swimming power system' is presented 2°. Tethered

swimming is a useful method as it can be used to measure the forces genera ted during V

swimming and also to assess propulsive power. Q\

@,

Kg

\\
g<ﬂ4 system of cables and pulleys and the way the

Figure 1: Tethered swimming showin
swimmer is 'tethered' to th b Redrawn from 2'), Exercise Physiology: Energy,

Nutrition and Human PT\fo%ance, p. 191.
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Moving platform

e —w C

e ma

——ree
V = constant

S{x’
Figure 2: Semi-tethered swimmmg showing the platforlq&g at constant velocity
alongside the swimmer and the different arrangement o \system of cables and pulleys.

Redrawn from 22 Energetics of swimming in man, Journal of Applied Physiology, 237: 1.

Although tethered swimming is a useful to '%ssment of swimmers in the water, its use
presents limitations that are mostly assoc@ith the stationary position of the swimmer in the
water. It has been suggested that d@tethered swimming the movements of the arms and the
legs through the water diffe% free swimming. Also, swimming speed and drag are minimal
231t has also been posguwhat the swimmers' technique during tethered swimming is not at
all similar to t gin. free swimming. Furthermore, tethered swimming measurements can

only prov:’i@mation on propulsive forces generated by the whole-body of the swimmer. In

addition,

at the same given swimming speed.

i€ difficult to use tethered swimming to assess the separate responses to arm or leg
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2. The MAD system

The MAD system has a similar structure to that of tethered swimming. This system was specially V
designed to measure active drag during front crawl swimming 4. It comprises a system of fixed Qg\

push-off pads mounted 1.35 m apart on two 23-metre horizontal rods, which are placed 1.25@

parallel to each other. $\

This arrangement enables the swimmer to swim in both directions using the sy &e\rods are
tied at each pool end and are fixed at 0.8 m below the water surface. At t@of the pool, one

of the rods is connected to a force transducer linked to an on-% uter using a 12-bit

analogue-to-digital converter that operates at a frequency of @
force that the swimmer generates during the push-off a f %be measured at each pad. Whilst

swimming front crawl, the swimmer places alt*rr%a‘l nds on the pads and performs the
d

swimming action, thereby pushing on the pa&

is enabled the propelling

oving forward. It has been suggested that,
at a constant velocity of swimming, the@ e propulsive force will be equal to the average

drag force 3. Q

Z.

Calibration

Pump

1] R r—
IS

04/.




Figure 3. The MAD- system showing the system of fixed push-off pads, the horizontal rods \?*

and the way these are fixed onto the pool end and under the water surface. Qg\

The MAD system is a useful innovation as it provides an alternative method for me \@
propulsive power during front crawl swimming, but its use has certain disadvantages.'@ne of
these disadvantages is associated with possible alterations in swimming tec &v&ﬂch are
made so that the arm-stroking pattern coincides with the fixed positio ox push-off pads.
Another disadvantage is that the current arrangement of the %ystem allows only
measurement of active drag of the arm-pulling and not the {%{ing front crawl action. The
amount of active drag generated by leg-kicking has %Hectly estimated by measuring
whole-body and arms-only active drag and sub actbhe latter from the former 2°. These
findings suggested that active drag during 16@ accounts for approximately 11% of whole-
body propulsion. However, the active@ry of the leg-kicking action during front crawl
swimming was not measured direc@i therefore, these findings must be viewed with caution.

The contribution that the le% g component of front crawl swimming makes to the overall

physiology of Swimmin.gwbe further investigated before definitive conclusions can be made.
®

3. The SwimleT lume

The swiQniJg flume allows swimmers to simulate closely their 'pool' swimming strokes.

ise termed the swimming treadmill (Figure 4; 7), it consists of a tank where water can be

Qated at varying set flow rates. Sometimes, it is surrounded by an environmental chamber,

O which controls atmospheric pressure and other environmental conditions during swimming. It

Q operates by propeller pumps that circulate water past the swimmer, who attempts to maintain
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body position in the flume. The pump circulation can be increased or decreased to vary the speed

a QI@V

which the swimmer must swim. The swimming treadmill has been used to assess physiogoxb

measures and biomedical aspects during swimming as it is possible to simulateNactual

performance conditions when using this equipment 2%, é \
\

VV
®
Figure 4: The swi@lgﬂume showing the tank, the propeller pump and the anticlockwise
flow of wateoq
The Wi&;ﬁ

ing flume is considered to be the most successful technical innovation in the

&hg world, as it provides the ideal environment for physiological measurements of

%wimmers during swimming °.

QO

However, this sophisticated assessment system can only assess physiological measures in

relation to swimming speed. It is not possible to measure propulsive power, or indeed, any kind
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of power output measure from the exercising limbs of the swimmer. The swimming flume is an
elaborate method of testing physiological characteristics of swimmers during swimming. The V

main advantage of this method is that the test environment is identical to the swimmer's training ®

environment. Another advantage is that it allows standardisation of procedures, espec% of
those referring to swimming speed, which results in increased accuracy an(& ch)ility of

measurements. Swimmingspeed can be easily manipulated either to remai@ant throughout a

set distance or to increase gradually. This allows determination of ghy$ioldgical measures such

as maximum oxygen uptake °. \A

The main disadvantage of using the swimming flu the high cost of installation and
maintenance of this equipment. Contrary to its m&alent for runners (treadmill), the swimming
flume requires spacious facilities for its i wa ion and specialised personnel for its operation
and maintenance. In most cases, res leitutions are unable to utilise the required space or
finances to maintain such ex Qquipment within their facilities. Other disadvantages
include the quantity of energy®lost in turbulence and the fact, that the amount of work performed
is measured only in e’d.irection of progression 3!. Also, in water-based assessments using the

swimming ﬂqu is not possible to elucidate the contribution that leg-kicking makes to the

overall (y) ical responses to swimming whilst the arms and the legs are exercised

sir&leously.
é: te Swim Bench

O The swim bench is a dry-land ergometer which was initially developed as a training device to be
3 used in strength training of swimmers, but later was also used in physiological assessment of

swimmers 3% 33, In the late 1970s, the swim bench incorporated the structure of an early
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swimming machine which was designed back in 1857 by Lambert Cowell to be used in teaching
of swimming strokes **. It consists of a bench for the swimmer to lic on and a pulley system V
which offers semi-accommodating resistance. It is also equipped with a speed-controlling ®

mechanism that accelerates to a set constant velocity. This acceleration is possible throughout B

full range of motion. The %\
3
swimmer pulls on pulley-ropes and the resistance elicited from the a@ 1s designed to
match the resistance experienced during actual swimming at any/gi oint in the range of
motion of the muscle group’s being exercised. This resistance, %ed by a shunted generator'
and is electromagnetic, not frictional. A built-in ele @read-out unit records the force
produced and the distance by which the pulley-rope 1 ended, thus enabling the mechanical
work performed to be measured *> The analoéut on the 'biokinetic' (Biokinetics is a trade

mark of Isokinetics, Inc.) swim bench dn@s] igh-speed chart recorder to produce permanent

record of stoke and force character@ A diagram of the 'biokinetic' Swim bench is shown in

¥
NG

Hand paddle

Power output
read-out unit
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Figure 5: The 'biokinetic' swim bench showing the pulley system, the hand paddles, the

analogue power output recorder and the connection to the electronic unit.) v

Recent developments in swim bench structure (H. and M. Engineering, Gwent, Wales, UK) have Q/Q\
added a transducer unit with an interfaced microprocessor. This new swim bench design ha
allowed physiological measures, such as oxygen uptake (V02) to be related to giV@ r
outputs *%. Resistance to the application of tension is such that the pull-rope pay%a‘/elocity,

which ranges up to a pre-set maximum. This has termed maximal pull Ve!O'\t%' he resistance

unit offers %
&
N
seven settings (range: 0-6) of maximum pull velocit ontinuous scale. Being computer-
interfaced, this 'advanced' swim bench offers th%ortunity to assess power output at different
exercise intensities 7. This has been ssible using a specially designed computer
Programme (HK. Smith, University mand). This program receives the numerical data
from the interface unit and convv o a power output reading displayed on screen of an IBM
compatible computer, W@swimmer is exercising. They are secured to the bench by a

suitably mounted sgﬂrgund the torso to restrain movement of the lower body when exercising

the arms. The the subject is exercising on the interfaced swim bench is shown in Figure 2.6.

&(/

O
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Resistance
unit

Interface
unit

N
Figure 6: The 'advanced' swim bench show&%h esistance and interface units

There have been many reasons for whigde use of the swim bench in strength training of

swimmers has been advocatec$ rch findings have indicated that high-speed strength
training Q/

. v
on the sw:'h significantly increases the strength of swimmers and improves swimming

¢1t has been documented that, although it cannot duplicate the arm and hand actions

te in the water, nevertheless the swim bench allows the swimmer to incorporate (in one

Sotion most of the muscle groups and the mechanics required during swimming. Also, the

QO

resistance the swim bench offers provides an effective training overload that can increase muscle

strength specific to swimming 3s. Such research set the basis for a series of measurements to

45
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monitor improvements in performance when using the swim bench as a training aid (for the

improvement of strength. V

Similarly, there have also been reasons for which the use of the swim bench in swimming Qg\
research has been favoured. First, the measurement of power output isone of the main advanta@
of the swim bench °. This is potentially useful in physiological assessment of swimme@ e
same reasons as have been previously demonstrated in assessments involving the use\of cycle
ergometry for cyclists 4. There have been studies that have assessed u p( d lower limb
external power output using arm-cranking and cycling ergomet %Jy enhancing the
understanding of the role of power in swimming, but these types eters have been shown
to have poor specificity with swimming. Some wate % investigations have assessed
propulsive power and for, but these findings can compared to power output of the
exercising limbs. In addition, the design of s 'ﬂ&enches with electromagnetic resistance has

facilitated the measurement of muscul Ner in a pulling action similar to that of free

swimming. Such measurements ca@e performed using water-based swimming ergometry.

Another obvious cri%& has been that the swim bench is used solely to assess the
responses to arm-pulling e\x&ﬁse. It has not been possible to assess the responses to leg-kicking

®
using this equipment. Ta many instances the use of the swim bench, and indeed, the assessment

of upper bionses to exercise in swimmers, has been justified on the basis of the perceived

contubutionsOf the arms and legs to the overall physiological responses to swimming. It has been
usly suggested that leg action contributes very little to overall propulsion in front crawl
%pproximately 11%; However, there is a need to assess the physiological responses to leg-
O kicking using direct measurements. Indeed, recently efforts have been made to address this

Q problem, although new developments are only in their early stages 4!
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2.1.3 Physiological responses to exercise in swimmers using dry-land

Apart from the aforementioned water-based methods; there have also been dry-land \V
methods in assessment of physiological characteristics of swimmers. One of these methods has Qg\
involved the use of the swim bench. Studies that' have employed swim bench testing h@
included determinations of cardiopulmonary responses to exercise adaptations to train@ng

surgical tubing 42

anaerobic power and also ergometric analysis of age grg«sv‘immers.
Furthermore, swim bench measurements have been compared with measu w of swimming
performance. These studies have related physiological variables to @stance swimming
perfoimance, and arm power to sprint swimming performanceg. 0, oxygen uptake and
bioenergetic characteristics from swim bench and waterbase &ng have been compared. Swim
bench measurements have also been compared with tethe nd flume swimming measurements.

These studies have investigated the relationshi “&veen tethered and swim bench V02max .

Other studies have compared critical s;qi} measured using flume swimming with critical

power as measured during swim be@ercise.
Y
.

EO The usefulness of swim bench measurements has also been evaluated in relation to

O training. These studies have determined the effects of swim bench training, intense swimming

Q

training, arm training and training using hand-paddle. Swimbench measurements have allowed

quantification of arm power output in relation to exercise intensity **. However, the design of the
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swim bench has not allowed measurement of leg-kicking power output and thus, swim bench

findings can only have implications for the training of the arms in swimming. V

Establishing Training Zones Qg\

One of the most important training components in the sport of swimming is the b
training volume within a program that can be divided into various training intensities of\zones.
The creation of training zones assists in the successful planning of training pro &y\ssuring
regular exposure to a variety of training stressors and monitoring for n a\ effects, such as

overtraining. The majority of national and international governing Q@%ﬁons have developed
ar

some sort of training zone model for coaches based on sugg

the maximum and range of typical blood lactate c:n%ions. A design of a five-zone

paradigm that is often used in an Irish swimming csnte is' detailed below in Table 2.2.

rate ranges in relation to

Table 2.2: A popular five-zone trainin & used in Irish swimming (Sweetenham and

RN,

Training  Description Qy\ HR BLa RPE
\/ (mM)

Atkinson, 2003)

Zone

° (bbm)
.
AN
Zone 1 Aerobic Low Intensity (i.e. Base >50 <2 <9
conditioning and technical training)
\) Aerobic  Maintenance/Development (i.e. 40-50 2-4 10 —
Base aerobic training) 12

Zone 2 Anaerobic Threshold (i.e. Training at 20-30 3-6 14 -
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maximal lactate steady state) 15

Zone 3 Aerobic  Overload (i.e. High-intensity 5-20 6-12 17 - %E

training at VOomax. Includes heart rate and 19

critical velocity training) i

Zone 4 Lactate Production (i.e. Race pace training) 5-15 8-15 17 -

Lactate Production/Tolerance (i.e.

High<g
intensity exercise with moderate rest) 0

L
Zone 5 Sprinting — ATP-PC (i.e. High intensity training of n/a n/a

030  12-20 19 -
N

20

n/a short duration with long rest intervals)

N¢
©

%bbreviations: HR (bbm), heart rate measured in beats below maximal; BLa, blood lactate

O concentration; RPE, rating of perceived exertion (6 — 20 scale)

Q
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QO

However, general training zone recommendations like Table 2.2 do not account for individual

differences in the relationship between heart rate and blood lactate responses or activity-specific

variations in the body's reaction to exercise. Many of the lines dividing each training zone are %\i

also not well defined in the underlying physical events *. For instance, in Table 2.3, B

distinction between zones 3 and 4 is purely based on heart rate and blood lactate levels. U$Xg
odel (see

)\

the first and second ventilatory turn points, new research has created a three-zone m
usls shown to

Figure 7). The aerobic (LT1) and anaerobic (LT2) thresholds were pr&

correspond to the first (VT1) and second venous turn points (VT2), &i%e e established in

investigations utilizing breath-by-breath gas exchange measure . As seen in Figure 7, a
three-zone model has an advantage over a five-zone model j e ventilation measurements
give rise to two distinct physiological events that are@ 1stinguish in a lab setting. Zones

for low-intensity training (Zone 1), moderate-intensity training (Zone 2), and high-intensity

training (Zone 3) can be \&

&
v

N

Ko
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separated out  of the  three zones model.

MLSS
50% T, T, 100% V

"u'rD? A vT 1 V-I:: VD‘-I S &

Zone 1 Zone 2 | Zone 3

[La’] blood

L§<,Q‘

Figure 7: — A three-zone training design propn@§“6. Abbreviations: Blood lactate

concentration, La-; maximum oxygen up V O2max; ventricular threshold, LT;

maximum lactate steady state. (}

Quantifying and Prescribing Tr@ Zones

Exercise Intensity

It takes a mix of teelnigues to accurately qualify and prescribe each training zone,
including blood lactate concytration, percentage of maximum heart rate or VO2max, and rating
°
of perceived GXQ%PE). Due to the drawbacks of depending solely on one measure, this is
the case individual variations in heart rate or blood lactate concentration). Continuous
.

tra& hat is performed below VT1 and LT1 or at stable blood lactate concentrations of less

mM is referred to as low-intensity training, or LIT, sometimes known as "zone 1 training.

i During LIT, the average heart rate is 80% of the maximum heart rate. Perceived exertion

QO

ratings for LIT sessions have been recommended to be between 4 and 13 on the Borg scale of 1

to 10, and between
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6 and 20 on the Borg scale. A low-intensity, high-volume (HVT) training program is one in \V
which low-intensity training is regularly carried out in high volumes #7. MIT, also referred to as Q/Q\
"zone 2" training, is defined as exercise performed between VT1 and VT2, LT1 and LT2, on@

blood lactate concentrations of 2 to 4 mM. While RPE values of 5 to 6 have been reco@ed

for the Berg 1 to 10 scale and 14 to 16 for the Berg 6 to 20 scale, heart rates for bm)a‘icipants

normally range between 80 and 87% of HRmax. Modulated-intensity tra% ich is usually

done in a continuous or intermittent training manner, is frequently kn threshold training

program*, A
Exercise that results in blood lactate concentratiz%r\e 4 mM or above VT2 and LT2

is referred to as high-intensity training (HIT), also &no s "zone 3" training. This is frequently
done in the form of numerous short bursts «ﬁy (less than 45 seconds) to long bursts of
exercise (between two and four minute@e spersed by active or passive rest intervals. The
recovery times are frequently dete@l by fixed work-to-recovery ratios (such as 1:1, 1:2, or
2:1) or by a fixed threshol% e heart rate's return to maximum. Heart rate values that are
typically used to descri.bMIT range are > 87% of HRmax (Seler 2010). While projected
RPE values of f:)r the Borg 1-10 scale and approximately 17 for the Borg 9-20 scale.

High-inte:s@inmg is usually carried out in fewer volumes than other training zones due to

the gelate

g program®.

ysiological effort, and is frequently referred to as a low-volume high-intensity
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Applications and Adaptations of each Training Zone \?*

Low-Intensity Training
It is well knowledge that elite and well-trained athletes’ complete substantial quantiti@
of their

during the training season's preparation and performance stages. Between 70 and494%

training is completed as LIT in circular activities like rowing, cycling, cro &ntry s\kiing, 30
and running. It has been found that advanced swimmers perform 80% r training as LIT, 51
which is consistent with the advice given to swim coaches for b % and senior swimmers
in all competitions. Alexander Popov, the double Olym '&n r in the 50 and 100-meter
freestyle, was really said to have exercised for at lez@é every day for the whole season
while participating in sprint events that lasted 50 seconds. LIT causes a variety of training
adaptations that are diverse in nature N&leaﬂy affect the body's physiological and
neuromuscular systems. Among th@&ic adaptations brought on by LIT are increases in

blood and plasma volume, car ut, muscle and cerebral blood flow, changes in muscle

capillary density, and r&&y‘rial volumeThese physiological changes result in increased
oxygen delivery to t Tngsc e during exercise as well as increased oxygen consumption by the
muscle. Thesi Qsiological adaptations may not occur to the same extent in well-trained

athletes, @

acl&nd untrained individuals®?. Despite this, several LIT-induced performance changes,

he fact that many of these adaptations have only been seen in recreationally

@ﬂng as elevated VO2max, enhanced exercise economy, elevated velocities at LT1 and LT2,
s a

nd more, are routinely seen in well-trained athletes. These changes in performance are caused
QO by increased muscular activity and oxygen delivery, which both increase efficiency and physical

work capacity, both of which should directly affect performance™.
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Incorporating LIT into the training regimens of sports like swimming has a variety of practical \V
applications in addition to the physiological and performance adaptations to LIT. LIT has been Q/Q\
demonstrated to speed up recovery from HIT, increase glucose absorption, enhance b@
composition, and get the muscles and bones ready for more strenuous exercise, accon@ a

review article by 4. The proposed mechanisms behind LIT improving recov%e\that the

increases to muscle capillarization provided by LIT may help to improve tE& ry of oxygen

to working muscles and thus increase the removal of metabolic by-pr is is an important
consideration to make if recovery before and after HIT sessions ‘or petltlons is to be given
priority, especially in sports like swimming where athlete ically compete in a variety of
events over the course of multiple days. In order t@u age this, swimming coaches have
previously emphasized the significance of in the healing process. Improving body
composition is an important component t@previously been mentioned > Swimmers' ability
to drag through the water is im d by maintaining a clean body profile (see 2.3 The
biological demands of swixqi?ﬂg

muscular network in théNbrain? *°. Swimming is a cycle motion, which means the muscles

®
contract repeatedlx& asresult, by practicing the movement pattern, technical competence is

T may also be used to enhance and develop the neo-

achieved. T Q be of utmost significance for swimming because of the intricate relationship
between@y\cs and biomechanics, which means that a swimmer's technical skill in reducing
r &e or drag and boosting population is directly tied to physiological requirementsA higher
Qme of repetitive practice may be necessary for developing efficient swimming methods
O compared to in-season sports like running. Similar to rowing and cycling, swimming is a non-

Q weight-bearing sport, hence the demands on the muscular-skeletal system are relatively low.
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Because of this, swimmers can run longer distances without suffering from the same level of

ectopic muscle injury as activities involving weight bearing. V

Moderate-Intensity Training Qg\

It has been demonstrated that senior swimmers complete 10% of their training a
but this percentage distribution of MIT may change depending on the swimmers' a@up
competition or competitive event.’” Due to the prevalence of LIT in swimminggro 3, certain
MIT is frequently done incorrectly, especially at the juvenile level becaus t\wsical demands
of each swimming stroke may vary based on the swimmer's ier}lanical or technical
efficiency. The best training zone or intensity to improve logical and performance in
endurance events has previously been suggested as mo @ensity training. However, as LIT
and HIT gain prominence among academics and coég circles, MIT's appeal to swimmers
may be waning. Even if MIT is not the maiw fgocus of the course, its performance and physical
adjustments resemble those of LIT *8. MIT is gdrried out more vigorously than LIT (2 mM blood
lactate), which can lead to increase@iological stress levels. It's crucial to consider the risk of
increasing the athlete's ph)@ cal stress levels while using MIT with training programs.
People 3 looked at the .irr%s(of LIT and MIT sessions on the precise healing of the autonomic
nerve system i :)vell-trained runners. The MIT sessions included one hour of MIT
performed I@n VTI1 and VT2, and the LIT sessions included either one or two hours of LIT
perjqe ow VTI. The recovery of the ANS was evaluated using heart rate variability, and it
@ound that both LIT sessions resulted in less autonomic stress than the MIT session. This

Sight be a factor in the fact that exceptional and skilled athletes carry out a substantial

QO percentage of their LIT.

55



N\
&

HIT is a tool that coaches have used for a very long time to improve %

High-Intensity Training

\
German athlete Waldemer Grahler, who was active in the 1930s, is respon'\&or coining the

performance. Although the precise origins of the term are debatable, many me that the
term "interval training®®. Gershler thought that alternate intervals nse exercise and
recovery were an efficient stimulant for the development of the f was supposed to have
been significantly influenced by Dr. Hans Reindell, a w gist. Interval training was
reportedly adopted by a number of highly successful ru in the late 1940s and 1950s. Emil
Zatopek, who won gold medals in the 5,000 N,OOO m, and marathon races in the 1952
Olympics, is the most well-known runner @achieved success during this time. A group of
C

Swedish physiologists led by Per-Olf S released the first study on intermittent exercise,
which showed how controlling d¢tiyity/duration and rest intervals might have a major impact on

the physiological reactior%%prmittent exercise. This volunteer work laid the groundwork for

all subsequent HIT (%e.arc as well as internal training. The particular amounts of HIT

performed bi Q—trained athletes in cycling competitions varied greatly from 1 to 57%,

depending o training paradigm used. The quantity of HIT that swimming coaches advise

de& on the stage of the season, the unique requirements of the swimmer for a particular race

@ctice, and the coaches' chosen training approach. Sweetenham and ? suggest that 5 to 30%
s 0

f training should involve race pace/hit. However, there are instances of highly accomplished

QO swimmers from other countries who almost exclusively employ HIT. In order to train at a

volume of 9 to 11 kilometers per week, Michael Andrews, the 2016 World Champion in the 100-
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meter medley event, reportedly used a USRPT program that is similar to HIT. This is in contrast

to other competitive swimmers' training logs, including those of Alexander Popov, the twice V

Olympic champion in the 50 and 100 m freestyle, ®

who was claimed to train between 40 and 100 kilometers per week depending on the time,of the

season and primarily using LIT. A total of reviews looking into HIT have bem& etdd in the

past 20 years®® ®* Although they frequently occur sooner and to a great t, especially in

athletes who have never engaged in HIT before, the psycHologicdl and performance
¢

modifications brought on by HIT are comparable to thO\ on by LIT and MIT.

According to a review by %, increased skeletal mus l@ative capacity, higher levels of
glycogen at rest, lower rates of glycogen use dﬁte production during matched-work

exercise, increased capacity for whole boé skeletal muscle lipolysis, and improved
peripheral vasculature structure and func@l]r just a few of the physiological changes brought

on by HIT. A shortcoming of theble literature in this area is that the majority of these
psychological adaptations % were found in investigations on recreationally active or
employed individuals. We ained junior and senior athletes in cyclical sports like running,
swimming, cycli d.67cross-country running have been the subjects of several HIT studies.

In well-tra'letes, HIT interventions have been found to increase skeletal muscle buffering

capagity, etal muscle lipod oxidation, and the ability to engage a larger volume of muscle
@(i.e., recruitment of fast-twitch motor units). In contrast to previous findings, however, no
%aptations to skeletal muscle oxidative capacity have been found. Despite this, a variety of
O performance changes to the HIT have repeatedly been found to take place, such as improved V
Q O2max % velocity at V O2max * and velocity at LT1 or LT2 7. As a result, it has been
repeatedly found that HIT therapies improve performance in events lasting between 30 and 40
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minutes. In a non-weight-bearing sport like swimming, the multiple physiological and
performance changes that HIT has experienced may theoretically have even greater applicability. V
Compared to a weight-bearing sport like running, swimming puts less environmental stress on ®

the musculoskeletal system, allowing swimmers to possibly do more HIT C

N

and promote more physiological and performance adaptations. Another potenti &fo\ HIT is
in the biomechanics of swimming in venues with fast race speed. Studw%& two- and three-
dimensional mathematical analysis show that SI remains stead n sw1mm1ng intensity
increases, while SR increases and SL decreases’!. The most si nt 10mechanlcal changes to

swimming technique occurred at swimming intensities jl$e LT2, suggesting that HIT may

be a valuable approach to improve swimming b1$ (i.e., zone 3 or HIT).
2.1.4 Training the Youth Athlete &
The Youth Athlete's Physical an@siological Development

One must first unde%ihe physical and physiological changes that young athletes go

through as they age, in M to fully understand the training techniques utilized by young
®

swimmers. The $n of "maturation" is the rate and duration of development toward a fully

developeﬁ(@ﬂogical state. There are several various stages of maturation, including the

prengtal, chifdhood, adolescent, and adult stages’?. For the purposes of this the, the interests of

@en and adolescents are of prime importance. The childhood phase lasts from birth to age 12,

%hereas the teenage phase is from age 12 to age 18. Puberty, which produces a number of

O physical changes in the body, including increasing height and body mass, the emergence of
QO

secondary sex traits, and the ability to reproduce, takes place during the adolescent phase.

However, individuals of the same chronological age as themselves can develop at different rates
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and times. Therefore, when conducting research on young athletes, it is crucial to determine their
maturity status. The childhood phase spans the years from 2 to 12 whereas the teenage period V
covers the years from 12 to 18 years of age. Puberty, which produces a number of physical ®

changes in the body, including increasing height and body mass, the emergence of secondary tﬁ

traits, and the ability to E\
&\ !

reproduce, takes place during the adolescent phase. However, indivi of the same
chronological age as themselves can develop at different rates %&s. Therefore, when
conducting research on young athletes, it is crucial to dete 'ﬂ%ir maturity status. Common

methods of determining adult age include skeletal aie$econdary sex characteristics 7.

However, older evidence of secondary sex featurgs, ublic hair, can be intrusive, and the
bulk of applied sports science practitione&& have access to older evidence such as
handwriting radiography. Using a pred@y equation, a simple and effective technique for
predicting years from peak height y (PHV) has been created by 7. The term "PHV" refers
to the stage of developmen% as shown by straightforward anthropometric measurements,
the rate of height growt.hNits greatest. Equation has been widely used in pediatric research,
but it has certai cis, including accuracy increases as participants get closer to their PHV
and accuélines as they go away from it. Depending on their age and stage of development,

young at s may react physiologically differently to a short burst of exercise. According to 77,
@werobic energy system is less well developed in pre-eminent athletes for a variety of

Sasons. Children's lower limb muscles before puberty have a much higher percentage of slow-

O twitch (Type-I) fibers than those of adults; post-pubescent athletes did not show this difference.
Q Additionally, the lower anaerobic capacity in pre-pubescent athletes compared to post-pubescent

athletes and adults may also be explained by the decreased activity of anaerobic enzymes and the
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limited generation of muscle lactate in comparison to adults, 7® suggests that fat oxidation has a

greater impact on young athletes' energy metabolism than it does on adults. Prior to puberty, V
prolonged exercise frequently exposes lower reproductive exchange ratio values. Additionally, \
increased levels of glycerol release, growth hormone, and free fatty acid mobilization le

credence to the notion that adolescent athletes are more dependent on fat oxidation thanEMs

Ay
S

are consistent with more current research that indicates pre-pub c&?’fhletes rely more on

are. The findings of Study 7

aerobic metabolism and have less fully developed anaerobic ¢ Q&ystems than adults.

These issues have led some authors to argue that pre-p ent athletes should minimize their
use of anaerobic activity and instead prioritize a@bic exercise®®. But more recent data on how
pre-eminent athletes respond to anaerobi K&g (like HIT) challenges this exercise 8'. For
instance, %2 researchers looked into t efgﬁ{f HIT on swimmer performance in pre-publication
swimmers and found that both QO and 100 m) and long distance (2,000 m) swimming
events, including V O2peak Lapeak, saw a noticeable improvement in performance. The
findings of the review by f3, who contend that modern athletes only generate a limited amount of
muscular lactathe at contrast with the 20.1% increase in BLapeak. HIT appears to be a
successful t g regimen for ambitious athletes as a result. Similar to adolescents, post-
pu&m athletes have also been discovered to benefit from HIT interventions. It is commonly

@n that children frequently engage in unstructured play that may be categorized as a repeated
s s

print activity, or HIT (such as competitive games on the playground), and perhaps high intensity
QO activities would be a more natural training strategy for children. Additionally, it has been

demonstrated that younger athletes have better recuperation skills and a higher resistance to
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fatigue when engaging in high-intensity exercise. This may be due to their greater aerobic
metabolism, different motor unit recovery, improved cardiorespiratory recovery abilities, and/or V
reduced generation and/or more efficient removal of metabolic byproducts (such as blood lactate) ®

compared to adults 4. Because of this, HIT therapies may be particularly suitable for yo

athletes, especially those in the pre-pubescent stage, and customized to their physiology. E\

2.1.5. Youth Development Models AQ/E

Numerous guidelines detailing long-term models of youth.de Nment that aim to increase both
physical activity levels and sporting success in youn@le have been published as a result of
the evidence-based shift toward holistic deve t that focuses on improving the health and
well-being of youth participating in s@ Itvan Baly, a Canadian sports scientist, first
suggested the Long-Term Athlete opment (LTAD) concept in the late 1990s. Since then,

prescription for training ¢ time of maturity rather than chronological age in an effort to

®
better individualiz inihg regimens for you. According to the LTAD model, training advice

several athletic associations thro t the world have embraced it. The LTAD model aligns the
ith

should be p@ ized based on a person's developmental stage in order to take advantage of

"windows of epportunity” for the growth of particular athletic components including motor skills,

d,%aerobic capacity, and strength® There are times during development known as "windows

onrtunity" when training-induced adaptations for each athlete component may be expedited

O 87, The LTAD model has distinct ages: 1) ACTIVE START (males and females 0 to 6 years); 2)
Q FUNDAMENTALS (males and females 6 to 9 years; and 6 to 8 years); 3) Learning to Train (9-

12 years for men, 8-11 years for women); 4) Training to Train (12-16 years for men, 11-15 years
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for women); 5) Training to Compete (16-18 years for men, 15-17 years for women); 6) Training
to Win (18+ years for men, 17+ years for women); 7) Active for Life (Enter at Any Age).®® The
chronological age ranges and developmental stages may slightly vary because this model has
been altered numerous times to accommodate the particular needs of various sports. A modifi
LTAD model has come under a lot of scrutiny in swimming. 3 examined how the " &r
=

Pathway" paradigm, which was first established in 2003 by the Amateur Swimm& soctation
\

(ASA) in the UK, should be interpreted and used. The Swimmer Pathway's &si emphasis

C)
&
J

volume had led to a neglect of technology, according tj %imming coaches Lang and Light

on training

(2010) interviewed, who included six elite and five nonselite English swimming coaches. Table

2.3 lists the suggested training volumes for th€ Swimmer Pathway.

Table 2.3 the training recommeﬁat&of a swimming-specific LTAD model — The

Swimmer Pathway (Lang and§ 10)

- y
Fundaw SwimSKkills Training  Training  Training
®

* ¢ to Train to to Win
<
C’ Compete
&

Chronological/ Male: 6 — 9 Male: 9 — Male: 12 - Male: 15— Male: 18+

\ biological age  Female: 5—8 12 Female: 15 18 Female:

N
QO

811 16+
Female: 11 Female: 14
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Recommended 5 — 6 general

number of sports
sessions  per
week

Recommended 2.5 -
number of

sports

hours per

week

Recommended

training <R

VOM&GQI‘

hours general

e stated

4 — 6 swim-
specific,
plus

additional

participation
in other

sports

4 — 7 hours
swimming,

plus 1 -2

hours land

work?

8,000 —

16,000 m

14

6 — 12
swim-

specific,

including

land work?

12 — 24
hours
swimming,
plus2 -3
hours land
work?
24,000 —
32,000 m
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16

g - 12
swim-

specific,

including

land work?

(

Qo

16 — 24
hours
swimming,
plus3 -4
hours land
work?
24,000 —
52,000+ m

’\)X

10 — 15

¥
&
specific, 1%\

incl ) |

swim-

9

pl rk?

20 — 24
hours
swimming,

3

— 6 hours

land work?

> 44,000
m)
depending

on

specialism®

(s)



“Land work, strength and conditioning training; "Specialism, specialist swimming stroke (s). ‘

According to %, there is a "window of opportunity" for aerobic development during the one-year ng

period of maturation (males 12—15 years and females 11-14 years), so the objective should befto
"build the engine" using HVT. This is why the emphasis on training volume, especia \g
the Training to Train stage (12-24 hours of swimming per week), is in lifle with their
recommendations. An expert commentary on the Lang and Light (2010) stut@) suggests that
preventing the development of the aerobic energy system during gfaturation is crucial for
everyone who swims competitively in the future because the a n%system is linked to the

swimmer's efficient recovery during HIT and competitiswl order to maximize training
m

adaptations during the "window of opportunity" for aero

\
S

stage. Furthermore, advises HV (Qsed during the "Training to Train" stage to maximize the

ic growth, HVT is crucial during

the Training to Train

development of the thorax phragm, which are expanding at their quickest rates at this
time. The authors dgaw the“conclusion that an athlete's likelihood of succeeding as a senior
®

swimmer will erﬁshed by excessive anaerobic training during the Training to Train stage.
A revie @oy 1 looked at the literature to determine whether it offered any evidence in

su rtVOCJhe LTAD model's notion of "windows of opportunity.’! found that the data

rting the "windows of opportunity" is largely anecdotal and the consensus lacks empirical
%evidence, so adopting training prescriptions based on these "windows" should be approached
QO cautiously. There are risks associated with early specialization and intense training, particularly

if the "windows of opportunity" are taken too literally, as seems to have happened with the
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modified LTAD model for swimming in the Lang and Light (2010) study. Despite this, the

LTAD model has improved coaches' and practitioners' understanding of the significance of V
physical principles and biological maturation throughout training. The Youth Physical ®
Development (YPD) model has gained popularity recently and is recommended to offer a m

empirically supported approach to youth development91. The YPD model gives an ove gg

athletic development from early childhood (2 years of age) to adulthood (21+ ears%e),

while identifying when and why each athletic component's training (such th, power,

speed, agility, endurance, etc.) should be prioritized. The YPD moé@\osophy permits
individualization, places the athlete as the center of attention, an: ipritizes the development of
the child over performance outcomes. The LTAD model is 1& only used in Ireland, hence

for the purposes of this study, the training recommendations for each developmental stage for

S
RS
Y

®
Molecular Pathw@*f HIT and HVT

Irish swimmers would be of interest.

Althougstill much to learn about the molecular processes for skeletal muscle to adapt to

different trathing conditions, a number of recent reviews have shed some light on this intricate
ss. It is hypothesized that HIT techniques, which frequently involve high-intensity
$ntractions, reduce intramuscular ATP (adenosine triphosphate) concentrations, preventing a

O steady rise in adenosine monophosphate (AMP) (see Figure 2.4). This results in the activation of
Q the enzyme AMP- Youth Physical Development (AMPK), which causes an increase in the

protein PGC-1, which some have referred to as the measurer. the composition of mitochondria in
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muscle. °> Long-term high-intensity interval training (HVT), which involves prolonged

repetitions of muscle contractions, is thought to increase intramuscular calcium concentration v
(Ca2+), which in turn activates a mitochondrial messenger system known as the calcium- %\
calmodulin kinases. Similar to how increases in CaMK cause a rise in PGC-1, As a result,

shown in Figure 2.8, HVT and HIT seem to have comparable downstream targets but @r

\|

identification mechanisms. Consequentially, ** suggests that either HVT, HIT, o&mbl ation
reased glucose

of the two may be used to achieve the improved fat oxidative potential

transport ability, and high mitochondrial oxidative capacity in the ske!j&?s le of endurance

athletes. AQ/

High-intensity training High-volume training
High energy l - Repeated
contractions contractions

& ATP > AMP Mcar]
! -
%O 1

[avrk] ) T2 e[ cavic]

I 2 twpet 1 § 7 Mitochondrial 1§ 1 Fatoxidative ! | 4 Gluta |
[] fibres i - biogenesis 1 1 capacity - ! 1T Glycogen 1
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Figure 2.8: HIT and HVT's molecular pathways, as proposed by °* Abbreviations:
Adenosine triphosphate, or ATP AMP, adenosine monophosphate; AMP-activated protein V
kinase, or AMPK; Molecular calcium concentration (Ca2+); Calcium-calmodulin Kinase ®

(CAMK); PGC-1 stands for peroxisome proliferator-activated receptor Y coactivator 1 acg
GLUT4 stands for glucose transporter. S\

2.1.6 Historical overview of exercise testing * \

The use of exercise in investigating physiological function can b &back to the first
modem Olympic in 1896, when the athletic feats- were ob Q’hd specific training
Programmemes were devised to foster improvements in eith le hypertrophy and strength
or endurance *°. Such observations formed an advance @enquiry, which eventually led to
the development of a new science called 'Physiolo ércise' or according to others 'Exercise
Physiology'. Originally, the purpose of all &stig tions in this field was to identify way to
develop overall fitness, prescribe traini@rcises for fitness and sport and clarify matters

relating to personal health and h*gi. During the first three decades of the 20 century a large

part of research was devote% e study of the body's responses to exercise and outstanding

contributions . \/

®
were ma@ the science exercise physiology. 'For example, the study of oxygen consumption
Qg xercise °7 % and the development of indirect calorimetry set the basis for the
lishment of fundamental concepts, such as maximal oxygen uptake (V02max) and energy

O expenditure. The formation of the Harvard Fatigue Laboratory * promoted the scientific study of

Q the effects of exercise on the human body. The research produced in this laboratory had
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tremendous impact upon the study of metabolism during exercise and the effects of ageing on

human performance'®, V

For the past thirty years at least, there has been increased effort to optimise performance Qg\
in the different sports. Participation has evolved from a frivolous activity to a proﬁta@
profession. As a result, the objective of research in physiology of exercise has, in some %e ,
been to identify formulae for success through exercise testing. Assessments Q%ysiological
responses to exercise in the 'field' have presented several limitations, whic \ mainly been
associated with the continuous movement of the athlete. The need assment and close
monitoring of athletic performance in a controlled environﬂ to the development of

laboratory-based equipment, such as exercise ergometers (er \Nork meter = measurement; 1%

that can be used for the sporting activity whilst mampOg xercise intensity.

The most commonly used ergometer a sporting context are the cycle ergometer and
the treadmill (running ergometer). Due () specificity of training' principle '°!, this type of
equipment should only be used to physiological responses to exercise in athletes whose
sporting activity involves % or running. In swimming, the difficulty of conducting
physiological assessmeglts\ﬁvater led to the development of different types of ergometers.

®

Initially, the fi ofiresearch was upon developing water-based ergometers, such as the

swimminf @nd the tethered swimming and the measurement of active drag (MAD) devices.

o
O

O physiological measures of swimmers. One example of laboratory-based ergometry is the swim

¢ has been an increased interest in using laboratory based ergometry to assess

Q bench, which was initially developed to be used in strength training of swimmers.
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One main advantage of laboratory-based ergometry is associated with the ability to
regulate and quantify exercise intensity externally. When controlling exercise intensity, V

metabolic responses can be compared between different individuals and at various levels of

102

physiological function '**. In swimming, improvements in swimming performance offer li§9

explanation of the underpinning adaptations in physiological mechanisms. Laborat(@

ergometry, such as the swim bench offers the attractive opportunity of relating physiolégical

)\

measures to exercise intensity. This opportunity may not directly explain swirﬁg performance,

but may be used to monitor the improvements in the power outp}; % upper body of
i

swimmers. It has been shown previously that improvements i ing performance are

ing swim bench exercise '3

associated with increased power output of swimmers as meaélx

Research in physiology of swimming 0

Research in the physiology of swimming ha@y that originates in the first decade of this

century '%, yet the understanding of phys@ al responses to swimming has lagged behind that
of other sports, such as cycling or g. This has been due, largely, to difficulties in assessing
physiological measures duri% ming itself. In particular, these difficulties have hindered the
continuous measuremer.lth%ysiological variables, such as oxygen uptake, blood lactate and

®
power output ing swimming. Despite the limitations, a considerable body of knowledge

swimming physi@logy has been made available to swimmers and coaches. This has resulted from
the&tlca igenuity, such as the estimation of oxygen uptake using a technique called 'backward
@00 ation’, where postexercise oxygen uptake is measured in recovery immediately after

Q maximal swimming '%. Practical ingenuities have mainly included the design of appropriate

ergometry to circumvent the problems arising from physiological assessment in the swimming
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pool. One example of such ergometry is the swimming flume, which has been designed to
provide an alternative testing environment for physiological assessments, whilst simulating the V
conditions of a swimming pool. Other ergometry, such as the swim bench, has been primarily ®

designed for training purposes, but has equally been used in physiological assessment 6

swimmers %, E\

2.1.7 Swimming Endurance and Speed
Endurance is one of the most important elements to be considered in a Ei er'ef competition
107 10

sport capacity'?’. It is an essential prerequisite for swimming perfor @- . Endurance is the
ability of swimmers to perform mechanical work over a longer p tlme thus delaying the
depletion of the energy supplies available in the muscle cel NThe body gradually diminishes
the effects of the residual substances accumulated a@u of tissue metabolism, through the
buffer systems and the mechanisms for t ?&)Val of effort-induced catabolites'®®. The

improvement of endurance is linked wit rNrease with the number of mitochondria and with

the higher oxidative capacity of gnuscles 109 " A total novice or a seasoned elite-level

competitive swimmer needs q?gy oundation in swimming endurance. Even sprint or short-

distance swimmers might%

defined as the capaﬂ&o keep applying effort against a resistance for an extended period of time.

The water WGQ the resistance in the event of swimming.

from increased endurance in the water. Swimming endurance is

I mary, swimming endurance may be improved by completing longer and more
ous swim sessions. Before attempting to enhance swimming endurance, beginner’s should
Slderstand the basic swimming technique for all strokes. You're ready to start developing your

O swimming endurance once you've mastered the basic swimming technique.

Q
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* A stronger heart and lungs are possible with higher levels of cardiovascular exercise.

The heart is considered a muscle. When you exercise to improve your swimming endurance, you \?*

are also boosting your cardiovascular fitness. Qg\

Heart and lungs will get stronger and more effective at performing their tasks as a result b

That is, blood circulation and oxygen absorption from the air.

\

More oxygen-rich blood can be pushed through your body as your heart a s get stronger
and more effective. More oxygen and nutrients will now be delive our muscles than
previously. Athletic performance will improve as a result of the impfoved oxygen and nutrition
delivery to muscle tissue. Your muscles will be able to w arder for longer periods of time
due to improved oxygen levels, allowing you to swim fastetover the course of a race. Its crucial
to note that this doesn't happen overnight afte%npleting one or two swimming endurance

workouts; it takes time and continuous swinimingtraining.

Swimming Speed Q

Speed on the other hangd is'the distance travelled per unit of time. This is the rate at which

®

an object is movin&%al of time and this can be determined as the distance travelled by
the object divi y the duration of the interval''’. Swim speed is the rate at which a swimmer

is able t;@a given distance '''. Swimmers usually want to swim fast or swim more

efficiéntl some point. To swim fast means completing a set distance in less time''?.
@mmg more efficiently means completing a workout or a race distance in the same amount

%( time but at a lower energy cost. An increase in swimming speed requires a corresponding

: O increase in the applied muscle force''2.
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As indicated earlier, swimming performance is a multi-factorial phenomenon involving

energetics, biomechanics, hydrodynamics, anthropometrics and strength parameters !'3. Hence, V
in order to obtain high-performance results in swimming, there is need to review the training Qs
concepts taking into consideration the parallel approach of all training elements !4, C

Increased Swimming at a faster pace for longer periods of time. @

This is related to the first point. You will be able to physically perform bette@eﬁ periods

of time if you have more oxygen reaching the muscle tissues throughout y@y.

Your muscles will demand more oxygen and nutrients to crea@tbﬂe participating in a

swimming race, a hard training set, or just attempting to pus Nr dy to its limits.

Your heart and lungs will now be stronger as a resul§ of genhanced cardiovascular fitness. As a

result, they'll be able to provide more oxygen @iems to the mitochondria cells in your

muscles. The mitochondria cells are in chy of energy production, and they need oxygen and

@

They will be able to create enepgy more quickly because your heart will be able to feed them

nourishment to accomplish so.

with more oxygen @uﬁrients. In the end, you'll be able to swim faster since you'll be able to

create more @over the duration of a race.
2.2 ']Q(yetical Model/Framework
&.2.1 Theory of Training Adaptation
éo understand training practices in any field, one must first have a firm grasp of fundamental
O training theory. Throughout the planned process of training, the athlete is subjected to stresses

Q that vary in volume, intensity, and frequency in addition to being broken up by rest and recovery
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intervals. In order to promote training adaptation, training aims to enhance performance by \V
progressively and methodically increasing training stressors (such as volume, intensity, and Q%
frequency of training)!'>. A well-liked theory of training adaptation is the general adaptat@

scheme (GAS), which was first proposed by Hans Selye ''¢ and is depicted in F1®

According to the GAS theory, a training stressor occurs in an early alpha phas*at &enerates

soreness, stiffness, and fatigue, which lowers performance (P)!'!”. The resist se eventually

began as a result of the alarm phase's gradual activation of adaptabl. %msms During the
retention phase, the body may undergo beneficial modifications her bring it back to its
initial homeostasis or restore it to a new, more suitab &e (i.e. supercompensation)''®.

However, if the appropriate training volume or inte@s oo high to recover from, or if the

amount of training stress is excessive, the e ion stage may emerge, which can lead to

overtraining '°. < \

Supercompensation

Creeriraining

04/.

Alarm
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Abbreviations: P, performance; T, time.

N

Figure 2.9: General adaption syndrome (GAS) as described by Hans Selye, modified by '2° Qg\

In the literature, other hypotheses that are comparable to those of training adaptation hayv, @
put out, such as Yakovljev's theory of fatigue recovery and adaptation.'?! According\to the
stimulus-fatigue-recovery-adaptation theory, tiredness builds up proportionaKﬁe ’ntensity
and duration of a stimulus, then dissipates during rest, leading to super: \qsation. Training
regimens must be based on the prevailing energy systems, skills, a%%fabilities required by
the sport as the degree of training adaption is extremely part to the type of training being
conducted '?2. According to the principle of training effic training adaptations only happen
in muscle fibers that have been worked during th tr@ program; therefore, the more closely
the training program resembles the require&% the desired outcome (such as enhancing
performance in the 50-meter sprint or 2@t r freestyle, for example), the better the outcome
will be '?* For sprint to middle @ce events (such as the 50, 100, and 200 m), which
frequently take less than tchn/ es and twenty seconds at the highest level, it has been advised

that competitive swimrglwitate the conventional High Volume Training (HVT) concepts.

]
According to id @otll, one of the first experts to examine this issue, it is unclear how

swimmini i@o 4 hours per day at a rate that is noticeably slower than competitive pace will

pre&

ctors and researchers have expressed similar worries about HVT 24,

swimmer for the supramaximal exertion of competition. Leading swimming

s Swimming training regimens that strive to uphold the principle of specificity, like HIT or
QO Ultra-Short Race-Pace Training (USRPT) programs, have recently become more popular!?.

Extremely rapid racing pace High-intensity swimming is referred to as training when it is done in

74



sets that correlate to a person's best finishes in their races and entails several repeats over a small

distance with brief pauses, typically no more than 20 seconds 26, A USRPT program may benefit V

R

by being better adapted to the physical, mechanical, and mental demands of com:e\co

& !
Muscle strength and power play a big role in swimming perform%%\»ﬂ Upper-body

swimming.'?’

23 Review of Empirical Studies
muscular strength and swimming power have been shown to QS}O iated with swimming

to increased maximum force per stroke and, as a result,

in sprint lengths 32, é

Dry-land strength training '3 attempts <0&e maximal power outputs by overloading the

velocity using a variety of testing equipment 3131, As a reéwl ased arm strength may lead

sed swimming speeds, particularly

muscles utilized in swimming. It so improve swimming technique. If these two points of
view are accurate, then incre ir%sical strength will help to swim faster. The findings of the

existing tests, however, aréstill'inconclusive 33134,

®
°
2.3.1 The P@cal and Biomechanical Demands of Swimming

The Ph;ﬁ»&@ﬂ Demands of Swimming

&‘he physiological demands of swimming events involve varying contributions of the
éactic-anaerobic, lactic-anaerobic and aerobic energy system with the specific contributions

O depending on the distance and duration of the event '*°. Quantifying the precise contributions of
Q each swimming event's energy system is challenging because of the vast range of competition

distances and stroke styles. The difficulty of recording maximum oxygen consumption (VO2max)
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and heart rate while submerged are another methodological issue with physiological testing in

aquatic sports.
N3
<&

In cyclical occurrences, atmospheric energy supply dominates the total @
requirements after about 75 seconds of maximal exertion, according to a review researchinon the
energy system contributions during maximum exercise. To determine the co &Qns\of each
energy system, most studies used trained athletes to perform a variety o \Q’ons of maximal
effort exercise, usually by monitoring the accumulated oxygen d CQN)D). The AOD is a
measurement of anaerobic capacity because it represents t %between submaximal work
intensities and oxygen consumption, which is used to 1@he maximum amount of energy
demand. The AOD is a measurement of anaibigacity because it represents the link
between submaximal work intensities and &%en consumption, which is used to lower the
maximum amount of energy demand. 1@1 ings concur with a number of investigations by
Duffeld and associates !*” Since th meter swim normally lasts around two minutes, it might
be argued that races 200 Qe/ and higher should rely more on aerobic energy supply.
Numerous studies have. ex&ned how the energy system affects young swimmers' and other

®
older swimmerg#performance in 200-meter swimming competitions'?®. The energy system

contributiin®e calculated using measurements of the maximum oxygen consumption

(VO2ma d peak blood lactate concentration (BLapeak) while swimming. Young swimmers

.5 1.9 years) devote 71.1% of their aerobic energy to 200-meter swimming competitions,

%hereas other older swimmers contribute between 63 and 65.9%, according to the findings of

O this research. Events shorter than 200 meters (50 and 100 meters) appear to be more dependent
Q on anaerobic and lactic energy sources because they last just 75 seconds, but races longer than
200 meters (200, 400, 800, 1,500, and 10,000 meters) are more dependent on aerobic energy
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sources. Numerous studies have examined how swimmers' performance is influenced

psychologically. The critical velocities, blood lactate peak, and peak oxygen consumption

(VO2peak) were the physiological measures that were Q\
NS

<
most commonly used in these research. The largest amount of oxygen absorbed du% an
exercise test up until exhaustion is known as peak oxygen consumption. It is a typ1 dasure of
aerobic fitness in a variety of sports. The standard method for measuring ang V-O2peak is
to use a respiratory snorkel connected to a portable gas analyzer i&a‘maximum effort time
trial or incremental test, or to use the backward extrapolati nique immediately after the
swim to collect exhaled gases from the swimmer usin %ble gas analyzer or DOUGLAS
bag during the first 20 seconds of post-swim recov ryﬁak blood lactate concentration, which
is measured post-exercise at specified times ﬁeen used as a metric of anaerobic capacity,
is the total or peak blood lactate Valu(T)e highest speed that can be maintained without
exertion is known as crucial veloci Qv d it is used as a gauge of aerobic capacity. The slope of
the reaction line on the dist% e plot, which is established between at least two swimming
distances, such as 2003%\800, is used to calculate critical velocity. A simpler method for

®
calculating VelQ’ wever, was recently created using a single 400-meter time trial at

maximal ei(“ :
&V O2peak and BLapeak, which are measured while swimming, and performance were

@ to account for 45.2% of a 25 young swimmers' (15.2 1.9 years) 100-meter performance in
s a

study of the physiological factors influencing 100-meter performance. Similar studies showed
QO that V-O2peak was measured instantly during post-swim and predicted 35.8% of 400 m

performance in 15 swimmers who were in their pre-pubescent years (11.9 0.3 years) and 14
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swimmers who were in their post-pubescent years.'*? This is an unexpected outcome given that

longer swimming events, like the 400 m, frequently have higher aerobic energy requirements. V
Therefore, it would be expected that, compared to the 200 m, V02 max would be a better ®
predictor of performance. Similar findings were made regarding the variable "velocity" atg

measure of "aerobic capacity," which was found to only account for 34% of l®r

Ay
S

of swimming (13.0 0.7 years)'** While biomechanical assessmen‘%%:larly reported to be

performance over the course of 24 years

one of the strongest predictors of swimming performance, co used physical metrics such
as VO2peak, BLapeak, and CvElocity do not appe@ ective predictors of swimming
performance '#, !

2.3.2 The Biomechanical Demands of S wl

Unlike swimming, which orce against the water, land-based sports require the
application of force agains h%?und in order to go forward. After that, swimmers may
accelerate their bodies forward by pushing their arms backwards against the resistance of the
water, similar to hmxruﬁner accelerates forward by pushing backward on the ground. However,
because wat@a uid, it gives way under pressure, unlike the ground, which does not support
runners. @ore time is spent practicing or training, there may be more opportunities to develop

ifficult skill of exerting force against a fluid medium, which coaches often refer to as "feel"

@:Ee water. This could work against the traditional HVT approach in swimming'#.

O The ability to maximize forward motion through the water while minimizing backward
3 movement resistance is a prerequisite for good swimming performance. Propellering occurs as a

result of the propelling forces (Fp) produced by the arms and legs during the swimming stroke,
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as depicted in Figure 10. A swimmer will encounter resistive or drag forces (Fd) because water

has a significantly higher density than air when moving forward. Drag or resistive forces operate V

in the opposite direction to propulsive forces; see Figure 2.10.!46 Q%

Figure 2.10: During forward Qwimming success depends on the capacity to increase

propulsive forces (Fp) w@asing resistive or drag forces (Fd) '4.

®
Frictional (the resistance produced between the water and the swimmer's skin), form
drag (the resiStanceyproduced by the swimmer's profile in the water), and wave drag are the three

main ele@ that influence a swimmer's resistance or drag (the resistance created by waves

imming at or near the surface). In order to accelerate, a swimmer must put forth a rate of

%@ion each stroke equivalent to the power necessary to overcome water resistance. If a
O swimmer can't produce Fp larger than the Fd acting on them, they will swim at their fastest

Q possible pace!*® The importance of a swimmer's biomechanical or technical ability to produce Fp
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while minimizing Fd, which is directly tied to the physiological demands, is underlined as the

reason swimming performance is largely dependent on this. 4 V

N\
The biomechanical metrics stroke rate (SR), stroke length (SL), and stroke index (SI) Q\
have been repeatedly demonstrated to be among the best predictors of swimming performancei
young swimmers '¥, The number of swimming stroke cycles accomplished in a minute
as stroke rate, which is determined by timing three stroke cycles with a manual chro omiter. The

distance covered by a swimmer during each stroke cycle is known as s@length and is

determined by c’)
&
N

dividing swimming velocity (SV) by stroke rate (SR). troke index was first calculated by
dividing SV by SL and was initially set at '*°, wlg'&epresented the swimmer's stroke efficiency.
In a study by ! researchers, SR, SL, they determined that 25 competitive young
swimmers (15.2 1.9 years) performe OQIOO meters’ freestyle. 15 pre-pubertal swimmers
(11.9 0.3 years) and 14 posv I swimmers (14.3 1.4 years) had 400 m freestyle
performances that were Q%? to be 89.8% accurate in a study by 152 researchers who
discovered SR, SL, (fSl. In a larger cohort of 46 young swimmers with ages ranging from 10
to 17, 152 re Qcomparable results. We found that between 97 and 99% of the performance
for the 1 éo m, and 400 m could be predicted accurately by SR, SL, and SI. Surprisingly,

SI& found that 87-90% of performances on the 100, 200, and 400 meters were accurate.

@r swimmers have been found to have higher body mechanical characteristics like SL and SI
<

han swimmers of lower caliber, despite the fact that many of these studies were performed on
O young swimmers.

Q
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2.3.3 Relationship Between Dry-Land Strength/Power Assessments and Swimming

Performance V

The ultimate goal of a competitive swimmer is to cover a distance in the shortest amount Qg\
of time possible. As a result, the number of strokes performed decreases as the distance to@
swum decreases. Strength has therefore been identified as one of the key multi-factori@ ]
that may increase swimming velocity for shorter competition distances !3. Fu@o‘e when
comparing technical characteristics with strength, it is expected that as a\ ce decreases,

strength role rises 134 15 156.

In the last three decades, isokinetic and isometric s ve been used to assess

strength and power in dry land. '%’. This analysis was 6@6 beneficial in determining how

much swimming performance is inﬂuenc@arious variables, as well as in improving training
regimens. A study on 22 female @ 18 male swimmers found that arm muscular power
measured on a biokinetic i%ch is significantly correlated with 25 yard front crawl
swimming velocity (r = 0.90). Experiments on a bike ergometer utilizing simply arms supported
the latter ﬁndingsﬁ%smdied the upper body anaerobic power of 30 age-group swimmers (14
men and 16 ), finding moderate-high correlations between peak power, mean power, and
fatigue @9 and 50-meter swimming velocity (r = 0.82, 0.83, and 0.41, respectively).
etmore, the same study group '>® found that leg power indices did not improve estimate of
“meter swimming performance, and that arm power is essential in longer swim competitions
(400 m) '°. Other research backs up these findings. '®%1%!- However, the validity of the
relationships appears to be skewed in the research mentioned above due to the use of diverse

samples in terms of age, gender, and perhaps maturation. In the sport of swimming, skepticism
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about the results reached by diverse groups has long been acknowledged '62. Furthermore, the
usage of a biokinetic swim bench or a cycle ergometer that solely uses arms ignores the V

relevance of lower limbs and body roll in body coordination. &

Dry-land strength training may have beneficial benefits on work economy through m@
processes (e.g., enhanced reflex potentiation, changes in the synergists) '63. Furthe -
land strength training is a popular technique in swimming training, despite the la&f ‘cientiﬁc

proof. '®* In fact, only a few research have looked at the relationship bete@ngth training

force parameters (e.g. bench press) and swimming performance. 165@ male swimmers
with ages ranging from 14 to 22 years old and 25 yard swimmin ity on one repetition of

maximal bench press (results not provided in study) (rangi 1.72 t0 2.31 m. s-1).

N
A
o
This measure of dry-land s , according to these scientists, did not add much to the
prediction of sprint velocitye %ld be noted that the age range should be considered,
especially when major changes'in somatotype occur within this range. % found a moderate but
significant associa'm\l:ewveen 6 maximum bench press repetitions and swimming performance
(both 25 an® performance times; -0.58; p 0.01) in young competitive swimmers using a
more thyneous population. '®7 were the only writers that measured strength characteristics

ditional workouts, to our knowledge. For male and female swimmers, they tested one
&Qmum repetition in bench press, lat pull down, and triceps press. Although significant

O connections were found between the three workouts and tethered swimming forces, only the lat
Q pull down for the female swimmers group (r = 0.64, p 0.05) showed significant correlations with

swimming performance.
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The research mentioned above only looked at the maximum load that swimmers could
obtain at maximum repetitions, which is more closely linked to maximum force than explosive V
force '%7 used a velocity linear wire encoder to quantify the power generated in bench press ®
maximum velocity repetitions to overcome these constraints. The authors reported that there VCQ
a moderate connection between maximal bench press strength and swimming power (r = N,
however they did not provide the r value for swimming velocity. This is a start&tep%;vard
\

novel strength-training ideas, implying that additional research is needed. &

In conclusion, the contradictory results of previous tests t the relationship
between dry-land strength and swimming ability is still unknown. esearch is needed, with
the following objectives: (i) evaluating homogeneou xs of subjects; (ii) assessing
strength/power parameters in more strength exercit@t muscular solicitations similar to

swimming movements; and (iii) investigating arameters (e.g. one maximum repetition or

velocity ( \
displacement) are more p%\e to explain variation in swimming velocity. Further research

into the function omu.lar strength and/or power in swimming performance may be possible.

234 Effect@%ngth Training on Swimming Performance

Swimiming requires a ideal degree of strength and power since it is based on maximizing

pacity to create propelling forces while minimizing the resistance given by the liquid

vironment '%%, Strength training regimens are therefore a widespread practice among

O swimmers !9 despite the fact that their benefits are debatable in specialist literature '8,
Q Furthermore, many coaches believe that strength training may induce an increase in muscle bulk

(hypertrophy) or a reduction in flexibility, both of which would severely impair swimming
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performance and increase drag forces '®. As a result, two assumptions emerge: (i) a dry-land
strength training program has many components, and improving power is undoubtedly one of the V

most essential '7%; and (ii) the exercises chosen should be congruent with the types of movement Q\

required in swimming 7" CQ/

To the best of our knowledge, few investigations have been conducted on the @f
strength training regimens on swimming performance enhancement. ' fou@c?ases in
muscular strength of 20 to 40% in adult swimmers (n = 10) after a strength & utilizing free
weights in one of the first trials. These gains equated to a 4.4 t@;rcent increase in
performance in the 25 and 50 meter freestyle, respectively. '"3), %on other hand, questioned
whether strength developed on land could be favorably tran &d to propulsive power utilized
in water, because the specialization of training seem@i er. These researcher’s used weight
lifting machines and free weights to do a str raining Programme three times a week for

eight weeks. It was revealed that, there @5 to 35 percent increase in muscle strength, but

this did not equate to an improv@t in swimming performance. ' These mixed results

suggested that further resear@

®
®

was needed terrmine the amount of muscle strength development needed to improve

swimmi{p)Qmance.

Q&' hree studies published lately looked into the impact of dry-land strength training on

ming "> used a dry-land strength Programme twice a week (45 minutes each session) for
O 12 weeks with an intensity of 80 to 90% of maximum load; !7® used 1 to 3 sessions per week for
Q 11 weeks with the heaviest load possible at each session; and '’ used a strength training regimen

twice a week for 8 weeks with the heaviest load possible at each session. Second, the
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intervention group ranged from n = 7 '”® with male and female swimmers (16.5 2.5 years old), n

= 11 with 6 boys and 5 girls (17.5 2.9 years old), and n = 12 with 8 boys and 4 girls (12.0 0.78 V
years old). Although boys and girls acquire strength at equal rates throughout preadolescence, ®
following puberty, boys have greater muscle strength levels than girls, which might lead Q/
misinterpretation of) and '”°. Finally, in a 25-meter pool, swimming performance was a &qg

following a warm-up of unknown length or 2000 meters, in-water starts, or di ing§180

Warm-up effects are debatable, although they may impact swimming perfor&e, a?ticularly

in short distances with high effort '8!, Furthermore, diving, glide, and @mﬁbute to total

performance, which may be taken into account when evaluating sWwi ng ability. Despite the
limitations, these studies show that combining swimmi @ dry-land strength training
improves 50 m and 400 m freestyle performance more tively than the swimming program
alone. Although it has not been demonstrated{prepubescent swimmers, strength training

appears to improve swimming performance \t 5 and 50 meter freestyle '3

Q
X
Y
* N
2.3.5 Chall@Q Health and Well-Being for the Youth Athlete
D% serious worries about physical inactivity, childhood obesity, and its connection to
owth of chronic diseases like cardiovascular disease and diabetes, modern youth's health,
%Iness, and well-being are currently hot subjects. Maintaining youth participation in sport is
O essential, but there are many challenging challenges to overcome. High training loads in
Q swimming can lead to early sport specialization, overuse injuries, and overtraining syndrome in

young athletes 8. Intensive year-round training in one sport to the exclusion of other sports is
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how early sport specialization is defined '**Young people who participate in year-round training
(more than eight months per year), choose one primary sport, and put all other sports on hold in V
order to focus on that one major activity are considered to have early sport specialization. \
According to anecdotal evidence, it is rather typical for young swimmers to achieve all thC9
requirements, therefore it may not be surprising that athletes as young as 14 have won O ic
medals (Kyoko Iwaak of Japan won the 200 m breaststroke in the 1992 Summeg Olympics in

s

ska

Barcelona, for instance). Early competition is also typical in activities like ﬁ{& g, diving,

and gymnastics '%, : %

Young swimmers with talent usually swim far faster th%&ore seasoned and senior
level rivals, and swimming success at a high level at a you x is not uncommon. This could
be as a result of the swimmer's biomechanical prefileyhaving a significant effect on their
swimming ability'®’. Because of this, a highly Tﬂ&young swimmer with high propelling force
and low resistance or drag force (due to sNer body form) can swim at a faster pace than an
experienced swimmer with the sa elling force but higher resistance or drag force (due to a
larger body shape) (see 2.3 h%nechanics of swimming). Due to the frequently confined
space available in publictswinihing pools (i.e., the talented young swimmer won't be able to

®
swim in a line witlﬂkir peers), this poses various demands on swim coaches. As a result, gifted

Joung svimenRy
o
C

@ently quickly promoted to senior teams where the volume and frequency of training are
s s

ignificantly higher, leading to early specialization. Young people should avoid early sport

QO specialization, according to research, as playing multiple sports frequently improves motor skill
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development, boosts athletic ability, and increases the possibility that a young person will find a

sport they enjoy and may thrive in '8, V

Early sport specialization is also associated with a higher risk of injury in young Qg\

athletes'®®. In 2011, competitive youth athletes (13.7 1.6 years old) in 18 different s@
0

participated in a study by 190 persons to examine the association between sport spen@
and injury history. In contrast to less specialized athletes, the results sho@h* highly

specialized athletes were more likely to report an overuse injury (p = 0.01). E@yaﬂicipated in

a major sport for more than eight months out of the year, those at re more likely to
report an upper extremity overuse injury (p = 0.04) or a IOWGQ ies overuse injury (p =
0.001). If they played their primary sport for more hours k than their age, athletes were
more likely to report any kind of injury (p = 0.001). Bue t¢ the repetitive and overhead nature of

swimming, athletes are frequently more likely, &tain an injury. This is especially true when

highly specialized training and competiti@onducted at a young age.'”!

In competitive young swim@(lS .9 2.7 years) with a weekly swim training volume of
16 hours or 40 kilometers, % ociation between training methods and shoulder impact was
investigated. The amour.ltNekly swimming time (rs = 0.39, p 0.005) as well as the number of
kilometers (km)strave d.each week (rs = 0.34, p = 0.01) were found to be strongly correlated
with the occe of shoulder impairment.'’*> '3 102 competitive young swimmers (15.1 1.4
yearsrold)wwith a weekly swimming distance average of roughly 41 km were studied for attitudes
@&;aviors toward shoulder pain. 72 percent (73/102) of the swimmers acknowledged to
N
O
QO
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medicines in the year prior to help them exercise and manage their shoulder pain. Swimming

while experiencing severe shoulder pain and the idea that severe shoulder pain is normal were

discovered to be significantly correlated (X2(85) = 0.552, p 0.0005).""* concluded that Qsi

competitive young swimmers think shoulder pain is normal and should be tolerated in order
finish the necessary training volume. Overtraining syndrome could also develop as a resulgNe

increased pressure for specialized training and competition (OT). !

Overtraining syndrome is characterized as an accumulation of strf oth training-

related and unrelated, that impairs performance at predetermined d can endure for

several weeks to months. Mood disorders, greater exertion durm e and competition, lack
of appetite, sleep problems, and an increase in upper res tract infections are all typical
symptoms of OT. 1919 the frequency of OT in 376 thletes participating in 19 different

team and individual sports (15.1 2.0 years '(‘kyoung athletes (29%) said they received
occupational therapy at least once while rming. Individual sports (such as swimming, diving,
golf, etc.) and those with a gre vel of competition (such as those with national and
international level competito )% much higher prevalence of OT (p 0.01)."7 studied the
prevalence of OT in 231 young’swimmers between the ages of 14.8 and 1.4 from four different
countries. Sixty @4&‘%) of the young swimmers in the entire sample claimed to have
experienced@ ome point in their swimming careers, with a mean of 2.7 1.4 symptoms. The

most O'Q7j

aster 100 m personal best times than the swimmers without OT made the OT swimmers

was reportedly experienced during the most challenging training sessions.

competitive (p = 0.01). Young athletes who compete at a high level and often undergo
more specific training at a young age in individual sports, like swimming, appear to be at a
greater risk of OT. In particular, for young swimmers, this may lead to early exercise cessation

and
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psychological burnout.!”® Encourage a more all-encompassing strategy for training your athletes. \v
Training plans should include a variety of possibilities, including those for increasing stamina, &
improving movement competence, encouraging creativity, and enhancing enjoyment thro@

games and unstructured play. However, given the present swimming training hours for @\\,

which are typically over 16 hours per week, it is challenging to understand how t ch‘nces for

young swimmers' holistic athletic development can be established in the &e{environment.

Consistently, this group is prone to health and wellbeing problems @aﬂy sports-related

overuse injuries '°°, overtraining syndrome 2%, and early pubQ ny viable strategies for

lowering the amount of swimmer training currently being do ike HIT) should be evaluated in

order to incorporate these holistic features into a swimining training programme.

«
S
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2.4. Conceptual Model/Framework

INDEPENDENT
VARIABLE
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(Dry-land resistance
Training)

1
MODERATING DEPENDENT
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IR\
wimming
Sex % Endurance

Control ? v
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A

Swimming Speed

Fig. 2.1: C@tual Framework of Effect of 6-Week Dry-land Resistance Training on

Swimming

G&Field survey, 2022
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2.5 Summary of Gap in Literature \

In order to develop the swimmer's ability to improve performance, swimming in a
competitive pool creates a demanding training environment in which all fou@of\the race
are handled. Optimizing the physical requirements within the four stage@;ompetitive pool
race necessitates addressing the demands of strength and power Q& training as well as
aerobic and anaerobic in-pool trainingThe leg extensor force-@we features used in the turn
phase of pool racing have not received much resgarcht=When only minor performance
adjustments in elite swimmers can be achieved rogompetition year, knowing which leg
extensor force-time curve features have a bi %ormance influence on the overall speed of

N

the turn phase and how they may be imp@becomes increasingly essential.

The swim and S&C coaches ca Qwhich phases to prioritise and when in the training plan
by having a thorough un rs%ﬂg of the stages of a competitive pool swimming race as well as
expected performanc cha.nges over the course of a competitive year. Once the coaching staff has
determined w iQeg extensor force-time curve features during the turn phase are executed at
greater 1@ elite level swimmers, they can train these characteristics at an earlier age or
wi&igher emphasis within the training schedule. Few research has looked at the leg extensor

E@time curve features utilized during the turn phase, and none have looked at whether
tr

aining modality within a concurrent training setting improves these qualities the most. This

QO knowledge may then be used to the prioritization of training in order to improve primary leg

extensor force-curve characteristics, turn performance, and eventually overall race performance.
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The techniques and strategies used to acquire data are described in this chapter. It is designed to

include the following services: v
3.1 Research Design Q%\

3.2 Population of the Study (9
33 Sample and Sampling Techniques %\
34 Description of the Research Instrument(s)
3.5  Validity of Research Instrument & y
AN

3.6  Reliability of the Research Instrument %
3.7  Data Collection %&

3.8  Data Analysis

Endnotes Qs
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QO

The randomized pretest-posttest control group experimental research design using matched

participants with a 2x2 factorial matrix was adopted for this study. The design employed two V
groups of participants which were designated, experimental and control groups. Qs
Table 3.1 The design outline is presented as follows: (9%
Experimental Group: O Mr Xy 0. S\

Control Group: O; Mr X Oy

Where: &A \

O1andOs=  Pre-test of the experimental and control groups respectiv
M= Matching Q/
r= Randomization \A
Xi= Treatment (Dry-land resistance Training S

Xo= Placebo (Benefits of exercise less%

O: and O4 = Posttest of the experimental a@\trol groups respectively

Table 3.2 Breakdown of the Factorial J&xﬂx

Independent Variables N/ Moderating Variables Dependent Variables
1. Experimental (\/ ;y-land Sex Swimming Speed
resistance traim’*). °
e Male Swimming Endurance
O e Female
2. ntlg/ (Lesson on exercise Sex Swimming Speed
@neﬁts) e Male Swimming Endurance
e Female
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3.2 Population of the Study

The population for this study included all male and female student swimmers of Lead City V

International School, Ibadan. Qs
33 Sample and Sampling Techniques Q/

The sample size for this study was Fifty-two (52) volunteer swimmers of Lead City Intern N@

School. The participants were choosen using a multistage sampling techniques. Fhe tﬁng

are the phases involved in the procedure. & \

Stage 1: Purposive sampling technique was used to select fifty-two (5 @ers in Lead City
International School. Q/

Stage 2: Fifty-two (52) volunteers were pretested on the dep, @ariables.

Stage 3: Participant were matched by swimming perfofmance and sex and randomly asigned to

each group of experimental (26) and control (26*

Inclusion and Exclusion Criteria \&

Participants were swimmers froQad City International School Ibadan. The training
programme was open to every o submitted informed consent form from parents and

completed the readinesS\ quéstionnaire. All participants who met medical requirements

®
participated in thehd&land resistance training. Participants who did not submit the informed

consent fon@%ot allowed to participate.
34 es&ﬁ Instruments

@gowing instruments were used for data collection.
% A digital stop watch, Casio brand, made in China was used to measure the amount of time

O that elapses between its activation and deactivation. The stopwatch was used in timing the

Q

117



participants speed and duration of exercise!. Weighing scale: Hanna portable weight measuring

scale (RA9012) made in England was used to measure total body weight of the participants in V

kilogram (kg). Weight was recorded to the nearest 0.1 kg?. Stadiometer is an instruments used ®

for measuring human height. It is usually attached to a wall so that the subjects can be ali

vertically in the appropriate manner, it is calibrated in centimeters?. The range of the inst KCQ

was between 60cm to 220 cm and it was used to measure participant’s height to the nearcst 0.1

centimeter. Sphygmomanometer, N4 1PS, made by Accosson, vale road, L@as used to

measure heart rate. Inelastic measuring tape, butterfly brand, mad c?l a, was used to

measure. It consists of a ribbon with linear-measurement markln as used in measuring

the distance covered during gliding from the wall. Spo was used for the dry-land

resistance training.

3.5  Validity of Research Instrument

Validity is the ability of a test results to ei\&e accuracy of the parameters being measured.

The test must be valid for an accurategaé to be obtained. For this research, standardized

scientific tests and instruments e'sed to ensure validity. The researcher and the supervisor
X

endeavored to cross—chec@

All the instruments &at were used by the researcher for testing have been utilized by other

ility of the instruments before use.

researchers to t e various physical fitness components and have been found to be reliable.

3.6 lt@' of the Research Instrument

ility is the consistency with which an instrument measures what it purports to measure.
instruments for this study were standadized instrument, but for the purpose of this study the

intruments were recalibrated where necessary.
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3.7 Data Collection Q/E

In order to ascertain the effect of 6-week dry-land resistance training on swimmingg
endurance and speed of swimmers in Lead City International School, Ibadan, Nigeria,
standardized instruments were used to measure the swimming endurance and speed of the

respondents. These are explained as follows:

Informed consent forms was handed out through each volu tw} parents to confirm of
their wards willingness to participate in the study. Also p a s were made to realize that
they may experience some dscomfort like muscle @ nd pains at the beginning of the
training. However, they were admonished not topull out by assuring them that the pains are only
some of the early effects of the training w \ reduced as their bodies adapt through regular
participation in the training programme. S pendix 3 for the Informed Consent Form.

Experimental group were Q go through six weeks dry-land resistance training
programme three days a we ?;; the control group were made to undergo 20 minutes of
benefits of exercise e§scan()r six weeks, two days a week. A normal resting heart rate for
adolescent ran, Qom 60 to 100 beats per minute. Digital sphygmomanometer was also used to
check th Qte, so as to ensure accurate measure of the heart rate. The training programme

lasQr six weeks, three sessions per week. The placement day was Mondays, Wednesdays and
@ys for experimental group, while control group were placed on placebo of benefit of
<

xercise on Tuesdays and Thursdays. Each training session had segment of warm up, follow by
QO main activity and ended with cool down exercises. Glucose water was given to the participants at

the end of every training session, water break was also observed for participants that wishes to

119



Q

O

rehydrate during the exercise session. The researcher with the help of three (3) trained research

assistants undertook the measurement and recording of data.

Treatment Group: There was pre-test measures of the selected dependent variables (s@ng
endurance and Swimming speed) of the participants before random assignment t%\w groups.

Time was used to measure swimming speed of the participants while numbf@s was used to
u

measure the swimming endurance of the participants. Experimenta: were made to go

through a six (6) weeks dry-land resistance training programmw days a week. After the

programme, they were tested again as the post-test r@s. See training programme in

Appendix 1. 0

Control Group: There was pre-test of the s dependent variables (swim endurance and
swim speed) on the control group. They @a e to undergo 20 minutes of benefits of exercise

lesson) for six weeks at non-co ive days per week. This process led to the post-test

measures which was take pl@‘he 6 weeks of training. See Appendix 2 for the programme

for the Control group. \/
®
3.8 Data Analy{ °

Descriptive i zs of frequency count and percentages was used to analyze the demographic
data of @ejparticipants while mean and standard deviation was used to determine the
ropometric compositions of the participants. Inferential statistics of Analysis of Co-variance

OVA) was used to test the hypotheses formulated at 0.05 level of significance.
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Chapter Four )

Results and Discussion of Findings %\

This chapter presents results of the analyses and discussion %dings. The results and
discussion of findings are presented based on demographlsxracteristics of the participants,

research question and hypotheses as follow: 0
4.1 Demographic Data Analysis \& >

Tab
Sex Frequency Percent le
Male 26 50.0 4.1
1:

Female 26 50.0
Dist
Total 52 100.0 rib
N utio

the Participants by Sex

O Source: Field Survey, 2022.

Table 4.1 reveals that equal number of male and female respondents sampled in this study.

122



Table 4.1.2: Distribution of the Participants by Age

Age Frequency Percent
10 years 10 19.2
11 years 8 : 15.4
12 years 7 - 13.5
13 years 22 - 423
14 years 5 - 9.6
Total 52 100.0

Table 4.1 that 10 (19.2%) participants were 10 years old, 8 (15.4%) were 1lyears, 7
(13&4)@

12 years. Also, 22 (42.3%) respondents were 13 years old, while 5 (9.6%) were 14

old. This means that, most of the participants were 13 years old.

SZ Research Question

O The research question below was answered:

a Research Question 1: What is the resting heart rate of swimmers before and after six weeks in

Lead City International School, Ibadan?
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Mean and Std. Deviation Heart Rate Pre-test score Heart Rate Post-test score

Mean 64.1731 63.3654

%Qy

2.65479

Std. Deviation 2.80076

Table 4.2.1: Distribution of the Participants by Heart Rate (Beat/Minute) \
& !
The result shows that the mean heart rate of the participants t@:st stage was 64.1731,

Source: Field Survey, 2022.

while that for posttest was 63.3654 was recorded at posttes K is result indicates that, pre-

test heart rate was higher by 0.81 compare to that of t ttest score. This means that, there
was a decrease in the heart rate of swimmers in

Q

udy.

City International School swimmers.
Hypotheses

The following hypotheses were tes

ted in thi
Hol: There will be no signiﬁcar%a\ ffect of treatment on swimming endurance of swimmers
|

oolbadan.

- y
Table 4.2.2: Summary of Analysis of Covariance of Main Effect of Treatment on Swimming

in Lead City International S

Endurance (Number of laps/time) of participants

04/.

Q

Type I

Sum of Partial  Eta
Source Squares df Mean Square F Sig. Squared
Corrected Model ~ 31526.309* 2 15763.155 12716380  .000 998
Intercept .886 1 .886 J15 402 .014
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Pretest 23590.198 1 23590.198  19030.577  .000 997

Treatment 126.547 1 126.547 102.087  .000 .676 \?*

N

Error 60.740 49 1.240 VE
)

Total 690342.200 52

Corrected Total 31587.049 51

Table 4.2.2 shows that there was a significant main effect of treatment on swimming endurance
(F(1,49=102.087, p<0.05, n?>=0.676) of swimmers in Lead City International School, Ibadan. The
null hypothesis was therefore rejected. This implies that treatment (dry-land resistance) was

effective in improving the swimming endurance of swimmers in Lead City International School.

Table 4.2.3: Estimated Marginal Means of Treatments on Swimming Endurance (Number of

laps/time) of participants

Mean 95% Confidence Interval
(Number
of

Treatment laps/time) Std. Error Lower Bound Upper Bound

Experimental (Dry-Land Training) 110.811 0.232 110.346 111.276

\
v Control (Talk on Benefits of Exercise) 114.297  0.232 113.831 114.762
Q The table 4.2.3 reveals that after controlling for initial difference on swimming endurance, the
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participants exposed to dry-land resistance training had a lower mean score (mean=110.811),
while the control had a higher mean score of 114.297. This implies that dry-land resistance V
training with the least mean score was more effective in relation to swimming endurance of ®

4

swimmers in Lead City International School. (/

%‘
A\ !
Table 4.2.4: Summary of Analysis of Covariance of Main Effect ‘of Treatments on

Swimming Speed (Time) of participants

Type III

Sum of Mean Partial Eta
Source Squares df Square F Sig. Squared
Corrected Model ~ 1159.948* 2 579.974 1915.805  0.000  0.987
Intercept 319 1 0.319 1.054 0310  0.021
Pretest 1086.263 1 1086.263 3588.209  0.000  0.987
Treatment 11.230 1 11.230 37.096 0.000  0.431
Error 14.834 49 0.303
Total 19905.005 52

(
v Corrected Total 1174.782 51

QO
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Ho2: There will be no significant main effect of treatment on swimming speed of Lead City

International School swimmers. V

Table 4.2.4 shows that there was a significant main effect of treatment on swimming speed Q/Q v
(F(1,49=37.096, p<0.05, n?=0.431) of Lead City International School swimmers, Ibadan. Th r@
hypothesis was therefore rejected. This implies that treatment (dry-land resistance) was@ve

in improving the swimming speed of Lead City International School swimmers. * \
-\

Table 4.2.5: Estimated Marginal Means of Treatment on Swimming Speed (Time) of

participants

95% Confidence Interval
Treatment Mean  Std. Error Lower Bound Upper Bound
Experimental (Dry-Land Training) 18.508 0.109 18.290 18.727
Control (Talk on Benefits of Exercise) ~ 19.449 0.109 19.231 19.667

N\

Ta@QQ.lS' reveals that after controlling for initial difference on swimming speed, the
ipants exposed to dry-land resistance training had the lower mean score (mean=18.508),
i While the control had a mean score of 19.449. This implies that dry-land resistance training was

Q more effective in improving the swimming speed of swimmers in Lead City International School,

Ibadan.
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Ho3: There will be no significant main effec

C

”~\

Lead City International School.

x on swimming endurance of swimmers in

Table 4.2.6: Summary of Analysis of Covariance of Main Effect of Sex on Swimming

Endurance (Number of laps/time)

Type M1
Sum of Mean Partial Eta
Source Squares df Square F Sig. Squared
( Corrected Model ~ 31402.468 2 15701.234  4168.135  0.000  0.994
Intercept 21.899 1 21.899 5.813 0.020  0.106
Pretest 30102468 1 30102.468  7991.164  0.000  0.994

S
P
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Gender 2.706 1 2.706 0.718 0.401 0.014

Error 184.581 49 3.767 \?"
Total 690342.200 52 Q/'\.

Corrected Total 31587.049 51

Table 4.2.6 shows that there was no significant main effect of sex on sw@e&durance
(F(1.49=0.718, p>0.05, n?>=0.401) of swimmers in Lead City Intemation@ol, Ibadan. The
null hypothesis was therefore considered tenable. This implies% x had no impact on

swimming endurance of swimmers in Lead City Intemational& .
*

Table 4.2.7: Estimated Marginal Means of Sex on Swimming Endurance (Number of

laps/time) of participants)

Mean 95% Confidence Interval
Gender (Number of laps) Std. Error Lower Bound Upper Bound
Male 112.787 0.385 112.013 113.561
\{ Female 112.320 0.385 111.546 113.094

O Table 4.2.7 reveals that after controlling for initial difference of sex on swimming endurance,
Q female had a lower mean score of (112.320) than their male (112.787) counterpart, but the

difference (0.467) was not substantial.
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Ho4: There will be no significant main @9 of sex on swimming speed of swimmers in Lead

City International School.

(l

Table 4.2.8: Summary of Analysis of Covariance of Main Effect of Sex on Swimming

Speed of participants (Time)

O
Oﬂ/.

Type M1

Sum of Mean Partial Eta
Source Squares df Square F Sig. Squared
Corrected Model ~ 1149.773 2 574.887 1126.407  0.000  0.979
Intercept 1.256 1 1.256 2.460 0.123  0.048
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Pretest 1149.730 1 1149.730 2252.728  0.000  0.979

Gender 1.056 1 1.056 2.068 0.157  0.041
Error 25.008 49 0.510
Total 19905.005 52

Corrected Total 1174.782 51

S
Table 4.2.8 shows that there was no significant main effect of s %wimming speed (F(1,49=
2.068, p<0.05, n>=0. 157) of swimmers in Lead City In ional School, Ibadan. The null

hypothesis was therefore considered tenable. This i%‘[ t sex had no impact on swimming

speed of swimmers in Lead City International S 1.

-\

Table 4.2.9: Estimated Marginal Means of Sex on Swimming Speed of participants (Time)

95% Confidence Interval

Gender Mean (Time) Std. Error Lower Bound Upper Bound

(Male 19.121 .140 18.840 19.403

OV

N

Female 18.836 .140 18.555 19.118

Q
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Table 4.2.9 reveals that after controlling for initial difference of sex on swimming speed, female

had a lower mean score of 18.836 than their male (19.121) counterpart. The difference was v

marginal (0.285) &

Hos: The: @e no significant interaction effect of treatment and sex on swimming endurance

of swimmers'in Lead City International School

\lTable 4.2.10: ANCOVA Analysis of Interaction Effect of Treatments by Sex on Swimming

O : Endurance of participants (Number of laps/time)

Q Source df Mean Square F Sig. )
Type III Sum Partial Eta
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of Squares Squared
Corrected Model 31532.862 4 7883.215 6837.580 .000 .998 \V
Intercept 323 1 323 281 .599 .006 Q/Q\
Pretest 22150.523 1 22150.523 19212.461 .000 .998 9
Treatment 121.272 1 121.272 105.187  .000  .691
Gender 237 1 237 206 .652 .004
Treatment & Gender 6.369 1 6.369 5.524 .023 105
Error 54.187 47 1.153 -
Total 690342.200 52
Corrected Total 31587.049 51

Table 4.2.10 shows that there \2 significant interaction effect of treatment by sex on

swimming Endurance (F (@4, p<0.05,1?=0.023) of swimmers in Lead City International
! ®
.
School, Q;Qhe null hypothesis was therefore considered tenable. This implies that sex had
no &rva

e impact on swimming endurance of swimmers in Lead City International School.

E
O Table 4.2.11: Estimated Marginal Means of Treatment and Sex on Swimming Endurance

(Number of laps/time)
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95% Confidence Interval

Lower Upper \?"
Treatment Gender Mean Std. Error Bound Bound &

Experimental (dry-land training) Male 110.554 314 109.923 111.185
Female 111.118 .303 110.509 111.727
Control (talk on benefits of exercise) Male 114.693 .299 114.092  115.294
Female 113.851 .324 113.199 114.503

-
Table 4.2.11 shows that male participants in the experi@ group had a lower mean score

(110.554) compared to their female (111.118) co ntegs. The difference between males and
females in experimental group in the estir&m rginal means for swimming endurance is
0.564 with males having a lower value. Qh)\ontrol group, the male participants had a higher
marginal mean score (114.693) tha@r female (113.851) counterpart. The difference between

their marginal mean scores% mming endurance is 0. 842.This value is much higher than

those for v
™
S

perimental group. The overall comparison shows that male participants in experimental
s g

roup had the lowest mean score.

Q Ho6: There will be no significant interaction effect of treatment and sex on swimming speed of

swimmers in Lead City International School.
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Table 4.2.12: ANCOVA Analysis of Interaction Effect of Treatments and Sex on Swimming

Speed of participants (Time)

N

Type III Sum of

Partial Eta &

Source Squares df  Mean Square F Sig. Squared
Corrected Model ~ 1161.008° 4 290.252 990.398  0.000  0.988
Intercept 312 1 0312 1.065 0.307 0.022
Pretest 1054.159 1 1054.159 3597.005 0.000 0.987
Treatment 11.220 1 11.220 38285  0.000 0.449
Gender 1.014 1 1.014 3459  0.069 0.069
Treatment * Gender 0.043 1 0.043 147 0.703  0.003
Error 13.774 47 0.293

Total 19905.005 52

Corrected Total 1174.782 51

Table 4.2.12 shows that there was no significant interaction effect of treatment and sex on

swimming speed (F(47=0.147, p<0.05, n*=0.703) of swimmers in Lead City International
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School, Ibadan. The null hypothesis was therefore considered tenable. This implies that sex had

no apparent impact on swimming speed of swimmers in Lead City International School. V

Table 4.2.13: Estimated Marginal Means of Treatments and Sex on Swimming Speed of

Participants (Time)

95% Confidence Interval

Treatment Gender Mean  Std. Error Lower Bound Upper Bound
Experimental (dry-land training) ~ Male 18.619 0.153 18.312 18.926
Female 18.398 0.150 18.096 18.700
Control (talk on benefits of Male  19.618 0.152 19.313 19.924
exercise)
Female 19.280 0.150 18.978 19.582

Table 4.2.13 shows %Ele participants in the experimental group had a higher mean

score (18.619) compared Mir female (18.398) counterpart. The difference between males and

®
®

females in expeq;n group in the estimated marginal means for swimming speed was 0.221
with malii @ g a higher value. In the control group, the male participants had a higher

marginal n score (19.618) than their female (19.280) counterpart. The difference between

X
feymitginel
S.m
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means in swimming endurance was 0.338. This value is much higher than those for the

experimental group. The overall comparison shows that female participants in experimental v

group had the lowest mean score. &
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4.3 Discussion of Findings

N\

The result in this study revealed that there was a significant main effect of treatment o Q\
swimming endurance. This means that Dry-land Resistance training had effect on swi \
endurance of swimmers in Lead City International School. This finding is in agreeme$\ a
previous study which determined the effect of Dry-land core training on phySic ithess and
swimming performance in adolescent elite swimmers !. The result reveale%&naerobic power,
core stability, upper extremity muscular endurance, and swim n&?ﬁormance witnessed
significant improvements as a result of the 12-week dry- or¢ training programme. In
addition, after controlling for initial difference on swim @urance, the participants exposed
to dry-land resistance training had a lower mean s re,&e the control had a higher mean score.
it%ne least mean score was more effective in

This implies that dry-land resistance trainin&

relation to swimming endurance of Lead Qy ernational School Swimmers.

Furthermore, the result Q[udy further revealed that there was a significant main
effect of treatment on swi %g/speed of swimmers in Lead City International School, Ibadan.
This result is in line With a study conducted on, evaluation of energy expenditure in competitive
swimming str Q The result of the study revealed that, increased arm strength may lead to
increase mQJm force per stroke and as a result, increased swimming speeds, particularly in

spr&ngth. The outcome of this study also corroborate a study conducted on the effects of
@nd strength training on competitive sprinter swimmers>.It was revealed that there was a
<

ignificant improvement in sprint performance stroke frequency and stroke index. Additionally,

QO another outcome of this study was that participants exposed to dry-land resistance training had a
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lower mean score, while the control had a higher mean score. This implies that dry-land

resistance training was effective in improving the swimming speed of swimmers in Lead City V

International School. Qg\

In regard to whether sex was a factor in training on swimming endurance, the resul@
this study revealed that there was no significant main effect of sex on swimming end% f
swimmers in Lead City International School, Ibadan. This implies that sex had&ilqpact on
swimming endurance. This result is in line with a study conducted on s fe ces in youth
elite swimming. The result revealed that there were no sex-related %ces in swimming
performance®. In another study on sex differences in elite sv@ 1th advanced age, the
result revealed that there was no gender difference in é erformance in ultra-endurance

swimming performance®.

The result of this study indicated tha@vas no significant main treatment effect of
sex on swimming speed of swimmers in@ ity International School, Ibadan®. The result of

this study is in contrast to a stud* ted on effect of dry land strength training on front-crawl

swimming performance am@

there was s1gn1ﬁcant effect of treatment and gender on swimming performance of

ergraduate trainees. The outcome of the study revealed that
swimmers (Stre , eed and Endurance). The striking difference between the result of this

study and }@y was that the undergraduate trainees worked with weight training as treatment.
Addition

after controlling for initial difference of sex on swimming speed, female had a

@ mean score than their male counterpart. This implies that dry-land resistance training had a

%ztter effect on female swimming speed.

QO
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Another finding of this study was that there was no significant interaction effect of treatment by
sex on swimming Endurance of swimmers in Lead City International School, Ibadan. Male V

participants in the experimental group had a lower mean score compared to their female Qs

counterparts. The difference between males and females in experimental group in the es xgg

marginal means for swimming endurance was lower for males. In the controly group,*male

participants had a higher marginal mean score than their female count& he\ overall

comparison shows that male participants in experimental group had t mean score. It
3

implied that the interaction of treatment and sex had a bette % on male participants'

swimming endurance who were exposed to dry-land re w training than their female
counterparts and the control group though the differenc %ot significant.

Finally, this study shown that there was _ng) significant interaction effect of treatment by
sex on swimming Speed of swimmers LeadeCityalnternational School, Ibadan. Male participants
in the experimental group had a higher gaﬁ score compared to their female counterpart. The
difference between males and fe? experimental group in the estimated marginal means for

swimming speed was 10W®

the male participant§ had a higher marginal mean score than their female counterpart. The
\15 °

ales with males having a higher value. In the control group,

overall compariQ shows that female participants in experimental group had the lowest mean
score. It that the interaction of treatment and sex had a better effect on female

pa&nts swimming speed who were exposed to dry-land resistance training than their male

E erparts and the control group though the difference are marginal.
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Chapter Five \?*
Conclusion ng

5.1 Summary of Findings (9
NN

This study investigated the effect of 6-week dry-land resistance training on s$
endurance and speed of swimmers in Lead City International School, Ibadan. Thegstudy ftrther
accessed the resting heart rate of swimmers as well as determined the effe\(«a —w\eek dry-
land resistance training programme on swimming endurance; swi Q&peed as well as
examined the effect of the treatment on swimming endurance; d; “sex and interaction of
treatment with sex on endurance and speed. This were wit % o determining which of the
training modes (6-week Dry-land resistance training) @) er affect swimming endurance and
swimming speed of swimmers in Lead City J&natlonal School. Fifty-two (52) volunteer
swimmers of the Lead City International ooh were purposively selected to take part in the
study. They were pretested on the d nQriables and then matched and randomly assigned
into experimental (26) and con @ Descriptive statistics of frequency count, percentages,
and bar charts were used, to ze the demographic data of the participants while inferential
statistics of Analysisfof’ (%o—variance (ANCOVA) was used to test the hypotheses formulated at

0.05 level of s@ﬁcance. The findings of this study on socio-demographic characteristics

revealedcat)Owt of the participants were in the age range of 10-14 years.

&is study also revealed that that there was a significant main effect of treatment on

Qming endurance and speed of swimmers in Lead City International School. The estimated

O marginal means of treatment on swimming endurance and speed revealed that participants
Q exposed to dry-land resistance training had a lower mean score, while the control had a higher

mean score. More so, the findings of this study reveals that there was no significant main effect
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of sex on swimming endurance and speed of Lead City International School swimmers, Ibadan.
The estimated marginal means of sex on swimming endurance and speed of Lead City V
International School swimmers, Ibadan, revealed that female had a lower mean score than their Qs
male counterpart. Furthermore, findings of this study reveals that there was
significant interaction effect of treatment by sex on swimming endurance of Lea Ny
International School swimmers, Ibadan. The estimated marginal means of sex reveals tlﬁles

%durance is

and females in experimental group in the estimated marginal means for swird&g

0.564 with males having a lower value. In the control group, the male j@n‘[s had a higher
marginal mean score than their female counterpart. AQ/

Finally, the study recognized that there was no si@ interaction effect of treatment

by sex on swimming on Speed of Lead City International School swimmers.

5.2 Conclusion \& >

Based on the findings of this study,, it concluded that dry-land resistance training was
effective in enhancing swimmi Qrance and swimming speed of the participants. It was

further concluded that sex w. t a determinant of training outcome of swimming endurance

and swimming speed t’sx;vimmers in Lead City International School, Ibadan.

53 Recomr@Qms

The followinfg recommendations were made:
@mmg instructor should be educated on the benefits of dry-land resistance training in order
S improve swimming performance and that dry-land resistance training should be introduced to
O the swimmers as a means of improving swimming performance. Also, dry-land resistance

3 training should be used by swimming instructor so as to reduce swimming injuries.
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5.4 Contributions to Knowledge

This study has contributed to knowledge in the following ways: %E

1. This study confirmed that Dry-land resistance training is an effective training modabity™
improving the performance of swimmers in Lead City International School, {badan.

\
2. It was also confirmed that dry-land resistance training can certainly @he ab muscles

burn and also develops a stronger core to give swimmers more @
i

3. It was established that irrespective of sex, Dry-land resx@ ning can bring about
a

training effect on swimming endurance and speed of. cipants.

The following recommendations were r@r further research based on the findings of the

study. Q

1. The study of this na@i be carried out among secondary school swimmers and adults

5.5 Suggested Areas of Further Research

]
2. Duratio quency and intensity of dry-land training that are applied in this study can be

vetermine their effects on swimming endurance and speed.

oéo
3

with issues &r‘lgx{wimming endurance and speed.
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