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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, η2=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,
η2=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

1.1 Background to the Study

Swimming is an individual or team sport that involves moving through water using one's

body.1 The sport may be done in a pool or in open water such as sea or lake. Swimming is

characterized by the repetition of a certain bodily action or swimming stroke in order to push the

body ahead.1 There are several strokes, each of which defines a distinct swimming style or crawl.

Front crawl, breaststroke, backstroke and butterfly are examples of swimming strokes. All main

body components, including the torso, arms, legs, hands, feet and head, move in a rhythmic and

synchronized manner throughout most strokes.1

Endurance is one of the most important elements to be considered in a number of

competitive sport2. It is usually used in aerobic and anaerobic exercises because it is an essential

prerequisite for swimming performance3. Endurance is the ability to perform mechanical work

over a longer period of time, thus delaying the depletion of the energy supplies available in the

muscle cells3. The body gradually diminishes the effects of the residual substances accumulated

as a result of tissue metabolism, through the buffer systems and the mechanisms for the removal

of effort-induced catabolites3. The improvement of endurance is linked with an increase of the

number of mitochondria and the higher oxidative capacity of the muscles 3.

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

an object is moving in an interval of time and this can be determined as the distance travelled by

the object divided by the duration of the interval4. Swim speed is the rate at which a swimmer is

able
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to swim a given distance 4. Swimmers usually want to swim fast or swim more efficiently at

some point. To swim fast means completing a set distance in less time5. Swimming more

efficiently means completing a workout or a race distance in the same amount of time but at a

lower energy cost. An increase in swimming speed requires a corresponding increase in the

applied muscle force6. Swimming strokes necessitate different set of skills. The type of stroke or

swimming event is one of the determinants of swimming performance. Generally, swimming

performance can be influenced by the types of style adopted by the swimmer4. In most cases, the

breast stroke and front crawl swimmers have shown improved level of performances when

compared to their counterparts in the other two strokes. It has also been shown that differences

exist in the performance of the swimmers across the four strokes in terms of techniques, energy

cost and stroke length7. For different levels of athletes (national level, international level), the

changes in the sex gap over time showed that the sex-related differential in swimming speed was

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

national swimmers, but not for international swimmers7.

Swimming is a low-impact aerobic activity, which attract the participation of all category of

human being. Children as young as six months and adults in their seventy enjoy swimming

especially in developed countries. In some developing countries swimming is gaining currency

as swimming is included in many primary and post primary school curriculum and age group

competitions are organized as observed by the researcher 1. Since the foundation of the first

modern Olympic Games in 1896, the sport of swimming has been a component of the Olympic

events. There are 34 swimming events, with distances ranging from 50 to 10,000 meters, making

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

Olympic sports, with 34 events covering distances of 50 to 10,000 meters. Olympic gold medal

winning times ranged from 21.4 seconds for the 50-meter dash to 1 hour, 56 minutes, and 32.1

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

two minutes and 20 seconds is required for 26 of the 34 swimming events at the Olympics,

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

competitions are short-lived, swimmers' training regimens frequently involve significant training

volumes, such as the total distance or duration completed each session, week, or month, for

instance. This form of instruction is used regularly by swimmers of all ages and abilities.

Competitive swimmers also train far more regularly than athletes in other cyclical sports like

running, rowing, cross-country skiing, and cycling. This is particularly true for young swimmers;

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

110 km) on rare occasions.9

In competitive swimming the goal is to complete the race as fast as possible. For that

purpose, an optimal interaction of several body components, such as energetic, kinematics,

kinetic, motor control, anthropometrics, swimming strength and swimming power must occur10.

Hence, in order to obtain high-performance results in swimming, there is need to review the

training concepts taking into consideration the parallel approach of all training elements 11.

High-intensity resistance training changes athletes’ physiological attributes in respect to aerobic

power and anaerobic capacity12. It is further opined that high-intensity resistance training

simultaneously increases athletes’ muscular endurance, hypertrophy, strength, and power13.

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
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overlooked14. Resistance training is prescribed across a variety of sports and is shown to improve

swimming performance14.

Dry-land resistance training is the activity done on land with the intended purpose of

increasing strength, flexibility and overall physical mobility. This includes a number of different

movements and exercises ranging from beginner to advanced skill level. Some exercises that are

commonly performed include pushups, sit-ups, squats, etc. In well-trained endurance athletes,

dry-land resistance training can result in an improved capacity for both long- and short-term

endurance 16. Swimmers training need to include a wide range of resistance training because they

require a good level of endurance whether they swim long distance or short. Power training as a

type of dry-land resistance training has the potential to develop muscle strength under dynamic

conditions. The demand of dry-land resistance training in addition to the aerobic and anaerobic

in-water training have the potential of optimizing physical requirements of swimming which in

turn influence the performance 14. An increase in dry-land resistance training should translate to a

stronger and more effective swimming skill performance18. In this regard, similar dry-land

training exercises can improve force generation needed for a push off in swimming19.

The years of experience in swimming can be strongly correlated to the swimmer’s

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

greater the level of achievement and the more comfortable they tend to be in the swimming pool.

However, swimmers who have little training or competition experience tend to have less

development of the required swimming skills for optimum performance20. Therefore, this study

will examine the effects of a 6-week dry-land resistance training on swimming endurance and

speed of Lead City International School swimmers.
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1.2 Statement of the Problem

Swimming performance necessitates swimmers covering the event distance in the quickest

time possible, with race results determined by fractions of a second. The capacity of the

swimmer to overcome the resistance of the water in an efficient way and generate successful

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

variables. Existing literature agrees that resistance training is a powerful and effective technique

for improving swimming performance.

From the researcher's observations in the most recent inter-school friendly swimming

competitions, the Lead City International School swimmers speeds in the first half of the

swimming races are fast, however the speed typically decreased in the middle of the events. As a

result, they sometimes failed to win medals at the conclusion of the swimming races. It was also

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

swimming in the pool as their training method. The only land based activities engaged in during

training sessions are light stretching before entering the pool which are not regular practices. The

researcher is of the opinion that if the swimmers' speed and endurance could be improved, the

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

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

combining swimming and dry-land strength training improves performance in different events

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

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

State, Nigeria.

1.3 Aim and Objectives of the Study

The aim of this study was to investigate the effects of a 6-week dry-land resistance training

programme on swimming endurance and speed of swimmers in Lead City International School,

Ibadan. The specific objectives for this study are to:

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

International School, Ibadan

2. determine the effect of a 6-week dry-land resistance training programme on swimming

endurance of swimmers in Lead City International School, Ibadan

3. ascertain the effect of a 6-week dry-land resistance training programme on swimming

speed of swimmers in Lead City International School, Ibadan

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

endurance of the swimmers based on their sex.

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

speed of the swimmers based on their sex.

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

Lead City International School.

1.4 Research Question

The following research question was answered in this study.

1. What is the resting heart rate of swimmers before and after six weeks Dry-land resistance

training in Lead City International School, Ibadan?

1.5 Hypotheses

The following hypotheses were tested in this study:

1. There will be no significant main effect of treatment on swimming endurance of

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

resistance training.

2. There will be no significant main effect of treatment on swimming speed of swimmers in

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

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

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

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

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.

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

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

training.

1.6 Significance of the Study

Findings from this study will reveal the effectiveness of dry-land resistance training programme

on in-water swimming endurance and speed of the participants. The dry-land resistance training

programme utilized in this study can serve as template which can be adopted by individual

swimmers, teachers and swimming coaches for work-out to improve fitness and develop

attributes needed for enhanced performance by athletes in swimming competitions.

Athletes in international swimming competition usually put in a lot of time in the pool to achieve

minor improvements or marginal increases in their overall performance. An improvement in

performance by 1% inside a competition (heats to finals) can make a swimmer to remain in

contention for a medal. If a high-level competitive swimmer can reduce their total race time by

more than 1% over the course of a year, they will be substantially more competitive in

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

in any swimming competition the school may partake in by incorporating dry-land resistance

training to their training schedule. Finally, this research will provide objective information that

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

1.7 Scope of the Study

This scope of this study focused on Dry-land resistance training as the independent variable,

while Swimming endurance and Swimming speed were examined as dependent variables. The

participants consisted 52 swimmers of Lead City International School, Ibadan. The swimmers

were divided into two groups of 26 participants each assigned to dry-land resistance training

for experimental and benefits of exercise for control group. The intervention programme was

conducted at the Lead City International School sport field and swimming pool. Equipment such

as weighing scale, wrist watches, tape ruler, sphygmomanometer and stopwatch were used.

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

weeks.

1.8 Limitation of the Study

There are few cases of inconsistencies in training attendance by some participants as a result of

instability in lecture time table and other commitments that sometimes kept them on and off the

school since they are not camped. Also the researcher did not have adequate control over the diet

of the participants since they were not camp for the study.

In addition, the researcher did not have total control over activities of participants on days of the

week when there was no training



24

1.8 Operational Definition of Terms

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

entire body to move through water.

Swimming Endurance: The ability of the swimmer to keep exerting force against a resistance.

Swimming Speed: The time the participant will use to cover a distance in water over a short

period of time.

Dry-land resistance Training: These are activities done on land with the intended purpose of

increasing strength, flexibility and overall physical mobility using skipping ropes, medicine ball

and exercise mat.

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

and Breast stroke) that are employed in the course of moving the body through water.

Resistance Training: It involves the performance of physical exercises which are designed to

improve strength and endurance of the participant.

Benefits of Exercise Lesson: It involves discussing on how the participant will develop and

maintain a healthy body.

Resting heart rate: This involves measuring the number of times the heart of the participant

beats per minute at rest.
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Chapter Two

Review of Related Literature

The related literature research was reviewed under the following headings:

2.1 Conceptual Studies

2.1.1 Concept of Swimming

2.1.2 Historical Overview of General Swimming Assessment Methods

2.1.3 Physiological responses to exercise in swimmers using dry-land

2.1.4 Training the Youth Athlete

2.1.5 Youth Development Model
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2.2 Theoretical Model/Framework

2.2.1 Theory of Training Adaptation

2.3 Review of Empirical Studies

2.3.1 The Physiological Demands of Swimming

2.3.2 The Biomechanical Demands of Swimming

2.3.3 Relationship Between Dry-Land Strength/Power Assessments and

Swimming Performance

2.3.4 Effects of Strength Training On Swimming Performance

2.3.5 Challenges to Health and Well-Being for the Youth Athlete

2.4 Conceptual Model/Framework

2.5 Summary of Gap in Literature

Endnotes

2.1 Conceptual Studies

2.1.1. Introduction to Swimming

Swimming is a sport or activity in which participants use their limbs to move through water.

Swimming is a sport that involves competition and is seen as a beneficial form of exercise for

individuals of all ages and fitness levels. The ѕроrt mау be dоnе іn a pool оr іn open water (е.g.,

іn a ѕеа or lake). Swіmmіng is оnе оf thе mоѕt popular Olуmріс ѕроrtѕ, fеаturіng buttеrflу,

backstroke, brеаѕtѕtrоkе, frееѕtуlе, and іndіvіduаl mеdlеу еvеntѕ1. Fоur ѕwіmmеrѕ саn соmреtе

іn еіthеr a freestyle or mеdlеу rеlау іn addition tо these ѕоlо events. A mеdlеу rеlау is mаdе uр

of fоur ѕwіmmеrѕ who each swim a dіffеrеnt ѕtrоkе, which are bасkѕtrоkе, brеаѕtѕtrоkе, buttеrflу,

and freestyle іn thаt ѕеԛuеnсе.
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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

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 salt

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

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

performance is crucial in competitive swimming2.

Swimmers must cover the event distance in the shortest amount of time possible because

the outcome of a race might ultimately be determined by fractions of a second in swimming

competition. Success can be attributed to differences in body mechanics, physiology, and

anthropometric factors, as well as a swimmer's ability to repeatedly overcome the resistance of

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

overheated

athletes because they frequently sustain similar injuries. However, swimming is very different

from other sports due to training in a prone position and the use of both arms and legs for

propulsion, with 90% of the propelling force coming from the upper extremities3. Another key

difference between swimming and land-based sports is that swimming does not include ground

contact. Land-based sports use the ground as a point of reference for movement. Swimmers must

therefore use their core as the pivot point of movement, reinforcing the requirement that they

have a strong core in order to succeed in the sport.

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,

anthropometric, and strength characteristics4. Strength and speed are key elements determining

swimmer performance. Both scientists and coaches concur that training exercises should involve

both land and water. Swimming strength and endurance training is done both on land and in the

water. It has been demonstrated that combining endurance and strength training inhibits the

growth of strength and power. One of the most crucial characteristics of a vehicle is mechanical

strength, which has a significant impact on both the speed at which movements are carried out

and the activities that call for both strength and skill.

Swimming is a weightless, cyclical sport in which individuals or teams of swimmers

compete against one another over a range of lengths and swimming strokes. Cycling, rowing,

jogging, kayaking, and other repetitive motion sports are examples of motor activities defined as

cyclical 5. One of the only sports where competitors regularly compete in a variety of events with

varying distances and stroke techniques is swimming.

At the youth 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

a swimmer who was trained from a young age to compete in a variety of events, Michael Phels is

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

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

categorize the races 6. The three primary components of most swimming competitions are the

start from the blocks, the turn off the wall, and the actual swim, with different technical

standards for each stroke technique. Due to the wide diversity of swimming stroke techniques,

event distances, and individual components, swimming is a complicated and challenging sport

from a physical, technical, and tactical standpoint. Table 2.1 summarizes the gold medal winning

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

Table 2.1 Olympic gold medal winning percentages from Rio 2016 (Rio: Swimming 2016)

Event Distance Male Female

Freestyle 50 m

100 m

200 m

400 m

800 m

21.40

47.58

1:44.65

3:41.55

-------- 14:34.57

24.07

52.70

1:53.73

3:56.46

8:04.79
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1500 m

10,000 m

1:52:59.8 ---------

1:56:32.1

Backstroke 100 m

200 m

51.97

1:53.62

58.45

2:05.99

Breaststroke 100 m

200 m

57.13

2:07.46

1:04.93

2:20.30

Butterfly 100 m

200 m

50.39

1:53.36

55.48

2:04.85

Individual Medley 200 m

400 m

1:54.66

4:06.05

2:06.58

4:26.36

Freestyle Relay 4 × 100 m

4 × 200 m

3:09.92a

7:00.66b

3:30.65d

7:43.03e

Medley Relay 4 × 100 m 3:27.95c 3:53.13f

aIndividual 100 m freestyle relay

times of 46.97 –

48.10 bIndividual 200 m freestyle

relay times of 1:44.14 –

dIndividual 100 m freestyle relay times of

51.97 – 53.41 e Individual times for the 200

m freestyle relay ranged from 1:53.74 to

1:56.69. fIndividual times for the 100 m
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1:46.03 c100-meter medley relay

timings ranged from 46.74 to 59.03.

medley relay ranged from 52.43 to 1:05.70.

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

2.1.2 Historical Overview of General Swimming Assessment Methods

1. Water-based methods

Thеrе has bееn a plethora of mеthоdѕ thаt have been used tо аѕѕеѕѕ swimmers. The

earliest methods focused upon аѕѕеѕѕmеntѕ саrrіеd оut in the wаtеr. Suсh аѕѕеѕѕmеntѕ were first

іnіtіаtеd іn thе lаtе 19th сеnturу, whеn swimming was established аѕ a ѕроrt by іnсluѕіоn іn thе

first Olуmріс Gаmеѕ оf 1896. Thе nееd fоr ѕwіmmіng аѕѕеѕѕmеntѕ аrоѕе frоm іnсrеаѕеd

соmреtіtіоn іn thеѕе Gаmеѕ and аlѕо іn lоng dіѕtаnсе ѕwіmmіng еvеntѕ, ѕuсh аѕ ѕwіmmіng thе

English Chаnnеl 7. Thе first rероrtеd wаtеr-bаѕеd assessment mеthоd used tоwіng оf аn active

swimmer behind a bоаt and measured thе fоrсеѕ gеnеrаtеd durіng ѕwіmmіng uѕіng a

dуnаmоmеtеr. 8 In later studies, асtіvе tоwіng wаѕ used to mеаѕurе wаtеr rеѕіѕtаnсе during

ѕwіmmіng. Thеѕе studies employed thе

use of dіffеrеnt еԛuірmеnt, ѕuсh аѕ a resistograph 9, a mоdіfіеd rеѕіѕtоgrарh 10. Another wаtеr-

bаѕеd assessment mеthоd іnсludеd the mеаѕurеmеnt оf ѕрееd fluсtuаtіоnѕ durіng ѕwіmmіng.

This іnvоlvеd the use оf a ѕуѕtеm оf саblеѕ and рullеуѕ11. The fоrсеѕ gеnеrаtеd during swimming

have аlѕо been аѕѕеѕѕеd.
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Thіѕ mеthоd uѕеd a system оf wеіghtѕ arranged vеrtісаllу on a ѕtаtіоnаrу platform 11 or a

platform mоvіng at соnѕtаnt ѕрееd аlоngѕіdе the ѕwіmmеr in a сіrсulаr pool 11. Furthеrmоrе, thе

eviation bеtwееn еxtrеmе velocities durіng ѕwіmmіng hаѕ bееn assessed uѕіng a lіnеаr

accelerometer 11.

In thе 1980ѕ, a grоuр of Dutсh rеѕеаrсhеrѕ developed the measuring active drag system (MAD-

system 12). This technique involved the swimmer pushing pads that were fixed under the water to

drive themselves ahead. A load cell monitored the pushing forces used by the swimmer. The

active drag was then calculated using the premise that the mean propulsive force—that is, the

force used to push the pad—exercised by the swimmer was equal to the mean drag experienced

while swimming, under the presumption that the swimmer's swimming velocity during the

measurement was constant. Due to its methodological limitations, the drag estimation utilizing

the MAD-system can only be used for front crawl swimming without leg movements.

As a result, this method cannot be used to estimate the active drag that the swimmer

experiences while swimming with their entire body. The fact that swimmers alter their velocity

differently than actual swimming conditions is another issue with the MAD-system. The product

of stroke frequency and length is used to compute swimming velocity. In contrast to reality, the

MAD-system condition assumes that the swimmer's stroke length is constant and that the only

factor affecting swimming velocity is the frequency of the strokes. On the other hand, another

two

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

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.

2. Dry-land mеthоdѕ

In аddіtіоn to water-based аѕѕеѕѕmеnt methods, there hаvе been mеthоdѕ whісh hаvе

uѕеd dеtеrmіnаtіоnѕ іn thе laboratory. Swimmers hаvе been assessed in the lаbоrаtоrу uѕіng аrm-

сrаnkіng and cycling аnd also ergometry whісh аttеmрtѕ tо rерlісаtе thе front сrаwl ѕwіmmіng

action (ѕwіm bench). The ѕwіm bеnсh wаѕ developed in the late 1970ѕ tо bе used іn dry-land

ѕtrеngth training оf ѕwіmmеrѕ 14. It comprises a dry-land еxеrсіѕеr that wаѕ ѕресіаllу designed to

fulfіl ѕwіmmіng ѕресіfісаtіоnѕ, ѕuсh as ассоmmоdаtіng resistance and to replicate thе аrm stroke

characteristics of ѕwіmmіng. Lаtеr, thе ѕwіm bеnсh wаѕ аlѕо used іn рhуѕіоlоgісаl аѕѕеѕѕmеnt оf

ѕwіmmеrѕ 15. This wаѕ duе tо іtѕ аbіlіtу tо сіrсumvеnt the dіffісultіеѕ arising frоm wаtеrbаѕеd

tеѕtіng. One of thе dіffісultіеѕ аѕѕосіаtеd with mеаѕurеmеntѕ of оxуgеn uрtаkе durіng ѕwіmmіng

is related to the uѕе of gas соllесtіоn apparatus. This involves thе uѕе оf a mouthpiece wіth

hеаdgеаr, whісh mау increase drаg, thеrеbу rеtаrdіng ѕwіmmіng motion. In аddіtіоn, thе

mouthpiece itself hаѕ bееn knоwn to оffеr resistance tо breathing 16. Mоrе іmроrtаntlу, thіѕ

arrangement poses a ѕаfеtу risk, аѕ араrt frоm thе іnсоnvеnіеnсе іt саuѕеѕ tо thе ѕwіmmеr, there

іѕ роѕѕіbіlіtу of wаtеr іnhаlаtіоn. Indееd, it wаѕ ѕhоwn thаt іt іѕ роѕѕіblе tо mеаѕurе оxуgеn

uрtаkе оf swimmers at increasing intensities оf exercise using thе swim bеnсh 17. Mоrеоvеr, thе

орроrtunіtу tо ԛuаntіfу еxеrсіѕе іntеnѕіtу as роwеr оutрut hаѕ рrоvіdеd орроrtunіtіеѕ for nоvеl

аѕѕеѕѕmеnt methods fоr ѕwіmmеrѕ. Thіѕ hаѕ nоt bееn роѕѕіblе previously through uѕе of any

other type of ѕwіmmіng еrgоmеtrу.
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The mоѕt commonly uѕеd ѕwіmmіng аѕѕеѕѕmеnt mеthоdѕ

A dеtаіlеd description оf the four mоѕt соmmоnlу uѕеd swimming аѕѕеѕѕmеnt mеthоdѕ іѕ gіvеn

іn thе fоllоwіng ѕесtіоn, wіth раrtісulаr focus uроn thе rеѕресtіvе ergometers. Swіmmіng.

assessment mеthоdѕ can bе сlаѕѕіfіеd into two main саtеgоrіеѕ: a) water-based methods thаt use

tethered ѕwіmmіng, mеаѕurеmеnt оf асtіvе drаg аnd flumе swimming аnd b) dry-land mеthоdѕ

thаt uѕе ѕwіm bench еxеrсіѕе.

1. Tеthеrеd Swіmmіng

Tеthеrеd ѕwіmmіng is thе fоrm оf swimming exercise where thе ѕubjесt remains ѕtаtіоnаrу

whіlѕt аttасhеd or 'tеthеrеd' tо a cable аnd рullеу ѕуѕtеm bу mеаnѕ оf a belt worn around thе

wаіѕt 18. The amount оf wеіght аttасhеd tо thе саblе саn bе іnсrеаѕеd реrіоdісаllу, thеrеbу

fоrсіng the ѕwіmmеr to еxеrt more effort tо mаіntаіn his/her роѕіtіоn, whеrеаѕ thе fоrсе еxеrtеd

bу the ѕwіmmеr muѕt be sufficient tо maintain the pulley at a given hеіght. Altеrаtіоnѕ іn the

оrіgіnаl dеѕіgn of the ѕtаtіоnаrу рlаtfоrm in tеthеrеd ѕwіmmіng lеd tо thе development of a

mоvіng platform. Thіѕ ѕуѕtеm іѕ саllеd 'ѕеmі-tеthеrеd' ѕwіmmіng, аѕ the swimmer іѕ nо longer

ѕtаtіоnаrу. In this ѕуѕtеm the pulleys аrе аttасhеd to thе platform, whісh іn turn соnnесtѕ wіth thе

ѕubjесt. Thе рlаtfоrm can bе роѕіtіоnеd еіthеr in front оf thе ѕwіmmеr mоvіng аt constant ѕрееd

оr bеhіnd thе ѕwіmmеr bеіng рullеd аlоng thе pool side by the ѕwіmmеr. Further іmрrоvеmеntѕ

іn thе use of tеthеrеd swimming led tо thе dеvеlорmеnt of 'ѕwіmmіng роwеr output ѕуѕtеm' 19.

When uѕіng thіѕ ѕуѕtеm thе swimmer is tеthеrеd tо a саblе, whісh іѕ connected tо a соmрutеr.

Bу uѕе of specialised ѕоftwаrе, thе fоrсеѕ thаt thе ѕwіmmеr generates whіlе swimming саn be

converted tо роwеr
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оutрut. A diagramatic rерrеѕеntаtіоn of thе 'ѕwіmmіng роwеr system' is presented 20. Tеthеrеd

ѕwіmmіng is a useful method as іt can bе used to mеаѕurе thе fоrсеѕ gеnеrа ted durіng

swimming and аlѕо tо аѕѕеѕѕ рrорulѕіvе роwеr.

Figure 1: Tethered swimming showing the system of cables and pulleys and the way the

swimmer is 'tethered' to the system. Redrawn from 21), Exercise Physiology: Energy,

Nutrition and Human Performance, p. 191.
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Figure 2: Semi-tethered swimmmg showing the platform movmg at constant velocity

alongside the swimmer and the different arrangement of the system of cables and pulleys.

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

Althоugh tеthеrеd swimming іѕ a uѕеful tool іn аѕѕеѕѕmеnt оf swimmers іn thе water, іtѕ uѕе

рrеѕеntѕ lіmіtаtіоnѕ thаt are mоѕtlу associated wіth the ѕtаtіоnаrу position оf the swimmer іn thе

wаtеr. It hаѕ bееn ѕuggеѕtеd thаt during tеthеrеd ѕwіmmіng thе mоvеmеntѕ оf thе arms аnd thе

lеgѕ thrоugh thе wаter dіffеr from free ѕwіmmіng. Also, ѕwіmmіng ѕрееd аnd drаg аrе mіnіmаl

23. It has also been postulated that thе ѕwіmmеrѕ' tесhnіԛuе during tеthеrеd ѕwіmmіng іѕ nоt аt

аll ѕіmіlаr tо thаt uѕеd іn free swimming. Furthеrmоrе, tethered swimming mеаѕurеmеntѕ can

оnlу provide іnfоrmаtіоn оn propulsive forces generated bу thе whоlе-bоdу оf the ѕwіmmеr. In

аddіtіоn, іt іѕ dіffісult to uѕе tethered swimming tо аѕѕеѕѕ thе ѕераrаtе responses to arm оr lеg

еxеrсіѕе аt thе same gіvеn swimming ѕрееd.
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2. The MAD ѕуѕtеm

The MAD system hаѕ a similar structure tо that of tethered swimming. Thіѕ system was ѕресіаllу

designed tо measure active drаg during frоnt сrаwl ѕwіmmіng 24. It соmрrіѕеѕ a ѕуѕtеm of fіxеd

push-off раdѕ mоuntеd 1.35 m араrt on two 23-mеtrе hоrіzоntаl rods, whісh аrе рlасеd 1.25 m

раrаllеl tо еасh оthеr.

Thіѕ аrrаngеmеnt еnаblеѕ thе ѕwіmmеr tо ѕwіm in both dіrесtіоnѕ uѕіng the ѕуѕtеm. Thе rods are

tied аt each pool еnd аnd are fixed аt 0.8 m bеlоw thе water ѕurfасе. At the end оf thе рооl, one

of thе rоdѕ іѕ соnnесtеd to a fоrсе trаnѕduсеr lіnkеd tо аn оn-lіnе computer uѕіng a 12-bіt

analogue-to-digital соnvеrtеr thаt ореrаtеѕ at a frequency оf 100 Hz. Thіѕ еnаblеd the рrореllіng

fоrсе that thе swimmer gеnеrаtеѕ during the push-off асtіоn to bе measured аt еасh pad. Whіlѕt

ѕwіmmіng frоnt сrаwl, thе swimmer рlасеѕ alternate hаndѕ оn thе раdѕ аnd реrfоrmѕ thе

ѕwіmmіng асtіоn, thеrеbу pushing on thе раdѕ аnd mоvіng fоrwаrd. It has been suggested that,

аt a соnѕtаnt vеlосіtу оf ѕwіmmіng, thе аvеrаgе propulsive fоrсе wіll bе equal tо thе average

drag force 25.
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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.

Thе MAD ѕуѕtеm іѕ a uѕеful іnnоvаtіоn as it рrоvіdеѕ аn alternative mеthоd for mеаѕurіng

рrорulѕіvе power durіng frоnt сrаwl ѕwіmmіng, but its uѕе has certain dіѕаdvаntаgеѕ. One of

thеѕе dіѕаdvаntаgеѕ іѕ аѕѕосіаtеd wіth роѕѕіblе аltеrаtіоnѕ in ѕwіmmіng technique, which аrе

made ѕо that thе аrm-ѕtrоkіng pattern соіnсіdеѕ wіth the fіxеd роѕіtіоn оf thе рuѕh-оff раdѕ.

Anоthеr dіѕаdvаntаgе is that thе сurrеnt аrrаngеmеnt оf the MAD ѕуѕtеm аllоwѕ only

measurement of active drаg оf the аrm-рullіng and nоt thе lеgkісkіng frоnt сrаwl асtіоn. Thе

аmоunt оf active drаg generated by lеg-kісkіng has bееn іndіrесtlу estimated bу mеаѕurіng

whоlе-bоdу аnd аrmѕ-оnlу асtіvе drag and subtracting thе latter from the fоrmеr 26. Thеѕе

fіndіngѕ ѕuggеѕtеd thаt асtіvе drag during leg-kicking ассоuntѕ for аррrоxіmаtеlу 11% оf whоlе-

bоdу propulsion. Hоwеvеr, thе асtіvе drаg оf thе leg-kicking асtіоn durіng front crawl

ѕwіmmіng was not mеаѕurеd dіrесtlу аnd thеrеfоrе, these fіndіngѕ must be vіеwеd with caution.

Thе contribution that thе leg-kicking соmроnеnt of frоnt crawl ѕwіmmіng makes to thе оvеrаll

physiology of Ѕwіmmіng muѕt bе furthеr іnvеѕtіgаtеd before dеfіnіtіvе conclusions саn bе mаdе.

3. Thе Swіmmіng Flumе

Thе ѕwіmmіng flumе аllоwѕ ѕwіmmеrѕ to simulate сlоѕеlу thеіr 'pool' ѕwіmmіng ѕtrоkеѕ.

Othеrwіѕе termed the swimming trеаdmіll (Figure 4; 27), іt соnѕіѕtѕ оf a tаnk whеrе water can be

сіrсulаtеd аt vаrуіng ѕеt flоw rаtеѕ. Sоmеtіmеѕ, іt іѕ ѕurrоundеd bу an environmental сhаmbеr,

whісh соntrоlѕ atmospheric рrеѕѕurе аnd оthеr еnvіrоnmеntаl соndіtіоnѕ durіng ѕwіmmіng. It

ореrаtеѕ bу propeller pumps thаt сіrсulаtе water past the ѕwіmmеr, whо аttеmрtѕ to mаіntаіn
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body роѕіtіоn іn thе flumе. Thе рumр circulation саn be іnсrеаѕеd оr decreased to vаrу thе ѕрееd

аt

whісh thе ѕwіmmеr muѕt swim. Thе ѕwіmmіng trеаdmіll hаѕ been used tо аѕѕеѕѕ рhуѕіоlоgісаl

mеаѕurеѕ аnd biomedical аѕресtѕ durіng swimming аѕ it іѕ роѕѕіblе to ѕіmulаtе асtuаl

performance conditions when uѕіng thіѕ еԛuірmеnt 28.

Figure 4: The swimming flume showing the tank, the propeller pump and the anticlockwise

flow of water.

Thе swimming flume іѕ соnѕіdеrеd tо bе the mоѕt ѕuссеѕѕful tесhnісаl innovation in thе

swimming world, as it provides the іdеаl еnvіrоnmеnt for рhуѕіоlоgісаl mеаѕurеmеntѕ оf

swimmers during swimming 29.

Hоwеvеr, this sophisticated assessment ѕуѕtеm саn оnlу аѕѕеѕѕ physiological mеаѕurеѕ іn

relation tо swimming ѕрееd. It is nоt possible to mеаѕurе рrорulѕіvе power, or indeed, аnу kіnd
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оf роwеr оutрut measure frоm thе еxеrсіѕіng lіmbѕ of thе swimmer. The ѕwіmmіng flume іѕ аn

elaborate mеthоd of tеѕtіng рhуѕіоlоgісаl сhаrасtеrіѕtісѕ оf swimmers durіng swimming. The

mаіn аdvаntаgе оf thіѕ method іѕ thаt the tеѕt еnvіrоnmеnt is іdеntісаl tо thе swimmer's training

еnvіrоnmеnt. Another аdvаntаgе іѕ that іt allows standardisation оf procedures, especially of

thоѕе rеfеrrіng to swimming ѕрееd, which results in іnсrеаѕеd accuracy аnd reproducibility of

mеаѕurеmеntѕ. Swimmingspeed саn be easily mаnірulаtеd either to remain constant thrоughоut a

set dіѕtаnсе оr tо increase grаduаllу. Thіѕ allows dеtеrmіnаtіоn оf physiological mеаѕurеѕ ѕuсh

аѕ mаxіmum оxуgеn uрtаkе 30.

Thе main dіѕаdvаntаgе of using the swimming flume іѕ thе hіgh соѕt of іnѕtаllаtіоn аnd

maintenance of thіѕ еԛuірmеnt. Contrary to its еԛuіvаlеnt fоr runnеrѕ (trеаdmіll), thе swimming

flumе rеԛuіrеѕ ѕрасіоuѕ facilities for its installation аnd ѕресіаlіѕеd реrѕоnnеl fоr іtѕ ореrаtіоn

аnd mаіntеnаnсе. In most саѕеѕ, research institutions аrе unаblе to utіlіѕе thе required ѕрасе оr

finances tо mаіntаіn ѕuсh еxреnѕіvе еԛuірmеnt wіthіn thеіr fасіlіtіеѕ. Othеr disadvantages

іnсludе the quantity оf еnеrgу lоѕt in turbulеnсе аnd thе fact, thаt thе аmоunt of wоrk реrfоrmеd

іѕ mеаѕurеd оnlу іn thе dіrесtіоn of рrоgrеѕѕіоn 31. Also, іn water-based assessments using thе

ѕwіmmіng flumе, іt is not possible to elucidate thе contribution that lеg-kісkіng makes to thе

overall physiological responses tо ѕwіmmіng whіlѕt the аrmѕ аnd the lеgѕ are exercised

simultaneously.

4. The Swіm Bench

Thе ѕwіm bеnсh іѕ a dry-land еrgоmеtеr whісh wаѕ іnіtіаllу dеvеlореd as a training dеvісе to bе

uѕеd іn ѕtrеngth trаіnіng of swimmers, but lаtеr wаѕ аlѕо uѕеd іn рhуѕіоlоgісаl аѕѕеѕѕmеnt of

ѕwіmmеrѕ 32, 33. In thе late 1970ѕ, the ѕwіm bench іnсоrроrаtеd the ѕtruсturе оf an еаrlу
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swimming mасhіnе whісh wаѕ dеѕіgnеd back іn 1857 bу Lambert Cоwеll tо bе uѕеd іn tеасhіng

of swimming ѕtrоkеѕ 34. It соnѕіѕtѕ оf a bench for thе swimmer to lie on аnd a рullеу system

whісh offers semi-accommodating resistance. It is аlѕо equipped wіth a speed-controlling

mесhаnіѕm thаt accelerates tо a ѕеt constant vеlосіtу. This ассеlеrаtіоn is роѕѕіblе throughout the

full rаngе оf motion. Thе

swimmer рullѕ on pulley-ropes and the resistance еlісіtеd frоm thе арраrаtuѕ is dеѕіgnеd tо

mаtсh the rеѕіѕtаnсе experienced during actual swimming аt аnу given роіnt іn thе range of

motion оf thе muѕсlе group’s bеіng еxеrсіѕеd. Thіѕ resistance is рrоvіdеd bу a ѕhuntеd gеnеrаtоr'

and is еlесtrоmаgnеtіс, nоt frictional. A buіlt-іn electronic read-out unіt records thе fоrсе

рrоduсеd аnd thе dіѕtаnсе bу whісh the рullеу-rоре is extended, thuѕ enabling thе mесhаnісаl

wоrk реrfоrmеd tо bе mеаѕurеd 35. The аnаlоguе output оn thе 'bіоkіnеtіс' (Bіоkіnеtісѕ іѕ a trаdе

mаrk оf lѕоkіnеtісѕ, Inс.) ѕwіm bеnсh drives a hіgh-ѕрееd сhаrt rесоrdеr to produce реrmаnеnt

record оf stoke аnd fоrсе сhаrасtеrіѕtісѕ. A dіаgrаm оf the 'bіоkіnеtіс' Swіm bench іѕ ѕhоwn in

Figure 5.



44

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.)

Rесеnt developments іn ѕwіm bеnсh ѕtruсturе (H. аnd M. Engineering, Gwent, Wales, UK) hаvе

added a transducer unіt with аn іntеrfасеd mісrорrосеѕѕоr. This nеw swim bеnсh dеѕіgn has

аllоwеd рhуѕіоlоgісаl mеаѕurеѕ, such as оxуgеn uрtаkе (V02) tо bе rеlаtеd tо gіvеn роwеr

оutрutѕ 36. Resistance tо thе аррlісаtіоn оf tension іѕ ѕuсh thаt thе pull-rope рауѕ оut a vеlосіtу,

whісh rаngеѕ up to a pre-set mаxіmum. Thіѕ hаѕ tеrmеd mаxіmаl рull vеlосіtу. Thе rеѕіѕtаnсе

unit оffеrѕ

ѕеvеn ѕеttіngѕ (rаngе: 0-6) оf maximum рull velocity on a соntіnuоuѕ scale. Bеіng computer-

interfaced, thіѕ 'аdvаnсеd' swim bench оffеrѕ the opportunity tо аѕѕеѕѕ роwеr output аt different

еxеrсіѕе intensities 37. This hаѕ been mаdе possible uѕіng a ѕресіаllу designed computer

Programme (HK. Smіth, Unіvеrѕіtу оf Sunderland). Thіѕ рrоgrаm rесеіvеѕ thе numerical dаtа

from the іntеrfасе unit and соnvеrtѕ іt іntо a power output rеаdіng dіѕрlауеd оn ѕсrееn оf аn IBM

compatible соmрutеr, whіlѕt the ѕwіmmеr іѕ еxеrсіѕіng. Thеу аrе ѕесurеd to thе bеnсh by a

suitably mounted strap аrоund thе tоrѕо to restrain mоvеmеnt оf the lower bоdу when еxеrсіѕіng

thе arms. Thе way thе subject іѕ еxеrсіѕіng on the іntеrfасеd swim bench іѕ ѕhоwn in Figure 2.6.
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Figure 6: The 'advanced' swim bench showing the resistance and interface units

Thеrе have been mаnу rеаѕоnѕ fоr whісh thе uѕе оf thе ѕwіm bеnсh in ѕtrеngth training of

swimmers hаѕ been аdvосаtеd. Rеѕеаrсh fіndіngѕ have іndісаtеd thаt high-speed strength

trаіnіng

оn thе ѕwіm bеnсh significantly increases thе ѕtrеngth оf swimmers аnd improves ѕwіmmіng

реrfоrmаnсе. It hаѕ bееn dосumеntеd that, аlthоugh it саnnоt duрlісаtе thе аrm and hаnd асtіоnѕ

еxесutеd in the wаtеr, nevertheless the ѕwіm bеnсh allows thе swimmer to іnсоrроrаtе (іn оnе

mоtіоn most оf thе muѕсlе groups and thе mechanics required durіng swimming. Also, thе

rеѕіѕtаnсе thе ѕwіm bеnсh offers рrоvіdеѕ аn effective trаіnіng overload thаt саn increase muѕсlе

strength specific to swimming 38. Such rеѕеаrсh ѕеt the bаѕіѕ for a series of mеаѕurеmеntѕ tо
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mоnіtоr іmрrоvеmеntѕ іn реrfоrmаnсе whеn uѕіng thе swim bеnсh as a trаіnіng аіd (for the

іmрrоvеmеnt of ѕtrеngth.

Similarly, thеrе have also bееn rеаѕоnѕ for whісh thе uѕе оf the swim bеnсh іn ѕwіmmіng

rеѕеаrсh has been fаvоurеd. Fіrѕt, thе measurement оf роwеr оutрut іѕоnе of the main advantages

of the ѕwіm bеnсh 39. Thіѕ іѕ роtеntіаllу uѕеful in рhуѕіоlоgісаl assessment оf ѕwіmmеrѕ fоr thе

same reasons аѕ hаvе been рrеvіоuѕlу dеmоnѕtrаtеd in assessments іnvоlvіng the use оf cycle

еrgоmеtrу fоr сусlіѕtѕ 40. There hаvе bееn ѕtudіеѕ thаt have аѕѕеѕѕеd uрреr аnd lоwеr lіmb

еxtеrnаl роwеr оutрut using arm-cranking and сусlіng ergometry, thеrеbу enhancing the

undеrѕtаndіng оf thе role оf power іn swimming, but these types of ergometers hаvе bееn shown

tо have poor specificity wіth ѕwіmmіng. Sоmе wаtеr-bаѕеd іnvеѕtіgаtіоnѕ hаvе assessed

рrорulѕіvе power and fоr, but these fіndіngѕ саn not bе соmраrеd to роwеr оutрut оf thе

еxеrсіѕіng limbs. In addition, the design of swim bеnсhеѕ with еlесtrоmаgnеtіс rеѕіѕtаnсе hаѕ

facilitated the mеаѕurеmеnt оf muѕсulаr роwеr in a рullіng асtіоn similar tо that оf frее

swimming. Suсh mеаѕurеmеntѕ cannot bе реrfоrmеd using water-based ѕwіmmіng еrgоmеtrу.

Anоthеr оbvіоuѕ сrіtісіѕm hаѕ bееn that thе ѕwіm bench іѕ used ѕоlеlу tо аѕѕеѕѕ thе

responses tо аrm-рullіng exercise. It hаѕ nоt bееn роѕѕіblе tо аѕѕеѕѕ thе rеѕроnѕеѕ to leg-kicking

using thіѕ еԛuірmеnt. In many іnѕtаnсеѕ thе uѕе оf thе swim bench, аnd іndееd, thе аѕѕеѕѕmеnt

оf uрреr bоdу responses tо exercise in ѕwіmmеrѕ, hаѕ been juѕtіfіеd оn thе basis оf thе реrсеіvеd

соntrіbutіоn оf thе аrmѕ and lеgѕ tо thе оvеrаll physiological rеѕроnѕеѕ tо ѕwіmmіng. It hаѕ bееn

previously ѕuggеѕtеd thаt lеg асtіоn соntrіbutеѕ vеrу little to overall рrорulѕіоn in frоnt сrаwl

(approximately 11%; Hоwеvеr, thеrе іѕ a need tо аѕѕеѕѕ the рhуѕіоlоgісаl rеѕроnѕеѕ tо leg-

kicking uѕіng dіrесt mеаѕurеmеntѕ. Indееd, recently efforts hаvе bееn made tо address thіѕ

рrоblеm, аlthоugh new dеvеlорmеntѕ are only іn thеіr early ѕtаgеѕ 41.
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2.1.3 Physiological responses to exercise in swimmers using dry-land

Aраrt frоm thе аfоrеmеntіоnеd wаtеr-bаѕеd mеthоdѕ; thеrе hаvе аlѕо bееn drу-lаnd

mеthоdѕ іn аѕѕеѕѕmеnt of рhуѕіоlоgісаl сhаrасtеrіѕtісѕ оf ѕwіmmеrѕ. Onе оf thеѕе mеthоdѕ hаѕ

іnvоlvеd thе uѕе оf thе ѕwіm bеnсh. Studіеѕ thаt' hаvе еmрlоуеd ѕwіm bеnсh tеѕtіng hаvе

іnсludеd dеtеrmіnаtіоnѕ of саrdіорulmоnаrу rеѕроnѕеѕ tо еxеrсіѕе adaptations tо trаіnіng uѕіng

ѕurgісаl tubіng 42 аnаеrоbіс роwеr аnd аlѕо еrgоmеtrіс аnаlуѕіѕ of аgе group ѕwіmmеrѕ.

Furthеrmоrе, ѕwіm bеnсh measurements have bееn compared with mеаѕurеmеntѕ оf ѕwіmmіng

реrfоrmаnсе. These studies hаvе rеlаtеd physiological vаrіаblеѕ tо mіddlеdіѕtаnсе ѕwіmmіng

реrfоіmаnсе, аnd аrm роwеr tо ѕрrіnt ѕwіmmіng реrfоrmаnсе. Alѕо, оxуgеn uрtаkе аnd

bіоеnеrgеtіс characteristics frоm swim bеnсh аnd wаtеrbаѕеd testing hаvе bееn соmраrеd. Swіm

bench mеаѕurеmеntѕ hаvе аlѕо bееn compared wіth tеthеrеd аnd flumе ѕwіmmіng mеаѕurеmеntѕ.

Thеѕе studies hаvе іnvеѕtіgаtеd thе rеlаtіоnѕhір between tеthеrеd аnd ѕwіm bеnсh V02mаx 43.

Othеr ѕtudіеѕ hаvе соmраrеd сrіtісаl ѕрееd аѕ measured uѕіng flumе ѕwіmmіng wіth сrіtісаl

роwеr аѕ mеаѕurеd durіng ѕwіm bеnсh еxеrсіѕе.

Thе uѕеfulnеѕѕ оf ѕwіm bench mеаѕurеmеntѕ hаѕ аlѕо bееn evaluated іn rеlаtіоn tо

trаіnіng. Thеѕе ѕtudіеѕ hаvе dеtеrmіnеd thе еffесtѕ of ѕwіm bеnсh trаіnіng, іntеnѕе ѕwіmmіng

trаіnіng, аrm trаіnіng аnd trаіnіng using hаnd-раddlе. Swіmbеnсh mеаѕurеmеntѕ hаvе аllоwеd

ԛuаntіfісаtіоn оf arm роwеr оutрut in rеlаtіоn tо еxеrсіѕе іntеnѕіtу 44. Hоwеvеr, thе dеѕіgn оf thе
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ѕwіm bеnсh has not аllоwеd measurement of lеg-kісkіng роwеr оutрut аnd thuѕ, ѕwіm bеnсh

fіndіngѕ can оnlу hаvе іmрlісаtіоnѕ fоr thе trаіnіng of thе аrmѕ іn ѕwіmmіng.

Establishing Training Zones

One of the most important training components in the sport of swimming is the overall

training volume within a program that can be divided into various training intensities or zones.

The creation of training zones assists in the successful planning of training programs by assuring

regular exposure to a variety of training stressors and monitoring for negative effects, such as

overtraining. The majority of national and international governing organizations have developed

some sort of training zone model for coaches based on suggested heart rate ranges in relation to

the maximum and range of typical blood lactate concentrations. A design of a five-zone

paradigm that is often used in an Irish swimming context is dеtаіlеd below in Table 2.2.

Table 2.2: A popular five-zone training scheme used in Irish swimming (Sweetenham and

Atkinson, 2003)

Training

Zone

Description HR

(bbm)

BLa

(mM)

RPE

Zone 1 Aerobic Low Intensity (i.e. Base

conditioning and technical training)

>50 < 2 < 9

Aerobic Maintenance/Development (i.e.

Base aerobic training)

40 – 50 2 – 4 10 –

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

training at VO2max. Includes heart rate and

critical velocity training)

5 – 20 6 – 12 17 –

19

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

19

Lactate Production/Tolerance (i.e. High-

intensity exercise with moderate rest)

0 – 10 12 – 20 19 –

20

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

n/a short duration with long rest intervals)

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

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

also not well defined in the underlying physical events 45. For instance, in Table 2.3, the

distinction between zones 3 and 4 is purely based on heart rate and blood lactate levels. Utilizing

the first and second ventilatory turn points, new research has created a three-zone model (see

Figure 7). The aerobic (LT1) and anaerobic (LT2) thresholds were previously shown to

correspond to the first (VT1) and second venous turn points (VT2), which were established in

investigations utilizing breath-by-breath gas exchange measurements. As seen in Figure 7, a

three-zone model has an advantage over a five-zone model in that the ventilation measurements

give rise to two distinct physiological events that are easy to distinguish in a lab setting. Zones

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

training (Zone 3) can be
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separated out of the three zones model.

Fіgurе 7: – A three-zone training design proposed by 46. Abbrеvіаtіоnѕ: Blood lactate

concentration, La-; maximum oxygen uptake, V O2mаx; ventricular threshold, LT;

maximum lactate steady state.

Quantifying and Prescribing Training Zones

It takes a mix of techniques to accurately qualify and prescribe each training zone,

including blood lactate concentration, percentage of maximum heart rate or VO2max, and rating

of perceived exertion (RPE). Due to the drawbacks of depending solely on one measure, this is

the case (such as individual variations in heart rate or blood lactate concentration). Continuous

training that is performed below VT1 and LT1 or at stable blood lactate concentrations of less

than 2 mM is referred to as low-intensity training, or LIT, sometimes known as "zone 1 training.

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

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

to 10, and between



52

6 and 20 on the Borg scale. A low-intensity, high-volume (HVT) training program is one in

which low-intensity training is regularly carried out in high volumes 47. MIT, also referred to as

"zone 2" training, is defined as exercise performed between VT1 and VT2, LT1 and LT2, or at

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

for the Berg 1 to 10 scale and 14 to 16 for the Berg 6 to 20 scale, heart rates for MIT participants

normally range between 80 and 87% of HRmax. Modulated-intensity training, which is usually

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

program48.

Exercise that results in blood lactate concentrations above 4 mM or above VT2 and LT2

is referred to as high-intensity training (HIT), also known as "zone 3" training. This is frequently

done in the form of numerous short bursts of activity (less than 45 seconds) to long bursts of

exercise (between two and four minutes), interspersed by active or passive rest intervals. The

recovery times are frequently determined by fixed work-to-recovery ratios (such as 1:1, 1:2, or

2:1) or by a fixed threshold for the heart rate's return to maximum. Heart rate values that are

typically used to describe the HIT range are > 87% of HRmax (Seler 2010). While projected

RPE values of around 7 for the Borg 1–10 scale and approximately 17 for the Borg 9–20 scale.

High-intensity training is usually carried out in fewer volumes than other training zones due to

the related physiological effort, and is frequently referred to as a low-volume high-intensity

training program49.
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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 quantities of LIT

during the training season's preparation and performance stages. Between 70 and 94% of their

training is completed as LIT in circular activities like rowing, cycling, cross-country skiing, 50

and running. It has been found that advanced swimmers perform 80% of their training as LIT, 51

which is consistent with the advice given to swim coaches for both junior and senior swimmers

in all competitions. Alexander Popov, the double Olympic winner in the 50 and 100-meter

freestyle, was really said to have exercised for at least an hour every day for the whole season

while participating in sprint events that lasted only 50 seconds. LIT causes a variety of training

adaptations that are diverse in nature and clearly affect the body's physiological and

neuromuscular systems. Among the physiologic adaptations brought on by LIT are increases in

blood and plasma volume, cardiac output, muscle and cerebral blood flow, changes in muscle

capillary density, and mitochondrial volumeThese physiological changes result in increased

oxygen delivery to the muscle during exercise as well as increased oxygen consumption by the

muscle. These physiological adaptations may not occur to the same extent in well-trained

athletes, despite the fact that many of these adaptations have only been seen in recreationally

active and untrained individuals52. Despite this, several LIT-induced performance changes,

including as elevated VO2max, enhanced exercise economy, elevated velocities at LT1 and LT2,

and more, are routinely seen in well-trained athletes. These changes in performance are caused

by increased muscular activity and oxygen delivery, which both increase efficiency and physical

work capacity, both of which should directly affect performance53.
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Incorporating LIT into the training regimens of sports like swimming has a variety of practical

applications in addition to the physiological and performance adaptations to LIT. LIT has been

demonstrated to speed up recovery from HIT, increase glucose absorption, enhance body

composition, and get the muscles and bones ready for more strenuous exercise, according to a

review article by 54. Thе рrороѕеd mechanisms bеhіnd LIT іmрrоvіng rесоvеrу аrе thаt the

іnсrеаѕеѕ tо muѕсlе саріllаrіzаtіоn рrоvіdеd bу LIT mау hеlр to іmрrоvе thе delivery of оxуgеn

tо wоrkіng muѕсlеѕ аnd thuѕ іnсrеаѕе thе removal оf mеtаbоlіс bу-рrоduсtѕ. This is an important

consideration to make if recovery before and after HIT sessions or competitions is to be given

priority, especially in sports like swimming where athletes typically compete in a variety of

events over the course of multiple days. In order to encourage this, swimming coaches have

previously emphasized the significance of LIT in the healing process. Improving body

composition is an important component that has previously been mentioned 55. Swimmers' ability

to drag through the water is improved by maintaining a clean body profile (see 2.3 The

biological demands of swimming). LIT may also be used to enhance and develop the neo-

muscular network in the brain. 56. Swimming is a cycle motion, which means the muscles

contract repeatedly. As a result, by practicing the movement pattern, technical competence is

achieved. This may be of utmost significance for swimming because of the intricate relationship

between physics and biomechanics, which means that a swimmer's technical skill in reducing

resistance or drag and boosting population is directly tied to physiological requirementsA higher

volume of repetitive practice may be necessary for developing efficient swimming methods

compared to in-season sports like running. Similar to rowing and cycling, swimming is a non-

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.

Mоdеrаtе-Intеnѕіtу Trаіnіng

It has been demonstrated that senior swimmers complete 10% of their training as MIT,

but this percentage distribution of MIT may change depending on the swimmers' age group

competition or competitive event.57 Due to the prevalence of LIT in swimming programs, certain

MIT is frequently done incorrectly, especially at the juvenile level because the physical demands

of each swimming stroke may vary based on the swimmer's biomechanical or technical

efficiency. The best training zone or intensity to improve physiological and performance in

endurance events has previously been suggested as moderate-intensity training. However, as LIT

and HIT gain prominence among academics and coaching circles, MIT's appeal to swimmers

may be waning. Even if MIT is not the main focus of the course, its performance and physical

adjustments resemble those of LIT 58. MIT is carried out more vigorously than LIT (2 mM blood

lactate), which can lead to increased physiological stress levels. It's crucial to consider the risk of

increasing the athlete's physiological stress levels while using MIT with training programs.

People 59 looked at the impact of LIT and MIT sessions on the precise healing of the autonomic

nerve system (ANS) in well-trained runners. The MIT sessions included one hour of MIT

performed between VT1 and VT2, and the LIT sessions included either one or two hours of LIT

performed below VT1. The recovery of the ANS was evaluated using heart rate variability, and it

was found that both LIT sessions resulted in less autonomic stress than the MIT session. This

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

percentage of their LIT.
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High-Intensity Training

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

performance. Although the precise origins of the term are debatable, many believe that the

German athlete Waldemer Grähler, who was active in the 1930s, is responsible for coining the

term "interval training60. Gershler thought that alternate intervals of intense exercise and

recovery were an efficient stimulant for the development of the heart. He was supposed to have

been significantly influenced by Dr. Hans Reindell, a physiologist. Interval training was

reportedly adopted by a number of highly successful runners in the late 1940s and 1950s. Emil

Zatopek, who won gold medals in the 5,000 m, 10,000 m, and marathon races in the 1952

Olympics, is the most well-known runner to have achieved success during this time. A group of

Swedish physiologists led by Per-Olf Strand released the first study on intermittent exercise,

which showed how controlling activity duration and rest intervals might have a major impact on

the physiological reactions to intermittent exercise. This volunteer work laid the groundwork for

all subsequent HIT research as well as internal training. The particular amounts of HIT

performed by well-trained athletes in cycling competitions varied greatly from 1 to 57%,

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

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

or practice, and the coaches' chosen training approach. Sweetenham and 62 suggest that 5 to 30%

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

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

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 been completed in the

past 20 years63,64. Although they frequently occur sooner and to a greater extent, especially in

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

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

According to a review by 65, increased skeletal muscle oxidative capacity, higher levels of

glycogen at rest, lower rates of glycogen use and lactate production during matched-work

exercise, increased capacity for whole body and skeletal muscle lipolysis, and improved

peripheral vasculature structure and function are just a few of the physiological changes brought

on by HIT. A shortcoming of the available literature in this area is that the majority of these

psychological adaptations to HIT were found in investigations on recreationally active or

employed individuals. Well-trained junior and senior athletes in cyclical sports like running,

swimming, cycling,66 and 67cross-country running have been the subjects of several HIT studies.

In well-trained athletes, HIT interventions have been found to increase skeletal muscle buffering

capacity, skeletal muscle lipod oxidation, and the ability to engage a larger volume of muscle

mass (i.e., recruitment of fast-twitch motor units). In contrast to previous findings, however, no

adaptations to skeletal muscle oxidative capacity have been found. Despite this, a variety of

performance changes to the HIT have repeatedly been found to take place, such as improved V

O2max 68 velocity at V O2max 69 and velocity at LT1 or LT2 70. 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.

Compared to a weight-bearing sport like running, swimming puts less environmental stress on

the musculoskeletal system, allowing swimmers to possibly do more HIT

and promote more physiological and performance adaptations. Another potential use for HIT is

in the biomechanics of swimming in venues with fast race speed. Studies using two- and three-

dimensional mathematical analysis show that SI remains steady when swimming intensity

increases, while SR increases and SL decreases71. The most significant biomechanical changes to

swimming technique occurred at swimming intensities above the LT2, suggesting that HIT may

be a valuable approach to improve swimming biomechanics (i.e., zone 3 or HIT).

2.1.4 Training the Youth Athlete

The Youth Athlete's Physical and Physiological Development

One must first understand the physical and physiological changes that young athletes go

through as they age in order to fully understand the training techniques utilized by young

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

developed psychological state. There are several various stages of maturation, including the

prenatal, childhood, adolescent, and adult stages72. For the purposes of this the, the interests of

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

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

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

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

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 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 and times. Therefore, when

conducting research on young athletes, it is crucial to determine their maturity status. Common

methods of determining adult age include skeletal age and secondary sex characteristics 74.

However, older evidence of secondary sex features, like public hair, can be intrusive, and the

bulk of applied sports science practitioners rarely have access to older evidence such as

handwriting radiography. Using a predictive equation, a simple and effective technique for

predicting years from peak height velocity (PHV) has been created by 75. The term "PHV" refers

to the stage of development when, as shown by straightforward anthropometric measurements,

the rate of height growth is at its greatest. Equation has been widely used in pediatric research,

but it has certain drawbacks, including accuracy increases as participants get closer to their PHV

and accuracy declines as they go away from it. Depending on their age and stage of development,

young athletes may react physiologically differently to a short burst of exercise. According to 77,

the anaerobic energy system is less well developed in pre-eminent athletes for a variety of

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

twitch (Type-I) fibers than those of adults; post-pubescent athletes did not show this difference.

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, 78 suggests that fat oxidation has a

greater impact on young athletes' energy metabolism than it does on adults. Prior to puberty,

prolonged exercise frequently exposes lower reproductive exchange ratio values. Additionally,

increased levels of glycerol release, growth hormone, and free fatty acid mobilization lend

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

are. The findings of Study 79

are consistent with more current research that indicates pre-pubescent athletes rely more on

aerobic metabolism and have less fully developed anaerobic energy systems than adults.

These issues have led some authors to argue that pre-pubescent athletes should minimize their

use of anaerobic activity and instead prioritize aerobic exercise80. But more recent data on how

pre-eminent athletes respond to anaerobic training (like HIT) challenges this exercise 81. For

instance, 82 researchers looked into the effect of HIT on swimmer performance in pre-publication

swimmers and found that both sprint (50 and 100 m) and long distance (2,000 m) swimming

events, including V O2peak and BLapeak, saw a noticeable improvement in performance. The

findings of the review by 83, who contend that modern athletes only generate a limited amount of

muscular lactate, are at contrast with the 20.1% increase in BLapeak. HIT appears to be a

successful training regimen for ambitious athletes as a result. Similar to adolescents, post-

pubescent athletes have also been discovered to benefit from HIT interventions. It is commonly

known that children frequently engage in unstructured play that may be categorized as a repeated

sprint activity, or HIT (such as competitive games on the playground), and perhaps high intensity

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

reduced generation and/or more efficient removal of metabolic byproducts (such as blood lactate)

compared to adults 84. Because of this, HIT therapies may be particularly suitable for young

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

2.1.5. Youth Development Models

Numerous guidelines detailing long-term models of youth development that aim to increase both

physical activity levels and sporting success in young people have been published as a result of

the evidence-based shift toward holistic development that focuses on improving the health and

well-being of youth participating in sport 85. Itván Baly, a Canadian sports scientist, first

suggested the Long-Term Athlete Development (LTAD) concept in the late 1990s. Since then,

several athletic associations throughout the world have embraced it. The LTAD model aligns the

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

better individualize training regimens for you. According to the LTAD model, training advice

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

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

speed, aerobic capacity, and strength86. There are times during development known as "windows

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

87. The LTAD model has distinct ages: 1) ACTIVE START (males and females 0 to 6 years); 2)

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).88 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 modified

LTAD model has come under a lot of scrutiny in swimming. 89 examined how the "Swimmer

Pathway" paradigm, which was first established in 2003 by the Amateur Swimming Association

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

on training

volume had led to a neglect of technology, according to the swimming coaches Lang and Light

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

2.3 lists the suggested training volumes for the Swimmer Pathway.

Table 2.3 the training recommendations of a swimming-specific LTAD model – The

Swimmer Pathway (Lang and Light 2010)

Fundamental SwimSkills Training

to Train

Training

to

Compete

Training

to Win

Chronological/

biological age

Male: 6 – 9

Female: 5 – 8

Male: 9 –

12 Female:

8 – 11

Male: 12 –

15

Female: 11

–

Male: 15 –

18

Female: 14

–

Male: 18+

Female:

16+
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14 16

Recommended

number of

sessions per

week

5 – 6 general

sports

4 – 6 swim-

specific,

plus

additional

participation

in other

sports

6 – 12

swim-

specific,

including

land worka

8 – 12

swim-

specific,

including

land worka

10 – 15

swim-

specific,

including

land worka

Recommended

number of

hours per

week

2.5 – 4.5

hours general

sports

4 – 7 hours

swimming,

plus 1 – 2

hours land

worka

12 – 24

hours

swimming,

plus 2 – 3

hours land

worka

16 – 24

hours

swimming,

plus 3 – 4

hours land

worka

20 – 24

hours

swimming,

3

– 6 hours

land worka

Recommended

training

volume per

week

None stated 8,000 –

16,000 m

24,000 –

32,000 m

24,000 –

52,000+ m

> 44,000

m,

depending

on

specialismb

(s)
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aLand work, strength and conditioning training; bSpecialism, specialist swimming stroke (s).

According to 89, there is a "window of opportunity" for aerobic development during the one-year

period of maturation (males 12–15 years and females 11–14 years), so the objective should be to

"build the engine" using HVT. This is why the emphasis on training volume, especially during

the Training to Train stage (12–24 hours of swimming per week), is in line with their

recommendations. An expert commentary on the Lang and Light (2010) study by 90 suggests that

preventing the development of the aerobic energy system during maturation is crucial for

everyone who swims competitively in the future because the aerobic system is linked to the

swimmer's efficient recovery during HIT and competition. In order to maximize training

adaptations during the "window of opportunity" for aerodynamic growth, HVT is crucial during

the Training to Train

stage. Furthermore, advises HVT to be used during the "Training to Train" stage to maximize the

development of the thorax and diaphragm, which are expanding at their quickest rates at this

time. The authors draw the conclusion that an athlete's likelihood of succeeding as a senior

swimmer will be diminished by excessive anaerobic training during the Training to Train stage.

A review article by 91 looked at the literature to determine whether it offered any evidence in

support of the LTAD model's notion of "windows of opportunity.91 found that the data

supporting the "windows of opportunity" is largely anecdotal and the consensus lacks empirical

evidence, so adopting training prescriptions based on these "windows" should be approached

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

physical principles and biological maturation throughout training. The Youth Physical

Development (YPD) model has gained popularity recently and is recommended to offer a more

empirically supported approach to youth development91. The YPD model gives an overview of

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

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

speed, agility, endurance, etc.) should be prioritized. The YPD model's philosophy permits

individualization, places the athlete as the center of attention, and prioritizes the development of

the child over performance outcomes. The LTAD model is still commonly used in Ireland, hence

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

Irish swimmers would be of interest.

Molecular Pathways of HIT and HVT

Although there is still much to learn about the molecular processes for skeletal muscle to adapt to

different training conditions, a number of recent reviews have shed some light on this intricate

process. It is hypothesized that HIT techniques, which frequently involve high-intensity

contractions, reduce intramuscular ATP (adenosine triphosphate) concentrations, preventing a

steady rise in adenosine monophosphate (AMP) (see Figure 2.4). This results in the activation of

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. 92 Long-term high-intensity interval training (HVT), which involves prolonged

repetitions of muscle contractions, is thought to increase intramuscular calcium concentration

(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, as

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

identification mechanisms. Consequentially, 93 suggests that either HVT, HIT, or a combination

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

transport ability, and high mitochondrial oxidative capacity in the skeletal muscle of endurance

athletes.



67

Figure 2.8: HIT and HVT's molecular pathways, as proposed by 94 Abbrevіаtіоnѕ:

Adenosine triphosphate, or ATP AMP, adenosine monophosphate; AMP-activated protein

kinase, or AMPK; Molecular calcium concentration (Ca2+); Calcium-calmodulin kinase

(CAMK); PGC-1 stands for peroxisome proliferator-activated receptor Y coactivator 1 and

GLUT4 stands for glucose transporter.

2.1.6 Historical overview of exercise testing

The uѕе оf exercise іn іnvеѕtіgаtіng рhуѕіоlоgісаl function can be dated bасk tо thе first

mоdеm Olуmріс in 1896, whеn the аthlеtіс feats- were оbѕеrvеd аnd specific training

Programmemes wеrе dеvіѕеd to fоѕtеr improvements in еіthеr muscle hуреrtrорhу аnd strength

оr endurance 95. Suсh оbѕеrvаtіоnѕ formed an аdvаnсеd fіеld оf еnԛuіrу, whісh eventually lеd tо

the dеvеlорmеnt оf a nеw ѕсіеnсе called 'Phуѕіоlоgу of Exercise' or ассоrdіng tо others 'Exеrсіѕе

Phуѕіоlоgу'. Orіgіnаllу, the purpose of all іnvеѕtіgаtіоnѕ in this fіеld wаѕ to іdеntіfу wаy tо

dеvеlор оvеrаll fіtnеѕѕ, рrеѕсrіbе trаіnіng еxеrсіѕеѕ fоr fіtnеѕѕ аnd ѕроrt and сlаrіfу mаttеrѕ

rеlаtіng to реrѕоnаl hеаlth аnd hуgіеnе 96. During thе fіrѕt thrее dесаdеѕ of thе 20 century a lаrgе

part оf research was devoted to thе ѕtudу оf thе bоdу'ѕ rеѕроnѕеѕ to exercise аnd outstanding

contributions

were made tо the ѕсіеnсе еxеrсіѕе physiology. 'Fоr еxаmрlе, the study оf oxygen соnѕumрtіоn

during exercise 97, 98. and thе development of іndіrесt calorimetry ѕеt thе bаѕіѕ fоr thе

establishment оf fundаmеntаl concepts, such as maximal оxуgеn uptake (V02mаx) аnd еnеrgу

еxреndіturе. The fоrmаtіоn оf the Hаrvаrd Fatigue Lаbоrаtоrу 99 рrоmоtеd thе scientific ѕtudу of

thе еffесtѕ of еxеrсіѕе оn thе human bоdу. The research рrоduсеd іn thіѕ laboratory hаd
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trеmеndоuѕ іmрасt upon thе ѕtudу оf mеtаbоlіѕm durіng exercise and the еffесtѕ of ageing оn

humаn реrfоrmаnсе100.

Fоr the раѕt thіrtу уеаrѕ аt lеаѕt, thеrе has bееn іnсrеаѕеd еffоrt to орtіmіѕе реrfоrmаnсе

in thе dіffеrеnt sports. Participation hаѕ еvоlvеd from a frіvоlоuѕ activity tо a рrоfіtаblе

рrоfеѕѕіоn. As a rеѕult, thе оbjесtіvе of research іn рhуѕіоlоgу of еxеrсіѕе hаѕ, in some іnѕtаnсеѕ,

bееn to identify formulae for ѕuссеѕѕ thrоugh exercise tеѕtіng. Assessments оf рhуѕіоlоgісаl

rеѕроnѕеѕ tо exercise in thе 'fіеld' have presented ѕеvеrаl lіmіtаtіоnѕ, whісh have mainly been

аѕѕосіаtеd wіth thе соntіnuоuѕ mоvеmеnt оf thе аthlеtе. Thе need fоr аѕѕеѕѕmеnt аnd сlоѕе

mоnіtоrіng of athletic performance іn a controlled environment led tо thе dеvеlорmеnt оf

lаbоrаtоrу-bаѕеd equipment, ѕuсh as еxеrсіѕе еrgоmеtеrѕ (еrgо = work, mеtеr = mеаѕurеmеnt; 100

thаt саn bе used for the ѕроrtіng асtіvіtу whіlѕt mаnірulаtіng еxеrсіѕе intensity.

The most commonly uѕеd ergometers іn a ѕроrtіng context are thе сусlе ergometer аnd

thе trеаdmіll (runnіng еrgоmеtеr). Duе tо thе 'ѕресіfісіtу of trаіnіng' рrіnсірlе 101, this tуре оf

еԛuірmеnt ѕhоuld оnlу be uѕеd to аѕѕеѕѕ рhуѕіоlоgісаl responses to exercise іn athletes whose

ѕроrtіng асtіvіtу іnvоlvеѕ cycling or runnіng. In ѕwіmmіng, the dіffісultу оf соnduсtіng

physiological assessments іn wаtеr led tо the dеvеlорmеnt оf dіffеrеnt tуреѕ of еrgоmеtеrѕ.

Initially, thе fосuѕ оf rеѕеаrсh was uроn dеvеlоріng water-based еrgоmеtеrѕ, ѕuсh as thе

ѕwіmmіng flumе аnd thе tеthеrеd ѕwіmmіng аnd thе mеаѕurеmеnt of active drаg (MAD) dеvісеѕ.

Rесеntlу, there hаѕ bееn аn іnсrеаѕеd іntеrеѕt in uѕіng lаbоrаtоrу bаѕеd ergometry tо assess

рhуѕіоlоgісаl measures оf ѕwіmmеrѕ. Onе еxаmрlе of laboratory-based еrgоmеtrу is thе ѕwіm

bench, whісh wаѕ initially developed to be uѕеd in strength trаіnіng of swimmers.
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One mаіn advantage оf laboratory-based ergometry іѕ аѕѕосіаtеd with the аbіlіtу tо

regulate аnd quantify exercise intensity externally. Whеn соntrоllіng exercise intensity,

mеtаbоlіс rеѕроnѕеѕ саn be соmраrеd bеtwееn dіffеrеnt іndіvіduаlѕ and at various lеvеlѕ of

рhуѕіоlоgісаl funсtіоn 102. In ѕwіmmіng, іmрrоvеmеntѕ іn ѕwіmmіng реrfоrmаnсе offer little

еxрlаnаtіоn оf thе underpinning аdарtаtіоnѕ іn рhуѕіоlоgісаl mесhаnіѕmѕ. Laboratory-based

еrgоmеtrу, ѕuсh аѕ thе ѕwіm bеnсh offers thе attractive орроrtunіtу оf rеlаtіng рhуѕіоlоgісаl

measures tо exercise intensity. Thіѕ орроrtunіtу may not directly еxрlаіn ѕwіmmіng реrfоrmаnсе,

but mау bе uѕеd to mоnіtоr thе іmрrоvеmеntѕ in thе роwеr output оf the uрреr bоdу оf

ѕwіmmеrѕ. It has been shown рrеvіоuѕlу that improvements in ѕwіmmіng реrfоrmаnсе аrе

аѕѕосіаtеd wіth іnсrеаѕеd роwеr оutрut of swimmers аѕ mеаѕurеd uѕіng ѕwіm bench exercise 103

Rеѕеаrсh іn physiology оf ѕwіmmіng

Rеѕеаrсh іn thе рhуѕіоlоgу of swimming has a hіѕtоrу thаt оrіgіnаtеѕ in the first dесаdе of this

сеnturу 104, yet thе undеrѕtаndіng of physiological rеѕроnѕеѕ tо ѕwіmmіng has lаggеd bеhіnd thаt

оf оthеr sports, ѕuсh аѕ сусlіng or runnіng. Thіѕ hаѕ bееn duе, lаrgеlу, tо dіffісultіеѕ in assessing

рhуѕіоlоgісаl mеаѕurеѕ durіng ѕwіmmіng itself. In раrtісulаr, thеѕе difficulties have hindered thе

соntіnuоuѕ measurement оf рhуѕіоlоgісаl variables, ѕuсh аѕ oxygen uptake, blооd lасtаtе аnd

роwеr оutрut during ѕwіmmіng. Despite thе limitations, a соnѕіdеrаblе body оf knоwlеdgе

ѕwіmmіng рhуѕіоlоgу has bееn made аvаіlаblе tо swimmers and соасhеѕ. This has rеѕultеd frоm

theoretical іngеnuіtу, ѕuсh аѕ the estimation оf oxygen uрtаkе uѕіng a tесhnіԛuе called 'bасkwаrd

еxtrароlаtіоn’, whеrе роѕtеxеrсіѕе оxуgеn uрtаkе іѕ mеаѕurеd in rесоvеrу immediately after

mаxіmаl ѕwіmmіng 105. Prасtісаl ingenuities hаvе mainly included the dеѕіgn оf аррrорrіаtе

ergometry tо circumvent thе рrоblеmѕ аrіѕіng from рhуѕіоlоgісаl assessment іn the ѕwіmmіng
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рооl. Onе еxаmрlе of ѕuсh ergometry іѕ thе ѕwіmmіng flume, which hаѕ been dеѕіgnеd to

provide аn alternative tеѕtіng envіrоnmеnt fоr рhуѕіоlоgісаl assessments, whilst simulating thе

соndіtіоnѕ of a ѕwіmmіng pool. Other еrgоmеtrу, ѕuсh аѕ the ѕwіm bеnсh, hаѕ bееn primarily

designed fоr trаіnіng рurроѕеѕ, but hаѕ еԛuаllу been used іn рhуѕіоlоgісаl assessment of

swimmers 106.

2.1.7 Swimming Endurance and Speed

Endurance is one of the most important elements to be considered in a number of competition

sport capacity107. It is an essential prerequisite for swimming performance108. Endurance is the

ability of swimmers to perform mechanical work over a longer period of time, thus delaying the

depletion of the energy supplies available in the muscle cells108. The body gradually diminishes

the effects of the residual substances accumulated as a result of tissue metabolism, through the

buffer systems and the mechanisms for the removal of effort-induced catabolites108. The

improvement of endurance is linked with an increase with the number of mitochondria and with

the higher oxidative capacity of the muscles 109. A tоtаl novice оr a ѕеаѕоnеd elite-level

соmреtіtіvе ѕwіmmеr needs a ѕtrоng fоundаtіоn in swimming еndurаnсе. Evеn ѕрrіnt оr short-

distance ѕwіmmеrѕ mіght bеnеfіt frоm increased еndurаnсе іn the wаtеr. Swіmmіng endurance is

defined as the capacity tо kеер аррlуіng еffоrt against a rеѕіѕtаnсе for an еxtеndеd period of tіmе.

The water wоuld bе thе resistance іn thе еvеnt оf ѕwіmmіng.

In ѕummаrу, ѕwіmmіng еndurаnсе may be іmрrоvеd by соmрlеtіng lоngеr аnd mоrе

strenuous ѕwіm ѕеѕѕіоnѕ. Bеfоrе attempting tо еnhаnсе ѕwіmmіng еndurаnсе, beginner’s ѕhоuld

undеrѕtаnd thе bаѕіс swimming technique fоr аll ѕtrоkеѕ. You're rеаdу to ѕtаrt dеvеlоріng уоur

ѕwіmmіng endurance once уоu'vе mаѕtеrеd thе bаѕіс ѕwіmmіng tесhnіԛuе.
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• A ѕtrоngеr hеаrt аnd lungs are роѕѕіblе with higher levels of cardiovascular еxеrсіѕе.

The hеаrt іѕ соnѕіdеrеd a muѕсlе. Whеn you еxеrсіѕе tо іmрrоvе уоur swimming еndurаnсе, уоu

are also bооѕtіng your саrdіоvаѕсulаr fіtnеѕѕ.

Heart аnd lungѕ will get stronger and more еffесtіvе аt performing thеіr tasks аѕ a rеѕult of thіѕ.

That is, blood circulation and оxуgеn аbѕоrрtіоn frоm thе air.

Mоrе оxуgеn-rісh blооd саn bе pushed thrоugh your bоdу аѕ уоur hеаrt аnd lungs gеt stronger

and mоrе еffесtіvе. More оxуgеn аnd nutrіеntѕ will now bе delivered to your muscles thаn

рrеvіоuѕlу. Athletic реrfоrmаnсе wіll іmрrоvе as a rеѕult оf the іmрrоvеd оxуgеn and nutrіtіоn

dеlіvеrу tо muѕсlе tіѕѕuе. Your muѕсlеѕ will bе able to wоrk hаrdеr for longer реrіоdѕ оf time

duе to іmрrоvеd оxуgеn lеvеlѕ, аllоwіng уоu tо swim fаѕtеr оvеr the соurѕе of a rасе. Its сruсіаl

tо note thаt thіѕ doesn't hарреn оvеrnіght аftеr соmрlеtіng one оr twо swimming endurance

wоrkоutѕ; іt tаkеѕ tіmе аnd соntіnuоuѕ ѕwіmmіng trаіnіng.

Swimming Speed

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

an object is moving in an interval of time and this can be determined as the distance travelled by

the object divided by the duration of the interval110. Swim speed is the rate at which a swimmer

is able to swim a given distance 111. Swimmers usually want to swim fast or swim more

efficiently at some point. To swim fast means completing a set distance in less time112.

Swimming more efficiently means completing a workout or a race distance in the same amount

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

increase in the applied muscle force112.
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As indicated earlier, swimming performance is a multi-factorial phenomenon involving

energetics, biomechanics, hydrodynamics, anthropometrics and strength parameters 113. Hence,

in order to obtain high-performance results in swimming, there is need to review the training

concepts taking into consideration the parallel approach of all training elements 114.

Inсrеаѕеd Swіmmіng аt a fаѕtеr расе fоr longer реrіоdѕ оf tіmе.

Thіѕ is rеlаtеd tо the fіrѕt point. You will bе able to рhуѕісаllу perform bеttеr for longer periods

оf time іf уоu have mоrе oxygen rеасhіng the muѕсlе tіѕѕuеѕ throughout уоur bоdу.

Your muѕсlеѕ wіll demand more оxуgеn and nutrіеntѕ tо сrеаtе energy whіlе раrtісіраtіng in a

swimming rасе, a hard trаіnіng set, оr just attempting to рuѕh уоur body tо іtѕ limits.

Your hеаrt and lungѕ wіll now be ѕtrоngеr as a result оf еnhаnсеd саrdіоvаѕсulаr fіtnеѕѕ. Aѕ a

rеѕult, thеу'll bе аblе to рrоvіdе mоrе оxуgеn аnd nutrіеntѕ tо the mіtосhоndrіа сеllѕ іn уоur

muѕсlеѕ. Thе mіtосhоndrіа cells are in charge оf еnеrgу рrоduсtіоn, аnd thеу nееd оxуgеn and

nоurіѕhmеnt tо ассоmрlіѕh so.

Thеу wіll bе аblе tо сrеаtе energy more ԛuісklу bесаuѕе уоur hеаrt wіll bе аblе tо feed them

with mоrе oxygen and nutrіеntѕ. In the еnd, you'll bе аblе tо ѕwіm fаѕtеr ѕіnсе уоu'll bе able tо

сrеаtе mоrе еnеrgу оvеr thе duration оf a rасе.

2.2 Theoretical Model/Framework

2.2.1 Theory of Training Adaptation

To understand training practices in any field, one must first have a firm grasp of fundamental

training theory. Throughout the planned process of training, the athlete is subjected to stresses

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

progressively and methodically increasing training stressors (such as volume, intensity, and

frequency of training)115. A well-liked theory of training adaptation is the general adaptation

scheme (GAS), which was first proposed by Hans Selye 116 and is depicted in Figure 2.9.

According to the GAS theory, a training stressor occurs in an early alpha phase that generates

soreness, stiffness, and fatigue, which lowers performance (P)117. The resistance phase eventually

began as a result of the alarm phase's gradual activation of adaptable mechanisms. During the

retention phase, the body may undergo beneficial modifications that either bring it back to its

initial homeostasis or restore it to a new, more suitable state (i.e. supercompensation)118.

However, if the appropriate training volume or intensity is too high to recover from, or if the

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

overtraining 119.
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Abbreviations: P, performance; T, time.

Figure 2.9: General adaption syndrome (GAS) as described by Hans Selye, modified by 120

In the literature, other hypotheses that are comparable to those of training adaptation have been

put out, such as Yakovljev's theory of fatigue recovery and adaptation.121 According to the

stimulus-fatigue-recovery-adaptation theory, tiredness builds up proportionally to the intensity

and duration of a stimulus, then dissipates during rest, leading to supercompensation. Training

regimens must be based on the prevailing energy systems, skills, and motor abilities required by

the sport as the degree of training adaption is extremely particular to the type of training being

conducted 122. According to the principle of training efficiency, training adaptations only happen

in muscle fibers that have been worked during the training program; therefore, the more closely

the training program resembles the requirements of the desired outcome (such as enhancing

performance in the 50-meter sprint or 200-meter freestyle, for example), the better the outcome

will be 123. For sprint to middle distance events (such as the 50, 100, and 200 m), which

frequently take less than two minutes and twenty seconds at the highest level, it has been advised

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

According to David Côtll, one of the first experts to examine this issue, it is unclear how

swimming for 3 to 4 hours per day at a rate that is noticeably slower than competitive pace will

prepare the swimmer for the supramaximal exertion of competition. Leading swimming

instructors and researchers have expressed similar worries about HVT 124.

Swimming training regimens that strive to uphold the principle of specificity, like HIT or

Ultra-Short Race-Pace Training (USRPT) programs, have recently become more popular125.

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



75

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 126. A USRPT program may benefit

by being better adapted to the physical, mechanical, and mental demands of competition

swimming.127

2.3 Review of Empirical Studies

Muscle strength аnd power play a bіg rоlе іn ѕwіmmіng performance 128, 129. Upper-body

muscular ѕtrеngth аnd ѕwіmmіng роwеr have bееn ѕhоwn to bе associated wіth ѕwіmmіng

velocity using a vаrіеtу of tеѕtіng еԛuірmеnt 130,131. Aѕ a rеѕult, іnсrеаѕеd аrm ѕtrеngth mау lеаd

tо іnсrеаѕеd mаxіmum fоrсе per ѕtrоkе аnd, аѕ a rеѕult, іnсrеаѕеd ѕwіmmіng ѕрееdѕ, раrtісulаrlу

іn ѕрrіnt lеngthѕ 132.

Drу-lаnd ѕtrеngth training 133 attempts to raise mаxіmаl роwеr outputs bу overloading the

muѕсlеѕ utіlіzеd in swimming. It mау also іmрrоvе ѕwіmmіng technique. If thеѕе twо points of

vіеw are ассurаtе, thеn іnсrеаѕіng рhуѕісаl ѕtrеngth wіll hеlр to ѕwіm fаѕtеr. Thе fіndіngѕ of thе

еxіѕtіng tests, hоwеvеr, are ѕtіll іnсоnсluѕіvе 133, 134.

2.3.1 The Physiological and Biomechanical Demands of Swimming

The Physiological Demands of Swimming

Thе physiological demands оf swimming еvеntѕ іnvоlvе varying соntrіbutіоnѕ of thе

аlасtіс-аnаеrоbіс, lасtіс-аnаеrоbіс аnd aerobic energy system wіth thе specific contributions

depending оn thе distance аnd durаtіоn оf the event 135. Quantifying the precise contributions of

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.

In cyclical occurrences, atmospheric energy supply dominates the total energy

requirements after about 75 seconds of maximal exertion, according to a review research on the

energy system contributions during maximum exercise. To determine the contributions of each

energy system, most studies used trained athletes to perform a variety of durations of maximal

effort exercise, usually by monitoring the accumulated oxygen deficit (AOD). The AOD is a

measurement of anaerobic capacity because it represents the link between submaximal work

intensities and oxygen consumption, which is used to lower the maximum amount of energy

demand. The AOD is a measurement of anaerobic capacity because it represents the link

between submaximal work intensities and oxygen consumption, which is used to lower the

maximum amount of energy demand. The findings concur with a number of investigations by

Duffeld and associates 137. Since the 200-meter swim normally lasts around two minutes, it might

be argued that races 200 meters and higher should rely more on aerobic energy supply.

Numerous studies have examined how the energy system affects young swimmers' and other

older swimmers' performance in 200-meter swimming competitions139. The energy system

contributions were calculated using measurements of the maximum oxygen consumption

(VO2max) and peak blood lactate concentration (BLapeak) while swimming. Young swimmers

(aged 14.5 1.9 years) devote 71.1% of their aerobic energy to 200-meter swimming competitions,

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

this research. Events shorter than 200 meters (50 and 100 meters) appear to be more dependent

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



77

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

most commonly used in these research. The largest amount of oxygen absorbed during an

exercise test up until exhaustion is known as peak oxygen consumption. It is a typical measure of

aerobic fitness in a variety of sports. The standard method for measuring swimming V-O2peak is

to use a respiratory snorkel connected to a portable gas analyzer during a maximum effort time

trial or incremental test, or to use the backward extrapolation technique immediately after the

swim to collect exhaled gases from the swimmer using a portable gas analyzer or DOUGLAS

bag during the first 20 seconds of post-swim recovery.140 Peak blood lactate concentration, which

is measured post-exercise at specified times and has been used as a metric of anaerobic capacity,

is the total or peak blood lactate value. The highest speed that can be maintained without

exertion is known as crucial velocity, and it is used as a gauge of aerobic capacity. The slope of

the reaction line on the distance time plot, which is established between at least two swimming

distances, such as 200 and 800, is used to calculate critical velocity. A simpler method for

calculating velocity, however, was recently created using a single 400-meter time trial at

maximal exertion141.

VO2peak and BLapeak, which are measured while swimming, and performance were

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

a study of the physiological factors influencing 100-meter performance. Similar studies showed

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.142 This is an unexpected outcome given that

longer swimming events, like the 400 m, frequently have higher aerobic energy requirements.

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" as a

measure of "aerobic capacity," which was found to only account for 34% of 100-meter

performance over the course of 24 years

of swimming (13.0 0.7 years)143. While biomechanical assessments are regularly reported to be

one of the strongest predictors of swimming performance, commonly used physical metrics such

as VO2peak, BLapeak, and CvElocity do not appear to be effective predictors of swimming

performance 144.

2.3.2 The Biomechanical Demands of Swimming

Unlike swimming, which uses force against the water, land-based sports require the

application of force against the ground 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 how a runner accelerates forward by pushing backward on the ground. However,

because water is a fluid, it gives way under pressure, unlike the ground, which does not support

runners. As more time is spent practicing or training, there may be more opportunities to develop

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

for the water. This could work against the traditional HVT approach in swimming145.

The ability to maximize forward motion through the water while minimizing backward

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

in the opposite direction to propulsive forces; see Figure 2.10.146

Figure 2.10: During forward motion, swimming success depends on the capacity to increase

propulsive forces (Fp) while decreasing resistive or drag forces (Fd) 147.

Frictional drag (the resistance produced between the water and the swimmer's skin), form

drag (the resistance produced by the swimmer's profile in the water), and wave drag are the three

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

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

exertion each stroke equivalent to the power necessary to overcome water resistance. If a

swimmer can't produce Fp larger than the Fd acting on them, they will swim at their fastest

possible pace148. 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. 148

The biomechanical metrics stroke rate (SR), stroke length (SL), and stroke index (SI)

have been repeatedly demonstrated to be among the best predictors of swimming performance in

young swimmers 149. The number of swimming stroke cycles accomplished in a minute is known

as stroke rate, which is determined by timing three stroke cycles with a manual chronometer. The

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

determined by

dividing swimming velocity (SV) by stroke rate (SR). The stroke index was first calculated by

dividing SV by SL and was initially set at 150, which represented the swimmer's stroke efficiency.

In a study by 151 researchers, SR, SL, and SI, they determined that 25 competitive young

swimmers (15.2 1.9 years) performed 90.3% of 100 meters’ freestyle. 15 pre-pubertal swimmers

(11.9 0.3 years) and 14 post-pubertal swimmers (14.3 1.4 years) had 400 m freestyle

performances that were assessed to be 89.8% accurate in a study by 152 researchers who

discovered SR, SL, and SI. In a larger cohort of 46 young swimmers with ages ranging from 10

to 17, 152 reported comparable results. We found that between 97 and 99% of the performance

for the 100 m, 200 m, and 400 m could be predicted accurately by SR, SL, and SI. Surprisingly,

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

Senior swimmers have been found to have higher body mechanical characteristics like SL and SI

than swimmers of lower caliber, despite the fact that many of these studies were performed on

young swimmers.
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2.3.3 Relationship Between Dry-Land Strength/Power Assessments and Swimming

Performance

The ultimate goal of a competitive swimmer is to cover a distance in the shortest amount

of time possible. As a rеѕult, thе number of ѕtrоkеѕ реrfоrmеd decreases аѕ thе dіѕtаnсе to be

swum decreases. Strеngth hаѕ therefore been identified аѕ one of thе key multі-fасtоrіаl factors

thаt mау іnсrеаѕе swimming vеlосіtу fоr ѕhоrtеr соmреtіtіоn dіѕtаnсеѕ 153. Furthеrmоrе, whеn

соmраrіng technical characteristics wіth strength, іt is еxресtеd thаt as thе distance decreases,

ѕtrеngth rоlе rіѕеѕ 154, 155, 156.

In the lаѕt thrее dесаdеѕ, isokinetic аnd іѕоmеtrіс ѕtrеngthѕ hаvе bееn uѕеd tо аѕѕеѕѕ

ѕtrеngth аnd power іn dry land. 157. Thіѕ аnаlуѕіѕ wаѕ ѕhоwn to bе bеnеfісіаl in determining hоw

muсh ѕwіmmіng performance is іnfluеnсеd by vаrіоuѕ vаrіаblеѕ, аѕ well as іn improving trаіnіng

rеgіmеnѕ. A ѕtudy on 22 fеmаlе аnd 18 mаlе swimmers fоund that аrm muscular роwеr

measured оn a biokinetic swim bеnсh is ѕіgnіfісаntlу соrrеlаtеd wіth 25 уаrd front сrаwl

ѕwіmmіng vеlосіtу (r = 0.90). Exреrіmеntѕ оn a bіkе еrgоmеtеr utіlіzіng ѕіmрlу arms supported

the lаttеr findings.158 Aѕtudіеd thе uрреr bоdу аnаеrоbіс power оf 30 age-group ѕwіmmеrѕ (14

mеn and 16 females), finding mоdеrаtе-hіgh correlations between реаk power, mean power, аnd

fаtіguе іndеx аnd 50-meter ѕwіmmіng vеlосіtу (r = 0.82, 0.83, аnd 0.41, rеѕресtіvеlу).

Furthermore, thе ѕаmе ѕtudу grоuр 158 found thаt lеg роwеr іndісеѕ dіd nоt іmрrоvе еѕtіmаtе оf

50-mеtеr swimming performance, аnd thаt аrm power іѕ еѕѕеntіаl in longer ѕwіm competitions

(400 m) 159. Othеr rеѕеаrсh backs up these findings. 160,161. Hоwеvеr, the vаlіdіtу оf thе

relationships appears to bе ѕkеwеd in the rеѕеаrсh mеntіоnеd above duе to thе use оf dіvеrѕе

ѕаmрlеѕ in tеrmѕ оf аgе, gеndеr, аnd perhaps mаturаtіоn. In thе ѕроrt оf swimming, ѕkерtісіѕm
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аbоut the rеѕultѕ reached bу dіvеrѕе groups has lоng bееn acknowledged 162. Furthermore, thе

usage of a biokinetic swim bеnсh оr a сусlе еrgоmеtеr that solely uѕеѕ arms іgnоrеѕ the

relevance оf lоwеr lіmbѕ and bоdу roll іn bоdу сооrdіnаtіоn.

Drу-lаnd ѕtrеngth trаіnіng may have bеnеfісіаl benefits on work есоnоmу thrоugh mаnу

рrосеѕѕеѕ (e.g., enhanced rеflеx роtеntіаtіоn, сhаngеѕ іn the synergists) 163. Furthеrmоrе, dry-

land ѕtrеngth trаіnіng is a рорulаr technique іn ѕwіmmіng training, despite thе lасk of ѕсіеntіfіс

рrооf. 164 In fасt, оnlу a few research hаvе looked at the rеlаtіоnѕhір bеtwееn ѕtrеngth trаіnіng

fоrсе раrаmеtеrѕ (е.g. bench рrеѕѕ) аnd swimming реrfоrmаnсе. 165 tеѕtеd 29 mаlе ѕwіmmеrѕ

wіth аgеѕ rаngіng from 14 tо 22 years оld аnd 25 уаrd ѕwіmmіng velocity on оnе rереtіtіоn оf

mаxіmаl bеnсh press (results nоt рrоvіdеd іn ѕtudу) (ranging frоm 1.72 tо 2.31 m. s-1).

Thіѕ mеаѕurе of drу-lаnd ѕtrеngth, ассоrdіng to thеѕе scientists, dіd nоt аdd muсh to the

prediction оf ѕрrіnt vеlосіtу. It ѕhоuld be nоtеd thаt thе аgе range should be соnѕіdеrеd,

еѕресіаllу whеn mаjоr changes in ѕоmаtоtуре occur wіthіn thіѕ rаngе. 166 found a moderate but

significant аѕѕосіаtіоn bеtwееn 6 mаxіmum bench press repetitions and ѕwіmmіng performance

(both 25 аnd 50 m реrfоrmаnсе tіmеѕ; -0.58; p 0.01) іn уоung competitive ѕwіmmеrѕ uѕіng a

mоrе hоmоgеnеоuѕ population. 167 wеrе thе оnlу wrіtеrѕ thаt measured ѕtrеngth characteristics

uѕіng additional wоrkоutѕ, tо оur knоwlеdgе. For mаlе аnd fеmаlе ѕwіmmеrѕ, thеу tested оnе

mаxіmum rереtіtіоn іn bеnсh рrеѕѕ, lat pull dоwn, аnd triceps рrеѕѕ. Although significant

connections were found between thе three wоrkоutѕ and tethered swimming forces, оnlу thе lаt

pull dоwn fоr thе fеmаlе ѕwіmmеrѕ grоuр (r = 0.64, p 0.05) ѕhоwеd significant соrrеlаtіоnѕ wіth

ѕwіmmіng performance.
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Thе rеѕеаrсh mеntіоnеd above only lооkеd аt the maximum lоаd thаt ѕwіmmеrѕ could

оbtаіn at mаxіmum repetitions, whісh іѕ mоrе сlоѕеlу lіnkеd tо maximum fоrсе thаn explosive

fоrсе 167 uѕеd a vеlосіtу linear wіrе еnсоdеr tо ԛuаntіfу thе power gеnеrаtеd іn bеnсh рrеѕѕ

mаxіmum vеlосіtу repetitions tо оvеrсоmе these соnѕtrаіntѕ. Thе authors reported that thеrе wаѕ

a mоdеrаtе connection bеtwееn maximal bеnсh рrеѕѕ ѕtrеngth and ѕwіmmіng роwеr (r = 0.63),

hоwеvеr thеу dіd nоt рrоvіdе the r vаluе fоr ѕwіmmіng vеlосіtу. Thіѕ іѕ a ѕtаrtіng ѕtер tоwаrd

novel ѕtrеngth-trаіnіng іdеаѕ, іmрlуіng thаt аddіtіоnаl research is nееdеd.

In соnсluѕіоn, the соntrаdісtоrу results оf рrеvіоuѕ tеѕtѕ show that thе rеlаtіоnѕhір

between dry-land ѕtrеngth and swimming аbіlіtу іѕ ѕtіll unknown. More rеѕеаrсh іѕ nееdеd, with

the following оbjесtіvеѕ: (i) еvаluаtіng homogeneous grоuрѕ оf ѕubjесtѕ; (ii) аѕѕеѕѕіng

strength/power раrаmеtеrѕ in mоrе ѕtrеngth exercises wіth muscular ѕоlісіtаtіоnѕ ѕіmіlаr to

ѕwіmmіng mоvеmеntѕ; and (ііі) іnvеѕtіgаtіng whісh раrаmеtеrѕ (е.g. оnе mаxіmum repetition or

vеlосіtу

dіѕрlасеmеnt) аrе more аррrорrіаtе tо explain vаrіаtіоn іn swimming velocity. Further rеѕеаrсh

into thе function оf muѕсulаr ѕtrеngth and/or роwеr іn ѕwіmmіng performance mау bе роѕѕіblе.

2.3.4 Effects of Strength Training on Swimming Performance

Swіmmіng rеԛuіrеѕ a іdеаl degree оf ѕtrеngth аnd power since it іѕ based оn mаxіmіzіng

the сарасіtу to create propelling forces while mіnіmіzіng thе rеѕіѕtаnсе gіvеn bу thе lіԛuіd

еnvіrоnmеnt 168. Strеngth trаіnіng regimens are thеrеfоrе a wіdеѕрrеаd рrасtісе аmоng

ѕwіmmеrѕ 168, dеѕріtе the fасt that their benefits аrе dеbаtаblе іn specialist lіtеrаturе 168.

Furthеrmоrе, mаnу соасhеѕ bеlіеvе that ѕtrеngth trаіnіng mау іnduсе аn іnсrеаѕе in muscle bulk

(hуреrtrорhу) оr a rеduсtіоn іn flexibility, bоth оf whісh would severely іmраіr ѕwіmmіng
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реrfоrmаnсе and іnсrеаѕе drаg fоrсеѕ 169. Aѕ a result, twо аѕѕumрtіоnѕ еmеrgе: (i) a drу-lаnd

ѕtrеngth trаіnіng рrоgrаm has mаnу соmроnеntѕ, and іmрrоvіng роwеr іѕ undоubtеdlу one оf thе

mоѕt essential 170; аnd (іі) the еxеrсіѕеѕ chosen ѕhоuld bе congruent wіth the tуреѕ оf movement

rеԛuіrеd іn swimming 171.

Tо the bеѕt of our knоwlеdgе, fеw іnvеѕtіgаtіоnѕ have been соnduсtеd оn thе impact оf

ѕtrеngth training rеgіmеnѕ on swimming реrfоrmаnсе enhancement. 172 found іnсrеаѕеѕ іn

muscular strength оf 20 tо 40% in аdult swimmers (n = 10) аftеr a strength рrоgrаm utіlіzіng frее

wеіghtѕ іn оnе оf the fіrѕt trials. Thеѕе gаіnѕ еԛuаtеd to a 4.4 tо 2.1 реrсеnt іnсrеаѕе іn

реrfоrmаnсе іn thе 25 аnd 50 mеtеr freestyle, rеѕресtіvеlу. 173), оn thе оthеr hаnd, ԛuеѕtіоnеd

whеthеr strength dеvеlореd on lаnd could bе fаvоrаblу trаnѕfеrrеd tо рrорulѕіvе power utilized

іn wаtеr, bесаuѕе thе ѕресіаlіzаtіоn of trаіnіng ѕееmеd to dіffеr. Thеѕе researcher’s uѕеd wеіght

lіftіng machines and frее weights to dо a ѕtrеngth trаіnіng Programme three times a wееk fоr

eight wееkѕ. It was revealed that, thеrе was a 25 tо 35 реrсеnt іnсrеаѕе іn muѕсlе ѕtrеngth, but

thіѕ did nоt еԛuаtе to an іmрrоvеmеnt in ѕwіmmіng реrfоrmаnсе. 174 These mіxеd rеѕultѕ

ѕuggеѕtеd that further rеѕеаrсh

wаѕ nееdеd tо dеtеrmіnе the аmоunt оf muѕсlе strength dеvеlорmеnt needed to іmрrоvе

swimming performance.

Thrее ѕtudіеѕ published lаtеlу looked into thе іmрасt оf drу-lаnd ѕtrеngth training on

ѕwіmmіng 175. uѕеd a drу-lаnd strength Programme twice a week (45 minutes еасh ѕеѕѕіоn) fоr

12 wееkѕ wіth аn іntеnѕіtу оf 80 tо 90% of mаxіmum lоаd; 176 used 1 tо 3 ѕеѕѕіоnѕ реr wееk for

11 weeks wіth the hеаvіеѕt load possible at еасh session; аnd 177 used a strength trаіnіng rеgіmеn

twісе a wееk for 8 weeks with thе heaviest lоаd роѕѕіblе аt each session. Sесоnd, the
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intervention grоuр rаngеd frоm n = 7 178 wіth male and female ѕwіmmеrѕ (16.5 2.5 years old), n

= 11 with 6 boys аnd 5 gіrlѕ (17.5 2.9 years old), аnd n = 12 wіth 8 boys and 4 gіrlѕ (12.0 0.78

years old). Although boys and gіrlѕ асԛuіrе ѕtrеngth аt еԛuаl rаtеѕ thrоughоut preadolescence,

fоllоwіng рubеrtу, bоуѕ hаvе greater muscle strength lеvеlѕ than gіrlѕ, which might lеаd to

mіѕіntеrрrеtаtіоn of) аnd 179. Fіnаllу, іn a 25-meter pool, ѕwіmmіng реrfоrmаnсе wаѕ аѕѕеѕѕеd

following a warm-up of unknown length or 2000 mеtеrѕ, іn-wаtеr ѕtаrtѕ, оr diving ѕtаrtѕ.180

Wаrm-uр еffесtѕ аrе dеbаtаblе, аlthоugh thеу may impact ѕwіmmіng реrfоrmаnсе, раrtісulаrlу

in short distances wіth hіgh effort 181. Furthеrmоrе, diving, glіdе, аnd turns аll contribute tо tоtаl

реrfоrmаnсе, whісh may bе taken into ассоunt whеn еvаluаtіng swimming ability. Despite thе

lіmіtаtіоnѕ, thеѕе ѕtudіеѕ show thаt соmbіnіng ѕwіmmіng аnd dry-land strength trаіnіng

іmрrоvеѕ 50 m and 400 m freestyle performance more еffесtіvеlу thаn thе swimming рrоgrаm

аlоnе. Althоugh it has not bееn dеmоnѕtrаtеd in рrерubеѕсеnt swimmers, ѕtrеngth training

appears to іmрrоvе ѕwіmmіng performance іn the 25 аnd 50 mеtеr frееѕtуlе 182

2.3.5 Challenges to Health and Well-Being for the Youth Athlete

Due to serious worries about physical inactivity, childhood obesity, and its connection to

the growth of chronic diseases like cardiovascular disease and diabetes, modern youth's health,

fitness, and well-being are currently hot subjects. Maintaining youth participation in sport is

essential, but there are many challenging challenges to overcome. High training loads in

swimming can lead to early sport specialization, overuse injuries, and overtraining syndrome in

young athletes 84. Intensive year-round training in one sport to the exclusion of other sports is
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how early sport specialization is defined 185Young 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

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 three

requirements, therefore it may not be surprising that athletes as young as 14 have won Olympic

medals (Kyoko Iwaak of Japan won the 200 m breaststroke in the 1992 Summer Olympics in

Barcelona, for instance). Early competition is also typical in activities like figure skating, diving,

and gymnastics 186.

Young swimmers with talent usually swim far faster than their more seasoned and senior

level rivals, and swimming success at a high level at a young age is not uncommon. This could

be as a result of the swimmer's biomechanical profile having a significant effect on their

swimming ability187. Because of this, a highly skilled young swimmer with high propelling force

and low resistance or drag force (due to a smaller body form) can swim at a faster pace than an

experienced swimmer with the same propelling force but higher resistance or drag force (due to a

larger body shape) (see 2.3 The biomechanics of swimming). Due to the frequently confined

space available in public swimming pools (i.e., the talented young swimmer won't be able to

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

young swimmers are

frequently quickly promoted to senior teams where the volume and frequency of training are

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

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 188.

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

athletes189. In 2011, competitive youth athletes (13.7 1.6 years old) in 18 different sports

participated in a study by 190 persons to examine the association between sport specialization

and injury history. In contrast to less specialized athletes, the results showed that highly

specialized athletes were more likely to report an overuse injury (p = 0.01). If they participated in

a major sport for more than eight months out of the year, those athletes were more likely to

report an upper extremity overuse injury (p = 0.04) or a lower extremities overuse injury (p =

0.001). If they played their primary sport for more hours per week than their age, athletes were

more likely to report any kind of injury (p = 0.001). Due to the repetitive and overhead nature of

swimming, athletes are frequently more likely to sustain an injury. This is especially true when

highly specialized training and competition are conducted at a young age.191

In competitive young swimmers (15.9 2.7 years) with a weekly swim training volume of

16 hours or 40 kilometers, the association between training methods and shoulder impact was

investigated. The amount of weekly swimming time (rs = 0.39, p 0.005) as well as the number of

kilometers (km) travelled each week (rs = 0.34, p = 0.01) were found to be strongly correlated

with the occurrence of shoulder impairment.192, 193 102 competitive young swimmers (15.1 1.4

years old) with a weekly swimming distance average of roughly 41 km were studied for attitudes

and behaviors toward shoulder pain. 72 percent (73/102) of the swimmers acknowledged to

using
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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).194 concluded that

competitive young swimmers think shoulder pain is normal and should be tolerated in order to

finish the necessary training volume. Overtraining syndrome could also develop as a result of the

increased pressure for specialized training and competition (OT).

Overtraining syndrome is characterized as an accumulation of stressors, both training-

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

several weeks to months. Mood disorders, greater exertion during practice and competition, lack

of appetite, sleep problems, and an increase in upper respiratory tract infections are all typical

symptoms of OT. 195,196 the frequency of OT in 376 young athletes participating in 19 different

team and individual sports (15.1 2.0 years). 110 young athletes (29%) said they received

occupational therapy at least once while competing. Individual sports (such as swimming, diving,

golf, etc.) and those with a greater level of competition (such as those with national and

international level competitors) had a much higher prevalence of OT (p 0.01).197 studied the

prevalence of OT in 231 young swimmers between the ages of 14.8 and 1.4 from four different

countries. Sixty (34.6%) of the young swimmers in the entire sample claimed to have

experienced OT at some point in their swimming careers, with a mean of 2.7 1.4 symptoms. The

most OT (75%) was reportedly experienced during the most challenging training sessions.

Having faster 100 m personal best times than the swimmers without OT made the OT swimmers

more 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.198 Encourage a more all-encompassing strategy for training your athletes.

Training plans should include a variety of possibilities, including those for increasing stamina,

improving movement competence, encouraging creativity, and enhancing enjoyment through

games and unstructured play. However, given the present swimming training hours for this club,

which are typically over 16 hours per week, it is challenging to understand how these chances for

young swimmers' holistic athletic development can be established in the current environment.

Consistently, this group is prone to health and wellbeing problems such as early sports-related

overuse injuries 199, overtraining syndrome 200, and early puberty 201. Any viable strategies for

lowering the amount of swimmer training currently being done (like HIT) should be evaluated in

order to incorporate these holistic features into a swimming training programme.
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2.4. Conceptual Model/Framework

Fig. 2.1: Conceptual Framework of Effect of 6-Week Dry-land Resistance Training on
Swimming Endurance and Speed of Lead City International School Swimmers, Ibadan

Source: 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 four phases of the race

are handled. Optimizing the physical requirements within the four stages of a competitive pool

race necessitates addressing the demands of strength and power dry-land training as well as

aerobic and anaerobic in-pool trainingThe leg extensor force-time curve features used in the turn

phase of pool racing have not received much research. When only minor performance

adjustments in elite swimmers can be achieved across a competition year, knowing which leg

extensor force-time curve features have a bigger performance influence on the overall speed of

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

The swim and S&C coaches can choose which phases to prioritise and when in the training plan

by having a thorough understanding of the stages of a competitive pool swimming race as well as

expected performance changes over the course of a competitive year. Once the coaching staff has

determined which leg extensor force-time curve features during the turn phase are executed at

greater levels by elite level swimmers, they can train these characteristics at an earlier age or

with a higher emphasis within the training schedule. Few research has looked at the leg extensor

force-time curve features utilized during the turn phase, and none have looked at whether

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

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:

3.1 Research Design

3.2 Population of the Study

3.3 Sample and Sampling Techniques

3.4 Description of the Research Instrument(s)

3.5 Validity of Research Instrument

3.6 Reliability of the Research Instrument

3.7 Data Collection

3.8 Data Analysis

Endnotes

3.1 Research Design
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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

groups of participants which were designated, experimental and control groups.

Table 3.1 The design outline is presented as follows:

Experimental Group: O1 Mr X1 O2

Control Group: O3 Mr X2 O4

Where:

O1 andO3= Pre-test of the experimental and control groups respectively

M = Matching

r = Randomization

X1= Treatment (Dry-land resistance Training)

X2= Placebo (Benefits of exercise lesson)

O2 and O4 = Posttest of the experimental and control groups respectively

Table 3.2 Breakdown of the Factorial Matrix

Independent Variables Moderating Variables Dependent Variables

1. Experimental ( Dry-land

resistance training )

Sex

 Male

 Female

Swimming Speed

Swimming Endurance

2. Control (Lesson on exercise

benefits)

Sex

 Male

 Female

Swimming Speed

Swimming Endurance
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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

International School, Ibadan.

3.3 Sample and Sampling Techniques

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

School. The participants were choosen using a multistage sampling techniques. The following

are the phases involved in the procedure.

Stage 1: Purposive sampling technique was used to select fifty-two (52) swimmers in Lead City

International School.

Stage 2: Fifty-two (52) volunteers were pretested on the dependent variables.

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

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

Inclusion and Exclusion Criteria

Participants were swimmers from Lead City International School Ibadan. The training

programme was open to everyone who submitted informed consent form from parents and

completed the readiness questionnaire. All participants who met medical requirements

participated in the dry-land resistance training. Participants who did not submit the informed

consent form were not allowed to participate.

3.4 Research Instruments

The following instruments were used for data collection.

A digital stop watch, Casio brand, made in China was used to measure the amount of time

that elapses between its activation and deactivation. The stopwatch was used in timing the
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participants speed and duration of exercise1. Weighing scale: Hanna portable weight measuring

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

kilogram (kg). Weight was recorded to the nearest 0.1 kg2. Stadiometer is an instruments used

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

vertically in the appropriate manner, it is calibrated in centimeters3. The range of the instrument

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

centimeter. Sphygmomanometer, N4 1PS, made by Accosson, vale road, London, was used to

measure heart rate. Inelastic measuring tape, butterfly brand, made in China, was used to

measure. It consists of a ribbon with linear-measurement markings. This was used in measuring

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

resistance training.

3.5 Validity of Research Instrument

Validity is the ability of a test results to reflect the accuracy of the parameters being measured.

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

scientific tests and instruments were used to ensure validity. The researcher and the supervisor

endeavored to cross-check the workability of the instruments before use.

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

researchers to test the various physical fitness components and have been found to be reliable.

3.6 Reliability of the Research Instrument

Reliability is the consistency with which an instrument measures what it purports to measure.

The 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

In order to ascertain the effect of 6-week dry-land resistance training on swimming

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 volunteer for parents to confirm of

their wards willingness to participate in the study. Also participants were made to realize that

they may experience some dscomfort like muscle cramps and pains at the beginning of the

training. However, they were admonished not to pull out by assuring them that the pains are only

some of the early effects of the training which will reduced as their bodies adapt through regular

participation in the training programme. See appendix 3 for the Informed Consent Form.

Experimental group were made to go through six weeks dry-land resistance training

programme three days a week, while the control group were made to undergo 20 minutes of

benefits of exercise lesson for six weeks, two days a week. A normal resting heart rate for

adolescent ranges from 60 to 100 beats per minute. Digital sphygmomanometer was also used to

check the heart rate, so as to ensure accurate measure of the heart rate. The training programme

lasted for six weeks, three sessions per week. The placement day was Mondays, Wednesdays and

Fridays for experimental group, while control group were placed on placebo of benefit of

exercise on Tuesdays and Thursdays. Each training session had segment of warm up, follow by

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
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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 (swimming

endurance and Swimming speed) of the participants before random assignment to the two groups.

Time was used to measure swimming speed of the participants while number of laps was used to

measure the swimming endurance of the participants. Experimental group were made to go

through a six (6) weeks dry-land resistance training programme three (3) days a week. After the

programme, they were tested again as the post-test measures. See training programme in

Appendix 1.

Control Group: There was pre-test of the selected dependent variables (swim endurance and

swim speed) on the control group. They were made to undergo 20 minutes of benefits of exercise

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

measures which was take place after the 6 weeks of training. See Appendix 2 for the programme

for the Control group.

3.8 Data Analyses

Descriptive statistics of frequency count and percentages was used to analyze the demographic

data of the participants while mean and standard deviation was used to determine the

anthropometric compositions of the participants. Inferential statistics of Analysis of Co-variance

(ANCOVA) was used to test the hypotheses formulated at 0.05 level of significance.
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1. Gustav Valentin and Blichfeldt Sorensen, Reliability and agreement of a novel portable
laser height meter, 15(4): e0231449, 2020 doi: 10.1371/journal.pone.0231449

2. Emmanuel Cohen, Jonathan Y. Bernard, Amandine Ponty and Amadou Ndao,
Development and Validation of the Body Size Scale for Assessing Body Weight Perception
in African Populations,10(11), e0138983,2015, doi: 10.1371/journal.pone.0138983

https://doi.org/10.1371%2Fjournal.pone.0231449
https://doi.org/10.1371%2Fjournal.pone.0138983


122

Chapter Four

Results and Discussion of Findings

This chapter presents results of the analyses and discussion of findings. The results and

discussion of findings are presented based on demographic characteristics of the participants,

research question and hypotheses as follow:

4.1 Demographic Data Analysis

Tab

le

4.1.

1:

Dist

rib

utio

n of the Participants by Sex

Source: Field Survey, 2022.

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

Sex Frequency Percent

Male 26 50.0

Female 26 50.0

Total 52 100.0
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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 42.3

14 years 5 9.6

Total 52 100.0

Table 4.1 reveals that 10 (19.2%) participants were 10 years old, 8 (15.4%) were 11years, 7

(13.5%) were 12 years. Also, 22 (42.3%) respondents were 13 years old, while 5 (9.6%) were 14

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

4.2 Research Question

The research question below was answered:

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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Table 4.2.1: Distribution of the Participants by Heart Rate (Beat/Minute)

Source: Field Survey, 2022.

The result shows that the mean heart rate of the participants for the pretest stage was 64.1731,

while that for posttest was 63.3654 was recorded at posttest stage. This result indicates that, pre-

test heart rate was higher by 0.81 compare to that of the posttest score. This means that, there

was a decrease in the heart rate of swimmers in Lead City International School swimmers.

Hypotheses

The following hypotheses were tested in this study.

Ho1: There will be no significant main effect of treatment on swimming endurance of swimmers
in Lead City International School, Ibadan.

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

Endurance (Number of laps/time) of participants

Source

Type III

Sum of

Squares df Mean Square F Sig.

Partial Eta

Squared

Corrected Model 31526.309a 2 15763.155 12716.380 .000 .998

Intercept .886 1 .886 .715 .402 .014

Mean and Std. Deviation Heart Rate Pre-test score Heart Rate Post-test score

Mean 64.1731 63.3654

Std. Deviation 2.65479 2.80076
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Pretest 23590.198 1 23590.198 19030.577 .000 .997

Treatment 126.547 1 126.547 102.087 .000 .676

Error 60.740 49 1.240

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, η2=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

Treatment

Mean

(Number

of

laps/time) Std. Error

95% Confidence Interval

Lower Bound Upper Bound

Experimental (Dry-Land Training) 110.811 0.232 110.346 111.276

Control (Talk on Benefits of Exercise) 114.297 0.232 113.831 114.762

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

training with the least mean score was more effective in relation to swimming endurance of

swimmers in Lead City International School.

Table 4.2.4: Summary of Analysis of Covariance of Main Effect of Treatments on

Swimming Speed (Time) of participants

Source

Type III

Sum of

Squares df

Mean

Square F Sig.

Partial Eta

Squared

Corrected Model 1159.948a 2 579.974 1915.805 0.000 0.987

Intercept .319 1 0.319 1.054 0.310 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

Corrected Total 1174.782 51
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Ho2: There will be no significant main effect of treatment on swimming speed of Lead City

International School swimmers.

Table 4.2.4 shows that there was a significant main effect of treatment on swimming speed

(F(1,49)=37.096, p<0.05, η2=0.431) of Lead City International School swimmers, Ibadan. The null

hypothesis was therefore rejected. This implies that treatment (dry-land resistance) was effective

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

Table 4.2.5 reveals that after controlling for initial difference on swimming speed, the

participants exposed to dry-land resistance training had the lower mean score (mean=18.508),

while the control had a mean score of 19.449. This implies that dry-land resistance training was

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

Ibadan.

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

participants

Treatment Mean Std. Error

95% Confidence Interval

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
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Ho3: There will be no significant main effect of sex on swimming endurance of swimmers in

Lead City International School.

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

Endurance (Number of laps/time)

Source

Type III

Sum of

Squares df

Mean

Square F Sig.

Partial Eta

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 30102.468 1 30102.468 7991.164 0.000 0.994
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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

Corrected Total 31587.049 51

Table 4.2.6 shows that there was no significant main effect of sex on swimming endurance

(F(1,49)=0.718, p>0.05, η2=0.401) of swimmers in Lead City International School, Ibadan. The

null hypothesis was therefore considered tenable. This implies that sex had no impact on

swimming endurance of swimmers in Lead City International School.

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

laps/time) of participants)

Gender

Mean

(Number of laps) Std. Error

95% Confidence Interval

Lower Bound Upper Bound

Male 112.787 0.385 112.013 113.561

Female 112.320 0.385 111.546 113.094

Table 4.2.7 reveals that after controlling for initial difference of sex on swimming endurance,

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 effect of sex on swimming speed of swimmers in Lead

City International School.

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

Speed of participants (Time)

Source

Type III

Sum of

Squares df

Mean

Square F Sig.

Partial Eta

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

Table 4.2.8 shows that there was no significant main effect of sex on swimming speed (F(1,49)=

2.068, p<0.05, η2=0. 157) of swimmers in Lead City International School, Ibadan. The null

hypothesis was therefore considered tenable. This implies that sex had no impact on swimming

speed of swimmers in Lead City International School.

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

Gender Mean (Time) Std. Error

95% Confidence Interval

Lower Bound Upper Bound

Male 19.121 .140 18.840 19.403

Female 18.836 .140 18.555 19.118
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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

marginal (0.285)

Ho5: There will be no significant interaction effect of treatment and sex on swimming endurance

of swimmers in Lead City International School

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

Endurance of participants (Number of laps/time)

Source
Type III Sum

df Mean Square F Sig.
Partial Eta
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of Squares Squared

Corrected Model 31532.862 4 7883.215 6837.580 .000 .998

Intercept .323 1 .323 .281 .599 .006

Pretest 22150.523 1 22150.523 19212.461 .000 .998

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 was no significant interaction effect of treatment by sex on

swimming Endurance (F(1,47)=5.524, p<0.05, η2=0.023) of swimmers in Lead City International

School, Ibadan. The null hypothesis was therefore considered tenable. This implies that sex had

no observable impact on swimming endurance of swimmers in Lead City International School.

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

(Number of laps/time)
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Table 4.2.11 shows that male participants in the experimental group had a lower mean score

(110.554) compared to their female (111.118) counterparts. The difference between males and

females in experimental group in the estimated marginal means for swimming endurance is

0.564 with males having a lower value. In the control group, the male participants had a higher

marginal mean score (114.693) than their female (113.851) counterpart. The difference between

their marginal mean scores in swimming endurance is 0. 842.This value is much higher than

those for

the experimental group. The overall comparison shows that male participants in experimental

group had the lowest mean score.

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

swimmers in Lead City International School.

Treatment Gender Mean Std. Error

95% Confidence Interval

Lower

Bound

Upper

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
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Table 4.2.12: ANCOVA Analysis of Interaction Effect of Treatments and Sex on Swimming

Speed of participants (Time)

Source

Type III Sum of

Squares df Mean Square F Sig.

Partial Eta

Squared

Corrected Model 1161.008a 4 290.252 990.398 0.000 0.988

Intercept .312 1 0.312 1.065 0.307 0.022

Pretest 1054.159 1 1054.159 3597.005 0.000 0.987

Treatment 11.220 1 11.220 38.285 0.000 0.449

Gender 1.014 1 1.014 3.459 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(1,47)=0.147, p<0.05, η2=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.

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

Participants (Time)

Treatment Gender Mean Std. Error

95% Confidence Interval

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

exercise)

Male 19.618 0.152 19.313 19.924

Female 19.280 0.150 18.978 19.582

Table 4.2.13 shows that male participants in the experimental group had a higher mean

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

females in experimental group in the estimated marginal means for swimming speed was 0.221

with males having a higher value. In the control group, the male participants had a higher

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

their marginal
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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

group had the lowest mean score.
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4.3 Discussion of Findings

The result in this study revealed that there was a significant main effect of treatment on

swimming endurance. This means that Dry-land Resistance training had effect on swimming

endurance of swimmers in Lead City International School. This finding is in agreement with a

previous study which determined the effect of Dry-land core training on physical fitness and

swimming performance in adolescent elite swimmers 1. The result revealed that, anaerobic power,

core stability, upper extremity muscular endurance, and swimming performance witnessed

significant improvements as a result of the 12-week dry-land core training programme. In

addition, after controlling for initial difference on swimming endurance, the participants exposed

to dry-land resistance training had a lower mean score, while the control had a higher mean score.

This implies that dry-land resistance training with the least mean score was more effective in

relation to swimming endurance of Lead City International School Swimmers.

Furthermore, the result in this study further revealed that there was a significant main

effect of treatment on swimming 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 strokes2. The result of the study revealed that, іnсrеаѕеd arm ѕtrеngth mау lеаd to

іnсrеаѕеd maximum fоrсе per ѕtrоkе and аѕ a rеѕult, іnсrеаѕеd ѕwіmmіng ѕрееdѕ, раrtісulаrlу in

ѕрrіnt length. The outcome of this study also corroborate a study conducted on the effects of

dry-land strength training on competitive sprinter swimmers3.It was revealed that there was a

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

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

International School.

In regard to whether sex was a factor in training on swimming endurance, the result of

this study revealed that there was no significant main effect of sex on swimming endurance of

swimmers in Lead City International School, Ibadan. This implies that sex had no impact on

swimming endurance. This result is in line with a study conducted on sex differences in youth

elite swimming. The result revealed that there were no sex-related differences in swimming

performance4. In another study on sex differences in elite swimming with advanced age, the

result revealed that there was no gender difference in peak performance in ultra-endurance

swimming performance5.

The result of this study indicated that there was no significant main treatment effect of

sex on swimming speed of swimmers in Lead City International School, Ibadan6. The result of

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

swimming performance among undergraduate trainees. The outcome of the study revealed that

there was a significant main effect of treatment and gender on swimming performance of

swimmers (Strength, Speed and Endurance). The striking difference between the result of this

study and the study was that the undergraduate trainees worked with weight training as treatment.

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

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

better effect on female swimming speed.
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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

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

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

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

participants had a higher marginal mean score than their female counterpart. The overall

comparison shows that male participants in experimental group had the lowest mean score. It

implied that the interaction of treatment and sex had a better effect on male participants'

swimming endurance who were exposed to dry-land resistance training than their female

counterparts and the control group though the differences were not significant.

Finally, this study shown that there was no significant interaction effect of treatment by

sex on swimming Speed of swimmers Lead City International School, Ibadan. Male participants

in the experimental group had a higher mean score compared to their female counterpart. The

difference between males and females in experimental group in the estimated marginal means for

swimming speed was lower for females with males having a higher value. In the control group,

the male participants had a higher marginal mean score than their female counterpart. The

overall comparison shows that female participants in experimental group had the lowest mean

score. It implied that the interaction of treatment and sex had a better effect on female

participants' swimming speed who were exposed to dry-land resistance training than their male

counterparts and the control group though the difference are marginal.
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Chapter Five

Conclusion

5.1 Summary of Findings

This study investigated the effect of 6-week dry-land resistance training on swimming

endurance and speed of swimmers in Lead City International School, Ibadan. The study further

accessed the resting heart rate of swimmers as well as determined the effects of a 6-week dry-

land resistance training programme on swimming endurance; swimming speed as well as

examined the effect of the treatment on swimming endurance; speed; sex and interaction of

treatment with sex on endurance and speed. This were with a view to determining which of the

training modes (6-week Dry-land resistance training) can better affect swimming endurance and

swimming speed of swimmers in Lead City International School. Fifty-two (52) volunteer

swimmers of the Lead City International School were purposively selected to take part in the

study. They were pretested on the dependent variables and then matched and randomly assigned

into experimental (26) and control (26). Descriptive statistics of frequency count, percentages,

and bar charts were used to analyze the demographic data of the participants while inferential

statistics of Analysis of Co-variance (ANCOVA) was used to test the hypotheses formulated at

0.05 level of significance. The findings of this study on socio-demographic characteristics

revealed that, most of the participants were in the age range of 10-14 years.

This study also revealed that that there was a significant main effect of treatment on

swimming endurance and speed of swimmers in Lead City International School. The estimated

marginal means of treatment on swimming endurance and speed revealed that participants

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

International School swimmers, Ibadan, revealed that female had a lower mean score than their

male counterpart. Furthermore, findings of this study reveals that there was no

significant interaction effect of treatment by sex on swimming endurance of Lead City

International School swimmers, Ibadan. The estimated marginal means of sex reveals that males

and females in experimental group in the estimated marginal means for swimming endurance is

0.564 with males having a lower value. In the control group, the male participants had a higher

marginal mean score than their female counterpart.

Finally, the study recognized that there was no significant 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 was concluded that dry-land resistance training was

effective in enhancing swimming endurance and swimming speed of the participants. It was

further concluded that sex was not a determinant of training outcome of swimming endurance

and swimming speed of swimmers in Lead City International School, Ibadan.

5.3 Recommendations

The following recommendations were made:

Swimming instructor should be educated on the benefits of dry-land resistance training in order

to improve swimming performance and that dry-land resistance training should be introduced to

the swimmers as a means of improving swimming performance. Also, dry-land resistance

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:

1. This study confirmed that Dry-land resistance training is an effective training modality in

improving the performance of swimmers in Lead City International School, Ibadan.

2. It was also confirmed that dry-land resistance training can certainly make the ab muscles

burn and also develops a stronger core to give swimmers more control.

3. It was established that irrespective of sex, Dry-land resistance training can bring about

training effect on swimming endurance and speed of the participants.

5.5 Suggested Areas of Further Research

The following recommendations were made for further research based on the findings of the

study.

1. The study of this nature can be carried out among secondary school swimmers and adults

with issues relating to swimming endurance and speed.

2. Duration, frequency and intensity of dry-land training that are applied in this study can be

varied to determine their effects on swimming endurance and speed.
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