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Abstract

This study investigated the effect of an 8-week circuit training programme on physical fitness
parameters of academic staff of Bayelsa Medical University (BMU), Yenagoa, Bayelsa State,
Nigeria. The study utilised a self-developed structured programme known as the Ogbara
Freedom Festus Circuit Training programme. The effective-reflective theory of physical
inactivity and exercise and self-determination theories, a pretest-posttest quasi-experimental
design with a 2x2x4 factorial matrix, were used in this study. The population consisted of all
academic staff at Bayelsa Medical University. Forty (40) academic staff members O%U were
purposively selected and randomly assigned into two groups: control and exp al. The
instruments used for data collection included a blood pressure and heart rat q:‘.or, a non-
elastic measuring tape, a pulse oximetre and stop stopwatch. The paramet@nterest were
muscle strength, flexibility, heart rate, respiratory rate, oxygen saturation,n y composition.
Data were analysed using descriptive analysis and analyses of cov, ’ﬁ\e (ANCOVA). The
results revealed that there was a significant main effect of treatment ek circuit training) on
muscle strength (F37=48.84, p<0.05, 1?=0.57), flexibility (F(1,37)=%, p<0.05, n>=0.55), heart
rate (F(1,37=36.93, p<0.05, n>=0.50), respiratory rate (F(137= 8, p<0.05, n?=0.80), oxygen
saturation (F(1,37)=8.09, p<0.05, 1n>=0.18) and body ition (Fa37=14.40, p<0.05,
n*=0.28). In addition, there was no significant main effect o on muscle strength (F135=1.56,
p>0.05, 1?=0.04), flexibility (F(35=0.35, p>0.05, n*=0.01), heart rate (F(135=0.01, p>0.05,
n*=0.00), respiratory rate (F(3s5=1.40, p>0.05, ), oxygen saturation (F(1,35)=2.92,
p>0.05, 12=0.08), and body composition (F .08, p>0.05, 1?=0.00). There was no
significant main effect of age on muscle (Fa31=1.94, p>0.05, n?=0.16), heart rate
(F,31y=0.61, p>0.05, n?=0.06), respiratory rateNF331y=1.00, p>0.05, n?=0.09), oxygen saturation
(F(3,31)=0.40, p>0.05, n2=0.04), and hoémposition (Fi31=1.09, p>0.05, n?=0.10). However,
there was a significant main effect 0%12& flexibility (F331=4.14, p<0.05, n?=0.29). Future
research accounting for nutritional ¢dasumption and daily energy expenditure is recommended.

Keywords: Physical Fitness 'Pa(&neters, Circuit Training, Academic Staff, Muscle Strength,
Flexibility, Heart Rate, R%@Q Rate, Oxygen Saturation, Body Composition.
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1.1 Background to the Study

The need to remain fit in order to live a meaningful life has recently been a concern
among the young and old, as well as the government. This explains why so many keep-fit
programmemes have emerged. One of the most significant components of an individual's life is
their physical health. Human activities require different levels of endurance, force, and power!.

Physical fitness has been related to improved health, lower medical costs, academic
performance, and increased job productivity?. Being successful in partidular™in specialised
cultural, psychological, and physical assessments is a prerequisite ft xﬁttance into schools
and vocations such as the military in most countries of the w @uding Nigeria®. Physical
fitness is a broad term that encompasses two distinct aspe %ﬁh-related physical fitness and
skill-related physical fitness. Health-related physica fv@ including cardiovascular endurance,
muscular strength and endurance, flexibility, an. composition, is regarded as one of the
most significant health markers and has k&n shown to be beneficial®. Agility, balance,
.

coordination, power, speed, and reac{ﬁ?&ime are examples of skill-related physical fitness and
motor skills that help in perfo@% in sports and active games>. Muscle strength, flexibility,
cardiorespiratory ﬁtness,\@%ly composition are the indices considered in this study.

Muscle st defined as a muscle's or a group of muscles' maximal capacity to apply
force under a%m ic set of conditions®. Muscular strength is determined by how much force is
exerte a%%w much weight is lifted in a short amount of time. Muscle strength improves
general health and athletic performance’.

Flexibility is the capacity to move a joint across its whole range of motion®. Flexibility is

the anatomical degree of movement in a joint or sequence of joints, as well as the length of the

muscles that span the joints to produce a bending movement or motion. Flexibility is vital for



daily life and athletic success’. It is influenced by a number of factors, including joint capsule
distensibility, adequate warm-up, and muscle viscocity.

Cardiorespiratory fitness refers to the ability of the cardiovascular and respiratory
systems to supply oxygen to skeletal muscles during sustained physical activity.
Cardiorespiratory fitness is related to the ability to perform large-muscle, dynamic, moderate-to-
high intensity exercises for prolonged periods. Cardiorespiratory fitness is us %&ess the
functional capacity of the cardiovascular and respiratory systems to supply,oxygen to skeletal
muscle mitochondria for energy production needed during physical ity. Cardiorespiratory
fitness is an important marker of physical and mental health an @ic achievement in youth.
Having a good degree of cardiovascular endurance ha Qinked to having a healthier
cardiovascular profile!®. Humans with a good 1 ek&%ardiovascular endurance have been
found to have less overall adiposity, abdominal a , and reduced metabolic risk!!.

Body composition is the percentage g%ody’s weight that is fat tissue. It refers to the
.
percentage of fat, bone, water, and m @in uman bodies. Body mass index, waist-to-hip ratio,
circumferences, and skin fok@%ﬁer measurements are all anthropometric procedures to
measure body compositio@&ﬁts of'a good body composition include a decreased risk of type
2 diabetes, hypert @nd heart disease and an increase in body functional ability!'?.

RegulatphySical activity is necessary for the long-term maintenance of a person's ideal
physical @tion”. The ability to initiate rational muscle movements, rapid release of
dangerous substances, an increase in oxygen demand, and activation of protein synthesis to
stimulate the entire body are linked to regular involvement in physical activity. Conversely, a
sedentary lifestyle and lack of physical activity are linked to chronic diseases, a decline in

functional capacity, and an increase in morbidity and mortality in adults'*. Low physical activity



has been linked to poor cardiorespiratory fitness (CRF), and both low physical activity and
cardiorespiratory fitness have been linked to the development of cardiovascular diseases (CVD)
and obesity'>.

Physical inactivity is on the rise in Europe and around the world, with 70-90% of
European teenagers failing to meet recommended levels of physical activity (PA) and engaging
in excessive sedentary behavior'®. In western industrialised countries, only abo Q%d of the
population is sufficiently physically active (active at a moderate intensity of physical activity, 30
minutes per day for at least five days per week). In the US, 40%, and i@ ropean Union (EU)
member states, on average, only about 31% of the adult p @ met the public health
recommendation for moderate-intensity physical activityQ 015, physical inactivity was
directly responsible for 21% of breast cancers, 25%,0 cancers, 27% of diabetes, and 30%
of ischemic heart disease worldwide'®. In_ 2 bh

\®)

estimated that nearly three million people hub-Saharan Africa died as a result of physical

e World Health Organisation (WHO)

°
inactivity'®. African countries, such @gerla, bear a disproportionately heavier burden. This
may be attributable in part to T&banisation and economic expansion, which has resulted in
an increase in unhealthy\lifestyles and sedentary living in a variety of settings®®. Prevailing

situations such a ‘@ﬂuence of automation and information communication technology,
demands plac %’differen‘[ categories of workers, economic challenges, and a poor work
enviro m%’gay also be causes. With a population of over 200 million people, Nigeria has a
high rate of physical inactivity, ranging from about 25% to 57%, which is linked to higher
prevalence rates of obesity, type 2 diabetes, and cancer?!. In Nigeria, there is a dearth of

epidemiological data on physical inactivity from many contexts, and there is no national report,

resulting in a lack of or inefficient national policy on the subject.



The majority of recommendations for regular physical activity in children and
adolescents refer to sixty (60) minutes of moderate to strenuous activity each day; adults and
older people are to engage in one hundred and fifty (150) minutes per week of moderate activity,
including three and two days per week 2% 2% 24, The majority of training programmemes lasting
from seven to ten weeks with two to three sessions per week have been proven to provide time-
efficient and favourable benefits for enhancing cardiorespiratory fitness in no -Qse hildren
and adolescents®> 2% 26: 27 28 Circuit training is recommended as one oinjerdalities for
effectively boosting the physical attributes of fitness?’. é

Circuit training (CT) is a training method that consists @%f exercises arranged and

numbered sequentially in a specific area, all of which are @ d to improve strength, power,

flexibility, quickness, and cardiovascular enduranc b@n sound anatomical, kinesiological,

and physiological principles®. Approximately 6 xercises are performed in a circuit-style

workout, with minimal rest in between®. \chparticipant moves from one station to the next
.

with little (15 to 30 seconds) or Il()\@ performing a 15 to 45-second work-out of 8 to 20

repetitions at each station?!. T@%rcise session can be completed in less time and with the

participation of many ped@?ircuit training can be done at low, moderate, or high intensity. By

focusing on ma@vgen intake, maximum pulmonary ventilation, functional capacity,

myocardial stv@t , power, and endurance, circuit training that incorporates endurance workouts
is useful @rgproving cardiopulmonary parameters. Increased cardiorespiratory fitness and the
development of aerobic capacity result from the improvement of hemodynamic parameters such
as heart rate, cardiac output, and mean arterial pressure’?. Numerous chronic diseases, such as
hypertension and diabetes, have been shown to be impacted by circuit training and improvements

in body composition, such as lower body fat and body mass index (BMI) *. Additionally, males



with post-myocardial infarction were found to benefit from and be safe from participating in
circuit training programmeme®®. The nature of circuit training may offer an efficient,
comprehensive exercise programmeme to increase older persons' overall fitness?>.

In the quest for overall fitness, the government of Bayelsa State, Nigeria, has committed
to assisting people in improving their health status. It has in place comprehensive health
promotion and disease prevention initiatives such as educating the public on t %&olance of
participating in keep-fit programmemes, reducing fatty foods, eating a healthy and*balanced diet,
and engaging in more physical activities through school sensitizationgles. Furthermore,
the present administration in the state has mandated a weekly fitne alk for state government
employees. To help students improve their health, the go nt has also detailed extensive
programmemes in the teaching of Physical and Q@Education (P. H. E.) and sporting
activities such as inter-house sports. Despite %’é is no regular, organised training activity
aimed at improving the physical conditi Xf different categories of workers in the state,

including the academic staff of Baye{ét\aical University, Yenagoa, Bayelsa State.
1.2 Statement of the Proble@

Physical fitness \plays a crucial role in human existence and may help achieve ideal
[ ]

weight, ﬂexibilit@per cardiorespiratory fitness, muscular strength, and, at the same time,
maintain it ever, numerous challenges affect the physical fitness of individuals, and
academitestaff are no exception to these challenges. In addition to the increased demand on
lecturers and lengthy work hours, lecturers have been observed to be sedentary, characterised by
prolonged periods of sitting, surfing the internet, studying with little or no break, increased
consumption of carbonated drinks and junk food, as well as reduced sleep hours, which lead to

the development of diseases such as hypertension, diabetes, weight gain, and death. The



consequences of the existing challenges are multifaceted and far-reaching, and their negative
implications for the achievement of goals are detrimental. Many studies have concentrated on the
physical fitness parameters of top senior civil officials and other workers using high-intensity
interval and resistance training®> 3. Others focused on the influence of circuit training
programmemes on the physical fitness parameters of athletes®* 33. However, there is no data on
the use of circuit training and its effect on the academic staff of Bayelsa Me 'QU iversity,
Yenagoa, Bayelsa State, Nigeria. Hence, this study determined the effect of cir¢dit training on

the physical fitness parameters of the academic staff of Bayelsa Me@niversity, Yenagoa,

O

1.3 Aim and Objectives of the Study Q

QO

The aim of this study was to assess the effec@ 8-week circuit training programmeme

Bayelsa State, Nigeria.

on physical fitness parameters of academlb\\Qf of Bayelsa Medical University, Yenagoa,
Bayelsa State, Nigeria. '@
The objectives of this study w?re (écj
i.  examine physical %@tvel of academic staff of Bayelsa Medical University, Yenagoa,
Bayelsa Sta.te.
il.  examine @fect of an 8-week circuit training programmeme on muscle strength of
aca(%%‘staff of Bayelsa Medical University, Yenagoa, Bayelsa State.
iil. Nrmine the effect of an 8-week circuit training programmeme on flexibility of
academic staff of Bayelsa Medical University, Yenagoa, Bayelsa State.
iv.  examine the effect of an 8-week circuit training programmeme on cardiorespiratory

fitness of academic staff of Bayelsa Medical University, Yenagoa, Bayelsa State.



Vi.

Vii.

Viii.

iX.

xi.

Xii.

Xiii.

1.4

examine the effect of an §8-week circuit training programmeme on body composition of
academic staff of Bayelsa Medical University, Yenagoa, Bayelsa State.
examine the effect of an 8-week circuit training programmeme on muscle strength of
academic staff of Bayelsa Medical University, Yenagoa, Bayelsa State based on sex.
determine the effect of an 8-week circuit training programmeme on flexibility of
academic staff of Bayelsa Medical University, Yenagoa, Bayelsa State ba Qﬁex
examine the effect of an 8-week circuit training programmeme cardiorespiratory
fitness of academic staff of Bayelsa Medical University, Yenaelsa State based on
sex.
examine the effect of an 8-week circuit training p eme on body composition of
academic staff of Bayelsa Medical Universit )@oa, Bayelsa State based on sex.
examine the effect of an 8-week circuit ng programmeme on muscle strength of
academic staff of Bayelsa Medical %rsity, Yenagoa, Bayelsa State based on age.

.
determine the effect of an @ek circuit training programmeme on flexibility of

academic staff of Baye'l\ ical University, Yenagoa, Bayelsa State based on age.

examine the eff@n 8-week circuit training programmeme on cardiorespiratory

fitness of (@s staff of Bayelsa Medical University, Yenagoa, Bayelsa State based on

age. 6

ex@e the effect of an 8-week circuit training programmeme on body composition of

academic staff of Bayelsa Medical University, Yenagoa, Bayelsa State based on age.

Research Question

The following research question was answered:



1.5

1. What is the pre-field status of physical fitness parameters (Muscle Strength, Flexibility,
Cardiorespiratory Fitness, and Body Composition) of academic staff of Bayelsa Medical
University, Yenagoa, Bayelsa State?

Hypotheses

The following hypotheses were tested in this study:

Hol: There will be no significant effect of an 8-week circuit training pr Xeme on

muscle strength of academic staff of Bayelsa Medical University, Yenagoa, Bayelsa State.

Ho2: There will be no significant effect an of 8-week circuit n programmeme on

flexibility of academic staff of Bayelsa Medical University, Yenagoa, Bayelsa State.

Ho3: There will be no significant effect of an 8-we Qit training programmeme on

cardiorespiratory fitness of academic staff of B%«-}%&edical University, Yenagoa, Bayelsa

&9’6

Ho4: There will be no significant effectﬁ/’ 8-week circuit training programmeme on body

State.

composition of academic staff of@ edical University, Yenagoa, Bayelsa State.

Ho5: There will be no s@gﬁt effect of an 8-week circuit training programmeme on
muscle strength of ab@ staff of Bayelsa Medical University, Yenagoa, Bayelsa State
based on sex. ‘@

Ho6: The@w be no significant effect an of 8-week circuit training programmeme on
ﬂe%/@f academic staff of Bayelsa Medical University, Yenagoa, Bayelsa State based on
sex.

Ho7: There will be no significant effect of an 8-week circuit training programmeme on
cardiorespiratory fitness of academic staff of Bayelsa Medical University, Yenagoa, Bayelsa

State based on sex.



Ho8: There will be no significant effect of an 8-week circuit training programmeme on body
composition of academic staff of Bayelsa Medical University, Yenagoa, Bayelsa State based
on sex.
Ho9: There will be no significant effect of an 8-week circuit training programmeme on
muscle strength of academic staff of Bayelsa Medical University, Yenagoa, Bayelsa State
based on age. Q<
Hol0: There will be no significant effect an of 8-week circuit trainin@ammeme on
flexibility of academic staff of Bayelsa Medical University, Yenag o&% elsa State based on
age. %
Holl: There will be no significant effect of an 8-w. Qlit training programmeme on
cardiorespiratory fitness of academic staff of B f*a%edical University, Yenagoa, Bayelsa
State based on age. ’é
Ho12: There will be no significant ef }'\Qan 8-week circuit training programmeme on
body composition of academic s&éf\ﬁkayelsa Medical University, Yenagoa, Bayelsa State
based on age. . \AQ
1.6 Significance of t%%y
The outcome @study is considered significant as it may benefit participants, Bayelsa
Medical Univ%ity, exercise physiologists, and other related professionals by demonstrating the
impac@%it training on muscle strength, flexibility, cardiorespiratory fitness, and body
composition in the academic staff of Bayelsa Medical University, Yenagoa, Bayelsa State, who
may adopt or adapt the programmeme.
This study focuses on the physical health and well-being of academic staff, a population that

frequently suffers from stress and sedentary work. Understanding the influence of a planned



fitness programmeme on their health can lead to increased job satisfaction, decreased stress, and
an overall improved quality of life. Academic staff's physical fitness can have a substantial
impact on their job performance. Fit and healthy staff may have more energy, better cognitive
function, and more productivity. This research can provide insight on how investment in
employee fitness can lead to improved educational outcomes and research contributions.

The findings can help Bayelsa Medical University and other academic institu 'Q&erstand
the advantages of instituting health and fitness programmemes for their employ€es. It has the
potential to motivate institutions to create a wellness and fitness cultur@i ately benefiting the
entire academic community. Promoting physical fitness and h lth%estyles among academic
staff can have a larger impact on the local and national y serving as a model for the
community. It has the potential to help reduce er&%&n of lifestyle-related diseases and
healthcare costs. Improved physical fitness @ nefit academic staff's personal lives by
potentially lowering healthcare costs and absehteeism. Furthermore, it can improve the staff's

.
capacity to participate in physical éf}itles and conduct research, thereby enhancing their
careers. A physically fit and h{;& academic workforce can boost an institution's worldwide
competitiveness. As uni&@% aim for international recognition and collaboration, the well-
being of their fac{i\&e’ bers becomes increasingly important.

The ﬁ@lg of this study may also assist individuals and sports trainers in making
educa@rgons about adopting or adapting circuit training programmemes as a modality for
enhancing performance in sports. Exercise physiologists, physiotherapists, and trainers could use
the findings of this study to create circuit training programmemes for the development of

physical fitness, taking advantage of its effectiveness. The findings of this study will contribute



to the field of exercise physiology by enriching the literature and providing empirical data for
future research.

1.7 Scope of the Study

The geographical scope of this study is limited to Bayelsa State, Nigeria. Bayelsa State is
located in the South-South part of Nigeria and is known for its diverse cultural héritage and
historical significance. The study specifically investigated the effect of an 8-we Quit training
programmeme on four physical fitness parameters of the academic s@g%yelsa Medical
University, Yenagoa, Bayelsa State, Nigeria, namely: m @strength, flexibility,
cardiorespiratory fitness, and body composition. Academi@%f the Bayelsa Medical
University, Yenagoa, Bayelsa State, Nigeria, were involve@rticipants were grouped into two
(2) control and experimental groups using a 2><2><4%%na1 matrix. A randomised pre-test and
post-test assessment was conducted. The cir@ng programmeme took place at the football

field of Bayelsa Medical University, Ye@ Bayelsa State, Nigeria.

There was lack of monitorin @ther diet consumption or physical activity outside the study.

1.8  Limitation of the Study

Participants were provxé h educational materials on maintaining a healthy diet and physical

[ ]
activity outside t|<e sﬁ’g%y

unmonitoreg @Viors. Self-reporting of diet consumption and activity levels was encouraged,

mpowering them to make informed choices and potentially mitigating

and in n%bs or rewards for compliance were offered. The study duration was extended to
include follow-up periods, capturing changes in diet and physical activity patterns over time.
1.9 Operational Definition of Terms

The following terms are defined according to their usage in the study:



Physical Fitness: Physical fitness in this work refers to the body's capacity to complete circuit
training at a set time.

Physical Fitness Parameters: Physical fitness parameters for this study consist of muscle
strength, flexibility, body composition, and cardiorespiratory fitness.

Muscle Strength: Muscle strength refers to the upper arm muscle's ability to exert force during
push-ups. Q
Flexibility: Flexibility refers to a joint's capacity to move through its full r%@motion such
as during sit and reach test, and back scratch test. é
Cardiorespiratory Fitness: Cardiorespiratory fitness is the @% the cardiovascular and

respiratory systems to supply oxygen to exercising skel scles which can be measured

using resting heart rate, respiratory rate, and oxygen ai@n level.
Body Composition: Body composition is the ntage of fat, bone, water and muscles
measured using waist to hip ratio. \

.
Circuit Training: Circuit training f()’K@work will consist of a series of physically demanding,
s"&%ﬁes separated by a set of time for each station to be

\

completed such as lungea@% jogging, push-ups, sit ups, plank, burpee.

resistance-based, and aerobic¢

Physical Activit ‘@fal activity refers to any unplanned bodily physical movement that
expends energ@m as exercise.
Acad mi@ff: They are the teaching staff of the Bayelsa Medical University, Yenagoa,

Bayelsa State.
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Chapter Two

Literature Review



This chapter discusses literature review. The related literature are reviewed under the
following sub-headings:
2.1 Conceptual Review
2.1.1 Overview of Circuit Training
2.1.2 Design of an Effective Circuit Training
2.1.3 Typical Activities in Circuit Training Q\
2.1.4 Benefits of Circuit Training QJO
2.1.5 Physical Fitness 6\

Q

Q!

2.1.6 Components of Physical Fitness

2.1.7 Assessment of Physical Fitness
2.2 Theoretical Framework fb\\

2.2.1 Affective-Reflective Theory of Physl@activity and Exercise

2.2.2 Self-Determination Theory ’&\

2.3 Review of Empirical Studies &C’\
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234 ct of Circuit Training on Body Composition
2. teraction Effect of Exercise Training and Sex and Age
2.4 Conceptual Framework
2.5 Summary of Gaps in Literature Reviewed

Endnotes

2.1 Conceptual Review



2.1.1 Overview of Circuit Training

Circuit training is a series of exercise performed in a sequence or a circuit with one
exercise at each station. Circuit training is done moving from one exercise to another, performing
one set of each exercise until the circuit is complete. A circuit is completed in about one to three
times during a training session. Circuit training is a training that makes some form %zhysical

training into posts'. Circuit training usually combines several exercises into one @m tation®
’ QJ
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Fig. 2.1: '@gﬁrcuit Training Programmeme

Source:

It is a method of physical training that combines many forms of exercises. Summarily,
circuit training is known as a combination of resistance training and high intensity*. A circuit
may be desined to improve overall physical fitness such as power, endurance, strength, agility,

speed, and other components of physical performance®. The circuit training method can be in the



form of running up and down stairs, running sideways, running backwards, throwing the ball,
hitting the ball with a racket, jumping, various forms of weight training, and so on. The forms of
circuit training are usually in a cycle, which informed the term circuit training. The hallmark of
circuit training is an exercise consisting of several activities with short rest intervals, even
without a break with the aim of improving oxygen utilisationcapacity. In addition, sport-specific
circuits can be designed to address the specific skill and fitness requirements Qw thletes.
Circuit training is a versatile training method, and can be adapted for @Qﬁ situations,
sections of population and fitness requirements. It can also be used iive of seasons both
outdoor and indoor.

Circuit training was first developed by Morgan and@Qson at the University of Leeds
in the 1950s%. While these were the first important c%%h research into circuit training, it did
not result in the invention of circuit training itse at honor probably dates back to the early
nineteenth century, when a few of gymrﬁk\mstmctors across Europe began to popularize

.
physical activity for the masses. \CO\

In Germany, individua\&hhann Basedow and Friedrich Ludwig Jahn set up their
own gymnastics schools f@ﬂts and children’. They were emulated by those in other countries
like Pierre Henri ?&%Sweden and Francisco Amords y Ondeano in France. These men, and
those they inspired, effectively kick-started the modern interest in physical training as they, and
their writingsy’made possible, working out an acceptable and understandable practice. Operating
in the early 1800s, these men did not have dumbbells or barbells, so they focused solely on
bodyweight exercises. Jan Todd’s work on Monsieur Beaujeu in Dublin, found that Beaujeu had
his clients use dips and pull ups to build their strength. Why this is important today is that the

men’s training systems, and their implementation, were oftentimes done in a circuit fashion. The



emphasis may not have been on short rest periods but the practice of quickly moving from one
exercise to the next, moving briskly to use the term of the day.

Some in the fitness community of the nineteenth century cautioned against exercising too
vigorously, even informing their clients to stop short of losing their breath while training, the
practice of training groups in a rudimentary circuit fashion did exist, and in some cz&thrived.

system. Done under the supervision Archibald MacLaren, soldiers were hree months

This was especially the case after the 1860s when the British military overha its*training
physical training where they would alternate between various conditi@&ills involving rope-
climbing, trapeze work, and the negotiation of obstacles while @packs and rifles. Equally
important was the growth of physical education in schools cat Britain and the United States.
Operating in a world in which exercise was now im oo@ducationalists like Dio Lewis, began
to write on new styles of exercise for children. I€ 1860 book®. New Gymnastics, was one

successful example. Lewis himself was rel ly silent on the point of how to set up training

classes but split classes into group\ﬁgn\g' ifferent exercises. This meant that groups could
simultaneously use different e@%s. The only thing missing was shortened rest time. Lewis
was usually in favor of IOq%Qst periods. James Johonnot’s 1878 work Principles and Practices
of Teaching, pushed™or\quick forms of physical education in classrooms in which students
moved from exerciSe to exercise. The rudimentary or early kinds of circuit training existed long
before th@s.

égm the late nineteenth century, the desire to get some form of physical activity grew
among the general public in Britain and the United States. Addressing, and fueling, this desire

was the emergence of physical culture, a late nineteenth and early twentieth century fitness

phenomena. With the growth of physical culture, trainees could now choose between dumbbells,



barbells, calisthenics, Indian club swinging and any many of weighted implement. For trainees in
the United States, Alan Calvert’s Milo Barbell, founded in 1903, marked greater access to many
of these items. Calvert’s entrepreneurial spirit, which included Strength magazine, was matched
by others, like Bernarr MacFadden, whose Physical Culture magazine became one of the most
dominant voices in the health and fitness industry. Both men, in their own way, helped push
more and more people into exercising which, in turn, meant that training met Qca able of
managing large crowds in a short space of time became a necessity. ileQme tried to
capitalize on the newfound interest in health and fitness by writin@o s about exercising
in bed or losing weight with only five minutes of activity e , others turned to fitness
classes. In the United States, Great Britain and much of § the new interest in physical
culture came to be seen in group exercise classes ov&@ts and children. Again it wasn’t the
slick style of training found today, but it w mething. Furthermore it intensified the
importance of some form of circuit traini \ﬁ exercise classes for men, lasting 90 minutes,
.
trainees were put through a series of {G&\en‘[ exercises and movements. For twenty minutes, the

men were put through a progrm&&f ‘vigorous’ calisthenics which, the instructor later claimed,

few could actually com(ﬂ%&ing to the constant strain. Reading into the Washington gym’s

approach, the cla&% split into different groups, all performing separate exercises. This, it
.

seems, was a % n approach.

C@’btraining, in this way, sort of meandered on during the early 1900s. What helped
change things was the First World War, 1914-1918. Physical training, in the military, could, at
times, rely on circuit and group training. When War broke out, millions of men were introduced
to exercise, many of whom had no experience training whatsoever. When the war ended in 1918,

many retained their interest and belief in physical training. As a result, the 1920s and 1930s saw



dozens of governments around the world began promoting mass systems of gymnastics and
calisthenics. While this development was most clearly seen in Nazi Germany or Fascist Italy,
where large-scale group exercise took a remarkable level of importance, the same was true in
Great Britain and the United States. Using systems devised along the lines of Ling, Jahn and
their contemporaries, circuit styles of training were used in larger numbers than ever before. This
point became doubly true during the Second World War, 1939-1945.

Without delving too much into the history of things, the Second World War was
important for two reasons. First it brought a new generation into physical activity and, more
importantly, it was during the War that many first came into contact with progressive weight
training. Jason Shurley, Jan Todd and Terry Todd’s recent work on the history of strength coaching
highlighted the fact that many Americans first took an interest in weight lifting and bodybuilding
during the time as troops in the War. Troops met the best of both worlds-they had experience
training in circuits and lifting weights. Second, it meant that many wanted to continue this
interest. This also extended into their research, as many of the mid-century’s leading exercise
physiologists were bitten by the Iron bug during the conflict.

The Second World War also helped further the growth of exercise science and
physiotherapy. Owing to the vast numbers of injured troops returning from the front, doctors and
physiotherapists began to take a much greater interest in weight training. Specifically, they
wondered, having trained with weights themselves, if weight training could help injured men
recover faster. Thomas DeLorme in the United States used progressive weight training to help
rebuild leg strength and size among American soldiers during the 1940s and 1950s. Prior to

DeLorme, rehabilitation was based largely on light calisthenics from the early 1900s. DeLorme,



in contrast, spoke of the need for weight lifting, and heavy weight lifting in fact. In this instance
DeLorme’s own interest in health and fitness spilled over into his medical testing.

It is against this backdrop that the first major scientific intervention in circuit training
occurred. In Great Britain, two researchers took their own personal interest in fitness into the
laboratory. Their goal was to discover the best way of producing ‘holistic fitness’, which is the
kind of fitness applicable to both aerobic and anaerobic activities. This led Morgan and Anderson,
to create the first breakthrough study on circuit training following their research at the University of
Leeds. Done in 1953 and subsequently popularized for broader audiences in Sorani’s 1966 work,
Circuit Training, Morgan and Anderson’s work was relatively simplistic at first glance. Set up 9
to 12 stations with different exercises to be performed at each station. Move trainees from station
to station with relatively little rest in between exercises. Individuals would perform 8 to 20
repetitions at each station with a moderately heavy weight, rest 15 to 30 seconds and then begin
again at a different station. The results appeared to speak for themselves. After a short period of
training, participants were not only stronger, but their cardiovascular health improved as well. People
began to take notice, not least because this form of training appeared to promise an effective way
of exercising that anyone could do with relatively little time. In 1957 Morgan published another
work, this time with another exercise physiologist, G.T. Adamson, which further refined this
approach. According to Morgan and Adamson, Circuit training encapsulated three things; it
increases muscular mass and cardiovascular fitness, it employs progressive overload, and it
enables large groups of individuals to train at the same time.

There are numerous methods for performing circuit training. Continuous circuit training
and competitive circuit training are two types of workouts in the circuit training approach.

Continuous circuit training is a type of exercise that focuses on long-duration training sessions



that are performed without pause. Aerobic sports such as running, biking, swimming, and rowing
are common forms of continuous training®. The continuous workout's purpose is to keep the
same heart intensity throughout the activity. Competitive circuit training is an activity that is
performed or developed in the form of a game in which athletes compete to be the fastest in
completing the training circuit!®. This is similar to a timed circuit, but is done in a set tjme period.
Conventional training and aerobic-resistance training is also a type of cifeuit training.
Conventional training consists of workouts that combine a single body part,With single or
multiple joint movements. Basic exercises such as presses, rows, flys, end\squats are examples of
these. They are machine-based or free-weight loaded exercises that™use a single joint to execute
the activity, such as quad extension machines or dumbbell Bicep curls. Aerobic-resistance
exercise adapts the cardiovascular system and improyessawscle development and function.

2.1.2 Design of an Effective Circuit Training

1. For General Fitness: Completing a variety of resistance workouts and high-intensity
cardiovascular exercises in rapid succession will help develop strength and endurance'!. For
those with limited time, 3-4 shorter workouts each week are an efficient strategy to increase
overall fitness.

Circuit Training Guidelines for General Fitness: Circuit exercise should be done 2-4 times a
week. As with resistance training, a minimum of 48 hours should elapse between sessions that
target the same muscle groups'?. For general fitness, a resistance that permits the station to be
completed in the time allotted should be selected!’. Bodyweight and the weight of the objects
used, such as medicine balls, can also influence resistance. Circuit exercise classes typically have
8-12 stations!“. These are typically completed for 30-90 seconds, with a 30-90 second rest period

between each station. Progression can be achieved by either increasing station time or lowering



rest periods. However, only one at a time. A normal circuit consists of 1-3 circuits with 2-3
minutes respite between each cycle. Athletes can also use this type of circuit during off-season
training. Intersperse two or three circuit resistance training sessions with 2-3 cross-training
cardiovascular activities.

2. Circuit Exercise for Basic Strength Development: When beginning a sport-specific
strength training programmeme, athletes should always begin with a phase of fundamental
strength training. This is typically done during the off-season in the early stages of preparation to
prepare the body for more hard work later on. Even seasoned players require a period of basic
strength training to help rectify some of the muscle imbalances that are unavoidable in
professional sports. Circuit training is a good option since alternating workouts allow for
maximum muscle recovery!>. Rest times between stations should be increased because this phase
of training should not be too strenuous.

Circuit Training Guidelines for Short-Term Strength-Endurance: Sports like soccer and
field hockey benefit from repeated bouts of high-intensity work'¢. Circuit training with 30-60
second stations is an excellent technique to improve particular strength endurance for these
sports!'”. The number of exercises in a circuit should be lower than in most general fitness circuits.

Circuits and workout selection should ideally mimic competition movements.



Circuit Training Guidelines for Long-Term Strength-Endurance: Distance cycling, running,
and rowing are examples of continuous endurance events that necessitate a different
programmeme design'®. While exercises are still performed in order, the time of each station and
rest intervals bore little relation to traditional circuit training. To allow each exercise to be
completed for an extended amount of time, very light loads are used. Progression steadily
reduces the rest intervals between stations to zero, thereby completing each station back-to-back.
3. Circuit Training for Strength-Endurance Development: Many athletes require
excellent muscular endurance to perform well in sport. '°. A circuit training session can be
developed to meet their specific needs. By keeping rest intervals short a cardiovascular element
is developed and by alternating exercises abdominal muscle groups, more work can be
completed for a longer period. Circuit training for a multi-sprint sport such as soccer will differ
significantly compared to circuit training for a marathon runner for example. Proper circuit
workout is composed of many different exercises. Many fitness sources recommend this routine:
Upper body exercise, Lower body exercise, Core exercise, and Cardiorespiratory exercises. This
circuit is completed three (3) times for a total number of twelve (12) sets. A 3-step circuit, use
this format: Upper and lower body exercise, Core exercise, and Cardiorespiratory exercises. This
circuit is completed four (4) times for a total number of twelve (12) sets. Upper body exercises
include Pushups, Tricep dips, and Seated rows. Lower body exercises include Lunges, Jumping
lunges, Squats, Deadlift. Combined upper/ lower body exercises include Burpees, Kettlebell
swing, Squat to bicep curls. Cardiorespiratory exercises include Jump rope, Sprints, Jumping

jacks, Leaps. Core exercises include Crunches, 30 seconds plank, and Side plank.



2.1.3 Typical Activities in Circuit Training
A circuit works on each section of the body seperately. Activities in circuit training
include the following
1. Pushups: Pushups are a basic exercise used in athletic training or during physical
education classes or commonly in military physical training?®. The pushup is a multi joint upper
body exercise that can increase the upper body muscular push strength, shoul Qﬁth, and
S

performance of activities demanding high level of relative strength?!. Pusl@J e one of the

basic and most common exercises for the human body. Pushups are g

rcise for the chest,

€

and also help tremendously for shaping and defining abs, tric@ders and torso. Pushups

exercise and its variations can be progressed, regressed, rformed throughout a training

year??, er

Muscles Used: The pectoral muscles, _ tri 7 anterior deltoids, serratus anterior,
coracobrachialis, and the abdominal muscleas #whole?3.

Pushup Types: There are two Versi0{£§§ﬁe pushup mainly; the normal base (wide pushup) and

the narrow pushup. . \AQ

. The normal base s?requires placing hands on the floor, a little wider than shoulder-
width apart. '@

o The n@%ushup involves placing the hands on the floor forming a diamond shape
with the s, in line with the head. Each version of pushup produces related movements in
shoulders and elbows, but the wide pushup gives a greater range of motion.

Pushup Phases: There are two phases of the pushup movement: Pushing Phase and Lowering
Phase?*. During the pushing stage, motions are occurring at the elbow, shoulder and scapular

joints. In the elbow, extension occurs, powered mainly by the triceps brachia muscle. In the



shoulder joint, horizontal adduction occurs. This motion occurs when the upper arms move
horizontally toward the midline of the body. The pectoralis major, deltoids, biceps and
coracobrachialis muscles contract during horizontal adduction. At the scapular joint, scapular
abduction occurs during the pushing phase. In this fashion the scapulac move forward as they
round the back of the ribcage, a motion also known as protraction. The serratus anterior and
pectoral minor muscles power protraction. During the lowering phase, the sa Q%les that
work in the pushing phase are active, but this time eccentrically. For an exampl&;“in the elbow,
flexion occurs as the body is lowered, but with the triceps eccentrical@x\ring this motion. In
the shoulder joint, horizontal abduction occurs, eccentrically contrelled by the pectoral major,
deltoid, biceps and coracobrachialis muscles. At the scap pular adduction, or retraction,
occurs, which the serratus anterior and pectoral minQr %Qrically control.

There are number of complex muscles a dons that allow the elbow to move, and

\®)

these are connected to three bones. The I§\ems bone of the upper arm joins with the radius
laterally and the ulna medially bone&ﬁ?he orearm to form an elbow joint. The troclea of the
humerus attaches to the ulna, ag&%capitulum of the humerus attached to the head of the radius.

The joints are lubricated rge bursa sack that allows the muscle to interact with the joint so

that it doesn’t le§§§s1age or cause any pain®. Shoulder joint is consisted of two separate
o1

joints. The fir is called the glenohumeral, where the upper arm bone fits into the shoulder
blade nd@rgd is called acromioclavicular and is formed by the meeting of the collarbone with

the shoulder blade. The joints are held together by ligaments and muscles, but it is susceptible to

dislocation due to sudden twist or movements of the arm.



Benefits of Pushups:

o Pushups can be performed at home without the expensive exercise equipment, which can
save money on a gym membership?S.

o Pushups exercise on a regular basis strengthen, tone up the muscles and build major
muscles, which can make daily activities easier and also improves sports performance?/.

. Pushups also strengthen core muscles, specifically the rectus abdominu@‘transversus
abdominis. QJ

o Pushups exercise stimulates metabolism and blood circulatio ,ng burning of more
calories throughout the rest of workout. Qé

o Pushups provide better results than many similar ex@:s. Athletes who include pushups
in their workout routine reach fitness goals more e%@ those following workouts that rely

on other methods. @%

o Research had shown that perfqy&g pushups can help increase testosterone levels,
reducing risk of developing osteoporﬁg

. Pushups use a large nug of muscles at the same time.

Proper Execution: Pro %ay of performing pushups is by placing the body in a horizontal
position balanci@&b’o the hands and toes while facing down, with arms extended, hands
shoulder widt@ more apart, and feet touching or slightly apart*®. This movement is excellent
for tha@ﬁals major and the triceps brachii. Inhale and bend the elbows to bring the rib cage
close to the ground without arching the low back excessively. Push back up to complete arm

extension and exhale at the end of the each movement.

2. Dips: A dip is an upper-body strength exercise®®. Narrow, shoulder-width dips mainly

trains the triceps, with major synergists being the anterior deltoid, the pectoralis muscles, and the



rhomboid muscles of the back. Wide arm training places additional emphasis on the pectoral
muscles, similar in respect to the way a wide grip bench press would focus more on the pectorals
and less on the triceps. To perform a dip, the exerciser supports themselves on a dip bar with
their arms straight down and shoulders over their hands, then lowers their body until their arms
are bent to a 90 degree angle at the elbows, and then lifts their body up, returning to the starting
position. Usually dips are done on a dip bar, with the exerciser's hands supporting their entire
body weight. For added resistance, weights can be added by use of a dip belt, weighted vest, or
by wearing a backpack with weights in it. A dumbbell may also be held between the knees or
ankles. For less resistance, an assisted dip/pull-up machine can be used which reduces the force
necessary for the exerciser to elevate the body by use of a counterweight. One may also use
resistance bands hooked under the feet to help if there is lack of strength to properly perform a
dip. Another variation of the dip is done on gymnastic rings. Similar to a bar dip, the exerciser
hand's grasps the rings, supporting the entire body weight. The unsteady nature of the rings adds
additional challenge, although there are variations to make the exercise easier. In the absence of
equipment, a lighter variation of the dip can be performed called the Bench Dip. The hands are
placed on one bench directly underneath the shoulders or on two parallel benches. The legs are
straightened and positioned horizontally; the feet rest on another bench in front of the exerciser.
This variation trains the upper body muscles in a similar though not exact manner as the normal
dip, whilst reducing the total weight lifted by a significant amount. This exercise can be done
also off of the edge of a sofa, a kitchen counter, or any surface that supports the lifter. It should

be done under control.



Benefits of Dips:

Allows addition of extra weight.
o It's a compound exercise.

o Increase flexibility. -

Reduces injuries?!.
How to do a Proper Dip Exercise:

o Grab the parallel bars (rings), and hoist the body.

o Bend the knees.

o Keeping the elbows at the side, lower the body until the triceps is parallel to the
floor.

o Once the body hit parallel, explode back up until just before the elbows are locked.
3. Back Extension: A back extension is an exercise that works the lower back as well as the

mid and upper back, specifically the erector spinae®2. There are two Erector spinae muscles, one
on either side of the spine that runs along the entire length of the spine®. Erector spinae muscles
are actually formed of three (3) smaller muscles; spinalis, longissimus, and iliocostalis. The
name hyperextensions are being used for back extension exercises that are done using a
hyperextension bench in a fitness gym.

Muscles Used:

. Pesterior Chain Muscle Group. These are the muscles of the backside of the body and
include the lower back, glutes, hamstrings, and calf muscles. They work together to help jump, rotate,
lift, or land.

. Erector Spinae Muscle Group. These muscles form the intermediate layer of the back

muscles and comprise three subgroups. They work together to help with spine extension.



. Quadratus Lumborum. This muscle is located in the deep areas of the spine and involves
the iliac crest, the lumbar vertebrae, and the 12th rib. It helps neighboring muscles in the posterior
chain muscle group exert tension better.

Back extension muscles may also include the middle and upper back muscles as well as the oblique

R

Back extension exercises improve the stability and strength of the erector spinae @835. They also

muscles for stabilization*.

Benefits of Back Extension:

improve the range of motion of the lower back and can have a rehabili@&ffect on people with
poor lumbar or thoracic back posture*®. Back extensions help wiff exercises that require significant
use of the posterior chain muscles: Q

. Improved back stability. This helps with be r‘ﬁ%e and better performance during other

GQ%

. Reduced injury risk. Back stren@hg prevents the spine from being overextended.

exercises.

Improving lower back flexibility lower{ﬂ%\ike thood of spinal column and low back problems.

. Improved body awarﬂe\s\gﬁ'onger back stability helps with other exercises where there is

need to maintain a straighb@glch as deadlifts and barbell rows.

. Low imp %ative for recovery. Back extensions are good low-impact alternative

exercises for pgaple Tecovering from back injuries or who have limited mobility for various reasons.
(o \

Equipments Used:

. Without any Equipment: It may be performed on the ground by lying prone with arms

overhead and lifting the arms, upper torso, and legs as far as possible’’. Gravity is used as

resistance to strengthen the back extensor muscles.



. Using a Roman Chair: A Roman chair helps to stabilize the legs up until the hip joints
while performing low back extension38. To perform the exercise, the torso from above the hip
joints is flexed forwards and down towards the floor. And to complete the exercise, the back
muscles (Erector spinae) are contracted and the torso is raised up till the whole body is in a
straight line from the head to heels. Lighter weights may be used to begin with to prevent
straining the back muscles with over-exertion.

. Using Hyperextension Bench: There are two varieties of Hyperextension bench
depending upon the angle that they support the lower body, the 45 degrees and 90 degrees
hyperextension bench®. The 90 degrees Hyperextension bench is also called Roman chair as
discussed above. Here the body lies horizontally and the person can experience full back range of
motion. As compared to the 45 degree Hyper extension bench, where the person would be almost
standing and it allows extension only up to partial range of motion. In both the versions of the
Hyperextension bench, the person is requested to fold the arms in front or place the hands on the
back of the head with the elbows pointing to the sides, while performing the exercise.

. Using Reverse Hyperextension Machine: This machine has been used to strengthen not
only the errector spinae muscle, but also gluteus maximus and part of hamstring muscles (biceps
femoris).

4. Medicine Ball Chest Pass: The Medicine ball wall chest pass is an upper body exercise
for power development. The medicine ball chest pass builds strength and explosive power through
the chest, shoulders, and arms while improving muscular and cardiovascular endurance. It targets

abs and chest and also involves biceps, shoulders and triceps*’.



Muscles Used:

. Primary Muscle Groups: Supinator, Upper Chest, Middle Chest, Lower Chest,
Pectoralis Minor, Pronators.

. Secondary Muscle Groups: Side Shoulders, Front Shoulders, Rear Shoulders, Triceps,

Laterals (back), Quads, Elbow Flexors.

How to do Medicine Ball Chest Pass:

Step 1: Grab a medicine ball and hold with both hands in front of chest. Palms should be facing
each other and thumbs pointing toward the face.

Step 2: Stand with feet shoulder-width apart and knees slightly bent. Weight should be evenly
distributed on the feet. Stand about 3 feet away from a concrete wall.

Step 3: Begin exercise by throwing the ball against the wall as hard as possible, extending arms
straight out in front. Catch ball off the wall, bring back to chest and repeat.

Benefits of Medicine Ball Exercises

. They can improve flexibility and increase range of motion*!.

o They are an easy way to add resistance training to abdominal workouts.
o They are a creative way to change up strength training routine.

o They can be used for sport-specific strength training exercises*.

. They can help to improve coordination*!.

o They are suitable for people of all ages, fitness levels and abilities.

J They can be done alone or with a partner.

o Medicine balls come in various styles and sizes.



5. Bench Press: The bench press, often known as the chest press, is a weight training
exercise that involves pressing a weight upwards while lying on a weight training bench*}. The
bench press is an upper body mass-building exercise that targets some of the largest muscles in
the body, including the chest, triceps, shoulders, front deltoids, and even the upper back. It is also
widely utilized to develop the chest muscles in weight training, bodybuilding, and other sorts of
training. Bench press strength is significant in combat sports because it corresponds closely with
punching power. Bench press can also help contact athletes improve their performance by
increasing upper body effective mass and functional hypertrophy.

Muscles Used: Although the bench press is a full-body exercise, the pectoralis major, anterior
deltoids, and triceps, among other stabilizing muscles, are the primary muscles employed.**.

6. Sit-ups: The sit-up (also known as a curl-up) israthabdominal endurance training exercise
that helps to strengthen, tighten, and tone the ‘abdominal muscles. Sit-ups strengthen more
muscles and have a greater range of motion, than crunches, which work the rectus abdominis as
well as the external and internal obligues™A sit-up is accomplished by lying on one's back with
the knees and toes bent and the.arifs crossed over the chest or positioned behind the head to
reduce the tension on the back muscles and spine®. The upper and lower vertebrae are then
elevated off the flgorfunttl the buttocks and any areas above them are free of contact.

Benefits of Sittups

o Care, Strength: One of the most common reasons people do sit-ups is to strengthen their
core*®. When the core is strengthened, tense, and toned, back pain and injuries are less likely to
arise*’. Furthermore, carrying out daily duties and engaging in physical activity are made easier.
o Improved Muscle Mass: Sit-ups strengthen the abdominal and hip muscles*®. The

inability to perform sit-ups could be a good indicator of muscular atrophy.



o Athletic Performance: Athletes with strong core muscles have increased muscular
strength and endurance. A strong core allows for maintenance of good posture, stability, and
form while participating in any sport or physical activity*.

o Better Balance and Stability: A strong core helps the body stay balanced and steady
during daily and athletic activities. They aid in the coordination of the pelvic, lower, back, and
hip muscles with the abdominal muscles. A good sense of balance reduces @eh ood of
falling. QJ

. Increased Flexibility: Moving the spine aids in the release 0®SS in the spine and
hips. Sit-ups promote hip and back flexibility, which improve@) ility and relieves stress and
tightness. Flexibility enhances circulation and focus, lowers%s, and increases energy levels.

o Improved Posture: Building a strong, firm @es it simpler to keep the hips, spine,
and shoulders in line, which aids in posture. ement. Less discomfort and tension, more
energy, and better breathing are all advgg@‘ proper posture.

o Reduced Risk of Back Pai\ca) Injury: Sit-ups also improve lower-back, hip, and

pelvic strength. A strong core ws for a solid, firm centre, which reduces the likelihood of

back pain and damage. QQ

o Diaphra{@thening: Sit-ups are an excellent technique to work on diaphragmatic

breathing. Sit@ produce abdominal compression, which can be beneficial to the diaphragm. A
health)@st diaphragm helps improve breathing patterns, reduce stress, and increase physical
endurance.

7. Stomach Crunch: Crunches are a fantastic compound-muscle abdominal exercise. In a
crunch, unlike a sit-up, the lower back never leaves the floor. A crunch is a more specific and

isolated workout that exclusively targets the rectus abdominis™.



Benefits of Stomach Crunch: Crunches, done correctly, can help increase core strength and
definition®!. Core is an important aspect of balance and helps to avoid damage during other
exercises. It's simple to perform and doesn't require any special equipment or skill.

8. Back Extension Chest Raise: Back extensions are great for training the spinal erectors,
glutes, hamstrings, and lower back muscles.

Muscles Used for Back Extension Chest Raise

. Posterior chain muscle group. These are posterior muscles, which include lower back,
glutes, hamstrings, and calf muscles.

. Erector spinae muscle group.

. Quadratus lumborum.

Benefits of Back Extensions: Back extension workouts strengthen and stabilize the erector
spinae muscles>2. They also enhance lower back range of motion and can be rehabilitative for
persons with weak lumbar or thoracic back posture.

0. Squat Jumps: Squat Jumps are a powerful plyometric exercise that improves the entire
lower body while increasing heart rate to burn a considerable amount of calories®?. Squat Jumps
work the quads, hamstrings, glutes, and calves, as well as the abdomen and back muscles.
Furthermore, squat leaps improve posture. Traditional squats have been taught and strongly
emphasized for toning the buttocks and legs; however, the addition of the jump allows for
additional strength and muscular density, as well as the highest heart rate for a high volume of

calorie burn, leading to fat loss.



How to Do Squat Jumps
Here are the steps to performing squat jumps:

Begin by standing with both feet hip-width apart and lowering into a squat position by bending

the knees. Maintain a straight spine, an elevated chest, and knees behind the toes. For balance,

place the arms in front of the chest. Q\

Jump up straight and swing the arms high. Return to a squat position. < O

10. Step-ups: The step-up combines the lunge and stepping upw@chmbing the stairs>*,

Muscles Trained 0

The step-up works the legs and core primarily@little involvement from the

upper body. The step-up exercises the followiéralscles.

. Quadriceps: The quadriceps is a gron;\\&lr muscles that work together to stretch the

knee. Q)

o Glutes: When the hip is in t%ion, the glutes extend to help the rise up.
. Hip adductors: H%@ip flexion and offer support for the knee to prevent it from
collapsing inwards.

J Hamst, in@sists the glutes with hip extension, and the hamstring's eccentric strength
aids in cont lowering.

o Nves: The step-up involves a minor plantar flexion, but the calf muscles work overtime
to keep balanced on one leg.

Benefits of Step-ups

. Better single-leg balance. Step-ups increase proprioception and balance.

o Increased muscular growth and unilateral strength.



o Simple to learn and progress.

o Less strain on the lower back.

o May improve barbell squat.

How to Do the Step-up Exercise

o Depending on the hip mobility and strength, place the foot on a box with the knee bent at
a 90-degree angle or the hip crease slightly below the knee. Check that it is on a level surface.

o Perform with the body weight or with dumbbells on the side while standing one foot

away from the box.

o Put the entire lead foot on the box, toes pointing forward.
. To stand up, push through the lead foot.
o Once the knee is extended, either rest the other foot on the box, balance on one leg, or

drive the non-working leg into a high knee.

o Take a cautious step down with the non-lead leg, reset and repeat.

11. Shuttle Runs: The shuttle run is a cardiovascular workout that predominantly focuses the
quadriceps while also targeting the calves, glutes, groine, hamstrings, hip flexors, and outer
thighs to a lesser extent™. A shuttle run is a fitness test used to assess speed, agility, and
endurance’. It is a simple exercise that involves running back and forth between two points at a
steady speed. Shuttle running is a simple and straightforward activity that has numerous
advantages. This includes increasing speed and agility, conditioning fitness, and strengthening
muscle tissues surrounding the lower extremities.

How to do Shuttle Run:

Step 1: Set the cones at the proper spacing (usually 10 or 20 meters).

Step 2: Place two little blocks or balls at the far end of the cone.



Step 3: Begin at the cone farthest away from the blocks.

Step 4: Assume sprinter position. Sprint to the other cone as quickly as possible.

Step 5: Take one of the blocks in your hand, turn around, and dash back to the starting cone.

Step 6: Place the first block at the starting cone and dash back to get the second.

Step 7: Pick up the second block and race through the starting cone.

Step 8: Time stops after crossing the first cone for the last time.

12.  Bench Squats: A bench squat is a squat performed on a bench. Bench squats are leg-
muscle-targeting strength-building exercises. Bench squats, which are sometimes preferred over
conventional squats by those with knee difficulties, allow the exerciser to improve leg strength
without having to worry about sinking too low into the squat or having the knees give out at the
bottom of the squat. The workout primarily targets the quadriceps, hamstrings, and glutes.

13.  Burpees: A burpee is a full-body exercise that consists of a squat thrust with an added
stand in between repetitions®’. The movement is primarily an anaerobic exercise, but when
repeated over a longer length of time, it can be used as an aerobic exercise.

Benefits of Burpee: In addition to fat loss, integrating burpees in a training regimen will help

get numerous additional cardiovascular benefits, such as:

o a stronger heart and lungs.

o better blood flow.

o reduced risk of heart disease and diabetes.
o reduced blood pressure.

. decreased cholesterol levels.

o improved brain function.



How to Do a Burpee

o Stand with the feet shoulder-width apart, the weight in the heels, and the arms at thesides.
o Squat by pushing the hips back, bending the knees, and lowering the body.

J Place hands precisely in front of and barely inside feet. Transfer weight to the hands.

o Jump the feet back and land softly on the balls of the feet in a plank position. From head
to heels, the body should form a straight line. Back sag and buttocks sticking up in the air can
also inhibit effective core activation.

o Optional: Lower into a push-up or lower the body all the way to the floor while
maintaining the core engaged. Push up to raise the body off the floor and return to the plank
posture. (Form tip: Lift chest first and leave hips on the ground while bringing body back up off
the floor to avoid "snaking" off the ground.)

o Jump het feet back so that they fall just outside the hands.

. Raise the arms high and leap into the air. For the next rep, land and instantly descend
back into a squat.

14. Skipping: A skipping rope or jump rope is equipment used in the activity of
skipping/jump rope, in which one or more competitors jump over a rope slung under the feet and
over the heads®®. Skipping/jump rope has several subtypes, including single freestyle, single
speed, pairs, three-person speed (Double Dutch), and three-person freestyle (Double Dutch
freestyle). Rope skipping is a popular workout or recreational activity®®. Skipping is a
cardiovascular workout that has a high metabolic equivalent of task (MET) or intensity level,
similar to jogging or bicycle riding®®. This aerobic workout can generate a burn rate of up to 700

to over 1,200 calories per hour of strenuous activity, with approximately 0.1 to nearly 1.1



calories expended every jump, depending mostly on the pace and intensity of the hops and leg
folding.

15.  Jogging: Jogging is a type of slow or leisurely trotting or running®'. The major goal is to
improve physical fitness while putting less strain on the body than faster running but more than
walking, or to keep a constant speed for longer periods of time. It is a type of aerobic endurance
training that is done over vast distances. Jogging is a leisurely pace of running. In general,
jogging speeds range from 4 to 6 miles per hour (6.4 to 9.7 kilometres per hour). Jogging can
also be used as a warm-up or cool-down for runners before or after a workout or race. Serious
runners frequently utilize it as an active recovery method during interval training. Jogging has
been shown to increase human longevity and reduce the symptoms of ageing, as well as to assist
the cardiovascular system. Jogging can help you fight weight and keep healthy. Jogging also
helps to prevent muscle and bone deterioration that comes with age, improves heart performance
and blood circulation, and aids in the maintenance of a healthy weight gain.

2.1.4 Benefits of Circuit Training

There are numerous benefits asseciatéd with circuit training. Some of them include the following
o Improves Muscilar\Endurance: Muscular endurance is the body's ability to exercise
for an extended ashgunt ef time. Circuit training causes the recruitment of slow-twitch muscle
fibers, which aids 1n the endurance of exercise®?.

o Increases Strength and Muscle Growth: Depending on the exercises perform during
the circuit; the body is able to build stronger and larger muscles. Since circuit training puts
muscles under ongoing tension, this can stimulate neuromuscular adaptations and muscle growth

to build larger and stronger muscles®?.



o Improves Heart Health: Circuit training is a favorite for many because it combines
strength training and cardiorespiratory training®. Since there is little rest between exercises, the
heart rate stays elevated throughout the circuit. This helps strengthen and decrease stress on the
heart, allowing it to push more blood into the body with less effort. It also helps increase lung
capacity, allowing for more efficient breathing during exercise.

. Offers a Full-body Workout: Instead of splitting workouts through Qe week to
target specific muscle groups, circuit training includes a variety of exercise ive a full-body
workout®*. Moving from one exercise to another aids altemat@e n different muscle

groups. Ultimately, this can help get the most out of workouts

o Is Time Efficient: Since there are minimal brea@rlng a session, workout can be
completed in a short time frame. er
o Improves Exercise Adherence: Peo ss likely to stick to a workout programme

if they get bored easily. Fortunately, “%rammg may be the solution, since constantly
involves going from one exercise to .\@er Furthermore, circuit training classes provide a fun,
entertaining environment that c@eep one connected with others.

J May Promote V\@ oss: A lot of calories can be burned with circuit training, which
may help lose w('g@ince the heart rate stays elevated the entire workout, burning a high
volume of cal@s. Plus, performing strength training, metabolism can stay elevated hours after
work(xt\%’b

o May Improve Mood: Circuit training may help lift mood and improve mental health by
combining the mood-boosting benefits of both cardio and strength training exercise. Both forms

of exercise found in circuit training help improve mood by releasing feel-good endorphins and



increasing self-efficacy. Along with this, circuit training classes offer a friendly social
environment that can contribute to a positive mood.
o Perfect for All Levels: Circuit training is highly versatile, making it suitable for almost
everyone. Circuits can be designed for all difficulty levels. This is done to suit people of all
fitness levels.
2.1.5 Physical Fitness Q\
Physical fitness is a set of attributes that are either health or ski@ed%. Being
physically fit has been defined as the ability to carry out daily tasks®1 igor and alertness,
without undue fatigue and with ample energy to enjoy leisure*time pursuits and to meet
unforeseen emergencies®’. Physical fitness is a state o%aQ and well-being and, more
specifically, the ability to perform aspects of v@ccupations and daily activities®.
Physical fitness is generally achieved thro r nutrition, moderate-vigorous physical
exercise, and sufficient rest along with }ormal recovery plan®. Fitness is defined as the
quality or state of being fit and healg{fg‘he degree to which people have these attributes can
be measured with specific m@%ysical fitness measures are closely allied with disease
prevention and health ph@%n, thus it is common and appropriate to measure components
of physical fitne @ preventive and rehabilitative programmes. Physical fitness can be
modified thro@ regular physical activity and exercise’®. Physical fitness components have
been ho@% have a significant positive relationship with enhanced outcomes in physical
activity, including sports participation’'.
Benefits of Physical Fitness
Controlling Blood Pressure: Physical fitness has been shown to help lower blood pressure’.

Regular physical activity and exercise strengthens the heart. The heart is the primary organ in



control of systolic and diastolic blood pressure. Physical activity causes blood pressure to rise.
When the patient finishes doing the activity, the blood pressure returns to normal. The more
physical activity, the easier this process becomes, and the better cardiovascular profile as a result.
It gets easy to raise blood pressure through regular physical activity. This reduces the force on

the arteries and hence lowers overall blood pressure.

Inflammation: Increased physical activity has been linked to decreased inflammation in
studies’. It causes a short-term inflammatory reaction as well as a long-term anti-inflammatory
effect. Physical activity lowers inflammation in conjunction with or independently of weight
reductions. However, the mechanisms underlying the relationship between physical exercise and

inflammation are unknown.

Immune System: Exercise/ Physical activity strengthens the immune system’. The
concentration of endogenous variables (such as sex hormones, metabolic hormones, and growth
hormones), body temperature, blood flow, hydration condition, and body position all influence
this. Physical activity has been shown to increase the levels of natural killer (NK) cells, NK T
cells, macrophages, neutrophils and eosinophils, complements, cytokines, antibodies and T
cytotoxic cells”. However, the mechanism that connects physical activity to the immune system

is not completely understood.

Weight Control: Achieving resilience through physical fitness promotes a vast and complex
range of health-related benefits. Individuals who keep up physical fitness levels generally
regulate their distribution of body fat and prevent obesity’>. Abdominal fat, specifically visceral
fat, is most directly affected by engaging in aerobic exercise. Strength training has been known
to increase the amount of muscle in the body; however, it can also reduce body fat. Sex steroid

hormones, insulin, and appropriate immune responses are factors that mediate metabolism in



relation to abdominal fat. Therefore, physical fitness provides weight control through regulation

of these bodily functions’.

Mental Health: Studies have shown that physical activity can improve mental health and well-
being”’. This improvement is due to an increase in blood flow to the brain, allowing for the
release of hormones as well as a decrease stress hormones in the body (e.g., cortisol, adrenaline)
while also stimulating the human body's mood boosters and natural painkillers. Not only does
exercise release these feel-good hormones, it can also help relieve stress and help build
confidence. These trends improve as physical activity is performed on a consistent basis, which
makes exercise effective in relieving symptoms of depression and anxiety, positively impacting
mental health and bringing about several other benefits.

2.1.6 Components of Physical Fitness fb\ N

Physical fitness can be broadly divided into Q@related and skill-related’®.

A\

COMPONENTS OF
FITNESS AND SKILLS

Fig. 2.2: Components of Physical Fitness

Source: 78



Health- related Physical Fitness: Good health have a strong relationship with health related
components of physical fitness because it determines the ability of an individual to perform
daily activities with vigor and demonstrate the capacities associated with low risk of
premature development of the hypokinetic diseases. It is also known as physiological fitness.
The main aims of health-related fitness testing are:

o Educating clients about their present health-related fitness status in relationship to
standard age and sex- matched normative values.

o Providing data that are helpful for making clinical decision while prescribing
exercises to address all fitness components.

o Collecting baseline and follow up data that allow evaluation of progress by exercise
programme participants.

o Cardiovascular risk classification

The components of health-related fitness includes: body composition, muscular endurance,
muscular strength, cardiovascular endurance and flexibility°.

Skill-related Physical Fitness: It is also known as performance-related fitness components.
It is associated with athletic competition but should be considered in the overall fitness of all
individuals. These components are pertaining with the athletic ability of an individual. There
are six (6) components of skill-related physical fitness: balance, co-ordination, agility, speed,
power, and reaction time®’.

Balance: This is the ability of an individual to maintain their line of gravity within their base of
support®!. It can be classified into static and dynamic. Balance is control by three different
systems: somatosensory, visual and vestibular system. It can be assessed by various outcome

tools such as berg balance scale, BESTest, etc®!.



Co-ordination: It is the ability to use the senses, such as sight and hearing, together with
body parts in performing motor tasks smoothly and accurately®?. Alternate hand wall toss test
is one the test via which co-ordination can be assessed.

Agility: This is described as a fast whole-body movement with a change in velocity or direction
in reaction to a stimulus. It executes a sequence of explosive power motions &()pposite
directions in fast succession®?. Q

Power: It is the rate at which one is able to exert maximal force®4. Vertica@test and hop
test are some examples of power testing for lower extremity. Medi@l throw test can be
used to assess upper extremity power.

Reaction Time: Reaction time is related to the time e@g)etween stimulation and the
beginning of the reaction to it. Reaction time B@ed by several variables including

Y

Speed: It relates to the ability to perform a movement within a short period of time. Speed

attentive, cognitive and motor functions.

combined with strength will provide power and force. Sprint test is one of the examples of

the test that can be used to examine person's speed.

Muscle Strength Q\ :

It is the @biliw to exert force at high intensities over short periods of time®.
h1s

Muscular strepgt defined as the maximum amount of force that a muscle or muscle group
can e)e\rt/@st an opposing force.

Forms of Muscle Strength: There are four ways to display muscle strength. These four types of
strength include absolute strength, strength endurance, power or explosive strength, and relative

strength®®,



The absolute or maximal strength of a muscle or group of muscles in a given exercise
equals the most external resistance an athlete can overcome or maintain with full voluntary
mobilization of the neuromuscular system. This means that it is the absolute maximum amount
of force that can be produced for a single repetition at a single point in time. A one repetition
maximum (1RM) is another term for this.

Explosive strength is the speed with which one may employ strength. Qﬁ intense
loading during shorter, high-speed movements with lower repetition rar&s) ith long rest
periods in between sets. The rate of force development (RFD) is the g@ factor in explosive
strength. The RFD measures an athlete's explosive strength, or %ﬂ:kly he or she can create
force. This is defined as the rate at which the muscle's cont@ omponents can generate force.
Strength endurance is the ability to continually %%b-maximal force against a sort of
resistance. It is shown in tasks that involve a eas%gy lengthy duration of muscle tension with
a minor drop in efficiency. Strength endu@%movements necessitate settings in which a high

.
level of muscle endurance is demo&ﬁ%@d, such as hill sprints, sledge pushes, high volume
weightlifting sessions, and so‘@wer weights moved frequently by a muscle are ultimately
what strength endurance ?@Q

Relative s \As the maximum amount of strength in a movement in comparison to
one's body si@r Weight. Relative strength is how strong someone is in comparison to their
bodywei@%Absolute or maximal strength and relative strength are connected. Unless the
individual's body weight grows, relative strength should increase. Gymnastics, wrestling,
weightlifting, and other sports require a lot of relative strength. Sporting competitions that need
weight classes or bodyweight control necessitate a high level of relative strength. Furthermore,

movement patterns like pull ups necessitate relative strength.



Muscle Strength Testing

The One-Repetition Maximum (1RM) Test: It is simply defined as the most weight an
individual can lift in one repetition using proper technique. The assessment of the 1RM is used to
measure maximal strength capacities, it can also be used to measure force-time, power-time, and
velocity-time characteristics when performed using specialized equipment such as a force plate.
The 1RM test is often considered as the ‘gold standard’ for assessing the strength)capacity of
individuals in non-laboratory environments®’. Purpose of the test is to deteriningthe maximum
weight that can be lifted for one complete repetition of the movemert. Equipment required are

weights dependent on muscle group testing.

Test procedure:
a. The subject should warm up, completing a number of sub-maximal repetitions.
b. Determine the 1-RM (or any multiple RM) within four trials with rest periods of 3 to

5 minutes between trials.

c. Select an initial weight that is within the subject’s perceived capacity (~50%—70%
of capacity).
d. Resistance is progressively increased by 2.5 kg to 20 kg until the subject cannot

complete the selected repetition(s). All repetitions should be performed at the same speed
of movement and range of motion to instill consistency between trials.

e. The final weight lifted successfully is recorded as the absolute 1-R or multiple RM.
Multiple Repetition Maximum (M-RM) Strength Tests: The M-RM is defined as the
maximum weight that a person can lift in a given number of repetitions using proper lifting
technique®’. The 5-repetition maximum (5-RM), for example, is the maximum weight that a

person can lift five times using proper lifting technique. The M-RM strength test serves the same



functions as the 1-RM strength test. Furthermore, the M-RM strength test is approved for
determining strength training intensity. In addition, the M-RM can be utilized to predict the 1-
RM. The 5-RM, in particular, enables accurate estimate of the 1-RM.
Dynamic Strength Test: The dynamic strength test uses a machine called an isokinetic
dynamometer to examine the upper body strength. Isokinetic dynamometers are able, to test the
strength (torque) and power of different muscle groups®!. The test consists of fj \Qﬁed chest
pushes and five seated back pulls. The final result will be the average of the five plishes and five
pulls.
Resistance training exercises such as weightlifting, bodywei e%ses, and resistance band
exercises are examples of workouts that improve musc@ gth??2. Running, cycling, and
mountain climbing are also options. er
Flexibility fbb’

Flexibility is defined as the abilit o\mve a joint through its full range of motion®3.
Flexibility is the anatomical degreq&@hovement in a joint or series of joints, and length in
muscles that span the joints® }@uce a bending movement or motion. It is essential for

activity of daily liVingS@s) and athletic performance. It is affected by a number of

factors, includin(j@g\@}psule distensibility, proper warm-up, and muscle viscosity. Because
t

flexibility is 16

Some cc@rQn devices for measuring flexibility in degrees include goniometers,

ecific, no one flexibility test can be used to assess total body flexibility.

inclinometers, electrogoniometers, the Leighton flexometer, and tape measures. One type of

flexibility test is the sit and reach test.



Flexibility Test

Sit and Reach Test: The sit and reach test is a typical flexibility test that assesses the flexibility
of the lower back and hamstring muscles®. The test has several versions. Many variations of this
test involve differences in the value of the feet's level. The most rational measure is to record the
level of the feet as zero, such that any measurement that does not reach the toes is negative and
any measurement that exceeds the toes is positive. The typical sit and reach a &has the
limitation that persons with long arms and/or short legs would have a better outcofitc, while those
with short arms and/or long legs would be at a disadvantage. Q

Equipment Needed: A sit and reach box (or a ruler and a step b%n be used alternately).
Procedure: This test requires sitting on the floor with ttraight ahead. Shoes must be
removed. The feet's soles are pressed flat against t oth knees should be locked and flat
against the floor. The person being examin{dQ es forward as far as possible along the
measuring line, palms down, hands on to Bach other. Make sure that both hands are at the
same level, with neither reaching fu@rward than the other. The individual stretches out and
@nk%two seconds while the distance is measured®. The score is

\

recorded to the nearest CB@?‘[GI’ or half inch as the distance achieved by the hand. To convert

the score measurecl%”% rating, use the chart.

retains that position for at least



Sit and Reach Test Scores

Percentile
Rank
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Fig. 2.3: Nomogram of Sitand Reach Test

Source: %

Back Scratch Test: The back scratch test, alsolkhown as the scratch test, determines how close

the hands can be brought together behidd~he back®. This test assesses the general range of

motion of the shoulder. A yardstickreta fuler is required as equipment.

Procedure: This test is performed while standing. Place the hand behind the head and back over

the shoulder, reaching as fardown the centre of the back as possible, palm touching the body and

fingers pointing dowhwards. Place the second arm behind the back, palm outward, fingers up,

and extend mp‘asthigh as possible, striving to touch or overlap the middle fingers of both hands.

If the fing€ttips make contact, the score is zero. If they don't contact, measure the distance

between their finger tips (a negative score), and if they do, measure how much they overlap (a

positive score). Practice twice, and then test twice. Take the best score and round it up to the

nearest centimeter or 1/2 inch. The better the outcome, the higher the score.




The chart below shows the recommended ranges (in inches) for this test based on age

categories’®,

Age Below average Normal (inches) Above average
60-64 <-6.5 -6.5t00 >0

65-69 <-7.5 -7.5t0-1.0 >-1.0

70-74 <-8.0 -8.0to -1.0 >-1.0

75-79 <-9.0 -9.0to -2.0 >-2.0

80-84 <95 9.5 10 -2.0 > 2.0 \
85-89 <-10.0 -10.0 to -3.0 >-3.0 Q
90-94 <-10.5 -10.5 to -4.0 > 4(\

Fig. 2.4: Nomogram of Back Scratch Flexibility for Men 6\

S

Age below average norma((‘incﬁes) above average
60-64 <-3.0 >1.5

65-69 <-3.5 ;h >1.5

70-74 <-4.0 to 1 0 >1.0

75-79 <-5.0 .0t00.5 >0.5

80-84 <-5.5 . -55t00 >0

85-89 <-7.0 ’\\' -7.0to -1.0 >-1.0

90-94 <-8.0 {C'J -8.0to-1.0 >-1.0

QA

Fig. 2.1.5: Nomogram OWratch Flexibility for Women

Source: °

Trunk Rotati on® The goal of this flexibility test is to assess trunk and shoulder flexibility,
which is vit injury prevention in sports like racquet sports, throwing, and swimming. A wall,

a bit of ¢halk or pencil, and a ruler or tape measure is all required.

Procedure: Draw a vertical line across the wall. Stand with the back to the wall and the feet
shoulder width apart in front of the line. Place approximately an arm's length away from the wall.
Extend the arms directly in front, parallel to the floor. Twist the trunk to the right and then use

the fingertips to touch the wall behind, keeping the arms extended and parallel to the floor.



Turning the shoulders, hips, and knees is permitted as long as the feet do not move. Measure the
distance from the line to the point where the fingertips contacted the wall. A point before the line
results in a negative score, whereas a point after the line results in a positive score. Repeat with
feet in the same position on the left side. Calculate the average of the two scores (left and right).

To convert the score measurement to a rating, use the chart®.

S\

Ratings Score

Excellent 20cm

(0
Good 15cm 0&
Very Good 10cm %

Fair Scm Q
Poor chbQ

N4

A\
Fig. 2.6: Nomogram of Trunk Rotation Test Chart

Source: % Q’\' J
Cardiorespiratory Fitness .$

Cardiorespiratory\éess is related to the ability to perform large muscle, dynamic,
moderate to hig(.ifi&%as y exercise for prolonged periods. The performance depends upon
the functiona@te of the cardiovascular, respiratory, and skeletal muscle systems.
The C@Nascular System: The cardiovascular system is made up of the heart, a muscular
pumping device, and a closed network of vessels known as arteries, veins, and capillaries'®.
The heart circulates blood through the blood vessels. Blood vessels transport blood
throughout the body. Blood carries nutrients and oxygen to tissues while also removing

carbon dioxide and waste materials.
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Fig. 2.7: The Cardiovascular System

Source: 190
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The Heart: The heart is a muscular Oli' that circulates blood throughout the body!'?'. It is

located in the mediastinum, betwe@ro lungs. It has four chambers: two atria and two

ventricles. ¢ $

The Right Side of th &?The right side of the heart is divided into two chambers: the
right atrium aan.h:}\r\l'g t ventricle. The right atrium is a low-pressure chamber with thin
walls. It ha;.bbacemaker known as the sinoatrial node, which generates cardiac impulses,
and an\x{rg(rentricular node, which distributes the impulses to the ventricles.

Two major veins supply venous (deoxygenated) blood to the right atrium:

1. The superior vena cava, which transports venous blood from the head, neck, and
upper limbs.

2. Inferior vena cava that returns venous blood from lower parts of the body.



Right atrium communicates with right ventricle through tricuspid valve. Venous blood from
the right atrium enters the right ventricle through this valve. From the right ventricle,
pulmonary artery arises. It carries the venous blood from right ventricle to lungs. In the lungs,
the deoxygenated blood is oxygenated.

Left Side of the Heart: The left half of the heart is divided into two chambers: the left

atrium and the left ventricle. The left atrium is a low-pressure chamber Q walls.
h:

Through pulmonary veins, it obtains oxygenated blood from the luﬁfT 15718 the single
instance in the body when an artery transports venous blood whill transports arterial
blood. The mitral valve (bicuspid valve) allows blood from the atrium to reach the left

ventricle. The left ventricle's wall is extremely thick. t ventricle circulates arterial
blood throughout the body via the systemic aorta. be

Blood Vessels: The cardiovascular system's vé& include the aorta, arteries, arterioles,
capillaries, venules, veins, and venae cava }*}ood vessels are in charge of delivering oxygen

.

and nutrients to tissues as well as {Q§b\ting waste products. The aorta, next the arterioles,
and finally the capillaries in t Qgﬁes deliver oxygenated blood from the left ventricle. The
arteries are the blood \@Q‘[hat transport blood, while the capillaries are the sites of

material exchan@aintain the tissue microenvironment. Deoxygenated blood flows
1

from capillar the peripheral tissues to the right atrium of the heart via the venous

syster@rb

The Respiratory System: The respiratory system is an organ system made up of particular
organs and tissues that are responsible for gas exchange. The respiratory tract is separated
into upper and lower respiratory tracts. The nose, nasal cavities, sinuses, pharynx, and the

region of the larynx above the vocal folds are all part of the upper tract. The lower tract



consists of the larynx's lower section, the trachea, the bronchi, the bronchioles, and the

alveolil®.
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Fig. 2.8: Diagram of the Respiratory System QO

Source: % Q
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The Nose: A nose is a protuberance that c%eﬁé§e nostrils, or nares, which receive and

exhale air for respiration. \

The Nasal Cavities: The nasal ca@is a wide, air-filled region in the centre of the face

above and behind the nose. Tl@%ﬂ cavity is the topmost section of the respiratory system

and contains the nasal @%t transports inhaled air from the nostrils to the nasopharynx

and the remainde(;@espiratory tract.

Pharynx: Th@harynx transports food and air to the oesophagus and larynx respectively.

Gener. ll)& human pharynx is divided into three sections: the nasopharynx, oropharynx,

and laryngopharynx. It is also essential in vocalization!%4.

Larynx: The larynx, often known as the voice box, is an organ on the top of the neck that

helps with breathing, producing sound, and protecting the trachea from food aspiration.



The Trachea: The trachea, commonly known as the windpipe, is a cartilaginous tube that
connects the larynx to the bronchi of the lungs, allowing air to pass, and is found in almost
all air-breathing animals with lungs. The trachea connects the larynx to the two major
bronchi.

The Bronchi: A bronchus is a lower respiratory tract conduit or airway that transports air to
the lungs. The right and left major bronchi are the initial or primary bronchiQQan h from
the trachea at the carina'®.

The Bronchioles: Bronchioles, also known as bronchioli, are tiny g of the bronchial
airways in the lower part of the respiratory system. The a&te terminal bronchioles,
followed by the respiratory bronchioles, which mark t ning of the respiratory zone
and provide air to the gas exchanging components O%leeoli.

Alveoli: A pulmonary alveolus (alveoli), also as an air sac or air space, is a hollow,

N

distensible cup-shaped cavity in the lung%a erve as sites of pulmonary gas exchange.

N

.
Assessment of Cardiorespiratory l{ﬁ?&s he criterion measure of cardiorespiratory fitness
is determined by maximal o@%uptake (VO2max). Others include the measurement of
arterial blood pressure,\@?rate, respiratory rate, oxygen saturation level etc. The best
measure of cardi @tory fitness is VO2 max, volume (V) of oxygen used when a person
reaches his oﬁer maximum (max) ability to supply oxygen (Oz) to muscle tissue during
exerci%’b

Maximal Oxygen Uptake (VO:max): VO> max is the maximum quantity of oxygen a
person can consume and it remains constant over time despite an increase in effort. The

absolute value of VO; max is liters/min, while the relative value is milliliters/kg/min. The

VO; max can be calculated using either maximum or submaximal testing, as well as direct or



indirect approaches. Walking/running tests are the most often utilized, followed by cycling
and step tests'’®. The maximum oxygen uptake (VO max) is one of the most commonly used
metrics in exercise science. The gold standard for determining cardio-respiratory endurance is a
person's VO; max.

The maximum aerobic power (VO max) of a person can be measured using maximal
or submaximal tests, as well as direct or indirect approaches. The direct appro Qla oratory
method) involves measuring an individual's expired gases in orderQngalyze their
pulmonary ventilation, inhaled oxygen, and expired carbon dioxide@e measures, such as
breath-by-breath analysis, reliably identify an individual's )%1 oxygen consumption.
Indirect methods, such as field testing, assess a person's capacity based on their heart
rate, distance travelled, and/or time of trial when 1@ a certain procedure!'°®,
Arterial Blood Pressure: Arterial blood press defined as the lateral pressure produced
by the blood column on the artery wall. &Qlood travels through the arteries, pressure is
exerted. The word 'blood pressure"\ﬁ}n refers to arterial blood pressure. Arterial blood
pressure can be expressed in Q&/ays: Systolic blood pressure, Diastolic blood pressure,
Pulse pressure, and Mean, atterial blood pressure are all measurements.

Systolic Q@{essure: Systolic blood pressure (systolic pressure) is the greatest

pressure exer@in the arteries during the heart's systole'"’. Normal systolic pressure is 120
mmH%@llO-MO mmHg).

Diastolic Blood Pressure: Diastolic blood pressure (diastolic pressure) is the lowest
pressure in the arteries during diastole of the heart. Diastolic pressure should be between 60

and 80 mmHg.



Pulse Pressure: The pulse pressure is the difference between systolic and diastolic
pressure'®®. Normal pulse pressure: 40 mmHg (120 — 80 = 40).

Mean Arterial Blood Pressure: The mean arterial blood pressure is the average
pressure in the arteries. It is not the arithmetic mean of systolic and diastolic pressures. It is
equal to the diastolic pressure plus one-third of the pulse pressure. The diastolic pressure is
taken into account before the systolic pressure when calculating the mean %e. It is
because the diastolic length of the heart cycle is longer (0.53 second) than@ej stolic period
(0.27 second). The normal mean arterial pressure is 93 mm Hg (80 G— 3).

Heart Rate: Heart rate is the frequency of the heartbe r@red by the number of
contractions of the heart per minute (beats per minute, @ 199 The heart rate can vary
according to the body's physical needs, includir§ ed to absorb oxygen and excrete

carbon dioxide, but is also modulated by Quméb,

genetics, stress or psychological status, d \g& diet, hormonal status, environment, physical

factors, including (but not limited to)

.
fitness, and disease/illness as well {(—}e interaction between and among these factors. The
average heart rate is 72 bea& minute. It varies between 60 and 80 beats per minute.
Tachycardia is defined ds,a chease in heart rate above 100 beats per minute. Bradycardia is
defined as a drop C/@ate below 60 beats per minute'?,

Respiratory%te. The respiratory rate is the rate at which the body breathes; it is regulated
and ¢ nt@’g> by the brain's respiratory centre. The respiratory rate of a human is often
measured in breaths per minute. In humans, the respiratory rate is calculated by measuring
the number of breaths taken in one minute and the number of times the chest rises. A healthy

adult's resting respiratory rate is 12-15 breaths per minute!!°.



Oxygen Saturation Level: Oxygen saturation the amount of haemoglobin linked to
molecular oxygen at a specific time point. The percentage of oxyhemoglobin (oxygen-bound
haemoglobin) in the blood is measured by oxygen saturation, which is expressed as arterial
oxygen saturation (Sa0Oz) and venous oxygen saturation (SvO;). Oxygen saturation is a
critical metric for determining blood oxygen content and oxygen delivery. Each hagmoglobin
molecule includes four heme groups that can quickly bind molecular oxyge Q& blood.
This means that a haemoglobin molecule can bind up to four oxygen molécul¢s“during blood
transit. The typical range of SaO» for humans is 95-100%'!!. A resu@&s(han 90% is termed
poor oxygen saturation and necessitates the use of supplemental oxygen supplementation.
Coopers 12-Minute Run Test: The Cooper 12 minute ru 6mmon maximum running test
of aerobic fitness in which participants attempt to ¢ ng e'greatest distance in 12 minutes. The
purpose is to assess aerobic fitness (the body's ability to utilize oxygen to power itself while
running or walking). The following item%%required: a level oval or running track, marker
cones, recording sheets, and a stop w@

Either of the following formula& d to calculate expected VO, Max results (in ml/kg/min):

o Kilometres: VOz&% 22.351 x km) - 11.288

. Miles: VC(@BS.W x miles) - 11.291

How to Carr@t a Cooper Run Test

o \W/@’Qp by jogging lightly and performing energetic motions.

o Mark a distinct starting position on a level, firm surface, ideally a 400-meter track. Be
aware of the distance to travel by completing one lap or returning to the starting place.

o Stay in the same lane for the duration of the test.

o Start a stopwatch as soon as running starts.



o Count how many laps that is completed.
o Stop after 12 minutes and record how many laps completed.

. Walk for 10 minutes to cool down.

Age Excellent Above Average Average Below Poar
Average A&

Male over 2800 2400-2800 2200-2399 1600-2199 der 1600
20-29 meters meters meters meters eters
Females over 2700 2200-2700 1800-2199 1500-179 QJ under 1500
20-29 meters meters meters meters < meters
Males over 2700 2300-2700 1900-2299 1 500 under 1500
30-39 meters meters meters rr% meters
Females over 2500 2000-2500 1700-1999 400-1699 under 1400
30-39 meters meters meters ters meters
Males over 2500 2100-2500 1700-2099 1400-1699 under 1400
40-49 meters meters meters meters meters
Females over 2300 1900-2300 150 1200-1499 under 1200
40-49 meters meters met% meters meters
Males over 2400 2000-2400 1300-1599 under 1300
50 meters meters ers meters meters
Females over 2200 1700- 2200 400-1699 1100-1399 under 1100
50 meters meters meters meters meters

Q;(‘J

Fig. 2.9: Nomogram of Coope'r@st
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Body Composition

The term "body composition" refers to the percentages of fat, bone, water, and muscle in
human bodies'!'2. Body Composition is a term used to describe the many components that make
up a person's body weight when considered together. Using a two-compartment model, body
composition can be stated as the relative fraction of body mass that is fat and fat-free tissue. It
can be measured using both laboratory and field procedures, which vary in complexity, expense,

and precision. Body mass index (BMI), waist to hip ratio, circumferences, and skin fold



measurement are all anthropometric procedures. Some procedures used in the lab include
hydrodensitometry, weighing, and plethysmography.

Body Mass Index (BMI): Body mass index (BMI) is a weight-for-height measurement
computed as weight in kilogrammes divided by height in metres squared (kg/m?) ''3. BMI is
a straightforward, low-cost, non-invasive proxy for body fat. BMI is the most generally used
measure for determining body fat levels and is a screening method for measuring and
categorizing weight in humans. Underweight, Normal Weight, Overweight, and Obesity are

the four main categories.

Classification BMI (kg/mz)r\\“
Underweight <18.50 Q\J
Normal range 18.50-24.99
Overweight >2 @
Obese 00

AYa)

Fig. 2.10: Nomogram of Basal Metabolic Rate

. 114 v
Source: . AY/

Body Mass Index: Body s\ndex (BMI) will be calculated using the following equation:
BMI = Weight (ir.l ’lid%rams)/ Square of Height (in meters square). This will be done by

measuring th w@nd height of each participant®.

Required ment: Tape measure, scales, pen, clipboard, Fitness Testing Recording Form
Proce&vl:
o Measure the client's height. Ensure the client removes shoes, stand up straight with the

heels against the wall.
o Record their height in meters.

. Measure the client’s weight. Ensure the client removes shoes and wear minimal clothing.



o Record their weight in kilograms.

o Use the formula below to calculate the client's BMI

Formulas and Calculations:

BMI = weight (kg) / height (m)?

Skin Fold Thickness: Skin fold thickness (SFT) assessment is a reliable, ingxpensive,
simple, non-invasive way of estimating body fat at all ages, including newbo t examines
the thickness of subcutaneous fat at several places on the body in order\to determine total
body fat and thus the contribution of fat to body mass!!'>. Skinfold t@s data can be used
in a variety of ways. They can be directly compared to refereace values to assess sufficiency,
insufficiency, or excess. Skinfold thickness reading also be used in predictive
mathematical formulas to calculate body fat indi VU‘Q as % body fat and hence fat mass
and fat-free mass. Special calipers are us casure skinfold thickness in millimeters.
Skinfold thickness measuring sites afe 0 >Pm€s divided into limb and core sites. Biceps,
triceps, quadriceps, and calf regio@ limb sites, while pectoral, subscapular, abdomen,
and suprailiac areas are centr@%. For uniformity of results, one side of the body, either
right or left, is usually \@%ed“s. The skinfold thickness method is based on measuring a
pinch of skin pre '@several standardized sites on the body to determine the subcutaneous
fat layer. Me%ement will be made by lifting the skin with the thumb and index finger with
care b%@n to exclude any underlying muscle. The skinfold of the female participants will
be measured using slim guide caliper at the triceps, thigh and iliac-crest!!S. The triceps skinfold
will be measured from a vertical skinfold on the back of the arm half way between the acromium
and olecranon process. Iliac-crest skinfold will be measured from a vertical skinfold over the

iliac-crest (point to the hip) in the midaxilliary line (middle of the armpit) while the thigh



skinfold will be measured at anterior midline of the thigh, half way between the hip and the knee
joint and also the body weight was placed on the opposite leg during measurement. The skinfold
of the female participants will be measured using slim guide caliper at the chest, abdomen and
thigh. A constant distance of one (1) centimeter would be maintained between the caliper, the
thumb and the finger holding the site. The measurement read without delay to ensure that the
subcutaneous adipose tissue was not dispersed from the measuring positioh. “All the
measurements will be taken on the right side of the body with the participants ifi the standing
position. After taking the three skinfold measurement, the measuremefit willVbe summed then on
the normogram, a ruler will be used to connect the point on the left\that corresponds to the age
with the point on the far right that corresponds to the surf ofjtlie three skinfold measurement.
Then the score will be recorded.

Waist-Hip Ratio (WHR): Waist-to-hip ratio, also known as waist-hip ratio, is the

117

circumference of the waist divided by the circumference of the hips'!’. The waist-hip ratio

(WHR) is the dimensionless ratio of the circumference of the waist to that of the hips. The
WHR measurement entails using a tape measure to determine the size of the waist and hips'!”.
This is determined as waist measurement divided by hip measurement. The WHR has been
used as an indicator or measure of health, fertility rates, and the risk of acquiring major
health issues.

WHR measures the ratio of waist circumference to hip circumference. Wrap the non-
elastic measuring tape around the narrowest portion of the stomach, near or just above the belly
button, and measure the circumference. The tape measure should be placed softly on the skin and

not pulled taut. Once the tape measure is properly positioned, slowly inhale and exhale to take

the measurement. Take note of the measurement in inches. Stand with the feet precisely beneath



the hips and wrap the tape over the broadest region of the hips and buttocks. Take note of the

measurement in inches. WHR is calculated by dividing the waist size by the hip size'!®.

Health risk Women Men

Low 0.80 or lower 0.95 or lower
Moderate 0.81-0.85 0.96-1.0
High 0.86 or higher 1.0 or higher

Fig. 2.11: Nomogram of Waist to Hip Ratio
Source: !’
2.1.7 Assessment of Physical Fitness

A physical fitness examination comprises measurements of cardiorespiratory endurance,
body composition, muscular fitness, and musculoskeletal flexibility. Hydrostatic weighing,
skinfold measures, and anthropometric measurements are the three most used procedures for
determining body composition. Because of its strong relationship with health and health
concerns, cardiorespiratory endurance is an important component of physical fitness testing. The
usual criterion for determining cardiorespiratory endurance is maximal oxygen uptake (VO;max)
120 Although VO2max must be measured using maximal-effort testing, submaximal exercise can
be utilized to estimate this value.

Muscular fitness has traditionally been used to define an individual's combined state of
bodily strength and endurance. Muscular strength in an individual is specific to a certain muscle
or muscle group and refers to the maximum force (N or kg) that the muscle or muscle group can
generate. The movement of an individual's body against an external load can be used to
determine dynamic strength. Isokinetic testing involves measuring the muscular tension

generated over a range of motion at a constant angular velocity. Muscular endurance refers to a



muscle group's ability to perform repetitive contractions over a defined time period long enough
to generate tiredness. Musculoskeletal flexibility examinations concentrate on the joints and the
structures, ligaments, and muscles that cross the joints. Many of the criteria for physical
examination of musculoskeletal flexibility are satisfied by the sit and reach test and the behind
the back reach test. To measure and promote health, a physical fitness assessment must be
integrated into all everyday activities as well as the physician's examination'?!.
2.2 Theoretical Framework bv
2.2.1 Affective-Reflective Theory of Physical Inactivity and Exerci@x
Affective-Reflective Theory (ART) of physical inactivity and exercise is a dual-process
theory, which assumes that stimuli (e.g., a friend’s remind ou intended to go for a run, or
remembering that you had planned to go for a run) ig% automatic associations and a resulting
automatic affective valuation of exercise'??. An {@ atic affective valuation is the unattended
QO
assignment of positive (association with %ure) or negative (association with displeasure)
.
value to a stimulus, either as the &@% repeated exercise-related emotional experiences
mediated cognitive appraisals( ide, embarrassment) or as a result of repeated experiences
of core affective reactioﬂ@%muli (e.g., sense of physical reinvigoration, bodily discomfort).
The automatic a @aluation serves as the basis for a controlled, reflective evaluation,
which can fo@v&(self control resources are available. The reflective evaluation draws on
propo@rgout exercise and physical inactivity, derived from previous experience and mental
simulation (e.g., anticipation of the affective consequence of actions). Higher-level cognitive
operations, such as deliberative reasoning about one’s needs and values may also contribute to

this process.



The automatic affective valuation is connected to an action impulse (approach or
avoidance), whereas the controlled response can result in action plans. The ART aims to explain
and predict behavior in situations in which people either remain in a state of physical inactivity
or initiate action. It assumes that experience, feelings, and thoughts connected with exercise
influence whether someone would be willing to undergo physical strain similar to that previously
experienced during exercise. Related to the topic of this opinion article, the A & that, in
the face of an exercise-related stimulus, one’s negative affective valuation ofiexefCise will act as
a restraining force that may counteract any positive cognitive motiva@rives toward action
(or, on the other hand, if the affective valuation is positive, 1‘[6 résent a driving force and

thus make it more likely that the person will change his or ent state of physical inactivity)

122

| 2
2.2.2 Self-Determination Theory ’b

One psychological theory that haﬁ}wnstrated successful outcomes in other chronic

conditions is Self-determination thq(% ) 123, This theory describes the mechanisms by
which psychological needs in&% behavioral regulation and provides clear guidelines for
interventions to effective@@&ge the environment, in support of improved need satisfaction and
self-determined towards behavior change. SDT focuses on the quality of an
individual’s @iv tion, as opposed to other psychological models which emphasize
the qla\nt/@% motivation. The theory posits that there are three basic psychological needs;
autonomy, competence, and relatedness. Autonomy is the need to be a causal factor in one’s life
and engage in actions due to interest and integrated values. Competence refers to the need to feel

environmental effectiveness and have opportunities to demonstrate and enact on one’s

capabilities.



Lastly, relatedness is the need to feel connected to other individuals or groups and to care,
and be cared for, by these significant others. The more that these needs are satisfied, the greater
an individual’s self-determined motivation will be toward a given behavior and thus the greater
the probability that the behavior will be conducted and maintained!?*. If needs are not satisfied
(i.e. dissatisfaction) it is less likely behaviors will be conducted. It is also typical to experience
several types of regulation toward one behavior, and this often occurs, for ex &aving a
mixture of introjected and external regulation to exercise. Although these thfce needs are
theoretically distinct from one another, research has also found that th late highly.

N

2.3.1 Effect of Circuit Training on Strength Q

2.3 Review of Empirical Studies

A study on the effect of circuit training on s e@ndurance among players of different
team games revealed that circuit training is qne best training methods for improving the
strength endurance. The results of the st y\?owed that it is possible to develop strength
endurance by means of an eight weg@uit training programme. With the circuits method the
pupils can easily reach the mini&notor engagement time at the same time they execute many
types of exercises. The@uggests that it is possible to develop and maintain strength
endurance throu {\s' rt-term programme for women players. Thirty (30) students were
selected from gh ;t area of Chennai club players and the age of students were between 19 and
24 years. @elected players were divided in to two equal groups included of fifteen players (n
= 15), namely, experimental Group-I (CTG), and Control Group-II (CG). Experimental Group
underwent eight weeks of circuit training, and the control group did not involve any special

training apart from their regular activities and practices. Strength endurance was selected as

criterion variable for this study and it was measured by using bent knee sit ups. These were the



exercises used as a circuit 1. Spot running, 2. Burpees, 3. Crunches, 4. High knee, 5. Half squat,
6. Triceps dips, 7. Butt kicks, 8. Superman, 9. Pushups, 10. Lunges. The collected data were
statistically examined by analysis of covariance (ANCOVA). The confidence level was fixed at
0.05 levels!'?.

A research on circuit training during physical education classes to prepare cadets for
military academies tests: analysis of an educational project and concluded that Qﬂe ention
based on circuit training, power training and strength training did nof, impfove physical
performance in military high school students when included into @\Xastic reality at the
military high school. The researchers reported that the limit %ﬂ of physical education
hours due to ministerial programmemes and the high psy ical effort probably interfered
with the expected improvement. However, the a l%ﬁ of a method based on an action-
reflection principle, where participants were pr nists of their improvement and learning
process, was widely appreciated by the stu \nb Sixty-four students were enrolled in this study
and randomly assigned to an expiﬁghtal (EG, circuit training) or a control group (CG,
traditional physical education p, me). Immediately before and after the eight-week training
period, participants were\%&n strength and endurance performance, circuit training tests, and
military tests. T e\ isition of the educational objectives and the pleasantness of the
experimental eg{ltion were tested using a qualitative approach. Results showed that despite
the hi he&doad in experimental group than control group during the training period, the
effect of the experimental intervention compared to the control was only possibly to likely
positive for a few strength and endurance performances and circuit training tests, respectively. A

trivial effect was shown in the military tests. Also, the high percentage of motivation,



understanding and collaboration showed by the students suggests the achievement of acquisition
of the educational objectives and a fair pleasantness of the lessons!?®.

In a study titled the effect of intensity and interval levels of trapping circuit training on
the physical condition of badminton players. The researchers aimed at knowing the extent to
which low-intensity and high-intensity circuit trapping training with a combinatior&training
using different intervals can affect the strength, speed and agility abilities of ba on*players.
A quasi-experimental study was used to develop the approach. There were 48 badminton players
who were separated into four groups of 12 samples each. The treatm Xup was assessed by

doing trapping circuits at 60% and 80% intensity with a 1: 1i @al and a 1: 1 interval to

increase strength, speed, and agility. The participants' stren measured using a digital back

and leg dynamometer, in which participants wore a @ap attached to the dynamometer leg,
then stood by bending their knees to an angle o& 1200 (degrees) and tried their hardest to
straighten their legs before looking at the oxleedle. The findings of this study show that the
trapping circuit training approach ha@uence on strength, speed, and agility abilities'?’.

In a study on the effec‘t&%noderate-to-high intensity resistance circuit training on fat
mass, functional capacity@s ular strength, and quality of life in elderly, the researchers sought
to determine h w@erate-to-high intensity resistance circuit training affected body
composition, g"c{nal autonomy, muscular strength, and quality of life in the elderly. A
rando iz@ltrolled trial was used in the investigation. A total of 45 subjects (27 females, 18
males) aged 65-75 years old from Murcia (Spain) were randomly assigned to one of two groups:
experimental (n=33, mean age 69+3.2 years old) receiving 12 weeks of moderate-to-high

intensity resistance circuit training and control (n=33, mean age 70+4.1 years old) receiving no

exercise intervention. Upper body strength was assessed by having subjects perform a chest press



(CHP) and military press (MP) to assess the deltoids and triceps muscles; lower body strength
was assessed by having subjects perform a leg extension (LE) and hip extension (HE) to assess
the gluteals, hamstrings, and quadriceps muscles. Total body weight, fat mass percentage, and
lean body mass (LBM) were all evaluated. For data analysis and processing, the statistical
software SPSS v21.0 (Chicago, IL) was utilized. This study demonstrated that a 12-week
progressive moderate-to-high intensity resistance circuit training (from 60% 1- %A) 1-RM)
designed in the current study is connected with a significant gain in upper and er muscular
strength as well as functional capacity, as well as significant improven@@ body composition

N5

2.3.2 Effect of Circuit Training on Flexibility Q

and physical performance in senior people!?®.

In a study titled the effect of circuit trai 'n@ flexibility among non-athletes of

college students, the researchers investigated t ects of circuit training on flexibility in
college students who were not athletes. A ébof 142 male students aged 18 to 22 participated
N
in the study. This study was experim @in nature, using a pre- and post-test design. The study
was made up of two groups, G@ (Experimental) and Group B (Control). Before treatment
on Group A (Experimen%%l subject in the two groups was given a standardized assessment
(the Sit and Reach® determine their flexibility, and their pre-test data was collected. For
12 weeks, the gllmental group received Circuit Training three times each week. The control
group re@ no treatment and was not permitted to engage in any aerobic or anaerobic
activities outside of their usual routines. After intervention to the experimental group, each

participant in both groups A and B was retested on the dependent variable. The final post-test

scores of the subjects in two groups were recorded against the dependent. The study's findings



revealed that flexibility increased dramatically among Non-athlete College students who
participated in circuit training'?.

A study discovered that plyometric training and circuit training significantly improved
speed, muscular endurance, flexibility, agility, explosive strength, vital capacity, and anaerobic
capacity in their study titled the effect of plyometric training and circuit training on selected
physical and physiological variables among male volleyball players. Twenty %24) men
volleyball players between the ages of 18 and 25 were selected randomly=from several
engineering colleges in Chennai, Tamil Nadu. Subjects were random@m ned to one of three
groups: experimental I, experimental II, and control. For six wegks, three alternate days per week,
the experimental group I participated in a mixed plyometri Qg group and the experimental
group II in a circuit training group. The control g u@inued with their usual routines and
received no special training. The data for the v s in this study were examined using the
dependent 't' test to determine the si %nt improvement and analysis of covariance
(ANCOVA) for each variable separa@b determine the differences and tested at the 0.05 level
of significance. A post hoc testi\u&%so administered whenever the 'f' ratio was significant. The
dependent 't' test was applie data acquired for speed, muscular endurance, flexibility, agility,
explosive strengt :@capacity, and anaerobic capacity of the experimental and control
groups!'*, 6

In%ery on the effect of floor and Swiss ball exercises using circuit training methods,
balance, strength, flexibility and muscle endurance were variables of interest. This study used a
quasi-experimental, floor exercise therapy and Swiss ball exercise using the circuit training

method with ten training posts. The study included sixty (60) male students with an average age

of 19 years, height 166.31cm, and weight 58.63kg. The study included two sample groups: one



experimental group that received floor exercise and Swiss ball exercise utilizing the circuit
training method with ten training posts, and one control group. After the last treatment,
measurements were taken 48-72 hours later. The study concluded that: 1) there was an effect of
floor and Swiss ball exercises aided circuit training method, there was a significant enhancement
of balance, strength, flexibility, and muscle endurance; 2) there was also a significant
enhancement of balance, strength, and flexibility in conventional training'?!. QQ

In a study on the effect of circuit training on obesity, vital capacity al@bility among
school going obese children, obesity (% of body fat), vital capacity, ar@x' ility of overweight
and obese boy/male students from Chinmaya Vidyalaya, Kolazhy, issur, Kerala, ages 10 to
14 were assessed. The researcher selected thirty obese and ight boys based on BMI scores,
greater than 26. The thirty subjects were divided int tw&%ups: experimental and control. Each
group was made up of 15 participants. The e ental group received a circuit training
programmeme for 12 weeks (3 days per we )\,Qhereas the control group received no treatment.
Before and after the circuit trainin{CSbgrammeme, pre and post data were gathered. Data

collected were analyzed using Q&'SS statistical tool. The paired t-test was used to determine

whether there was a sign% effect of training between groups. The findings indicated that the

training program(e@ a significant impact on the dependent variables and was found to be

effective!32. 6

2.3.3 ir@ raining on Cardiorespiratory Fitness

In a study entitled circuit training as a method of adaptation and prevention for people
with type 2 diabetes, the researchers reported that circuit training carried out for 8 weeks, lasting
forty (40) minutes with intensity between 50 and 75% of the VO,max, obtained appreciable

improvements on cardiorespiratory form, muscle level and also on glided hemoglobin (HbA1C).



A sample of thirty (30) subjects with an average age of 50 years (with type 2 diabetes mellitus)
was recruited in random mode. Subjects did a circuit training workout for eight weeks with a
frequency of 3 weekly sessions of 40 minutes each for a total of 120 minutes per week. The 6-
minute walking test was administered. The T-test for dependent samples was used to detect the
difference between the two groups at 0.05 level of significance. The circuit training
programmeme led to an increase in the level of cardiorespiratory form. The a Qe O2max
also increased significantly compared to the basic values'*3. 6

Some scholars conducted a research entitled the effect @it training on the
cardiovascular endurance and quality of life. Findings showed that\from an apparently healthy
female adult population circuit training had positive efft cardiovascular endurance and
maintenance of functional quality of life (QOL). A tv@ﬂ apparently healthy female students
who gave consent were randomly selected usin ple randomized sampling technique and
were further randomly assigned into the ex ;ﬁﬂen‘[al group and control group. A pre-test-post-
test control group experimental rese@esign involving 60 apparently healthy females (30 in
the experimental group, 30 in t@%rol group) was undertaken. The circuit training duration for
the first 2 weeks was 35@% with the warm up and cool down exercise time inclusive. The
circuit training se ti@s 3 times per week and duration of the training session was increased
with 10 minu@a er every 2 weeks for the 6-week duration of this study. The high intensive
intew&@ training exercises was adopted and they included the following: high knees, knee
raise claps, kick raise, alternating jump lunge, burpees and abdominal twist or knee combo.
There were 6 stations with short periods of rest between them. The body composition parameters,
anthropometric measures and quality of life of the participants were measured at the beginning

and at the end of the 6-week duration. The control group involved in this study were not engaged



in circuit training, rather they continued with their normal daily activities of life and their body
composition parameters, anthropometric measurements and quality of life were also assessed
before and after 6-weeks duration of the study using the WHO quality of life Brief (WHOQoL-
Bref) questionnaire. The data was summarized using descriptive statistics of mean and standard
deviation, and paired t-test was also used to analyze the data obtained. All data were analyzed
using IBM SPSS version 18.0 (IBM Co., Armonk, NY, USA). P < 0.05 w. Q&lered to
indicate a statistically significant difference. Findings from the study showed tlidt there was a
significant difference (P<.05) in partial oxygen saturation, respiratory@&wan atrial pressure,
maximal oxygen consumed, and heart rate. It is therefore ne s&or circuit training to be
Qo

encouraged as a strategy that can be used among young fe

Effects of applying a circuit training progr %%ing the warm-up phase of practical
physical education classes was carried out. A\gré% twenty five (25) students belonging to a
Portuguese school-mean age (15.67 + 1.0« 1ght (67.31 £ 9.29 kg), height (1.72 = 0.08 m)
and body mass index (BMI) (22.50 a§®§ %) participated in the study. None of the participants
had regular strength training h@%he training programmeme lasted 3 weeks and was carried
out during the academic @%ween February and March. In addition, on a weekly schedule of
3 per week, divi e@ 2 classes of lhour 30minutes, the students took part in a training
programmeme~that included exercises lasting 15 minutes. All experimental procedures were
perforq/@oordination with the teachers and, therefore, did not cause any change in the
individuals’ routine. Pre and post-tests were carried out in the internal space to eliminate the
effect of climatic conditions on the results. These tests were chosen because they could be
applied quickly and because they did not influence the normal course of activities in the

classroom. Four specific variables were analyzed with adaptations to previously used protocols:



the shuttle test, sit-up test, push-up test, and horizontal impulse test. These were evaluated in 2
distinct phases: before the application of the training programmeme (i.e. pre-test) and after the
application of the training programmeme (i.e. post-test). The training programmeme was applied
twice a week for 3 weeks. The programme had a weekly increment of one repetition. The
exercises applied contained strength exercises: burpees, jumping, squats, sit-ups, push-ups, and
countermovement jumps. The programmeme was also composed of sprints, with)changes in
direction (5 m) and speed (20 m) '35,

In a study entitled continuous and competitive circuit training: methods to increase
VO,max on young badminton players, this study are a pre-experiment with a pretest and posttest
group design. This study's subjects were sixty male badminton players. The sample for this
investigation was chosen using simple random sampling. The samples were randomly assigned
into two groups: Continuous Circuit Training (age = 110.8 years; height = 1436.5 cm; weight =
37.33.7 kg) and Competitive Circuit Training (age = 11.21.0 years; height = 141.46.7 cm; weight
=43.45.0 kg). All samples' VO2max was assessed using a Multistage Fitness Test (MFT) before
and after treatment in each group. The data were analyzed using a paired sample t-test with a
significant level of (p<0.05) to examine if there was a significant effect of continuous circuit
training and competitive circuit training on VO;max. The tests were performed after the
normality test using Levene's test and the homogeneity test using the Kolmogorov-Smirnov test.
The data analysis employed is an independent sample t-test with a significant level of (p<0.05) to
determine whether there was a significant difference in value between groups of continuous
circuit training and competitive circuit training!'3®,.

In a study entitled Effects of aerobic dance circuit training programmeme on blood

pressure variables of obese female college students in Oyo state, Nigeria, the researchers



determine the effects of Aerobic Dance Circuit Training Programmeme (ADCT) on blood
pressure variables (Diastolic Blood Pressure (DBP), Systolic Blood Pressure (SBP). The research
strategy for this study was a pretest-posttest control group quasi experimental design with a
2x2x4 factorial matrix. Seventy (70) obese female teenagers aged 21.10+£2.46 years participated
in the study. The participants for the study were chosen using the purposeful sampling technique.
Two institutions in Oyo town were selected using the purposeful sampling Qﬁue. The
participants were divided into two (2) groups at random (35 per group), expetimefital and control.
The experimental group received 12 weeks of aerobic dance circuit tr@g&whereas the control
group received a placebo (12 weeks of lifestyle instruction). o%physical features of the
participants, descriptive statistics of means, range, standar ion, frequency, percentage, pie
chart, and bar chart analyses were utilized. T A‘b@f was employed to analyze stated
hypotheses obtained at 0.05 alpha levels to asses ptance and rejection. The study's findings
demonstrated that circuit training lowered participants' systolic blood pressure!?’.

In another study entitled cir@aimng intervention for adaptive physical activity to

improve cardiorespiratory ﬁ&@z’eg muscle strength and static balance of intellectually

disabled children. The @amined the effects of six weeks of adaptive exercise circuit

training done thri/@ per week on the cardiorespiratory fitness (VO, max), leg muscular
a

strength, and@

experi@vith a pretest-posttest design for groups. The participants in this study were 15

nce of intellectually impaired children. The research approach was

male adolescents with modest intellectual disabilities aged 15 to 17 years who participated in
extracurricular sports. The modified Queen's College Step Test was used to assess
cardiorespiratory fitness (VO> max); a leg dynamometer was used to assess leg muscular

strength; and a stork stand test was utilized to assess static balance. SPSS was used to analyze the



data using a paired samples test. The results demonstrated that cardiorespiratory fitness, leg
muscle strength, and static balance were significantly improved (p<0.05) at the end of the circuit
training physical activity adaptive programmeme intervention period. It was determined that a
six-week circuit training physical activity adaptive plan at three times per week was efficient for
enhancing cardiorespiratory fitness (VO, max), leg muscle, strength, and balance'*.
2.3.4 Effect of Circuit Training on Body Composition Q

In a study titled Circuit Training Improvements in Korean Wom Sarcopenia,
examined how circuit training affected body composition, balance, @1 mass and strength,
and pulmonary function in sarcopenic Korean women. The st %\Jded 20 participants (10
members per group). Participants in the experiment (EG @v eted two days of pre-testing,
followed by 12 weeks of circuit exercise training se io@d then two days of post-testing. The
exercise intervention consisted of a warm-up peri lowed by three 25-75 minute sessions per
week for a total of 12 weeks for the EG.\For the duration of the trial, Control Group (CG)
maintained their usual level of physi’{ﬂj\‘uwty.CG individuals were subjected to the same pre-
and post-intervention assessﬁ@% EG. Bioelectrical impedance was used to determine
participants' height, body@, fat-free mass, and % body fat. Means and standard deviations
were used as de @statistics. A two-way ANOVA with repeated measures of the time
factor was us&o compare the EG and CG groups and examine the effects of the 12-week
exerciii/@%ntion on each dependent variable for 12 weeks. To find within-group differences,
the Bonferroni post hoc testing procedure was applied. The IBM Statistical Package for the

Social Sciences for Windows version 23 was used for all analyses. The significance threshold

was set at.05. Circuit training for 12 weeks improved body weight, BMI, percent body fat, free



fat mass, balance ability, and muscle and pulmonary function in aged women, according to the
study!'®.

A circuit exercise training (CET) study on body image, cardiorespiratory indices, and
body composition of obese undergraduates in a Nigerian University was carried out. A total of
one hundred and one participants were recruited for the study (50 participants in the control
group and 51 participants in the study group). Fishbowl simple random sampli &ehod was
used to randomize participants into a study group (51 subjects) or a control group”(50 subjects).
An adapted body image questionnaire from the cosmetic procedur@r ning questionnaire
(COPS) was used to assess the body image of the subjects. This qbestionnaire was a nine-item
self-report measure of body dysmorphic disorder (BDD) ms. It generated a total score
ranging from 0 to 72. It measures the severity of @rnptoms and identifies people with
BDD. A positive and negative affect score was assessing the impact of the CET on the
body image of the subjects. The COPS has >$1ntemal consistency (o = 0.86 - 0.91), good test-
retest reliability, evidence of single-@ structure, and moderate to good corrected item-total
correlations (r = 0.41-0.86)@1{ON Body composition monitor (BF511, OMRON
HEALTHCARE Co. Lt@é& Japan) was used to measure body composition. Age, height,
gender, and wei @\w subjects were inputted into the device which were taken into
consideration &e erate the following body composition parameters: total BF (%), visceral fat
(VF) (%) , body weight (BW), muscle mass (MM), and resting metabolic rate. The waist
circumference (WC) in centimeters was measured with a non-elastic tape measure which ranges
from 0-150cm. A locally constructed stadiometer made of wood and calibrated in centimeters

(cm) was used to measure the height of the subjects. A digital metronome provided a rhythmic

cadence which produced a steady pulse (or beat) that helped maintain an established tempo



during exercise sessions. Digital sphygmomanometer was used for checking the systolic and
diastolic blood pressure. Kadio Stopwatch was used to track the duration of the exercise sessions.
Exercise mats were used for resistance exercises during the circuit training sessions that require
lying down. Data were summarized using descriptive statistics of mean, standard deviation,
percentages and frequency. The normality of data distribution was tested and confirmed by
Shapiro—Wilks test. The mean differences of variables between the groups were QAaéd using
an independent sample #-test while the mean differences of variables within group were
tested with the paired t-test. Alpha level was set at p < 0.05. A statiskage for the social

sciences (SPSS version 21) was used to analyze all data'4.

d¥ composition, physical fitness,

Q.

and metabolic syndrome risk factors in obese female %e students. Circuit exercise was the

In a research entitled the effect of circuit training o

training mode. Results showed dramatic reducti% body weight, body fat, and body mass
index. This study included 20 female college students who were obese, with more than 30% of
their body fat accumulated. All willi@lcipants were randomly assigned to one of two groups:
the control group (n=10) ad\Q% circuit training group (n=10). The 12-week training
programmeme included \@erent types of resistance and aerobic exercise performed three

times each weeki:‘l@istance exercise programmeme included push-ups, squats, crunches,

lunges, and s n exercises, while the aerobic exercise programmeme included light leaping,

runnir%@ spot, foot stomping, steps, and jumping jacks. Circuit training lasted 60 minutes,
including warm-up and cool-down periods of 10 minutes each. Each exercise in the circuit
training programmeme lasted 30 seconds, with a rest period of 20 seconds between exercises and
3 minutes between sets. Body composition, back strength, sit-ups, flexibility, and

cardiopulmonary function were all measured for health purposes. The In body 720 (Biospace Co.,



Seoul, Korea) was used to validate the height, weight, % body fat, body fat, and lean body mass
(LBM) before and after 12 weeks of circuit training. Back strength was assessed using a digital
back muscle dynamometer (T.K.K. 5402 BACK D, Takei Scientific Instrument Co, Niigata,
Japan) and a 60-second sit-up (T.K.K. 5,505 m, Takei Scientific Instrument Co.). The digital
anteflexion metre (T.K. 5,111 sit and reach, Takei Scientific Instrument Co.) was used to assess
flexibility, and the 1,600-m record was used to assess cardiopulmonary function, Except for the
1,600-m run, all measures were repeated twice, and the best time was chosen. THe effect of 12-
week circuit training was determined using PASW Statistics ver. 18.9° (SPSS Inc., Chicago, IL,
USA). A two-way repeated analysis of variance was used to confirm the main effect. An
independent t-test between groups or a paired t-test betWeen times was used if there was a
significant interaction effect. All values were given,ingetms of mean standard deviation. P 0.05
was deemed significant. Circuit training for 12 weeks; according to the study, may be useful in
boosting physical fitness and reducing metabolie disorders'*!.

Another study entitled high-intensity circuit training for improving anthropometric
parameters for women from low socioeconomic communities of Sikandarabad carried out using
clinical trial interval-based high intensity circuit training. Results showed the programmeme to
be effective for improving BMI, BF%, and WHR. A quasi-experimental study design was used.
Women aged 18 to 35 years old with a sedentary lifestyle (any resting behavior such as sitting,
reclining, or laying position that needed 1.5 metabolic equivalents of task energy expenditure)
were the target demographic. As part of the study, participants were invited through the
distribution of flyers in the neighborhood with information about the free camp exercise service.
Following screening for the study's inclusion criteria, participants were enrolled using a

convenience sample technique. The study recruited women with a BMI of 25.0-29.9 kg/m2 and a



sedentary lifestyle who scored 26 on the Rapid Assessment Disuse Index questionnaire.
Meanwhile, those with any chronic disease (uncontrolled hypertension or diabetes) or a history
of any abnormal cardiac events were excluded from the study, as were those who were pregnant
or had a history of giving birth in the previous 6 months, who actively exercised daily (two days
per week), and who answered "yes" to one or more questions on the Physical Activity Readiness
Questionnaire for exercise. The study sample size was chosen at 60 individuals using the Open
Epi software version 3 for a power of 0.80, an effect size of 0.5, and alpha = 0.05, with
overweight BMI > 25 kg/m2 mean differences and standard deviations of 0.81.5 and 2.73.1,
respectively!+.
2.3.5 Interaction Effects of Exercise Training and Sex and Agé

In a pilot study of the moderating effect of gender on physical activity and fatigue
severity among recovered COVID-19 patients, the researcher aimed to characterise PA and
fatigue severity in a cohort of patients recovering from COVID-19 infection and measure the
extent to which gender-based differences moderate the relationship of PA with fatigue. A cross-
sectional survey was conducted in Riyadh, Saudi Arabia. The sample comprised patients
recovering from COVID-19 over at least 3 months. Recovered patients were stratified into two
groups based on gender. The survey included items pertaining to sociodemographics, a fatigue
severity scale, and a self-reported international PA questionnaire. Compared with men, women
reported sedentary behaviour (70%) and high fatigue severity (64%). A significantly higher
number of women had a low PA score compared with men (p = .002). The findings indicated
that gender significantly moderates the effect of total PA on metabolic equivalents. The current
study suggests that women might be at risk of higher fatigue severity in addition to engaging less

in PA. Physical activity may play a significant role in modulating fatigue severity!'#.



In a study on the effects of moderate-to-high-intensity resistance circuit training on fat
mass, functional capacity, muscular strength, and quality of life in the elderly: A randomised
controlled trial. The researcher determined the effects of moderate-to-high-intensity resistance
circuit training on different parameters of body composition, functional autonomy, muscular
strength, and quality of life in the elderly. A randomised controlled trial was conducted. A total
of 45 subjects (27 females, 18 males) aged between 65-75 years old from Murcia (Spain) were
divided by sex and randomly assigned to the experimental group (n=33, mean age 69 +3.2
years old) receiving 12 weeks of moderate-to-high intensity resistance circuit training and the
control group (n=33, mean age 70+4.1 years old) receiving no exercise intervention. In the
intra-group comparison, the experimental group showed a significant increment in lean body
mass in women and men, which also presented a decrease in fat mass. Both sexes presented a
significant improvement in functional autonomy and significantly higher values of muscular
strength. But no changes were observed regarding quality of life in these groups. The control
group did not show any differences pre- and post-intervention in women, but in men, there was
an increase in body mass index and total weight post-intervention. No changes were shown in the
other variables. Similar results were found in the inter-group comparison. The moderate-to-high-
intensity resistance circuit training showed an increase in total lean body mass, improvements in
functional capacity, and a significant increase in upper and lower muscular strength in women
and men. Progressive resistance circuit training should be promoted for the elderly as it has the

potential to improve physical performance, thereby prolonging healthy independent ageing!3°.

In a study on the effects of gender on physiological responses to strenuous circuit
resistance exercise and recovery, the researcher determined the effects of gender on

cardiovascular and metabolic responses to circuit weight training (CWT) and consequent



recovery. Ten healthy men and 10 healthy women completed an initial session to collect
descriptive data and determine a 12-repetition maximum (12RM) for six different upper- and
lower-body resistance exercises. This was followed by two identical sessions of the CWT
protocol on two separate days at least 48 hours apart. The first session was used to familiarise
subjects with the equipment and the testing protocol. The second session was used to determine
physiological responses. Each subject performed 10 repetitions of 6 exercises for 3 circuits at a
12RM load. Vo, and respiratory exchange ratio (RER) were continuously monitored, whereas
heart rate (HR) and blood pressure (BP) were taken at the end of each circuit. Across the exercise
session, men revealed greater absolute and relative Voo, relative lean body mass Voo, systolic BP
(SBP), RER, and recovery Vo, when compared with the female subjects. There were no
differences in HR, diastolic BP (DBP), or recovery RER. The present study provides a greater
insight into gender differences in cardiovascular and metabolic responses to circuit weight
training. These gender differences should be taken into consideration for the development of

CWT protocols for men and women'#4,

In a study on the gender-specific effects of 8-week multi-modal strength and flexibility
training on hamstring flexibility and strength, the researcher investigated the effects of multi-
modal strength training or flexibility training on hamstring flexibility and strength in young
males and females. A total of 20 male and 20 female college students (aged 18-24 years)
participated in this study and were randomly assigned to either a multi-modal flexibility
intervention group or a strength intervention group. Passive straight leg raises and isokinetic
strength tests were performed before and after the intervention to determine the flexibility and
strength of the participants. A multivariate repeated-measures ANOVA was used to determine

the effect of training group and gender on hamstring strength and flexibility. Both male and



female participants in the strength intervention group significantly increased peak torque, relative
peak torque, and flexibility (all p < 0.029). Both male and female participants in the flexibility
intervention group significantly increased flexibility (both p < 0.001). Female participants in the
flexibility intervention group significantly increased peak torque and relative peak torque (both p
< 0.023). However, no change was seen in peak torque or relative peak torque of male
participants in the flexibility intervention group (p > 0.676). An 8-week strength training
programmeme involving various training components can increase flexibility in both males and
females, although the flexibility of male participants only increased slightly. While the hamstring
flexibility training protocol consisted of different types of stretching and improved both
flexibility and strength in female participants, male participants increased only flexibility but not
strength, indicating such effects were gender-specific. For subjects with relatively low strength
(e.g., older adults, sedentary women, postoperative rehabilitation population, etc.), strength

training alone or flexibility training alone may increase both strength and flexibility!+.

In a study on high-intensity iftéfyal circuit training versus moderate-intensity continuous
training on functional abilitysdnd body mass index in middle-aged and older women: a
randomized controlled trial, the researcher determined what type of training (HIICT or MICT)
induces greater adaptations in the functional ability and body mass index of middle-aged and
older women{ The study used a quasi-experimental randomised controlled trial with 54
participant§ (age = 67.8 + 6.2 years). Participants were randomly allocated to HIICT (n = 18),
MICT (n = 18), or a non-exercise control group (CG; n = 18). The participants in the HIICT or
MICT groups trained twice a week (1 hour per session) for 18 weeks. Forty-one subjects were
analysed (HIICT; n = 17, MICT; n = 12, CG; n = 12). Five subjects presented adverse events

during the study. Strength, gait, cardiorespiratory fitness, balance, and body mass index were



measured. A significant training-group interaction was found in the arm curl test, where HIICT
was statistically better than MICT and CG. Likewise, HIICT was statistically better than the CG
in the BMI interaction. In lower limb strength, gait/dynamic balance, and cardiorespiratory
fitness, both HIICT and MICT were statistically better than the CG. In conclusion, HIICT
generated better adaptations in upper limb strength than MICT. Likewise, HIICT, generated
better adaptations in body mass index than CG. Finally, both HIICT and MI@ similar
influence on strength, cardiorespiratory fitness, and gait/dynamic balance!4S. QJ

In a study on the acute and chronic effects of supervised f@ﬁﬁy training in older
adults: A Comparison of Two Different Conditioning Progra e% the researchers assessed
acutely and after 12 weeks by means of the sit-and-reac irty-one healthy older adults
were randomly divided into three groups: the Expe 11)8 group (Exp) performed strength and
static stretching exercises; the Experiment 11 erformed dynamic and static stretching
exercises; and participants assigned to the x}tm group maintained a sedentary lifestyle for the
entire period of the study. Flexibility G;x% increased in Exp I by the first (AT0 = 7.63 + 1.26%;
ES =0.36; p = 0.002) and sem@%ﬁng sessions (AT1 = 3.74 + 0.91%; ES = 0.20; p = 0.002).

Similarly, it increased in‘%? significantly by the first (ATO = 14.21 + 3.42%; ES = 0.20; p =

0.011) and seconij{sgl' sessions (AT1 = 9.63 + 4.29%; ES = 0.13; p = 0.005). Flexibility
easc

significantly i@

0.41; =@) and Exp II (ATO — T1 = 22.96 + 9.87%; ES = 0.35; p = 0.005). The acute and

d over the 12 weeks of training in Exp I (ATO — T1 =9.03 + 3.14%; ES =

chronic differences between the two groups were not significant (p > 0.05). These results suggest
the effectiveness of different exercise typologies in improving the flexibility of the posterior

muscular chains in older adults!4’.



In a study on the effects of circuit training programmemes on physical fitness in
overweight older adults, the researcher aimed to study the effects of circuit training
programmemes on the physical fitness of overweight adults. 30 elderlies with an average age of
63.46 + 2.55 years were used as sample groups. The sample groups were divided into an
experimental group of 15 participants joining the circuit training programmeme fo 3 days a

week for 12 weeks and a control group of 15 participants who did not joi u1t training
programmeme. The analysis of basic statistics consisting of mean and sta@ewatmn was
implemented to compare the differences in the physical fitness of th before joining the
programmeme, while attending the programmeme (6% w after completing the
programmeme (12" week). An independent sample t-test w’ ied with statistical significance
at the level of.05. The results demonstrated that th b@nass index, weight, muscle strength,
balance, and agility of the body, as well as the ca spiratory endurance of overweight seniors
participating in the circuit training pro T Xeme were different from those who did not
participate in the circuit training pr. ﬁ%ﬁmeme with statistical significance at the level of.05
after the 6™ week of the tramm@gﬂle 12" week of the training. However, body flexibility was
not statistically dlfferent@ evel of 0.05'43,

In a stud @ effects of a 12-week exercise training programmeme on physical
function in in %almed frail elderly, the researchers aimed to verify the effects of exercise
traini o@?@chemwal, inflammatory, and anthropometric indices and functional performance
in institutionalised frail elderly. The sample consisted of 37 elderly people of both genders, aged
76.1+7.7 years, who were randomly allocated into 2 groups: 13 individuals in the exercise

group (EG) and 24 in the control group (CG). Anthropometrics, clinical history, functional tests,

and biochemical evaluation were measured before and after the completion of a physical exercise



programmeme, which lasted for 12 weeks. The 12-week exercise programmeme for frail elderly
residents in a long-term care facility was efficient in improving muscle strength, speed, agility,
and biochemical variables, with reversal of the frailty condition in a considerable number.
However, no effects on anthropometric and inflammatory parameters were noted!*.

In a study on the effects of aerobic dance circuit training programmeme¢ on body
composition and cardiorespiratory variables of obese female college students Q)y Town,
Nigeria, the researcher determine the effects of Aerobic Dance Circuit Trai@ rogrammeme
(ADCT) on body composition variables [Percent body fat (%bf), t-to-hip ratio (WHR),
Waist-to-height ratio (WHtR)] and cardiorespiratory variables [(Diastolic Blood Pressure (DBP),
Systolic Blood Pressure (SBP), Mean Arterial Blood Pr Qmean), Vital Capacity (VC),
Inspiratory Reserved Volume (IRV), Peak Expirat Rate (PEFR), Heart Rate Reserved
(HRR) and Maximal Oxygen Uptakes (VO2 Maxf&

\®)

students. The study also examined the moderating effects of age and class on obesity. The study

bese female College of Education (COE)

adopted Kinetography-Laban theory\f:}Sframework, while the pretest-posttest control group
quasi-experimental design usinﬁ&ﬂ factorial matrix was used. The two COEs in Oyo town,

namely Emmanuel Alay&@?d Federal (Special), were selected. Obese female college students

with a body mas@MI) of >25.0 were purposefully selected, ranging from obese class I-
(0]

v according@

(Emm, n@ayande COE-35) and control (Federal COE Special-35) groups. The treatment

standards. The participants were randomly assigned to the ADCT

lasted 12 weeks. Instruments used were: a stadiametre, weighing scale, skinfold calliper, digital
sphygmomanometre, spirometre, and peak flow metre. Data were analysed using descriptive
statistics, the Cochran Q test, and the analysis of covariance at the 0.05 level of significance.

Participants age was 21.10+2.46 years, while obesity percentage distribution was categorised as



follows: class 1 (21.4%), class 2(60.0%), class 3 (17.1%) and class 4 (1.4%). There were
significant mean differences in baseline and post-treatment values of body composition variables
in terms of %bf (14.96+3.70; 16.89+4.10), WHR (0.77+0.02; 0.80+0.02) and WHtR (0.49+0.02;
0.5240.02). There were significant mean differences in baseline and post-treatment values of
cardiorespiratory variables in terms of SBP (130.83+9.25; 133.64+13.95), PEFR (295,57+£82.35;
279.86+£77.15), VC (2178.57+478.9; 2084.29+476.67) and IRV ( &0695.09;
2140.00+2=0.04) in favour of the age bracket 251621.45). The main effectlof agc and class of
obesity was not significant on body composition variables or cardiort ry variables. There
were two-way interaction effects of treatment and age (F(1,57)= %artial —2=0.03) in favour
of obese class 4 participants from the ADCT group in th racket of 25130 years in the
ADCT group. The three-way effect was significant %% iorespiratory variables (F(2,57)=4.02;
partial —30 years. Aerobic dance circuit trainin%’éeffective in reducing body composition and
increasing maximal oxygen uptake amgr@ female students'®,

In a study on sex differences i{%stance training: a systematic review and meta-analysis,
the researchers determined ﬁ@er there are different responses to resistance training for
strength or hypertrophy Qung to middle-aged males and females using the same resistance
training protocol k{‘g ocol was pre-registered with PROSPERO (CRD42018094276). Meta-
analyses were@rformed using robust variance random effects modelling for multilevel data
structu%%frgh adjustments for small samples using package regression in R. Statistical
significance was set at P < 0.05. The analysis of hypertrophy comprised 12 outcomes from 10
studies with no significant difference between males and females (effect size [ES] = 0.07 +
0.06; P = 0.31; I?> = 0). The analysis of upper-body strength comprised 19 outcomes from 17

studies with a significant effect favouring females (ES = -0.60 = 0.16; P = 0.002; I? = 72.1). The



analysis of lower-body strength comprised 23 outcomes from 23 studies with no significant
difference between sexes (ES = —0.21 + 0.16; P = 0.20; I? = 74.7). The study found that males
and females adapted to resistance training with similar effect sizes for hypertrophy and lower-
body strength, but females had a larger effect for relative upper-body strength. Given the
moderate effect size favouring females in the upper-body strength analysis, it is possible that

ﬁ Further

research was required to clarify why this difference occurred only in the @ and whether
n

untrained females display a higher capacity to increase upper-body strength tha

the differences were due to neural, muscular, or motor learning or w rtefact of the short
duration of the studies included'>!. %

In a study on the effects of sex and age on p al’ testing performance for law

enforcement agency candidates: implications for aznﬁ@raining, the researchers investigated

the influence of sex and age on candidate perfor before academy training. A retrospective
analysis of 516 candidates was performedx\a& were stratified into men (n = 432) and women
(n = 84), and the pooled (men and w@combined) data were stratified into age groups (20-24;
24-29; 30-34; 35-39; and 40+

\

sit-ups in 60 seconds; a 7S- pursuit run (75PR); arm ergometer revolutions completed in 60

. The tests included the following: maximal push-ups and

seconds; and a 2. -@ To compare the sex and age groups, a 2 x 5 analysis of variance (with
Bonferroni pO&lO for multiple between-age group comparisons) was used. Men performed
signiﬁcar%’@< 0.001) more push-ups, sit-ups, and arm ergometer revolutions and were faster
in the 75PR and 2.4-km run. The 20-24, 25-29, and 35-39 year groups were faster in the 75PR
compared with the 40+ year group; the 20-24 and 25-29 year groups were faster than the 35-39
year group; and the 20-24 year group was faster than the 30-34 year group (p < 0.023). The 20—

24 year group was faster than the 40+ year group in the 2.4-km run (p = 0.005). Women and



older candidates may have a lower physical capacity than men and younger candidates,
respectively, in certain physical assessments. Women and older candidates, in particular, may
benefit from dedicated training before the academy to better prepare for the demands of this
period!>2,

In a study on acute responses to resistance training on body composition, muscular fitness,
and flexibility by sex and age in healthy war veterans aged 50-80 years, Qﬁearchers
examined whether a 4-week resistance training programmeme would have siniilar effects on
body composition, muscular fitness, and flexibility in men and wome 50—80 years. Seven
hundred and sixty-four participants were recruited and categorised nto two groups, each of men
and women aged 50—64 and 65-80 years. The training int lasted 4 weeks and consisted

of three 60-minute sessions per week. All partici amb%re tested for each of the following
physical fitness components: body composition{&-ups in 30 seconds, chair-stands in 30
seconds, sit-ups in 30 seconds, and a sit-an &tes‘a Over the intervention period of 4 weeks,
body weight (p = 0.002) and the per@ fat mass (p < 0.001) decreased, while the percent of
lean mass (p < 0.001) in push’@ 0 s (p <0.001), chair-stands in 30 s (p < 0.001), sit-ups in
30 s (p <0.001), and sit-%@%ch (» <0.001) increased. Significant time*age interactions were
shown for push-u \ (F1,763 = 4.348, p = 0.038) and chair-stands in 30 s (F';,7s3 = 9.552, p =
0.002), wherﬁe and women aged 50-64 years exhibited larger time-induced changes
comp@%eir older (65-80 yr) counterparts. Effect sizes were similar between sex- and age-
specific groups. The 4-week resistance training produced similar pronounced positive effects on
body composition, muscular fitness, and flexibility, while men and women aged 50-64 years

displayed significantly larger improvements in upper and lower muscular fitness compared with

their 65-80-year-old counterparts'>3.



In a study on sex differences in the impact of a 12-week high-intensity interval training
intervention on sympathetic transduction, the researchers tested the hypothesis that 12-week of
high-intensity interval training (HIIT) would improve aerobic fitness in young, healthy adults but
only attenuate sympathetic transduction in males. Aerobic fitness (VOzpeak, via indirect
calorimetry), as well as peroneal MSNA (microneurography) and DBP (finger
photoplethysmography), were recorded for ~10 minutes during supine rest. %\proved
absolute VO;peak in both sexes (both, P< 0.004), with greater increases observed”in males (P =
0.004). There was no change in sympathetic transduction followin &for either sex (both,
P>0.523). However, diastolic blood pressure (DBP) responses 1% cardiac cycles absent of
MSNA bursts were enhanced (more negative) following in females (group P = 0.019,
females P = 0.016, males P = 0.345). These res ts[&'c te that HIIT-mediated increases in
aerobic fitness did not alter sympathetic transduct a group of younger males and females'>*.

In a study on how progressive &kﬂlt resistance training improves inflammatory
biomarkers and insulin resistance in {‘6\ men, the researchers explored the reducing effects of
progressive CRT on inﬂamma@%omarkers and cardiometabolic risk factors in obese young
men. Thirty obese men (b@%ass index (BMI): 30.67 £3.06; age: 23 £+ 3.2 years) were divided
into CRT and co @ps. The CRT was performed for eight weeks (3 times per week, 65—
85% of 1 repe@n maximum). Fasting blood samples were taken pre- and post-intervention for

analysis égelin, chemerin, serum amyloid A (SAA), C reactive protein concentrations

(CRP), lipid profile, and insulin resistance index. The data were assessed by a two-way repeated
measures ANOVA. Body mass, BMI, and waist-to-hip ratio (WHR) were significantly decreased
after the training intervention (P <.05). Compared to the control group, the plasma

concentrations of Chemrin (P =.038), SAA (P =.004), insulin (P <.001), insulin resistance index


https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/apelin
https://www.sciencedirect.com/topics/neuroscience/chemerin
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/c-reactive-protein
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/lipid-profile

(P<.001), total cholesterol (P=.033), triglyceride (P<.001), and low-density lipoprotein

(P=.039) were significantly mitigated in the CRT group, but high-density lipoprotein plasma
levels increased in the CRT group compared to those of the control group (P =.035). There was
no significant difference between the two groups in apelin and CRP (P >.05). Moreover, insulin
resistance was positively correlated with apelin (r=0.56) and chemerin (r=0.51). Also,
chemerin had a positive correlation with SAA (»=0.49) and WHR (= 0.54). %\Ased an
improvement in inflammation and cardiometabolic risk factors in you& es¢ ten, and this

improvement was accompanied by decreased insulin resistance!*. 0


https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/cholesterol-blood-level
https://www.sciencedirect.com/topics/neuroscience/triacylglycerol
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/apelin
https://www.sciencedirect.com/topics/neuroscience/chemerin

2.4 Conceptual Framework

Sex
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Fig. 2.12: Conceptual Framework Showing the Effect of an 8-Week Circuit Training
Programmeme on Physical Fitness Parameters of Academic Staff of Bayelsa Medical University,
Yenagoa, Bayelsa State, Nigeria.

Source: Researcher’s Fieldwork, 2024.



The conceptual framework for this study titled “effect of an 8-week circuit training
programmeme on physical fitness parameters of academic staff of Bayelsa Medical University,
Yenagoa, Bayelsa State, Nigeria” aims to assess the effect of an 8-week circuit training
programmeme on physical fitness parameters of academic staff of Bayelsa Medical University,
Yenagoa, Bayelsa State, Nigeria. The study intends to investigate the status of physical fitness
parameters (muscle strength, flexibility, cardiorespiratory fitness, and body @%ﬁion) of
academic staff of Bayelsa Medical University, Yenagoa, Bayelsa State.

The first hypothesis suggest that there is no significant ef@ an 8-weeks circuit
training programmeme on muscle strength of academic staff f%lsa Medical University,
Yenagoa, Bayelsa State. By exploring this hypothesis, the @ ontributes to the understanding
of how circuit training affects muscle strength. Th sgb hypothesis suggest that there is no
significant effect an of 8-weeks circuit traini 1%( meme on flexibility of academic staff of
Bayelsa Medical University, Yenagoa, Bayelsa State. By exploring this hypothesis, the study
contributes to the understanding of @ircuit training affects flexibility. The third hypothesis
suggest that there is no signi&%effect of an 8-weeks circuit training programmeme on
cardiorespiratory ﬁtness‘@ demic staff of Bayelsa Medical University, Yenagoa, Bayelsa
State. By explori g@ypothesis, the study contributes to the understanding of how circuit

o

training affec diorespiratory fitness. The fourth hypothesis suggest that there is no
signiﬁcar&ct of an 8-weeks circuit training programmeme on body composition of academic
staff of Bayelsa Medical University, Yenagoa, Bayelsa State. By exploring this hypothesis, the
study contributes to the understanding of how circuit training affects body composition. The fifth

to eighth hypothesis suggest that there is no significant effect of sex on the outcome of an 8-

week circuit training programmeme on physical fitness parameters of academic staff of Bayelsa



Medical University, Yenagoa, Bayelsa State. It suggests that physical fitness parameters may
vary depending on sex. The ninth to twelveth hypothesis suggest that there is no significant
effect age on the outcome of an 8-week circuit training programmeme on physical fitness
parameters of academic staff of Bayelsa Medical University, Yenagoa, Bayelsa State. It suggests
that physical fitness parameters may vary depending on age. Findings of this study have the
potential to inform fitness practitioners, educators, policy makers and individua %eloping
alternative strategies to enhance physical fitness so as to enhance health and betterfiving.

2.5 Summary of Gaps in Literature Reviewed Q

@)grammeme on strength,

There are very scanty studies on the effect of circuit traig

flexibility, cardiorespiratory fitness, and body compositio ularly, among Academic Staff

of Medical Universities in Nigeria, Bayelsa State, i ive. Most studies focus on students'

physical fitness or the general population, !eav(@ huge gap in knowing academic staff's

specialised demands and concerns.
°
Many research on physical @css and exercise programmemes are undertaken in
developed countries, which xm\g\g‘ﬁ to take into consideration the unique challenges and

situations experienced b)@nic personnel in developing countries such as Nigeria. There is a

need for researcl(ﬂ?gies into account the local context and resource restrictions that may
ra

affect fitness %
M

@tudies believe that fitness programmemes are one-size-fits-all. There is a study

meme implementation.

void that investigates individual characteristics among academic staff, such as age, fitness levels,
and pre-existing health issues, and how individualised circuit training programmemes can

address these variables to maximise benefits.



There is a dearth of attention in the literature on how greater physical fitness among
academic staff might lead to improved work performance, teaching effectiveness, research
output, and overall job happiness. Understanding these links is critical for academic staff as well
as the institutions they serve.

It is therefore the intension to bridge the gaps by evaluating the effect of an 8-week
circuit training programmeme on strength, flexibility, cardiorespiratory ﬁ@ and body

composition of Academic Staff of Bayelsa Medical University, Yenagoa, Ba)%

9

ate, Nigeria.
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\% Chapter Three

Methodology

This chapter describes methodology. It is organized to cover the following:
3.1 Research Design

3.2 Population of the Study



33 Sample and Sampling Techniques

3.4  Description of the Research Instruments

3.5  Validity of Research Instruments

3.6  Reliability of the Research Instruments

3.7  Method of Data Collection

3.8  Method of Data Analysis Q\
3.9  Ethical Approval Q/O
Endnotes 0«

3.1 Research Design %

This study adopted a pretest-posttest, control gro Q—experimental design using a
2x2x4 factorial matrix. The design employed two qa& of participants: the control group and
the experimental group. The control group wa ed on placebo without their knowledge,
while the experimental group was involv’e&\the intervention programmeme of circuit training.

c,J\

The population of t}ng%y consisted of all academic staff of Bayelsa Medical

University, Yenagoa, Bay@te, Nigeria.

3.3 Sa d Sampling Techniques

3.2 Population of the Study

The sample size for this study was forty (40) academic staff of Bayelsa Medical University,
Yenagoa, Bayelsa State. The purposive sampling technique was used to select forty (40)
academic staff of Bayelsa Medical University, Yenagoa, Bayelsa State!. The selected male and

female participants were randomly assigned equally into two groups: the control (nutrition



education) and experimental (circuit training programmeme) groups using the fish bowl method.
However, participation was voluntary in the study. The research focused on securing volunteers'
interest by providing clear information about the research purpose, methodology, and potential
benefits. Built trust and interest by emphasising the benefits of participation, offering flexible
scheduling, and providing transportation or childcare assistance. Ethical conside&ns were

explained, and a feedback mechanism was established to address co . "Regular
communication was maintained, providing updates on progress, acknowle@ontributions,

and expressing gratitude for the volunteers' participation. é
Inclusion and Exclusion Criteria S '
The academic staff of Bayelsa Medical University, Yena elsa State, that completed the

consent form and physical fitness readiness questio n@es 25 to 64, were generally healthy

individuals without any known cardiovascula% atory conditions that might interfere with

their ability to perform physical exercise safely. The resting heart rate and Cooper's 12-minute
.

run test were used to determine the 1{@ itness of participants. Participants with a heart rate

ranging between 60 and 80 be@ minute and scores above 1100 metres in the Cooper 12-

minute run test were incl@&articipants who do not fall into the academic staff category, did

not complete the :O@orm or physical fitness readiness questionnaire, were not between the

ages of 25 an&

preve\t\ﬂ/éQOIn safely participating in the Cooper 12-minute run test or could confound heart

years old; individuals with physical limitations or disabilities that would

rate measurements; and individuals who are taking medications that could affect heart rate or
exercise tolerance unless they have medical clearance from a healthcare provider were excluded.

3.4 Description of the Research Instruments



Physical Activity Readiness Questionnaire (PAR-Q): The Physical Activity Readiness
Questionnaire was used to assess risk factors during moderate physical exercise, family history,
and disease severity.
PAAS Blood Pressure Monitor: SKU: GE779SEOMMBL2NAFAMZ, Product Line: PAAS
Diagnostics Ltd, Model: BSP-12, Size (L x W x H cm): 14.8 x 10 x 5.6 cm, Weigh{&g): 382
were used to measure blood pressure in millimeter of mercury (mmHg). Q
Stopwatch: The Heuer Track mate stopwatch was used to determine mnni@, respiratory
rate and muscular strength tests. O

N\
Pulse Oximeter: SKU: CO989SEOSYCOONAFAMZ, Product Line: JAVISTA, Model:
CMS50D1, Production Country: China, Size (L x W x H cm): 8.1 x 6.8 x 4.9 was used to
measure the percentage of oxygen saturation level.
Step Bench: A thick, sturdy-step bench 50.8cm K@‘fﬁade with plywood was used for the step
up exercise for the circuit training program %.
Gym Mats: The sit and reach test @&-up were performed on 3D model rubber gym mats.
Also all the circuits that requim&%down were done on gym mats.
Measuring Tape: A HA@YA non-elastic fiber measuring tape measuring 60 INCH/ 150
CM was used for a@tch flexibility. It had measurement accuracy of 0.003MM.
Seat and Re% x: A fabricated seat and reach box was used to measure flexibility of the
lower ba hamstring musculature. The length of top of the box was 53.3 centimeter and the
height}3/2.5 centimeter.

Cones: SKLZ 2-Inch Mini Cones were used to mark distances during coopers run test.

3.5 Validity of Research Instruments



Validity is the ability of a test result to reflect the accuracy of the parameters being
measured. Standardised scientific tests and instruments were used for this study. There was a
cross-check of the workability of instruments before use. Also, the instruments that were used for
testing in this study had been used by other researchers to test different fitness components and
had been found to be valid? 34,

3.5 Reliability of Research Instruments Q\
Reliability of an instrument is the consistence of an instrument to @e what it is

purported to measure. Reliability of pulse oximeter, blood pressure m@r, measuring tape and

sit and reach box were 0.91, 0.96, 0.90, and 0.92 respectively, l@ce eir reliability? >4,

3.7 Method of Data Collection Q

A letter of introduction from the Head, Depar t*of Kinesiology, Sports Science, and
Health Education, Lead City University, Ibadan % sed by the researcher to obtain permission
from the Vice Chancellor, Bayelsa State }\ﬁ%University, Yenagoa, Bayelsa State, Nigeria.
This facilitated access for the collecti’(é\cfata from the sample for the study.

Physical Activity Readiness@mnaire (PAR-Q): Prior to the physical activity exercise,
the participants were giVé@%sical activity readiness questionnaire to fill out, which was used
to determine their @ activity >,

Training of lgea ch Assistant: Five (5) research assistants, who are medical students, were
selected @rb the school. They assisted in the coordination, testing, and training of the
participants. They attended a one-day training of trainers (TOT) programmeme, which was
organised by the researcher.

Test Administration: Data was collected by first administering the pre-test to both the control

and experimental groups by the researcher with the help of the research assistants, who helped to



record and observe the participants. The tests were spread and conducted such that the preceding
test did not influence the subsequent one. The pre-test was followed by the training session
(circuit training) that was done for eight weeks, given only to the experimental group. After the
training session, the researcher finally conducted the post-test with both experimental and control
groups in order to know how the training affected the variables of interest for the study. Scores
were collected and recorded. The researcher and the research assistants condu@%ﬂe- and
post-tests on all the participants as follows:

1. Cardiorespiratory fitness (resting heart rate, respiratory rate, oturation level).

2. Flexibility (sit and reach test).

3. Body composition (Waist to Hip Ratio). QQ

4. Muscle Strength (Push-ups). er
Participants and research assistants where blinded oid performance and data collection bias.
Participants were informed about the natu&éd the purpose of the test before commencement.

°
The researcher demonstrated the exe{ss\where necessary. The procedures for the collection of

data during testing were done a@w
Cardioresplr@ itness

Heart R %16 heart rate of the participants was determined using the PAAS Blood Pressure
Monitor with the participant seated, placed the arm cuff just above the elbow at about 2cm above
the elbow to make sure it can detect the artery in the arm, just under the skin, keep participants

still and quiet while taking reading, took readings, recorded all readings in beats per minute.



Respiratory Rate: The respiratory rate was measured when the participant were at rest by
counting the number of breaths for one minute (how many times the chest rises) with the aid of a
stopwatch®. Recorded number of breathes per minute.

Oxygen Saturation Level: The percentage of oxygen saturation level was measured using the
pulse oximeter. After confirming the right implantation site, position the pulse oximeter such that
the light can pass through the tissue and be detected by the detector. When using a pulse
oximeter on a fingertip, the probe fitted snugly. It was not be very tight or overly loose. Special
care was taken to ensure that the probe does not restrict circulation to the digit, as this could
result in an erroneous reading’.

Flexibility QV

Sit and Reach Test: Sit and reach test measures q@y of the lower back and hamstring
musculature. A fabricated box (the length of t\ob box at 53.3 centimeter and the height at

R

32.5 centimeter) was placed against a wall }‘he participant sits on the floor with the knees and
upper body straight, and their heels @ie box®. The test was completed without shoes on.
The participants reached fom@%far as possible along the measuring tape atop of the box,
with one hand on top of the %er, slides along the box and with the back and legs straight. The
furthest the partici @naged to stretch the hands along the measuring tape and hold for two
sec, was recor@t the nearest half centimeter (point zero), the point where the feet met the box.
Body C\o;@%tion

Waist-Hip Ratio: The waist-hip ratio (WHR) is the dimensionless ratio of the circumference
of the waist to that of the hips®. The test consists of measuring the circumference of the waist

and hip of participants using non-elastic measuring tape. Each participant was asked to:

e Stanf upright during measurement.



e The circumference of the waist was measured and recorded in centimeters around the
narrowest portion of the stomach, near or just above the belly button.

e The circumference of the hip was measured and recorded in centimeters over the
broadest region of the hips and buttocks.

e WHR was calculated by dividing the waist size by the hip size.

Muscle Strength: Q\
Push-Up/ 30 Sec: The push-up test is a popular way to assess upper bod s@;; It is a quick

&oing as many push-

and easy approach to evaluate strength and endurance. The test consi
%the number of pushups

ups as possible in 30 seconds. Muscular strength was mea@
accomplished in the period. Each participant was asked to:
o Get down on all fours, placing the hands slight ider than the shoulders.
o Straighten the arms and legs. \Q’b
o Lower the body until the chest I}@ouches the floor.
. Pause, then push the body baa&ca\.
. Continue the exercis% | you can no longer continue, with timing starting when
participants get down on alN.fours.

.
Training ProceQié.\' e circuit training programme was a self-developed, structured
programme t@d “Ogbara Freedom Festus Circuit Training Programme”. The training
progra%%a’?was an eight week circuit training exercise. The exercise was carried out three
times per week. The exercise training was done in a circuit with instructions and supervision by

the researcher and trained assistants. The training session started with warm-up activities,

followed by circuit training and ended with a cool down stretch.



Circuit Training Protocol: A ten (10) minute warm up exercise was carried out before the
commencement of the circuit training. The circuit training sesion was conducted 3 times per
week within a duration of 24 minutes, 9 stations, 4 sets per station (Weeks 1 and 2), 30 minutes 9
stations, 5 sets per station (Weeks 3 and 4), 41 minutes 67 seconds, 10 stations, 5 sets per station
(Weeks 5 and 6), and 50 minutes, 10 stations, 5 sets per station (Weeks 7 and 8). The circuit
exercise was accompanied by a ten (10) minutes cool down exercise.Pictoral pre eQ[io s of the
typical training session is shown in appendix II. QJG
3.8 Method of Data Analysis é
Descriptive and inferential statistical procedures were us analyse the data. The
descriptive statistics of frequency, percentage (%), mean, dard error of mean were used
to analyse the demographic data. Null hypotheses w. r@v@d at the 0.05 significance level using
the analysis of covariance (ancova). All data we lysed using IBM SPSS version 22 (IBM
Co., Armonk, NY, USA). &\
3.9 Ethical Approval ’\’\\'
Ethical approval (LCU- 3/226) was obtained from the Lead City University Health
Research Committee (L&@EC) by the researcher. This was done by making copies of the
proposal availabl ‘@committee. After approval by the committee, the academic staff of
G

Bayelsa Med niversity, Yenagoa, Bayelsa State, was approached through the Vice
Chancell@yelsa Medical University, Yenagoa, Bayelsa State. The researcher informed them
of the aim and benefits of the programmeme and also solicited compliance. Participation was

made voluntary. Consent forms were given to participants to affirm their willingness to

participate.
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(@ Chapter Four

Results and Discussion of Findings
Tl@%&pter presents results of the analyses and discussion of findings. The results and
discus%(of findings are organized to cover the following: demographic characteristics of the
participants, research question and hypotheses testing and discussion of findings.
4.1 Demographic Data Analysis
The analysis of socio-demographic characteristics of the participants is presented in table 4.1, 4.2,

4.3.



Table 4.1: Distribution of Participants by Sex

Sex Frequency Percent Valid Percent  Cumulative Percent
Male 30 75.0 75.0 75.0
Female 10 25.0 25.0 100.0
Total 40 100.0 100.0

Source: Researcher’s Fieldwork, 2024.

Table 4.1 reveals that 30 (75.0%) of the participants were males, while 10 (25.0% fQ emales.

Table 4.2: Distribution of Participants by Age

Age Range (Years) Frequency Percent Valid Percent  Cumulative Percent
25-34 5 12.5 12.5 12.5
35-44 17 42.5 42.5 55.0
45-54 10 25.0 25.0 80.0
55-64 8 20.0 20.0 100.0
Total 40 100.0 100.0
Source: Researcher’s Fieldwork, 2024. ’bv

Table 4.2 reveals that 5 (12.5%) of the @ants were in the age range of 25-34 years, 17

(42.5%) were between 35-44 years, @00 o) were between 45-54 years, while 8 (20.0%) were

50 years and above. A
Table 4.3: Distribution h@upants by Group
L\
Treatment Groups Frequency Percent Valid Percent  Cumulative Percent
Control 20 50.0 50.0 50.0
Experimental 20 50.0 50.0 100.0
Total 40 100.0 100.0

Source: Researcher’s Fieldwork, 2024.
Table 4.3 reveals that 20 (50.0%) of the participants were used as control and experimental.
4.2 Presentation of Data

4.2.1 Research Question



The research question below was answered:

Research Question One: What is the pre-field status of physical fitness parameters (Muscle

strength, flexibility, cardiorespiratory fitness, and body composition) of academic staff of

Bayelsa Medical University, Yenagoa, Bayelsa State?

The pre-field status of physical fitness parameters (muscle strength, flexibility, cardiorespiratory
*enagoa,

fitness, and body composition) of academic staff of Bayelsa Medical UnivEfQ

Bayelsa State is presented in table 4.4. <

Table 4.4: Sumn(@ne Pre-field Physical Fitness Parameters of Participants
- ]

Muscle Heart Oxygen
Strength Flexibility Rate  Respiratory Saturation Body
(sec) (cm) (bpm) Rate (bpm) (%) Composition
N 40 40 40 40 40 40
Missing 0 0 0 0 0 0
Mean 15.93 1.56 77.65 18.18 97.10 0.87
Sd. Emroroft - o) 0.22 0.58 0.33 0.14 0.01
Mean

Source: Researcher’s Fieldwork, 2024.



Table 4.4 reveals that participants had mean muscle strength of 15.93 + 0.91, flexibility of 1.56
+ 0.22, heart rate (bpm) of 77.65 £ 0.58, respiratory rate (bpm) of 18.18 + 0.33, oxygen

Saturation (%) of 97.10 + 0.14, and body composition of 0.87 = 0.01.

Table 4.5: Resulto@re-ﬁeld Muscle Strength of Participants
N V]

Push-ups Frequency Percent Valid Percent Cumulative Percent
5.00 3 7.5 7.5 7.5
6.00 1 2.5 2.5 10.0
7.00 1 2.5 2.5 12.5
8.00 1 2.5 2.5 15.0
9.00 1 2.5 2.5 17.5
10.00 2 5.0 5.0 22.5
11.00 1 2.5 2.5 25.0
12.00 2 5.0 5.0 30.0




13.00 2 5.0 5.0 35.0
14.00 1 2.5 2.5 37.5
15.00 1 2.5 2.5 40.0
16.00 1 2.5 2.5 42.5
17.00 2 5.0 5.0 47.5
18.00 2 5.0 5.0 52.5
19.00 2 5.0 5.0 57.5
20.00 8 20.0 20.0 77.5
21.00 3 7.5 7.5 85.0
22.00 4 10.0 10.0 95.0
23.00 1 2.5 2.5 97.5
24.00 1 2.5 2.5 100.0
Total 40 100.0 100.0

Source: Researcher’s Fieldwork, 2024. @J

Table 4.5 shows that 8 participants (20%) had twenty (20) s in 30 seconds, 1 participant

each (2.5%) had 6, 7, 8, 9, 11, 14, 15, 16, 23 and 24 pwsh-ups in 30 seconds. Participants had

average push-up of 15.93 in 30 seconds. fbb’b

Table 4.6: Re@le Pre-field Flexibility of Participants

m\)‘
Flexibility Frequency Percent Valid Percent Cumulative Percent
0.10 8 20.0 20.0 20.0
0.20 4 10.0 10.0 30.0
0.30 1 2.5 2.5 325
0.40 1 2.5 2.5 35.0
1.00 2 5.0 5.0 40.0
1.10 2 5.0 5.0 45.0
1.20 3 7.5 7.5 52.5
1.60 1 2.5 2.5 55.0




1.80 1 2.5 2.5 57.5
2.20 3 7.5 7.5 65.0
2.30 3 7.5 7.5 72.5
2.40 4 10.0 10.0 82.5
2.60 1 2.5 2.5 85.0
3.00 1 2.5 2.5 87.5
3.40 1 2.5 2.5 90.0
3.60 1 2.5 2.5 92.5
3.80 1 2.5 2.5 95.0
4.00 1 2.5 2.5 975
5.50 1 2.5 2.5 100.0
Total 40 100.0 100.0
Source: Researcher’s Fieldwork, 2024. O’

Table 4.6 shows that 8 participants (20%) had a pre-field ﬂexi]@%@ore of 0.10cm, 1
participant each (2.5%) had pre-field flexibility score of 0.30c 40cm, 1.60cm, 1.80cm,

2.60cm, 3.00cm, 3.40cm, 3.60cm, 3.80cm, 4.00cm, 5.5@ respectively. Average pre-field

flexibility score was 1.56cm. b

)

Table 4.7: ReNt the Pre-field Heart Rate of Participants

Cumulative
Heart Rate Frequency Percent Valid Percent Percent
68.00 1 2.5 2.5 2.5
69.00 1 2.5 2.5 5.0

70.00 1 2.5 2.5 7.5




73.00 2 5.0 5.0 12.5

74.00 3 7.5 7.5 20.0
75.00 2 5.0 5.0 25.0
76.00 2 5.0 5.0 30.0
77.00 1 2.5 2.5 32.5
78.00 11 27.5 27.5 60.0
79.00 4 10.0 10.0 70.0
80.00 3 7.5 7.5 77.5
81.00 2 5.0 5.0 82.5
82.00 5 12.5 12.5 95.0
83.00 2 5.0 5.0 100.0
Total 40 100.0 100.0
Source: Researcher’s Fieldwork, 2024. ’b\

Table 4.7 shows that 11 participants (27.5%) h@e—ﬁeld heart rate of 78bpm, four levels had
1 participant each (2.5%) with a pre—.f@eart rate of 68, 69, 70, and 77bpm respectively.

Average pre-field heart rate was 77.0\6@1\.
&
Q

Table 4.8: Result of the Pre-field Respiratory Rate of Participants

o)

Cumulative
Respiratory Rate Frequency Percent Valid Percent Percent
13.00 1 2.5 2.5 2.5
14.00 2 5.0 5.0 7.5
15.00 3 7.5 7.5 15.0
16.00 2 5.0 5.0 20.0
17.00 5 12.5 12.5 325
18.00 5 12.5 12.5 45.0




19.00 9 22.5 22.5 67.5

20.00 11 27.5 27.5 95.0
21.00 1 2.5 2.5 97.5
22.00 1 2.5 2.5 100.0
Total 40 100.0 100.0

Source: Researcher’s Fieldwork, 2024.
Table 4.8 shows that 11 participants (27.5%) had a pre-field respiratory rate (RR) of 20bpm,

three levels had 1 participant each (2.5%) with a pre-field RR of 13, 21 and 22bpv®ctively.

Average RR was 18.18bpm. : O

Table 4.9: Result of the Pre-Field Oxygen Saturation of Participan&

AN
Cumulative
Oxygen Saturation Frequency Percent Valid Percent Percent

95.00 2 5.0 5.0 5.0

96.00 6 15.0 - 15.0 20.0
97.00 20 50.0 50.0 70.0
98.00 10 250 25.0 95.0
99.00 2 5.0 5.0 100.0

Total 40 100.0 100.0
Source: Researcher’s Fieldwork, 2024.”\\'\

Table 4.9 shows that 20 participa@?%) had a pre-field oxygen saturation (OS) of 97%, 2

participants each (5%) h@“ﬁ% and 99% respectively. Average OS score was 97.10%.
(S
Table 4.10: t of the Pre-field Body Composition of Participants
Cumulative
Body Composition Frequency Percent Valid Percent Percent

0.81 1 2.5 2.5 2.5
0.82 4 10.0 10.0 12.5
0.83 2 5.0 5.0 17.5
0.84 6 15.0 15.0 32.5
0.85 2 5.0 5.0 37.5
0.86 3 7.5 7.5 45.0
0.87 3 7.5 7.5 52.5




0.88 3 7.5 7.5 60.0
0.89 4 10.0 10.0 70.0
0.90 4 10.0 10.0 80.0
0.91 2 5.0 5.0 85.0
0.92 5 12.5 12.5 97.5
0.95 1 2.5 2.5 100.0
Total 40 100.0 100.0

Source: Researcher’s Fieldwork, 2024.
Table 4.10 shows that 6 participants (15%) had a pre-field body compositiony of 0.84,

Iparticipant each (2.5%) had a pre-field body composition of 0.81 and: spectively.

Average body composition score of participants was 0.87. /\

4.2.2 Hypotheses %

The following hypotheses were tested in this study.
Hol: There is no significant effect of an 8-week cir@'t ;aining programmeme on muscle

strength of academic staff of Bayelsa Medical Univ&‘{ enagoa, Bayelsa State.

®%

Table 4.11: Sur@' of Analysis of Covariance of Effect of an 8-week Circuit Training

Programmtﬁ n Muscle Strength

L N V]

Type III Sum Partial Eta
Source of Squares Df  Mean Square F Sig. Squared
Corrected 1355.90 2 677.95 14441 .00 89
Model
Intercept 19.18 1 19.18 4.08 .05 .10

Pretest 1253.50 1 1253.50 267.01 .00 .88




Treatment 229.29 1 229.29 48.84 .00 57

Error 173.70 37 4.70
Total 14346.00 40
Corrected Total 1529.60 39

Source: Researcher’s Fieldwork, 2024.

Table 4.11 shows a significant effect of the 8-week circuit training programmeme on muscle
strength as measured by push-up of the academic staff of Bayelsa Medical University, Yenagoa
Bayelsa State (F(1,37=48.84, p<0.05, n?>=0.57). The null hypothesis was therefo Qﬁed. This
implies that the 8-week circuit training programmeme significantly increase@e strength of
the academic staff of Bayelsa Medical University, Yenagoa Bayelsa he eta square value

of 0.57 shows the contributing effect size of treatment was 57‘76

Table 4.12: Estimated Marginal Means of Treatment ongscle Strength

- 95% Confidence Interval
Treatment Mean Std. Error Lower Bound Upper Bound
Control 15.48 049 14.49 16.47
Experimental 20.32 0.49 19.33 21.31
Source: Researcher’s Fieldwork, 2 J
Table 4.12 shows the est marginal means of the effect of the 8-week circuit training

programmeme on rpg&strength of the academic staff of Bayelsa Medical University, Yenagoa
Bayelsa Stat Tg@' 4.12 reveals that the participants exposed to the 8-week circuit training
program @‘d a higher muscle strength mean score (20.32) compared to the control (15.48).
This ih??es that the 8-week circuit training programmeme was effective in improving the

muscle strength of the academic staff of Bayelsa Medical University, Yenagoa Bayelsa State.

Ho2: There is no significant effect of an 8-week circuit training programmeme on flexibility of

academic staff of Bayelsa Medical University, Yenagoa, Bayelsa State.



Table 4.13: Summary of Analysis of Covariance of Effect of an 8-week Circuit Training

Programmeme on Flexibility

Type III Sum Partial Eta
Source of Squares Df  Mean Square F Sig. Squared
Corrected Model 130.61 2 65.30 73.35 .00 .80
Intercept 14.22 1 14.22 15.98 .00 .30
Pretest 85.45 1 85.45 95.98 .00 72
Treatment 40.80 1 40.80 45.83 .00 .55
Error 32.94 37 .89 -
Total 438.65 40
Corrected Total 163.55 39

Source: Researcher’s Fieldwork, 2024. S

Table 4.13 shows a significant effect of an 8-week circuit traini %mmeme on flexibility of
the academic staff of Bayelsa Medical University, Yenago@a State (F1,37=45.83, p<0.05,
N?=0.55). The null hypothesis was therefore rej te(b%is implied that the 8-week circuit
training programmeme significantly increas%%& ility of the academic staff of Bayelsa
Medical University, Yenagoa Bayelsa Sta%ﬁ eta square value of 0.55 shows the contributing

effect size of treatment was 55%. &é;\\'
&
N
O

Table 4.14: éﬂated Marginal Means of Treatment on Flexibility

(@ 3
95% Confidence Interval
Treatment Mean Std. Error Lower Bound Upper Bound
Control 1.61 0.21 1.18 2.04
Experimental 3.63 0.21 3.21 4.06

Source: Researcher’s Fieldwork, 2024.
Table 4.14 shows the estimated marginal means of the effect of an 8-week circuit training

programmeme on flexibility of the academic staff of Bayelsa Medical University, Yenagoa



Bayelsa State. The table reveals that the participants exposed to the 8-week circuit training
programmeme had a higher flexibility mean score (3.63) compared to the control (1.63). This
implies that the 8-week circuit training programmeme was effective in enhancing the flexibility

of the academic staff of Bayelsa Medical University, Yenagoa Bayelsa State.

Ho3: There is no significant effect of an 8-week circuit training progra%eme on

cardiorespiratory fitness of academic staff of Bayelsa Medical University, @a, Bayelsa

e ,\b

Table 4.15: Summary of Analysis of Covariance of Effect of eek Circuit Training

Programmeme on Heart Rate <\Q

Type I Sum Partial Eta
Source of Squares Df  Mean Square F Sig. Squared
Corrected 740.62 2 370.31 2078 .00 53
Model
Intercept 38.02 1 38.02 2.13 15 .06
Pretest 229.39 1 229.39 12.87 .00 .26
Treatment 658.18 1 658.18 36.93 .00 .50
Error 659.36 37 17.82
Total 222071.00 40
Corrected Total 1399.98 39

Source: Researcher’s Fie‘f@v)ﬁ(, 2024.

Table 4.15 show .®cant effect of an 8-week circuit training programmeme on heart rate of
the academic @f of Bayelsa Medical University, Yenagoa Bayelsa State (F(137=36.93, p<0.05,
n2=O.5%Qhe null hypothesis was therefore rejected. This implied that the 8-week circuit
training programmeme significantly decreased heart rate of the academic staff of Bayelsa
Medical University, Yenagoa Bayelsa State. The eta square value of 0.50 shows the contributing

effect size of treatment was 50%.

Table 4.16: Estimated Marginal Means of Treatment on Heart Rate



95% Confidence Interval

Treatment Mean Std. Error Lower Bound Upper Bound
Control 78.46 .96 76.2 80.41
Experimental 70.09 .96 68.15 72.03

Source: Researcher’s Fieldwork, 2024.

Table 4.16 shows the estimated marginal means of the effect of 8-week circuit training
programmeme on heart rate of the academic staff of Bayelsa Medical Universitys\Yenagoa
Bayelsa State. The table reveals that the participants exposed to the 8-w, @cuit training
programmeme had a lower heart rate mean score (70.09) compared to control (78.46). This

implies that 8-week circuit training programmeme was effective i ng the heart rate of the

academic staff of Bayelsa Medical University, Yenagoa Ba%@xte.

Table 4.17: Summ g%f Analysis of Covariance of Effect of an 8-week Circuit Training

N

Programmel%&espiratory Rate
Type III Sum Partial Eta
Source of Squares Df  Mean Square F Sig. Squared
Corrected 256.13 2 128.06 14030 .00 .88
Model
Intercept 6.25 1 6.25 6.85 .01 .16
Pretest 88.03 1 88.03 96.44 .00 72
Treatment 134.89 1 134.89 147.78 .00 .80
Error 33.77 37 91
Total 11246.00 40
Corrected Total 289.90 39

Source: Researcher’s Fieldwork, 2024.



Table 4.17 shows a significant effect of an 8-week circuit training programmeme on respiratory
rate of the academic staff of Bayelsa Medical University, Yenagoa Bayelsa State (F(1,37=147.78,
p<0.05, n?=0.80). The null hypothesis was therefore rejected. This implies that the 8-week circuit
training programmeme significantly decreased respiratory rate of the academic staff of Bayelsa

Medical University, Yenagoa Bayelsa State. The eta square value of 0.80 shows the &ntributing

95% Conﬁdence Interval

effect size of treatment was 80%.

Table 4.18: Estimated Marginal Means of Treatment on Resplratory

Treatment Mean Std. Error Lower Bound Upper Bound
Control 18.40 0.22 17.9 18.84
Experimental 14.70 0.22 14.263 15.13
Source: Researcher’s Fieldwork, 2024. \

Table 4.18 shows the estimated marginal me % the effect of 8-week circuit training
programmeme on respiratory rate of the a éﬁl\Qstaff of Bayelsa Medical University, Yenagoa
Bayelsa State. The table reveals t %rtu:lpants exposed to the 8-week circuit training
programmeme had a lower res@ rate mean score (14.70) compared to the control (18.40).
This implies that 8 week@rammg programmeme was effective in lowering the respiratory
rate of the academie R@yf Bayelsa Medical University, Yenagoa Bayelsa State.

Table 4.19: ry of Analysis of Covariance of Effect of an 8-week Circuit Training

Program%(a on Oxygen Saturation

Type III Sum Partial Eta

Source of Squares Df  Mean Square F Sig. Squared
Corrected

Model 29.38 2 14.69 131.96 .00 .88
Intercept .09 1 .09 7 .39 .02

Pretest 28.48 1 28.48 255.84 .00 .87
Treatment .90 1 .90 8.09 .01 18

Error 4.12 37 A1

Total 378336.00 40




Corrected Total 33.50 39
Source: Researcher’s Fieldwork, 2024.

Table 4.19 shows a significant effect of an 8-week circuit training programmeme on oxygen
saturation of the academic staff of Bayelsa Medical University, Yenagoa Bayelsa State
(F1,37=8.09, p<0.05, n>=0.18). The null hypothesis was therefore rejected. This implies that the
8-week circuit training programmeme significantly influenced oxygen saturation~zate of the
academic staff of Bayelsa Medical University, Yenagoa Bayelsa State. The (t/ e value of

0.18 shows the contributing effect size of treatment was 18%. &

Table 4.20: Estimated Marginal Means of Treatment on Oxyge%uration

95% Confidence Interval

Treatment Mean Std. Error Lower Bound Upper Bound
Control 97.10 .075 96.95 97.25
Experimental 97.40 075 97.25 97.55

Source: Researcher’s Fieldwork, 2024. \ ~

Table 4.20 shows the estimated margi means of the effect of 8-week circuit training

programmeme on oxygen saturafé\ca the academic staff of Bayelsa Medical University,

Yenagoa Bayelsa State.%e.@ble reveals that the participants exposed to the 8-week circuit
ad”a higher oxygen saturation mean score (97.40) compared to the

training programmeme
control (97.10). thz\\lﬁl lies that the 8-week circuit training programmeme was effective in

improing o saturation level of the academic staff of Bayelsa Medical University, Yenagoa

Bayelsk@%e.

Ho4: There is no significant effect of an 8-week circuit training programmeme on body

composition of academic staff of Bayelsa Medical University, Yenagoa, Bayelsa State.



Table 4.21: Summary of Analysis of Covariance of Effect of an 8-week Circuit Training

Programmeme on Body Composition

Type III Sum Partial Eta
Source of Squares Df  Mean Square F Sig. Squared
Corrected
Model .051 2 .026 175.62 .00 91
Intercept 1.16E-6 1 1.16E-6 .01 .93 .00
Pretest .049 1 .05 339.63 .00 .90
Treatment .00 1 .00 14.40 .00 28
Error .01 37 .00 -
Total 29.88 40
Corrected Total .057 39
Source: Researcher’s Fieldwork, 2024. »

Table 4.21 shows a significant effect of an 8-week circuit 6 programmeme on body
composition of the academic staff of Bayelsa Medical@versity, Yenagoa Bayelsa State
(Fa,37=14.40, p<0.05, n?=0.28). The null hypothesi \wb%refore rejected. This implies that the
8-week circuit training programmeme 51gn1ﬁc uenced body composition of the academic
staff of Bayelsa Medical University, Yen yelsa State. The eta square value of 0.28 shows

the contributing effect size of treatm XS

\BQ
(5&

Table 4.22: éﬁated Marginal Means of Treatment on Body Composition

(@ 3
95% Confidence Interval
Treatment Mean Std. Error Lower Bound Upper Bound
Control .87 .00 8 .88
Experimental .86 .00 851 .86

Source: Researcher’s Fieldwork, 2024.
Table 4.22 shows the estimated marginal means of the effect of an 8-week circuit training

programmeme on body composition of the academic staff of Bayelsa Medical University,



Yenagoa Bayelsa State. The table reveals that the participants exposed to the 8-week circuit
training programmeme had a lower body composition mean score (0.86) compared to the control
(0.87). This implies that 8-week circuit training programmeme was effective in improving the

body composition of the academic staff of Bayelsa Medical University, Yenagoa Bayelsa State.

Ho5: There is no significant effect of an 8-week circuit training programmeme& muscle

strength of academic staff of Bayelsa Medical University, Yenagoa, Bayelsa Stz@@d on sex.

Table 4.23: Summary of Analysis of Covariance of Effect of an 8-Week Circuit Training

Programmeme on Muscle Strength Based on Sex %
~
Type III Sum Partial Eta
Source of Squares Df  Mean Square F Sig. Squared
Corrected Model 1376.39 4 344.10 78.61 .00 .90
Intercept 34.92 1 34.92 7.98 .01 .19
Pretest 634.3 1 634.39 144.93 .00 81
Treatment 199.62 1 199.62 45.60 .00 57
Sex 15.82 1 15.82 3.61 .07 .09
Treatment * Sex 6.84 1 6.84 1.56 22 .04
Error 153.21 35 4.38
Total 14346.00 40
Corrected Total 1529.60 39

Source: Researcher’s Fieldwo'rk\wzﬁ.

Table 4.23 shows a no s@cant interaction effect of an 8-week circuit training programmeme
on muscle stren Wg’(@@ﬂ sex of the academic staff of Bayelsa Medical University, Yenagoa
Bayelsa State@,35)=1.56, p>0.05, 1?=0.04). The null hypothesis was considered tenable. This
implie\ﬂ/% ere is no significant interaction between muscle strength and sex. The eta square

value of 0.04 shows the contributing effect size of treatment was 4%.

Table 4.24: Estimated Marginal Means of Treatment on Muscle Strength Based on Sex

95% Confidence Interval
Treatment Sex Mean Std. Error Lower Bound Upper Bound

Control Male 16.26 0.59 15.05 17.46




Female 13.46 1.06 11.32 15.60
Experimental Male 20.45 0.54 19.35 21.55
Female 19.60 1.01 17.55 21.66

Source: Researcher’s Fieldwork, 2024.

Table 4.24 shows that the male participants in the control group had a higher muscle strength
mean score (16.26) compared to their female (13.46) counterpart. In the experimental&oup, the
male participant had a higher muscle strength mean score (20.45) compare Qleir female

(19.60) counterpart, though the value did not attain significant level based&anJ

Ho6: There is no significant effect an of an 8-week circuit trainin mmeme on flexibility

of academic staff of Bayelsa Medical University, Yenagoa, Ba State based on sex.

Table 4.25: Summary of Analysis of Covariance of ec; of an 8-week Circuit Training

Programmeme on Flexibility Based on Sex gb

AN
Type III Sum Partial Eta
Source of Squares Df  Mean Square F Sig. Squared
Corrected Model 130.97 4 32.74 35.18 .00 .80
Intercept 13.77 1 13.77 14.79 .00 .30
Pretest 71.88 1 71.88 77.22 .00 .69
Treatment 2743 1 2743 29.47 .00 46
Sex .03 1 .0 .03 .86 .00
Treatment * Sex 33 1 33 35 .56 .01
Error 32.58 35 93
Total 438.65 40
Corrected Total 163.55 39

Source: Resez@\er’s Fieldwork, 2024.

Table %%ows a no significant interaction effect of an 8-week circuit training programmeme
on flexibility based on sex of the academic staff of Bayelsa Medical University, Yenagoa
Bayelsa State (F(135=0.35, p>0.05, n>=0.01). The null hypothesis was tenable. This implies that
there is no significant interaction between flexibility and sex. The eta square value of 0.01 shows

the contributing effect size of treatment was 1%.



Table 4.26: Estimated Marginal Means of Treatment on Flexibility Based on Sex

95% Confidence Interval

Treatment Sex Mean Std. Error Lower Bound Upper Bound
Control Male 1.58 25 1.07 2.09
Female 1.72 45 .80 2.63
Experimental Male 3.70 25 3.19 4.21
Female 342 44 2.53 4.32

Source: Researcher’s Fieldwork, 2024.
Table 4.26 shows that the male participants in the control group had a lower @e (1.58)
compared to their female (1.72) counterpart. In the experimental group, the ere))articipants had

a higher mean score (3.70) and compared to their female (3.42) countough the value did

not attain significant level based on sex. Q$

Ho7: There is no significant effect of an 8-week @lit training programmeme on

cardiorespiratory fitness of academic staff of Bay@ edical University, Yenagoa, Bayelsa

State based on sex. @%

Table 4.27 &mary of Analysis of Covariance of Effect of an 8-week Circuit Training

Progra\sﬂeme on Heart Rate Based on Sex

Type III Sum Partial Eta
Source of Squares Df  Mean Square F Sig. Squared
Corrected Model 766.01 4 191.50 10.57 .00 .55
Intercept 59.61 1 59.61 3.29 .08 .09
Pretest 140.04 1 140.04 7.73 .01 18
Treatment 488.12 1 488.12 26.95 .00 44
Sex 25.29 1 25.29 1.40 25 .04




Treatment * Sex .16 1 .16 .01 93 .00

Error 633.96 35 18.11
Total 222071.00 40
Corrected Total 1399.98 39

Source: Researcher’s Fieldwork, 2024.

Table 4.27 shows a no significant interraction effect of 8-week circuit training programmeme on
heart rate based on sex of the academic staff of Bayelsa Medical University, Ye Bayelsa
State (F(135=0.01, p>0.05, n?=0.00). The null hypothesis was tenable. This i t at there is
no significant interaction between heart rate and sex of the academic of Bayelsa Medical

University, Yenagoa Bayelsa State. The eta square value of 0.00 he contributing effect

size of treatment was 0%. QQ

Table 4.28: Estimated Marginal Means of Treatm)en\;b@l—leart Rate Based on Sex

95% Confidence Interval

Treatment Sex Mean Std. Error Lower Bound Upper Bound
Control Male 77.84 1.16 75.48 80.19
Female 79.99 1.94 76.05 83.92
Experimental Male 69.71 1.10 67.48 71.95
Female 71.57 2.01 67.49 75.66

Source: Researcher’s Fiel Q\\2624.

Table 4.28 shows t‘hat the male participants in the control group had a lower mean score (77.84)
compared to thet(f.e}ale (79.99) counterpart. In the experimental group, the male participants
had a lower score (69.71) compared to their female (71.57) counterpart.

TableM: Summary of Analysis of Covariance of Effect of an 8-week Circuit Training

Programmeme on Respiratory Rate Based on Sex

Type III Sum Partial Eta
Source of Squares Df  Mean Square F Sig. Squared
Corrected Model 258.56 4 64.64 72.20 .00 .89
Intercept 3.25 1 3.25 3.63 .07 .09
Pretest 87.73 1 87.73 97.98 .00 74




Treatment 113.21 1 113.21 126.45 .00 78

Sex 1.29 1 1.29 1.44 24 .04
Treatment * Sex 1.25 1 1.25 1.40 25 .04
Error 31.34 35 .90
Total 11246.00 40
Corrected Total 289.90 39

Source: Researcher’s Fieldwork, 2024.

Table 4.29 shows a no significant interaction effect of 8-week circuit training prograxlleme on

respiratory rate based on sex of the academic staff of Bayelsa Medical Uni , Yenagoa
Bayelsa State (F(1,35=1.40, p>0.05, n>=0.04). The null hypothesis was tenable. s implies that
there is no significant interaction between respiratory rate and sex he academic staff of

Bayelsa Medical University, Yenagoa Bayelsa State. The et@l value of 0.04 shows the

contributing effect size of treatment was 4%. Q

Table 4.30: Estimated Marginal Means of Treatn@’bn Respiratory Rate Based on Sex

LN
95% Confidence Interval
Treatment Sex Mean Std. Error  Lower Bound  Upper Bound
Control Male 18.40 24 17.90 18.90
Female 18.38 43 17.51 19.25
Experimental Male 14.92 25 14.41 15.43
Female @ 14.08 43 13.20 14.95

Source: Researcher’s Fielthwork, 2024.

Table 4.30 show@% male participants in the control group had a higher respiratory rate
mean score (1 ) compared to their female (18.38) counterpart. In the experimental group, the
male pa{gdants had a higher mean score (14.92) compared to their female (14.08) counterpart.
Table 4.31: Summary of Analysis of Covariance of Effect of an 8-week Circuit Training

Programmeme on Oxygen Saturation Based on Sex

Type III Sum Partial Eta
Source of Squares Df  Mean Square F Sig. Squared
Corrected Model 29.90 4 7.48 72.71 .00 .89

Intercept .00 1 .00 .01 91 .00




Pretest 24.94 1 24.94 242.53 .00 .87
Treatment .30 1 .30 2.87 .10 .08
Sex .26 1 .26 248 A2 .07
Treatment * Sex .30 1 .30 292 .10 .08
Error 3.60 35 10
Total 378336.00 40
Corrected Total 33.50 39
Source: Researcher’s Fieldwork, 2024.
Table 4.31 shows a no significant interaction effect of 8-week circuit training mmeme on

oxygen saturation based on sex of the academic staff of Bayelsa Medi%yrsity, Yenagoa

Bayelsa State (F(1,35=2.92, p>0.05, n>=0.08). The null hypothesis w b e. This implies that
§

there is no significant interaction between oxygen saturatiQ sex of Bayelsa Medical

University, Yenagoa Bayelsa State. The eta square value 8 shows the contributing effect

size of treatment was 8%. E

Table 4.32: Esti@arginal Means of Treatment on Oxygen Saturation Based on Sex
DN

95% Confidence Interval

Treatment Sex Mean Std. Error  Lower Bound  Upper Bound
Control Male 97.10 .08 96.93 97.27
Female 97.10 15 96.80 97.39
Experimental Male 97.50 .09 97.33 97.68
Female 97.09 16 96.78 97.41

Source: Researcher’s Fieldwork, 2024.



Table 4.32 shows that the male and female participants in the control group had equal oxygen
saturation mean score (97.10). In the experimental group, the male participants had a higher

oxygen saturation mean score (97.50) compared to their female (97.09) counterpart.

Ho8: There is no significant effect of an 8-week circuit training programmeme on body

composition of academic staff of Bayelsa Medical University, Yenagoa, Bayelsa State based on

sex Q
Table 4.33: Summary of Analysis of Covariance of Effect of an 8-Week Circuit Training

Programmeme on Body Composition Based on Sex &
~
Type I Sum Partial Eta
Source of Squares Df  Mean Square F Sig. Squared
Corrected Model .05 4 .01 87.41 .00 91
Intercept 6.34E-5 1 6.34E-5 43 52 .01
Pretest .03 1 .03 217.20 .00 .86
Treatment .0 1 .00 9.78 .00 22
Sex .00 1 .00 1.49 23 .04
Treatment * Sex 1.22E-5 1 1.22E-5 .08 78 .00
Error .01 35 .00
Total 29.88 40
Corrected Total .06 39

Source: Researcher’s Fiek@iﬁ}>024.
Table 4.33 shows a @niﬁcant interaction effect of 8-week circuit training programmeme on

body composs i'o&haﬂed on sex of the academic staff of Bayelsa Medical University, Yenagoa

Bayelsa S (1,35=0.08, p>0.05, 1>=0.00). The null hypothesis was tenable. This implies that
there M significant interaction between body composition and sex of the academic staff of

Bayelsa Medical University, Yenagoa Bayelsa State. The eta square value of 0.00 shows the

contributing effect size of treatment was 0%.

Table 4.34: Estimated Marginal Means of Treatment on Body Composition Based on Sex



95% Confidence Interval

Treatment Sex Mean Std. Error  Lower Bound  Upper Bound
Control Male .87 .00 .86 .88
Female .88 .01 .86 .89
Experimental Male .85 .00 .85 .86
Female .86 .01 .85 .87

Source: Researcher’s Fieldwork, 2024.
Table 4.34 shows that both the male participants in the control group ha er body
composition mean score of 0.87 compared to their female counterp @8 ). In the

experimental group, the male participants had a lower body compc@ mean score (0.85)

compared to their female (0.86) counterpart. %

Ho9: There is no significant effect of an 8-week circu@ ng programmeme on muscle

strength of academic staff of Bayelsa Medical Univq‘rs@nagoa, Bayelsa State based on age.

Table 4.35: mary of Analysis of Covariance of Effect of an 8-week Circuit Training

Prog %me on Muscle Strength Based on Age

Type III Sum Partial Eta

Source of Squares Df  Mean Square F Sig. Squared
Corrected Model 1405.33 8 175.67 43.82 .00 .92
Intercept 11.44 1 11.44 2.85 .10 .08
Pretest 561.90 1 561.90 140.17 .00 .82
Treatment 168.62 1 168.62 42.06 .00 .58
Age 28.11 3 9.37 2.34 .09 18
Treatment * Age 23.31 3 7.77 1.94 14 .16




Error 124.27 31 4.01
Total 14346.00 40
Corrected Total 1529.60 39

Source: Researcher’s Fieldwork, 2024.

Table 4.35 shows a no significant interaction effect of 8-week circuit training programmeme on

muscle strength based on age of the academic staff of Bayelsa Medical Universit&Y enagoa

Bayelsa State (F31=1.94, p>0.05, n>=0.16). The null hypothesis was tenable. mplies that

there is no significant interaction between muscle strength and age of thé, academic staff of
¢\

Bayelsa Medical University, Yenagoa Bayelsa State. The eta sq@ue of 0.16 shows the

contributing effect size of treatment was 16%. Q

Table 4.36: Estimated Marginal Means of Treatment @scle Strength Based on Age

a A

95% Confidence Interval
Treatment Age (Years) Mean Std. Error  Lower Bound Upper Bound

Control 25-34 14.06 1.20 11.60 16.51
35-44 15.93 78 14.33 17.53

45-54 15.56 .82 13.89 17.24

55-64 15.68 1.31 13.01 18.36

Experimental 25-34 20.49 1.43 17.58 23.40
35-44 21.55 .69 20.14 22.96

45-54 17.65 1.00 15.61 19.70

55-64 20.09 1.09 17.87 22.30

Source: Researc f@ﬁwork, 2024.

Table 4.36 sh that the participants in age group 25-34, 35-44, 45- 54, 55-64 had mean muscle
streng{/@ of 14.06, 15.93, 15.56 and 15.68 respectively in the control group. In the
experimental group, participants in age group 25-34, 35-44, 45- 54, 55-64 had mean muscle
strength score mean score of 20.49, 21.55, 17.65 and 20.09 respectively. Table 4.3.26 shows that

the participants in the control group between ages 25-34 had the lowest mean muscle strength



score (14.06), while those in the experimental group between ages 35-44 had the highest mean

muscle strength score (21.55).

Ho10: There is no significant effect an of 8-week circuit training programmeme on flexibility of

academic staff of Bayelsa Medical University, Yenagoa, Bayelsa State based on age.

Table 4.37: Summary of Analysis of Covariance of Effect of an 8-week Cir@{raining

Programmeme on Flexibility Based on Age ( O
. 2
Type III Sum Partial Eta
Source of Squares Df  Mean Square F Sig. Squared
Corrected Model 146.17 8 18.27 32.59 .00 .89
Intercept 15.84 1 15.84 28.26 .00 48
Pretest 20.33 1 20.33 36.26 .00 .54
Treatment 38.25 1 38.25 68.23 .00 .69
Age 7.28 3 243 4.33 .01 .30
Treatment * Age 6.96 3 2.32 4.14 .01 .29
Error 17.38 31 .56
Total 438.65 40
Corrected Total 163.55 39

Source: Researcher’s Fieldwork, @\ -
Table 4.37 shows a sigr@teraction effect of 8-week circuit training programmeme on
flexibility based on f the academic staff of Bayelsa Medical University, Yenagoa Bayelsa

= .1{3\‘).05, n?=0.29). The null hypothesis was therefore rejected. This implies

ificant interaction between flexibility and age of the academic staff of Bayelsa
Medic?N}ﬂiversity, Yenagoa Bayelsa State. The eta square value of 0.29 shows the contributing

effect size of treatment was 29%.

Table 4.38: Estimated Marginal Means of Treatment on Flexibility Based on Age

95% Confidence Interval
Treatment Age (Years) Mean Std. Error Lower Bound  Upper Bound
Control 25-34 1.63 44 74 2.52




35-44 1.71 31 1.09 2.33

45-54 1.52 34 .82 222
55-64 1.46 A48 49 242
Experimental 25-34 4.66 .53 3.57 5.75
35-44 3.93 31 3.31 4.55
45-54 4.47 40 3.66 5.28
55-64 2.05 40 1.25 2.86

Source: Researcher’s Fieldwork, 2024.

Table 4.38 shows that the participants in age group 25-34, 35-44, 45- 54, 55-64 h an score
of 1.63, 1.71, 1.52 and 1.46 respectively in the control group. In the e @e tal group,
participants in age group 25-34, 35-44, 45- 54, 55-64 had mean score mé{score of 4.66, 3.93,
4.47 and 2.05 respectively. Table 4.3.28 shows that the participants.d control group between
ages 55-64 had the lowest mean flexibility score (1.46), whil@se in the experimental group

between ages 25-34 had the highest mean flexibility scor&

O

Holl: There is no significant effect of an ek circuit training programmeme on

cardiorespiratory fitness of academic staff, o yelsa Medical University, Yenagoa, Bayelsa

&
Qﬁ\\

¢

O

Table@glmmary of Analysis of Covariance of Effect of an 8-week Circuit Training

Programmeme on Heart Rate Based on Age

Type III Sum Partial Eta
Source of Squares Df = Mean Square F Sig. Squared
Corrected Model 854.07 8 106.76 6.06 .00 .61
Intercept 53.39 1 53.39 3.03 .09 .09
Pretest 67.35 1 67.35 3.83 .06 11
Treatment 481.48 1 481.48 27.34 .00 46




Age 73.56 3 24.52 1.39 .26 12

Treatment * Age 32.1 3 10.71 .61 .62 .06
Error 545.906 31 17.61
Total 222071.00 40

Corrected Total 1399.98 39

Source: Researcher’s Fieldwork, 2024.

Table 4.39 shows a no significant interaction effect of 8-week circuit training progra&meme on

heart rate based on age of the academic staff of Bayelsa Medical University, oa Bayelsa

State (F331y=0.61, p>0.05, n>=0.06). The null hypothesis was tenable. T&des that there is

no significant interaction between heart rate and age of the acade i@f of Bayelsa Medical
%5 the contributing effect

University, Yenagoa Bayelsa State. The eta square value of (@

size of treatment was 6%. Q

Table 4.40: Estimated Marginal Means of Treatrﬁbn Heart Rate Based on Age
(0. \

95% Confidence Interval

Lower
Treatment Age (Years) Mean Std. Error Bound Upper Bound

Control 25-34 75.21 3.02 69.04 81.37
35-44 78.21 1.53 75.09 81.32

45-54 78.90 1.76 75.31 82.48

55-64 80.48 2.46 75.46 85.50

Experimental 25-34 69.60 3.16 63.17 76.04
35-44 69.71 1.41 66.83 72.59

45-54 67.68 2.20 63.19 72.18

55-64 73.51 1.93 69.58 77.45

Source: Re@%r’s Fieldwork, 2024.

Table Mshows that the participants in age group 25-34, 35-44, 45- 54, 55-64 had mean heart
rate score of 75.21, 78.21, 78.90 and 80.48 respectively in the control group. In the experimental
group, participants in age group 25-34, 35-44, 45- 54, 55-64 had mean heart rate score of 69.60,

69.71, 67.68 and 73.51 respectively. Table 4.3.30 shows that the participants in the control group



between ages 55-64 had the highest mean heart rate score (80.48), while those in the

experimental group between ages 25-34 had the lowest mean heart rate score (69.60).

Table 4.41: Summary of Analysis of Covariance of Effect of an 8-week Circuit Training

Programmeme on Respiratory Rate Based on Age

Type III Sum Partial Eta
Source of Squares Df = Mean Square F Sig. Squared
Corrected Model 264.10 8 33.01 39.67 00 91
Intercept 9.93 1 9.93 11.93 .00 .28
Pretest 28.39 1 28.39 34.12 .00 52
Treatment 109.21 1 109.21 131.23 .00 81
Age 5.04 3 1.68 202 .13 .16
Treatment * Age 2.51 3 .84 1.00 40 .09
Error 25.80 31 .83 -
Total 11246.00 40
Corrected Total 289.90 39
Source: Researcher’s Fieldwork, 2024. O

Table 4.41 shows a no significant interactio@%f 8-week circuit training programmeme on
respiratory rate based on age of the acx&ic staff of Bayelsa Medical University, Yenagoa
Bayelsa State (F331y=1.00, p>0. 05@‘((?09) The null hypothesis was tenable. This implies that
there is no significant int I‘@l between respiratory rate and age of the academic staff of
Bayelsa Medical Univ $Yenagoa Bayelsa State. The eta square value of 0.09 shows the
contributing effe@%reatment was 9%.
’Z}
\¥

Table 4.42: Estimated Marginal Means of Treatment on Respiratory Rate Based on Age

95% Confidence Interval

Treatment Age (Years) Mean Std. Error  Lower Bound  Upper Bound
Control 25-34 17.39 .56 16.25 18.52
35-44 18.28 32 17.62 18.94

45-54 18.77 .39 17.98 19.55




55-64 19.29 .56 18.16 20.42

Experimental 25-34 14.53 .70 13.11 15.95
35-44 14.42 34 13.73 15.11
45-54 14.17 46 13.23 15.11
55-64 15.53 46 14.58 16.47

Source: Researcher’s Fieldwork, 2024.
Table 4.42 shows that the participants in age group 25-34, 35-44, 45- 54, 55-64 ;had mean

respiratory rate score of 17.39, 18.28, 18.77 and 19.29 respectively in the con oup. In the

experimental group, participants in age group 25-34, 35-44, 45- 54, 55—%@6311 respiratory

rate score of 14.53, 14.42, 14.17 and 15.53 respectively. Table 4.3.3
respi

ratory rate score (19.29),

s that the participants
in the control group between ages 55-64 had the highest m

while those in the experimental group between ages 25-34 %» the lowest mean respiratory rate
score (14.17). &Q

Table 4.43: Summary of Analysis of Covariance of Effect of an 8-week Circuit Training

Programmeme on Oxygen Saturation Based on Age

Type III Sum Partial Eta
Source of Squares Df  Mean Square F Sig. Squared
Corrected Model 29.58 8 3.70 29.27 .00 .88

Intercept .04 1 .04 28 .60 .01




Pretest 14.59 1 14.59 115.48 .00 .79
Treatment 49 1 49 3.87 .06 A1
Age .07 3 .02 18 91 .02
Treatment * Age 15 3 .05 40 .76 .04
Error 3.92 31 13
Total 378336.00 40
Corrected Total 33.50 39
Source: Researcher’s Fieldwork, 2024.
Table 4.43 shows a no significant interaction effect of 8-week circuit training mmeme on

oxygen saturation based on age of the academic staff of Bayelsa Medi%yrsity, Yenagoa

Bayelsa State (F331y=0.40, p>0.05, 1>=0.04). The null hypothesis b e. This implies that

there is no significant interaction between oxygen saturation age of the academic staff of
Bayelsa Medical University, Yenagoa Bayelsa State. Thesquare value of 0.04 shows the

contributing effect size of treatment was 4%. E be

Table 4.44: Estimated Marginal Means of @%nt on Oxygen Saturation Based on Age

(V2
95% Confidence Interval
Treatment Age (Years) Mean Std. Error  Lower Bound  Upper Bound

Control 25-34 97.16 23 96.68 97.63
35-44 97.11 A3 96.85 97.37

45-54 97.09 15 96.79 97.39

55-64 97.05 23 96.59 97.51

Experimental 25-34 97.14 26 96.60 97.68
35-44 97.45 12 97.20 97.70

45-54 97.35 18 96.98 97.71

55-64 97.46 18 97.10 97.82

Sourc§\R/‘$s€:archer’s Fieldwork, 2024.

Table 4.44 shows that the participants in age group 25-34, 35-44, 45- 54, 55-64 had mean
oxygen saturation score of 97.16, 97.11, 97.09 and 97.05 respectively in the control group. In the
experimental group, participants in age group 25-34, 35-44, 45- 54, 55-64 had mean oxygen

saturation score of 97.14, 97.45, 97.35 and 97.46 respectively. Table 4.3.34 shows that the



participants in the control group between ages 55-64 had the lowest mean oxygen saturation
score (97.05), also those in the experimental group between ages 55-64 had the highest mean

oxygen saturation score (97.46).

Ho12: There is no significant effect of an 8-week circuit training programmeme on body

composition of academic staff of Bayelsa Medical University, Yenagoa, Bayelsa State based on

S
Table 4.45: Summary of Analysis of Covariance of Effect of an 8-Week Circuit Training

Programmeme on Body Composition Based on Age &
~
Type III Sum Partial Eta
Source of Squares Df  Mean Square F Sig. Squared
Corrected Model .05° 8 .01 49.24 .00 93
Intercept 6.92E-6 1 6.92E-6 .05 .82 .00
Pretest .05 1 .05 358.55 .00 .92
Treatment .00 1 .00 15.81 .00 .34
Age .00 3 .00 2.46 .08 .19
Treatment * Age .00 3 .00 1.09 37 .10
Error .00 31 .00
Total 29.88 40
Corrected Total .06 39

Source: Researcher’s Fiel%&‘k}>024.

Table 4.45 shows a @niﬁcant interractioneffect of 8-week circuit training programmeme on
body composi 'ogt;}ed on age of the academic staff of Bayelsa Medical University, Yenagoa
Bayelsa S &,31)1.09, p>0.05, n?=0.10). The null hypothesis was tenable. This implies that
there 1s\16 significant interaction between body composition and age of the academic staff of

Bayelsa Medical University, Yenagoa Bayelsa State. The eta square value of 0.10 shows the

contributing effect size of treatment was 10%.

Table 4.46: Estimated Marginal Means of Treatment on Body Composition Based on Age



95% Confidence Interval

Treatment Age (Years) Mean Std. Error  Lower Bound  Upper Bound
Control 25-34 .88 .007 .861 .888
35-44 .87 .004 .862 .878
45-54 .87 .005 .858 .878
55-64 .88 .007 .861 .888
Experimental 25-34 .86 .008 .844 .878
35-44 .86 .004 .852 .868
45-54 .84 .006 .829 .853
55-64 .86 .005 .849 .§70
Source: Researcher’s Fieldwork, 2024. 0\{
Table 4.46 shows that the participants in age group 25-34, 35-44, 45- -64 had mean body

composition score of 90.88, 0.87, 0.87 and 0.88 respectively %e control group. In the
experimental group, participants in age group 25-34, 35 54, 55-64 had mean body
composition score of 0.86, 0.86, 0.84 and 0.86 resp@%. Table 4.3.36 shows that the
participants in the control group between ages @ and 55-64 had the highest mean body

composition score (0.88), while those in th&( rimental group between ages 45-54 had the

lowest mean body composition score (gg&

4.3 Discussion of Findings @

The findings of thi dy on socio-demographic characteristics revealed that most
(75.0%) of the pqr@ts were male. Similarly, it was shown that, most (42.5%) of the

participants \ugc,u}w age range of 35-44 years. This study reveals that academic staff of

Bayelsa l\@a

of 15.93%0.91, with 8 participant (20.0%) muscle strength of 20.00 per 30 seconds. The study

University, Yenagoa, Bayelsa State, Nigeria had pre-field mean muscle strength

also shows mean flexibility of 1.56+0.22 with majority (20.0%) of the participants having
flexibility of 1.56+0.10cm, heart rate (bpm) of 77.65+0.58 with majority (27.5%) of the
participants having heart rate of 78bpm, respiratory rate (bpm) of 18.18+0.33 with majority

(27.5%) of the participants having respiratory rate of 20bpm, oxygen Saturation (%) of 97.1+



0.14 with majority (50.0%) of the participants having oxygen saturation of 97%, and body
composition of 0.87+0.01 with majority (15.0%) of the participants having body composition of
0.84. The findings of the study is in agreement with similarstudies which reported similar values
for muscle strength, flexibility, heart rate, respiratory rate, oxygen saturation, and body

T

The result from this study revealed a significant effect of circuit traif on’ muscle

compostion’ 234,

strength of the academic staff of Bayelsa Medical University, Yenagoa, Ba@ tate, Nigeria.
The significant increase in muscle strength in experimental group @ mpared to control
group shows that circuit training might have caused hypertro %nlargement of cells as a
result of enhanced muscle protein synthesis and incorpo@ f proteins into cells enabling
muscles to exhibit greater strength. It may also be u@ural adaptations that enhance nerve
muscle interaction which aids the recruitment re muscle fibres and power strokes in a
simultaneous manner> %.The finding of thi %dy is in agreement with previous studies, which

.

reported a significant increase in mus&%kength following circuit training’3°.

The result from this stu@géaled a significant effect of circuit training on flexibility of
the academic staff of &@Medical University, Yenagoa, Bayelsa State, Nigeria. This
indicates that ci %ﬂing may have resulted in an increased range of motion of the
harmstrings, i@ea ed elasticity of the non-contractile viscoelastic component of muscles and
joints, in@d hamstring muscle strength, resulting in improved performance and reduced

s
injury risk!% ' 12 The finding of this study is in agreement with previous studies, which reported
a significant increase in flexibility following circuit training'® !4 1516,

The result from this study revealed a significant effect of circuit training on heart rate of

the academic staff of Bayelsa Medical University, Yenagoa, Bayelsa State, Nigeria. The



significant decrease in heart rate in experimental group when compared to control group shows
that circuit training might have caused stronger heart, aiding pumping of blood with less effort.
Or by increasing contractile strength and the length of time the heart fills with blood which
results from an increase in the activity of the parasympathetic nervous system and decrease in
activity of sympathetic nervous system'” '¥. The finding of this study is in agreement with a
previous study, which reported a significant decrease in heart rate following ci Q%iningw.
The result from this study revealed a significant effect of circuit training on respiratory rate of
the academic staff of Bayelsa Medical University, Yenagoa, Ba@ tate, Nigeria. The
significant reduction in respiratory rate in the experimental group compared to the control group
suggests that circuit training may have generated mitocho nergy adaptation via changing
mitochondrial respiratory capacity, protein transl iqb%d protein complex formation®’. The
finding of this study is in agreement with a previ dy, which reported a significant decrease
in respiratory rate following circuit trainin & result from this study revealed a significant
.

effect of circuit training on oxyg@uration of the academic staff of Bayelsa Medical
University, Yenagoa, Bayelsa& 7' Nigeria. The significant increase in oxygen saturation in
experimental group wheﬂ@ red to control group might have been caused by the maintenance
of haemoglobin 1 @ blood, as well as its passage through the capillaries?'. The finding of
this study is @g cement with previous study, which reported a significant improvement in
oxyge\s/@on following circuit training!®.

The result from this study revealed a significant effect of circuit training on body
composition of the academic staff of Bayelsa Medical University, Yenagoa, Bayelsa State,

Nigeria. The significant decrease in body composition in experimental group when compared to

control group might have been caused by the the reduction of percentage of fat mass following



circuit training?> 2324 25, The finding of this study is in agreement with previous study, which
reported a significant decrease in body composition following circuit training?? 232423,

This study found no significant effect of the circuit training programmeme on muscle
strength of academic staff at Bayelsa Medical University in Yenagoa, Bayelsa State, based on
sex, implying that males and females adapted to the 8-week circuit training with similar effect
sizes for hypertrophy and upper-body strength?®. The findings of this study are i Q%‘ent with
previous studies that found no significant interaction of treatment and sex o musCle strength?®.
This study found that the male participants in the control group @a higher mean score
compared to their female counterparts, implying that the inter ti&treatmen‘[ and sex had a
better effect on the muscle strength of the male participant Qﬂ to an 8-week circuit training
programmeme than their female counterparts. In the @mental group, the male participants
had a higher mean score compared to their femal nterparts, implying that the interaction of
treatment and sex had a better effect on e\nuscle strength of the male participants in the

.
experimental group than their femalﬁ\ghterpart. The comparison shows that male participants

in the experimental group had t-bA%ghest mean score, signifying a better effect of the 8-week

N\

circuit training programmeme?” 28, The higher muscle strength mean score in males in the
experimental gro @be due to development of larger fast-twitch fibres?¢. The finding of this
study is in a@ggnt with previous study that reported higher improved muscle strength
follow'ng@rgise in both males and females, but with the highest improvement in females?S,
This study found no significant effect of circuit training programmeme on flexibility of
academic staff at Bayelsa Medical University in Yenagoa, Bayelsa State, based on sex, implying
that males and females adapted to the 8-week circuit training with similar effect sizes for

flexibility?®. The findings of this study are in agreement with previous studies that found no



significant interaction of treatment and sex on flexibility?®. This study found that the male
participants in the control group had a lower mean flexibility score compared to their female
counterpart, implying that the interaction of treatment and sex had a better effect on the
flexibility of the female participants exposed to treatment than their male counterpart. In the
experimental group, the male participants had a higher mean score and compared to their female
counterparts, implying that the interaction of treatment and sex had a bett Qec on the
flexibility of the male participants in the experimental group than their female cotnterpart. The
comparison shows that male participants in the experimental group h@e ighest mean score,

signifying a better effect of 8-week circuit training prog@%. The increased mean

flexibility score of males in the experimental group could o improvement in the makeup

of connective tissues of the participants followi ila%‘rcuit training programmeme?®. The
findings of this study are in agreement with simﬂ&ldies which reported an improvement in
\®)
the flexibility of males and females, with a 'g&r improvement in males?® 2.
.

This study found no signiﬁc@ﬁfect of circuit training programmeme on heart rate of
academic staff at Bayelsa Medi\&kg{iversity in Yenagoa, Bayelsa State, based on sex, implying
that males and females ddapted to the 8-week circuit training with similar effect sizes for heart
rate’®. The findin @ study are in agreement with similar studies that found no significant
interaction of&t ent and sex on cardiorespiratory fitness*®. This study found that the male
paﬂici@ the control group had a lower mean heart rate score compared to their female
counterpart, implying that the interaction of treatment and sex had a better effect on the heart rate
of the male participants exposed to treatment than their female counterpart. In the experimental

group, the male participants had a lower mean score compared to their female counterparts,

implying that the interaction of treatment and sex had a better effect on the heart rate of the male



participants in the experimental group than their female counterparts. The comparison shows that
male participants in the experimental group had the lowest mean score, signifying a better
interaction effect of treatment. This could be possible because men have larger hearts, greater
stroke volumes, higher haemoglobin levels, and increased vagal tone compared to women,
possibly due to variations in body size and composition, hormone differences, and increased
vagal tone®!. The findings of this study are in agreement with similar studies @re orted a
decrease in the heart rate of males and females following exercise programmgtes?® 32, This
study found no significant effect of circuit training programmerespiratory rate of
academic staff at Bayelsa Medical University in Yenagoa, Bay@%, based on sex, implying

that males and females adapted to the 8-week circuit with similar effect sizes for

respiratory rate. The findings of this study are in a 6?8 with previous studies that found no

significant interaction of treatment and sex on catdigfespiratory fitness®°. This study found that

the male participants in the control grou }a higher mean score compared to their female
.

counterparts, implying that the inte@n of treatment and sex had a better effect on the

respiratory rate of the female@' ants exposed to treatment than their male counterparts. In

the experimental group, 0@96 participants had a higher mean score compared to their female

counterparts, im@at the interaction of treatment and sex had a better effect on the
f the

respiratory rat@

The compiarison shows that female participants in the experimental group had the lowest mean

female participants in the experimental group than their male counterparts.

score, signifying a better effect of 8-week circuit training programmeme. This could be due to
women's reliance on fat metabolism during exercise which may result in smaller lungs due to
reduced carbon dioxide production. They may also exhibit different breathing patterns, favoring

slower, deeper breaths to meet oxygen demands, potentially reducing their respiratory rate®* 34,



The finding of this study is consistent with previous study that reported a decrease in male and
female cardiorespiratory variables®. This study found no significant effect of circuit training
programmeme on oxygen saturation of academic staff at Bayelsa Medical University in Yenagoa,
Bayelsa State, based on sex, implying that males and females adapted to 8-week circuit training
with similar effect sizes for oxygen saturation. The findings of this study are in agreement with
previous studies that found no significant interaction of treatment and sex on ¢ Q&epiratory
fitness*. This study found that the male and female participants in the control\grofip had an equal
mean score (97.10), implying that the interaction of treatment and sex@a equal effect on the
oxygen saturation of the male and female participants. In t %mental group, the male
participants had a higher mean score (97.50) compared to male (97.09) counterpart. This
implies that the interaction of treatment and sex h eﬁ%r effect on the oxygen saturation of
the male participants in the experimental gr{% their male counterpart. The comparison
shows that male participants in the experiﬁm group had the highest mean score, signifying a
.
better effect of 8-week circuit train@ogrammeme followed by female participants in the

same group. This may be due t&%aving higher hemoglobin levels, larger lung volumes, and

better matching of Ven&@Q and perfusion due to differences in body size and anatomy

compared to wot@e finding of this study is consistent with similar study that reported
increase in cardioreSp

iratory variables such as maximum oxygen uptake3?.

T@’Qudy found no significant effect of circuit training programmeme on body
composition of academic staff at Bayelsa Medical University in Yenagoa, Bayelsa State, based
on sex, implying that males and females adapted to the 8-week circuit training with similar effect
sizes for body composition®. The findings of this study are in agreement with previous studies

that found no significant interaction of treatment and sex on body composition®. This study



found that the male participants in the control group had lower mean body composition score
compared to their female counterpart, implying that the interaction of treatment and sex had a
greater effect on the body composition of the male participants than female participants. In the
experimental group, the male participants had a lower mean body composition score compared to
their female counterpart. This implies that the interaction of treatment and sex had a better effect
on the body composition of the male participants in the experimental group t Q& female
counterpart. This may be due to men having a higher proportion of muscle{mass”than women,
which can be increased through sub-chronic exercise training. Tl@a lead to increased
metabolic rate, which can reduce body fat percentage. al” variations, like higher
testosterone levels in men, can also influence body com I—ﬁ,promoting lean muscle mass
and reducing body fat*’. The finding of this study i c@nt with previous study that reported
decrease in body composition in males and femal

This study found no significant % of circuit training programmeme on muscle

.
strength of academic staff at Bayels’{@dlcal University in Yenagoa, Bayelsa State, based on
age, implying that all age grou@ ted to the 8-week circuit training with similar effect sizes
for muscle strength. The\@% of this study are in agreement with previous studies that found
no significant int &({0' of treatment and sex on muscle strength. The study shows that the
G

participants in@

group. In@rb experimental group, participants in age group 35-44 had the highest muscle

roup 35-44 had the highest muscle strength mean score (15.93) in the control

strength mean score (21.55). The overall comparison showed that the participants in the
experimental group had a better muscle strength mean score in age range 35-44. The finding of
this study is consistent with similar study that reported an improvement in muscle strength

regardless of age group?’.



This study found a significant effect of the circuit training programmeme on flexibility of
academic staff at Bayelsa Medical University in Yenagoa, Bayelsa State, based on age, implying
that age groups adapted to the 8-week circuit training with different effect sizes for flexibility.
The findings of this study are in contrast with similar studies that found no significant interaction
between treatment and age on flexibility?. The result of this study shows that the participants in
the age group 35-44 had the highest mean flexibility score (1.71) in the contr Q% In the
experimental group, participants in the age group 45-54 had the highest méan fl€xibility score
(4.47). The overall comparison showed that the participants in the % ental group had an
improved mean flexibility score in the age range of 45-54, @dings of this study are
consistent with similar studies that reported an improveme scle strength regardless of age
group?’. be

This study found no significant effect_of %écuit training programmeme on heart rate
of academic staff at Bayelsa Medical Un'\ésr[y in Yenagoa, Bayelsa State, based on age,
implying that age groups adapted to @S‘week circuit training with similar effect sizes for heart
rate. Insufficient evidence was \ itable to ascertain the interaction effect of treatment and age
on heart rate. The result study shows that the participants in the age group 25-34 had the
lowest mean scor('(ﬂ( in the control group. In the experimental group, participants in the age

group 25-34 @

articipa the experimental group had a better mean score in age range 25-34. The findings
’ K/

e lowest mean score (69.60). The overall comparison showed that the

of this study are consistent with similar studies that reported a decrease in heart rate regardless of
age group®®. This study found no significant effect of the circuit training programmeme on
respiratory rate of academic staff at Bayelsa Medical University in Yenagoa, Bayelsa State,

based on age, implying that age groups adapted to the 8-week circuit training with similar effect



sizes for respiratory rate. There was insufficient evidence to determine the interaction effect of
treatment and age on respiratory rate. The result of this study shows that the participants in the
age group 25-34 had the lowest mean respiratory rate score (17.39) in the control group. In the
experimental group, participants in the age group (45-54) had the lowest mean score (14.17). The
overall comparison showed that the participants in the experimental group had a better mean
respiratory rate score in the age range 45-54. The findings of this study are Q&stbnt with
similar studies that reported a decrease in cardiorespiratory fitness regardless 0f age group?®.
This study found no significant effect of circuit training programme xygen saturation of

academic staff at Bayelsa Medical University in Yenagoa, Bayta%, based on age, implying
m

that age groups adapted to the 8-week circuit training ilar effect sizes for oxygen
saturation. There was insufficient evidence to dete )3% interaction effect of treatment and
age on oxygen saturation. The results of this stud that the participants in the age group 25-
34 had the highest mean oxygen satu%hr score (97.16) in the control group. In the
experimental group, participants in {gsxroup 55-64 had the highest mean oxygen saturation
score (97.46). The overall co s:kg{ showed that the participants in the experimental group had

a better mean oxygen sak@ score in the age range of 55-64. The findings of this study are
consistent with &%mdies that reported an improvement in cardiorespiratory fitness
regardless of %gr up’,

TI@ dy found no significant effect of the circuit training programmeme on body
composition of academic staff at Bayelsa Medical University in Yenagoa, Bayelsa State, based
on age, implying that age groups adapted to the 8-week circuit training with similar effect sizes
for body composition. There was insufficient evidence to determine the interaction effect of

treatment and age on body composition. The results of this study show that the participants in



age groups 35-44 and 45-54 had the lowest mean body composition score (0.87) in the control
group. In the experimental group, participants in the age group 45-54 had the lowest mean body
composition score (0.84). The overall comparison showed that the participants in the
experimental group had a better mean body composition score in the age range of 45-54. The
findings of this study are consistent with similar studies that reported a decrease in body

R
O

composition regardless of age group?¥.
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Chapter Five
Conclusion
This chapter presents the conclusion of the study. The conclusion is organized to cover
the following: summary of findings, conclusion, recommendations, contribution to knowledge,

and suggested areas for further research.



5.1 Summary of Findings

The findings of this study on socio-demographic characteristics revealed that, most of the
participants are male. Similarly, it was shown that, most of the participants were in the age range
of 35-44 years. This study reveals that academic staff of Bayelsa Medical University, Yenagoa,
Bayelsa State, Nigeria had pre-field mean muscle strength of 15.93 + 0.91, flexibilit$ of 1.56 +
0.22cm, heart rate of 77.65 £ 0.58bpm, respiratory rate of 18.18 £ 0.33bpm, 0@ Saturation
0f 97.10 £ 0.14% and body composition of 0.87 + 0.01. &Q/

The findings of this study revealed a significant effect o it training on muscle
strength of the academic staff of Bayelsa Medical University, Bayelsa State, Nigeria.

The findings of this study revealed a significant eff@f circuit training on flexibility of
the academic staff of Bayelsa Medical University, YB%&, Bayelsa State, Nigeria.

The findings of this study reve B&igﬂiﬁcant effect of circuit training on
cardiorespiratory fitness such as hew respiratory rate and oxygen saturation of the
academic staff of Bayelsa Medical &{%ﬁy, Yenagoa, Bayelsa State, Nigeria.

The findings of this ’é@ revealed a significant effect of circuit training on body
composition of the académic staff of Bayelsa Medical University, Yenagoa, Bayelsa State,
Nigeria. C:\\'

This s@y found no significant effect of circuit training programmeme on muscle
strengﬂs\ogﬁlcademic staff at Bayelsa Medical University in Yenagoa, Bayelsa State, based on
sex.

This study found no significant effect of circuit training programmeme on flexibility of

academic staff at Bayelsa Medical University in Yenagoa, Bayelsa State, based on sex.



This study found no significant effect of circuit training programmeme on
cardiorespiratory fitness such as heart rate, respiratory rate and oxygen saturation of the
academic staff of Bayelsa Medical University, Yenagoa, Bayelsa State, Nigeria, based on sex

This study found no significant effect of circuit training programmeme on body
composition of academic staff at Bayelsa Medical University in Yenagoa, Bayelsa&e, based
on sex. Q

This study found no significant effect of circuit training pro raanQe on muscle
strength of academic staff at Bayelsa Medical University in Yenago@&elsa State, based on
age.
This study found a significant effect of circuit tra@gogrammeme on flexibility of
academic staff at Bayelsa Medical University in Ye a% yelsa State, based on age.

This study found no significant eﬁéb of circuit training programmeme on
cardiorespiratory fitness such as heart r &%piratory rate and oxygen saturation of the
academic staff of Bayelsa Medical U{K%sity, Yenagoa, Bayelsa State, Nigeria, based on age.

This study found no® {Qg‘fcant effect of circuit training programmeme on body

composition of academi@c Bayelsa Medical University in Yenagoa, Bayelsa State, based
on age. :‘@
\? Conclusion

The observed significant effect in muscle strength, flexibility, heart rate, respiratory rate,
oxygen saturation and body composition could be due to circuit training programmeme. Based
on the findings of this study, 8-weeks circuit training programmeme influences muscle strength,

flexibility, cardiorespiratory fitness and body composition of academic staff of Bayelsa Medical



University, Yenagoa, Bayelsa State, Nigeria. 8-weeks circuit training programmeme do not
influence muscle strength, flexibility, cardiorespiratory fitness and body composition of
academic staff of Bayelsa Medical University, Yenagoa, Bayelsa State, Nigeria based on sex. 8-
weeks circuit training programmeme influences flexibility of academic staff of Bayelsa Medical
University, Yenagoa, Bayelsa State, Nigeria based on age. 8-weeks circuit training
programmeme do not influence muscle strength, cardiorespiratory fitness and b ontposition
of academic staff of Bayelsa Medical University, Yenagoa, Bayelsa State, Ni@ ased on age.
¢\

53 Recommendations &

Based on the findings of this study, the following recom ons were made:

1. Academic staff should be encouraged to particip@n 1rcuit exercise because they are at
risk of acquiring metabolic illnesses and a&le to sedentary lifestyle. Furthermore,
because circuit exercise can be seP@inistered, the economic/financial burden of
registering in a traditional gym %@s decreased.

2. Future research should.ax(@&for nutritional consumption and daily energy expenditure,
as these factors ma b@re relevant for body composition and lipid profile.

3. Academic instithtions and government should prioritize sensitization on exercise and

thSiC%I &y\y, and also consider implementation of regular aerobic exercise for staff.

5.4 Cé&utions to Knowledge

A

This study contributed to knowledge in the following ways:
1. The Ogbara Freedom Festus circuit training programmeme can be used to improve

physical fitness parameters irrespective of age and sex.



2. The study’s findings indicate that an 8-week circuit training programmeme can be used to
improve muscle strength.

3. The study’s findings indicate that an 8-week circuit training programmeme can be used to
improve flexibility.

4. The study’s findings indicate that an 8-week circuit training programmeme can_be used to
improve cardiorespiratory fitness. Q

5. The study’s findings indicate that an 8-week circuit training programv@an be used to

improve body composition. Q

6. The study’s findings indicate that an 8-week circuit tra16 ogrammeme can be used to
sex

improve physical fitness parameters irrespective of

>

5.5 Suggested Areas for Further Research

The following suggestions were made for r research based on the findings of the study.
1. This type of research can be du &%& among academic staff at other tertiary institutions
in Nigeria.

2. This type of stud 0@6 reproduced among non-academic staff at Nigerian tertiary

institutions %

3. Other es&c}ers can focus on other fitness components that were not investigated in this
stud¢anfuture investigations.

4. \Eaercise duration, frequency, and intensity can be varied from those used in this study to

examine the effect of circuit training on physical fitness markers.
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Appendix 11

Ogbara Freedom Festus Circuit Training Exercise Programmeme for Treatment Groups
for Eight Weeks
Week 1 and 2 (Monday, Wednesday and Friday)

Warm-up Activities (10 minutes)

A

Stations Exercise Number of Sets  Time/ Station Regt™\ “Between
(Sec) Station’(Sec)
1 Medicine ball chest pass 4 40 seconds &Mconds
2 Jumping jack 4 40 seconds 5 seconds
3 Wall sit 4 40 seconds 25 seconds
4 Plank 4 40 sec & 25 seconds
5 Rope skipping 4 40 s 25 seconds
6 Frog jumps 4 4@nds 25 seconds
7 High knees 4 seconds 25 seconds
8 Russian twist 4 f@seconds 25 seconds
9 Plank to push ups 4 h 40 seconds 25 seconds

Cool Down Activities (10 minutes)

Week 3 and 4 (Monday, Wednesd

Warm-up Activities (10 minﬁt@

O

L4

O
)

Friday)

Stations Exercise \) " Number of Time/ Station (Sec) Rest
\\ Sets Station (Sec)

1 Bench g:e.&?pg\ 5 40 seconds 25 seconds
2 Modifi sh-ups 5 40 seconds 25 seconds
3 B quat 5 40 seconds 25 seconds
4 minal crunch 5 40 seconds 25 seconds
5 ping jack 5 40 seconds 25 seconds
6 Glute bridges 5 40 seconds 25 seconds
7 Mountain climbing 5 40 seconds 25 seconds
8 Leg raises 5 40 seconds 25 seconds
9 Russian twist 5 40 seconds 25 seconds

Cool Down Activities (10 minutes)



Week 5 and 6(Monday, Wednesday and Friday)

Warm-up activities (10 minutes)

Stations Exercise Number of Sets Time/ Station (Sec) Rest  Between
Station (Sec)
1 High knee jogging 5 50 seconds 25 seconds
2 Sit up 5 50 seconds 25 seconds
3 Lunge 5 50 seconds 25 seconds
4 Push up 5 50 seconds 25 second: \
5 Burpee 5 50 seconds 25 seco Q
6 Jump lunges 5 50 seconds 25 sego
7 Side leg raise 5 50 seconds 25se S
8 Bicycle crunches 5 50 seconds conds
9 Glute bridges 5 50 seconds seconds
10 Wall sit 5 50 seconds seconds
Cool Down Activities (10 minutes) Q
Week 7 and 8 (Monday, Wednesday and Friday) ’bQ
Warm-up activities (10 minutes) ,bb
Stations Exercise Number of Se S\Qime/ Station (Sec) Rest  Between
. Station (Sec)
1 Burpee 5 CO\ 60 seconds 15 seconds
2 Push up 5 '\ 60 seconds 15 seconds
3 Rope skipping Q 60 seconds 15 seconds
4 Plank 9\ 60 seconds 15 seconds
5 Bench squat Q 60 seconds 15 seconds
6 Scissors kick 5 60 seconds 15 seconds
7 Medici ’\%1 5 60 seconds 15 seconds
chest ss\
8 Ste 5 60 seconds 15 seconds
9 ank 5 60 seconds 15 seconds
5 60 seconds 15 seconds

Si
10 . Q% squat
v

Cool Down Activities (10 minutes)



Proposed Training Programmem for Control Group for Eight Weeks

Week 1
Topic Objective Activities Duration
Concept of nutrition ~ To examine the meaning Discuss the meaning of 40 minutes

of nutrition. nutrition and its benefits
Week 2
Topic Objective Activities Duration
Classes of food and To list macronutrients: Discuss macronutrients and 40 minutes
its nutrients carbohydrates, proteins their functions. &

and fats. ,\Q‘
Week 3 U
Topic Objective Activities P Q Duration
Classes of food and To list micronutrients: Discuss micron t@ “and 40 minutes
its nutrients vitamins and minerals their functions.

N

Week 4 ,\0
Topic Objective Activitié\‘) Duration
Food sources To list food sources of Mentg\ ood sources of 40 minutes

macro and nd micronutrients

micronutrients .,\0
Week 5 ®
Topic Objective \\ " Activities Duration
Nutrient requirements To list the iénts Mention the recommended 40 minutes
and recommendations required b % dy nutrients required by the

R\ body
N
Week 6 N \Q
Topic Objettive Activities Duration
Healthy eaﬁrﬂ) examine healthy Discus healthy eating 40 minutes
patterns ( \ edting patterns. patterns.
N\

Week 7 A§
Topic r;ov Objective Activities Duration
Dieta lines To examine the meaning Discus the meaning of 40 minutes

of dietary guidelines. dietary guidelines.
Week 8
Topic Objective Activities Duration
Nutrition-health To examine the role of Discus chronic diseases 40 minutes

related conditions

nutrition in preventing
chronic diseases

associated with nutrition




Appendix 11T

Physical Activity Readiness Questionnaire

Medical Questions

YES

NO

1. | Have you ever had any pain or injuries (ankle, knee, hip, back,
shoulder, etc.)?
2. | Have you ever had any surgery? \
3. | Has your doctor ever diagnosed you with a chronic disease, such as Q
coronary heart disease, coronary artery disease, hypertension (hig 0
blood pressure), high cholesterol or diabetes? )
4. | Has your doctor ever said that you have a heart condition 1t
you should only perform physical activity recomme a
doctor? 0
P\
5. | Do you feel pain in your chest when you perform p\)@cal activity?
6. | In the past month, have you had chest i@an you were not
performing any physical activity? ’56
7. | Do you lose your balance because B\@ziness or do you ever lose
consciousness? . *
. ’\'
8 | Do you have a bone or join@em that could be made worse by a
change in your physiqal@a' y?
‘\
9 | Is your doctor cutkgntly prescribing any medication for your blood

pressure or fo& condition?

Physical Act@ 18stions
\

10

N

Do @ partake in any Physical activities like, tennis, playing
e

fQ tc.?

11

B0 you have any hobby (reading, gardening, exploring the internet,
etc.)?

12

Do you usually engage in intense Physical Activity?




Appendix IV QJ
Lead City University, Ibadan

Faculty of Education

Department Of Kinesiology, Sports Science an@alth Education

Informed Consent
In order to assess muscle strength, flexibility, cardi ory fitness and body composition, the
undersigned hereby voluntarily consents to engage}g&lrcuit training programmeme.

A. Explanation of Test @

Circuit training consist of a series @ ically demanding, resistance-based, and aerobic

activities separated by a set of time for% tion to be completed.
B. Risk and Discomfort

Participants may experience unpl t symptoms such as discomfort in the muscles and pains at

the start of the training. Ho \Qr, the pains are merely some of the early side effects of the
training, which will fade @gh oxygen is produced by consistent involvement in the exercise
programmeme.

C. Expected@’%ﬁ
This study's findi ill benefit the field of exercise physiology by expanding the literature and
providing e@:al data for future research. This study's findings will help participants and

related pr nals by demonstrating the effect of circuit training on muscle strength, flexibility,
cardior tory fitness, and body composition.

D. Inquiries
Questions regarding the procedure of this research work will be accommodated.

E. Freedom of Consent
Your permission to perform this exercise Programmeme is strictly voluntary. You are free to
deny consent if you wish.



read this form carefully and I fully understand the programmeme procedure. I consent to
participate in this programmeme.

Signature of the participant

I certify that I have explained to the above individual the nature and purpose, the potential
benefit, risk and discomfort associated with the programmeme.

Signature of the Investigator

Appendix V

Pre-field Physical Fitness Parameter
N

S

Muscle Flexibility Heart Respi ‘o{? Oxygen Body

Strength (cm) Rate Rat@n Saturation = Composition

(30sec) (bpm) O\ (%)
1 22.00 2.30 68.00 W\N.5.00 98.00 .86
2 23.00 2.40 70.00 17.00 98.00 92
3 15.00 1.00 74.00 17.00 99.00 81
4 24.00 2.40 8@ 20.00 97.00 95
5 20.00 2.30 79. 14.00 97.00 92
6 20.00 220 5&%.00 16.00 98.00 91
7 20.00 2.40 \ .00 18.00 97.00 .85
8 20.00 3.00 75.00 19.00 97.00 .88
9 21.00 3. Q 73.00 19.00 97.00 .85
10 22.00 °$ 75.00 20.00 97.00 .84
11 13.00 Q 0 80.00 19.00 98.00 .82
12 22.00 Q .10 76.00 18.00 97.00 92
13 19.00 .10 78.00 20.00 96.00 .87
14 @ 1.10 78.00 19.00 97.00 .87
15 @ 1.60 82.00 19.00 96.00 .86
16 : .20 80.00 19.00 97.00 .82
17 .00 .10 81.00 20.00 98.00 .84
18 fb 10.00 .20 78.00 20.00 97.00 .89
1 Q 10.00 40 78.00 20.00 95.00 .90
20 5.00 .10 82.00 20.00 96.00 .83
21 22.00 2.20 69.00 14.00 98.00 .84
22 14.00 1.80 78.00 17.00 98.00 .84
23 13.00 2.60 82.00 13.00 98.00 .84
24 20.00 5.50 79.00 15.00 97.00 .84
25 20.00 2.40 73.00 15.00 97.00 92
26 20.00 2.30 76.00 17.00 97.00 .90
27 20.00 2.20 79.00 17.00 97.00 .90
28 21.00 3.40 78.00 19.00 97.00 .88
29 21.00 4.00 78.00 16.00 97.00 92




30 16.00 1.10 83.00 20.00 98.00 .82

31 12.00 1.20 78.00 18.00 99.00 .83
32 19.00 .20 82.00 18.00 96.00 .90
33 17.00 1.20 79.00 18.00 97.00 .88
34 18.00 1.20 78.00 19.00 97.00 .86
35 7.00 .10 82.00 20.00 98.00 .89
36 5.00 .10 78.00 19.00 96.00 .89
37 9.00 .10 77.00 21.00 96.00 91
38 11.00 .30 78.00 20.00 97.00 .89

39 12.00 20 81.00 20.00 95.00 .87
40 5.00 10 83.00 22.00 97.00 .82

mean+SEM  15.93+0.91 1.56+0.22  77.65+0.58  18.18+0.33 97.105:0.1@:&0.01

Appendix VI O
Post-field Physical Fitness Paraw

Muscle Flexibility Heart Respi Oxygen Body
Strength (cm) Rate Rate )  Saturation Composition

(30sec) (bpm) N\ (%)
N 15
17

1 22 2.4 70 fb 98 0.86
2 20 2.3 72 6 98 0.92
3 12 1.1 3.0 17 99 0.82
4 24 24 X 19 97 0.95
5 21 2.3 8 14 97 0.91
6 21 23 o %7 17 98 0.91
7 20 2.4 (_;\\' 4 18 97 0.85
8 20 20,07 75 19 97 0.88
9 22 . @ 74 20 97 0.85
10 21 75 20 97 0.84
|

11 10 Q &4 19 98 0.82
12 22 0.2 76 18 97 0.92

13 2 0.2 78 21 96 0.87
14 I{\, 1.1 78 19 97 0.86
15 Q;’ 17 82 19 96 0.86
16 6 03 84 19 97 0.82
17 > 5 0.1 30 20 98 0.83
18 10 0.2 78 20 97 0.89
] Q 1 0.4 82 21 95 0.9
20 4 0.2 84 20 96 0.84
21 26 6 65 13 98 0.83
2 19 41 70 13 98 0.83
23 25 4 60 12 98 0.82
24 22 7 77 13 97 0.83
25 28 3.8 70 14 98 0.91
26 24 44 70 15 o8 0.88
27 26 6.3 76 14 97 0.9

28 26 6.8 71 13 97 0.87




29
30
31
32
33
34
35
36
37
38
39
40

mean=SEM  17.90+0.99  2.62+0.32  74.28+0.95

26
20
16
20
19
19
10
12
11
17
14
10

5.6 68 12
3.2 70 15
3.8 69 14
5.1 60 14
52 70 15
2.9 68 14
1.5 78 15

1 74 16
0.8 77 17
0.6 68 15
0.9 73 18
0.7 80 18

16.55+0.43

98
98
99
96
97
98
98
96
97
98
95
97

0.91
0.81
82
0.88
0.87
0.78
0.88
0.88
0.89

.86+0.01

Appendix VII

Ethical Approval Q
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A. Personal Data
1. Full Name: Freedom Festus OGBARA
Address: Department of Kinesiology, Sports Science and Health Education, Lead City
University, Ibadan, Oyo State
E-mail Address: ogbaraf@gmail.com
Phone Number: 08038616077

2. Date and Place of Birth: 10" June, 1986/ Biogbolo-Epie \
3. Nationality: Nigeria QQ
4. Marital Status: Single QJ
5. No. of Children & their Ages: Nil &
6. Name and Address of Spouse: Nil %O
7. Name and Address of Next of Kin: Praise-God OGB ; Samphino Street, Kpansia,
Yenagoa, Bayelsa State Q
B. Educational Background Q
e Lead City University, Ibadan, Oyo St aster of Science Education (In-view),

Exercise Physiology, 2022-20 ’b
e University of Ibadan, Ibadan)Oyo State, Master of Science, Physiology (Applied
and Environmental Phy; .'le , 2016-2018.
e University of Benj nin City, Edo State, Bachelor of Science, Physiology,
2009 —2013. .$
e Communi mprehensive Secondary School Biogbolo/ Yenizue-gene, Yenagoa,
Beﬁ}ﬁte, West African School Certificate (WAEC), 1999-2005.
o C nity Primary School, Biogbolo/ Yenizue-gene, Yenagoa, Bayelsa State,
ést School Leaving Certificate (FSLC), 1993-1999.
C. %rQS and Fellowships: Nil
D.&rk Experience: With Dates(including courses taught where relevant)
e Assistant Gym Instructor (Internship). Doncont Homes and Apartments, Yenagoa,
Bayelsa State. May to August, 2023.
e Research Assistant (Volunteer).Applied and Environmental Physiology Unit,
Department of Physiology, University Of Ibadan.2016-2018.



= 0

e Class Room Teacher. Nadam International Academy, Samphino Road, Kpansia,
Yenagoa, Bayelsa State. 2016-2022. I taught Biology and Health Education.
e Lecturer (National Youth Service Corps).School Of Nursing Ogoja, Ogoja, Cross
River State. 2014-2015. I taught Anatomy and Physiology.
Membership of Academic Professional Bodies: Physiological Society of Nigeria (PSN)
Publications:

e F. F. Ogbara, A. O. Ige, B. O. Adele, E. O. Adewoye, Erythroc embrane
Intergrity and Protein Activity in High Fat Diet Fed Ma istar Rats,
Nutrire ,47, 2022, 30, https://doi.org/10.1186/s411 10—022—001811—3

e F.F. Ogbara, K. O. Omosigho, I. Aikpitanyi, Neuroscience &aj ool in African
Translational Research, Nig J Neurosci, Manuscript N 022 017, 2022.

Notable Scholarly or Professional Accomplishments: Nil

. Major Conferences/Workshops Attended: %

e 4" NAPHER-SD SouthWest Conference, 2 July, 2023, at the Lead City
R

University. Titled Current Issues in Healt eation and Sports for Fitness and

Healthy Lifestyle. fb
e Biomolecular Workshop, 15T Jun , at the University of Medical Sciences,
Ondo, Ondo State. Titled B}}kgfraining on Molecular Biology Techniques:
Agarose Gel Electrophoresis:
Services in Lead City Unive\ : Nil
Extra Curricular Activi&gl\lolunteering for Community Development Work,

Travelling, and S%&Q\
e

s of Referees

K. Names and Ad
. PrQ!. Adeyanju. Department of Kinesiology, Sports Science and Health
u

du€ation, Lead City University, Ibadan.08034028072.
r. B. O. Adele. Applied and Environmental Physiology Unit, Department of
\/ Physiology, University of Ibadan, Ibadan, Oyo State. 08062895538.

Signature Date
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The University Compliance Certification

This is to certify that this thesis written by Freedom Festus OGBARA with Matric No:
LCU/PG/002896 in the Department of Kinesiology, Sports Science & Health Education, Faculty
of Education, Lead City University, Ibadan is in full compliance with the approved University

format and style.
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