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Course Companion definition 
The IB Diploma Programme Course Companions 
are resource materials designed to support students 
throughout their two-year Diploma Programme 
course of study in a particular subject. They wiJI help 
students gain an understanding of what is expected 
from the study of an 1B Diploma Progranune subject 
while presenting content in a way that illustrates the 
purpose and aims of the IB. They reflect the philosophy 
and approach of the IB and encourage a deep 
understanding of each subject by making connections 
to wider issues ,md providing opportimities for critical 
thinking. 

The books mirror the TB philosophy of viewing the 
curriculum in terms of a whole-course approach; 
the use of a wide range of resources, international 
mindedness, the TB learner profile and the TB Diploma 

18 mission statement 
The International Baccalaureate aims to develop 
inquiring, knowledgable and caring young people who 
help to create a better and more peaceful world through 
intercultural understanding and respect. 

To this end the 1B works ·with schools, governments 
and international organizations to develop challenging 
programmes of international education and rigorous 
assessment. 

The 18 learner profile 
The aim of all lB programmes is lo develop 
internationally minded people who, recognizing their 
corrm1011 humanity and shared guardianship of the 
planet, help to create a better and more peaceful world. 
lB learners strive to be: 

Inquirers They develop their natural curiosity. They 
acquire the skills necessary to conduct inquiry and 
research and show independence in learning. They 
actively enjoy learning and this love oflearning will be 
sustained throughout their lives. 

Knowledgable They explore concepts, ideas, and 
issues that have local and global significance. In so 
doing, they acquire in-depth knowledge and develop 
understanding across a broad and balanced range of 
disciplines. 

Progranune core requirements, theory of knowledge, 
the extended essay, ,md creativity, action, service (CAS). 

Each book can be used in conjunction with other 
materials and indeed, students of the TB are required 
and encouraged to draw conclusions fi-om a variety 
of resources. Suggestions for additional and further 
reading are given in each book and suggestions for how 
to extend research are provided. 

1n addition, the Course Companions provide advice 
and guidance on the specific course assessment 
requirements and on academic honesty protocol. 
They are distinctive and authoritative without being 
prescriptive. 

These programmes encourage students across the 
world to become active, compassionate, and lifelong 
learners who tmderstand that other people, with their 
differences, can also be right. 

Thinkers They exercise initiative in applying thinking 
skills critically and creatively to recognize and approach 
complex problems, and make reasoned, ethical 
decisions. 

Communicators They underst,md and express 
ideas and information confidently and creatively in 
more than one language and in a variety of modes of 
communication. They work effectively and willingly in 
collaboration with others. 

Principled They act with integrity and honesty, with 
a strong sense of fairness, justice, and respect for the 
dignjty of the individual, groups. and communities. 
They take responsibility for their own actions and the 
consequences that accompany them. 
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Open-minded They understand and appreciate their 
own cultures and personal histories, and are open to the 
perspectives, values, and traditions of other individuals 
and communities. They are accustomed to seeking and 
evaluating a range of points of view, and are willing to 
grow from the experience. 

Caring They show empathy, compassion, and respect 
towards the needs and feelings of others. They have 
a personal commitment to service, and act to make 
a positive difference to the lives of others and to the 
environment. 

Risk-takers They approach unfamiliar situations and 
uncertainly with courage and forethought. and have the 
independence of spirit to explore new roles, ideas, and 
strategies. They are brave and articuJate in defending 
their beliefs. 

Balanced They understand the importance of 
intellectual, physical, and emotional balance to achieve 
personal well-being for themselves and others. 

Reflective They give thoughtful consideration to their 
own learning and experience. They are able to assess 
and understand their strengths an d limitations in order 
to support their learning and personal development. 

A note on academic honesty 
It is of vital importance to acknowledge and 
appropriately credit the owners of information when 
that information is used in your work. After all, owners 
ofideas (in tellectual property) have property rights. 
To have an authentic piece of work, it must be based 
on your individual and original ideas with the work of 
others fuJly acknowledged. Therefore, all assignments, 
written or oral, completed for assessment must use your 
own language and expression. Where sources are used 
or referred to, whether in the form of direct quotation 
or paraphrase. such sources must be appropriately 
acknowledged. 

How do I acknowledge the work of others? 
The way that you acknowledge that you have used the 
ideas of other people is through the use of footnotes and 
bibliographies. 

Footnotes (placed at the bottom of a page) or 
endnotes (placed at the end of a document) are to be 
provided when you quote or paraphrase from another 
document, or closely summarize the information 
provided in another document. You do not need to 
provide a footnote for infom1ation that is part of a ' body 
of knowledge'. That is, definitions do not need to be 
footnoted as they are part of the assumed knowledge. 

Bibliographies should include a fonnal list of the 
resources that you used in your work 'Formal' means 
that you should use one of the several accepted forms 
of presentation. This usually involves separating the 
resources that you use into different categories (e.g. books, 
magazines, newspaper articles, Internet-based resources, 
CDs and works of art) and providing full infonnation as 
to how a reader or viewer of your work can find the same 
information. A bibliography is compulsory in the extended 
essay. 

What constitutes malpractice? 
Malpractice is behaviour that results in, or may result 
in, you or any student gaining an unfair advantage 
in one or more assessment component. Malpractice 
includes plagiarism and collusion. 

Plagiarism is defined as the representation of the ideas 
or work of another person as your own. The following 
are some of the ways to avoid plagiarism: 

• \\fords and ideas of another person used to support 
one's arguments must be acknowledged. 

• Passages th at are quoted verbatim must be enclosed 
within quotation marks and acknowledged. 

• CD-ROMs, email messages, web sites on the 
Internet, and any other electronic media must be 
treated in the same way as books and journals. 

• The sources of all photographs, maps, illustrations. 
computer programs, data, graphs, audio-visual, and 
similar material must be aclo10wledged if they are 
not your own work. 

• Works of art, whether music, film, dance, theatre 
arts, or visual arts, and where the creative use of a 
part of a work takes place, must be acknowledged. 

Collusion is defined as support ing malpractice by 
another student. This includes: 

• allowing your work to be copied or submitted for 
assessment by another student 

• duplicating work for different assessment 
components and/or diploma requirements. 

Other fonns of malpractice include cmy action 
that gives you an unfair advantage or affects the 
results of another student. Examples include, taking 
unauthorized material into an examination room, 
misconduct during an examination, and falsifying a 
CAS record. 
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Introduction
This book is the rst Course Book available for 
the International Baccalureate Sport, Exercise and 
Health Science course. The subject is one of the most 
exciting ways to study and apply science, and this is 
reected in the key aims of the course. For example, 
a knowledge and understanding of exercise science 
can play a prominent role in oering solutions to 
increasing levels of physical inactivity and globesity. 
This positions the study of Sport, Exercise and Health 
Science as a vital area of study in the 21st century 
for the inclusive and sustainable development of 
populations worldwide. Furthermore, major sporting 
events, such as the Olympics, the Asian games, the Pan 
American Games, the Paralympic games, the Rugby 
World Cup and the Soccer World Cup, highlight the 
importance of sports scientists in optimising mental and 
physical performance across time zones and in varied 
environmental conditions.

The curriculum model of the IB Sport, Exercise and 
Health Science course is divided into theory and 
practical work. Although not necessary, both the 
theoretical and practical components will be enhanced 
if considerable emphasis is placed on learning through 
the use of information and communication technology, 
such as dietary or motion analysis.   

Section A: Core topics
The core syllabus covers anatomy, exercise physiology, 
energy systems, movement analysis, skill in sport, and 
measurement and evaluation of human performance. 
This exciting journey can be the gateway to a career in a 
host of sport, exercise and health-related professions. 

Section B: Options
The four options available are: 

(A) Optimising physiological performance  
(B) Psychology of sport  
(C) Physical activity and health  
(D) Nutrition for sport, exercise and health

Section C: Practical experimental 
work and exam preparation
Chapter 17 will help to prepare you to put theory into 
practice - applied work in the laboratory and/or out in the 
eld. One of the main aims of this section is to develop 
inquisitive, internationally-minded people with a natural 
curiosity. In preparation for examinations (Chapter 
18), it is important that students clearly understand the 
dierence between the command terms and objectives 
that form the individual assessment statements. 

The worldwide growth of employment in sport, exercise 
and health-related jobs over the last four decades has 
been signicant and exponential. Those students with 
aspirations for studying at college and university will 
nd a wide range of undergraduate courses where a 
knowledge and understanding of this subject is relevant. 
A few examples include: Physical education, Coaching 
science, Physiotherapy, Public health and Applied sports 
science.

Writing this Course Book would not have been possible 
without a team approach. Thank you to my colleagues 
at the University of Edinburgh (Scotland), former 
colleagues at Loughborough University (England), 
UWIC (Wales) and Trinity University (Ireland), and the 
IB Diploma Programme teachers who have contributed 
in varying ways. In particular I would also like to thank 
John Bowers (England), Trevor Hayes (New Zealand), 
Donna Davies (Australia) Denise Stevenson (Singapore) 
and Maxine Small (Portugal) who have not only 
contributed but have done so with enormous goodwill, 
enthusiasm and interest – they continue to educate me 
towards global citizenship. Any errors and omissions 
are entirely mine and I welcome communication from 
you to point these out and to suggest improvements and 
updates for the next edition. 

I would like to dedicate this book to those who have 
had the greatest impact on my life: in memory of my 
mother and father, Mary and Bob Sproule; to my wife 
Maggie who continues to do so much in return for so 
little; my two wonderful children Sean and Laura-Beth 
who mean everything to me; to my students who are a 
continual source of joy and inspiration, and Mr Kunalan 
– an inspirational Singaporean Physical Educator 
and Olympian. In my role as Head of Sport, Physical 
Education & Health Science at the University of 
Edinburgh it is a privilege to take forward the vision of 
Alec Peterson (born in Edinburgh) who was responsible 
for the birth of the IB educational system. In the words 
of the Greek goddess of victory, JUST DO IT!

John Sproule, 
September 2012

vi
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Inoducion
The musculoskeletal system is made up of the skeletal system which includes 
the bones and joints, and the muscular system which contains the muscles. 
When bones come together, they form joints. Muscles cross these joints and 
pull on the bones causing movement at the joints. Therefore, the musculoskeletal 
system plays a vital role in allowing you to do all the movements that are needed 
in daily life. To understand how bones and muscles are involved in sporting 
actions such as running, jumping up to spike a volleyball, kicking a football 
or throwing a javelin, it is important to know about the location and structure 
of specic muscles and bones, and to understand how they work together. 

This chapter will introduce these topics and will provide a basis for future 
chapters that also refer to the musculoskeletal system.

anomicl minology
The body is made up of structures such as bones, muscles and organs, and is 
often divided into segments, for example the trunk, thigh and upper arm. The 
positions or locations of these structures are often described in relation to the 
positions of other body parts. In anatomy, there are a number of terms that 
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M u s c u l o s k e l e ta l  a n at o M yC h a p t   1

are used for this purpose. Sometimes, these terms are included in the names 
of muscles or other structures in the body and this can give you a hint about 
their location. The terms that are commonly used appear in the glossary on 
the previous page.

The position of each of these structures can sometimes be aected by posture 
or how an individual stands. Reference positions allow you to clarify exactly 
what starting posture an individual is in. The anatomical body position is a 
commonly used reference position where the individual stands upright, facing 
straight ahead with the feet parallel and close together, and the palms facing 
forward (see Figure 1.1). The fundamental starting position is sometimes 
used - this is identical to the anatomical starting position except the arms are 
in a more relaxed position with the palms facing the body. These starting 
positions are also useful when describing and demonstrating joint movements 
(this will be covered in chapter 4). 

Head

Anatomical starting position Fundamental starting position

Neck

Trunk

Arm

Forearm

Hand

Thigh

Leg

Foot

2 Figure 1.1: Anatomical and fundamental body positions

Skll sysm
The skeletal system is made up of the bones, cartilage, ligaments and joints of 
the body, and accounts for approximately 20% of body weight. The skeleton 
roughly determines the shape and size of the body (although this is also aected 
by nutrition, physical activity and posture). There are 206 bones in the skeleton 
and it is divided into two parts: the axial skeleton and the appendicular skeleton 
(see Figure 1.2). 

The axial skeleton contains 80 bones and includes the skull, ribs, sternum and 
vertebral column. The appendicular skeleton has 126 bones and includes the 
pectoral (shoulder) girdle, the pelvic (hip) girdle and the bones of the upper and 
lower extremities, i.e. the arms and legs. The pectoral and pelvic girdles attach the 
upper and lower extremities to the axial skeleton. The scapula and clavicle make 
up the pectoral girdle and the bones of the upper extremity include the humerus, 
ulna, radius, carpal bones, metacarpals and phalanges. The bones of the lower 
extremity include the femur, tibia, bula, tarsal bones, metatarsals and phalanges. 

The skeleton has several functions:

@ Protection of the vital organs The ribcage surrounds the heart and lungs, 
the skull encloses the brain, and the vertebrae surround the spinal cord. 

 TO DO
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@ Support and maintenance of posture
The skeleton provides a framework for 
the body and each part bears the weight 
of all structures of the body above it. Note 
how the vertebral bones get bigger as you 
move down the body as they have to bear 
more weight. Also the bones of the lower 
extremities are larger than those in the 
upper extremities as humans walk on 
their feet rather than their hands.

@ Providing attachment points for the 
muscles Muscles run from one bone to 
another and they are connected to the 
bones via tendons. Bones are not 
completely smooth but have roughened 
areas or prominent landmarks where 
the tendons of muscles usually attach. 
When muscles and tendons contract, 
they pull on the bones causing movement 
at the joints.

@ Storage and release of minerals such 
as calcium and phosphorus These 
minerals are important for muscle 
contraction and nerve activity. They are 
released into the blood to maintain mineral 
homeostasis and so that they can be 
distributed to other parts of the body. 

@ Blood cell production or haemopoiesis Red blood cells, white blood 
cells and platelets are produced in red bone marrow which is usually located 
in at bones such as the ribs and sternum or in the ends of long bones such 
as the femur and humerus.

@ Storage of energy Lipids are stored in yellow bone marrow which is located 
inside long bones. These provide important chemical energy reserves.

Axal sklt 
As already mentioned, the bones of the axial skeleton (skull, sternum, ribs and 
vertebral column) enclose important structures in the body and therefore their 
main function is to provide protection. 

Skull

The skull sits on top of the vertebral column and is divided into the cranium 
and the face. As well as protecting the brain, the bones of the skull also protect 
the eyes and ears and contain the teeth.

Vtbal clum

There are 33 vertebrae in the body, all stacked on top of each other to form 
the vertebral column. This column is very strong, but it is also very exible as 
it bends anteriorly (forwards), posteriorly (backwards), laterally (to the side) 
and rotates. The vertebrae are divided into sections and together they make 
up about 40% of the total height of the body. In the neck region, there are seven 
cervical vertebrae. Underneath this, there are twelve thoracic, ve lumbar, ve 
sacral, and four coccygeal vertebrae. The sacral vertebrae are fused together 
to form one vertebra, as are the coccygeal vertebrae. This means that the 
cervical, thoracic and lumbar vertebrae can move relative to each other but 
the sacral and coccygeal vertebrae cannot. 

The appendicular skeleton

The axial skeleton
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2 Figure 1.2: Bones of the axial and 

appendicular skeleton
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The vertebrae in each section of the spine have a similar structure, but there 
are some specic dierences in shape and function depending on where they 
are located. 

@ Cervical vertebrae are the smallest and have more movement than the 
thoracic and lumbar vertebrae. 

@ Thoracic vertebrae are less mobile because the ribs attach to the sides of 
each vertebra and therefore restrict movement. 

@ Lumbar vertebrae are the biggest and strongest as they play a major role 
in weight-bearing and therefore absorb high compression loads. 

@ Sacral vertebrae transmit weight from the body to the pelvis and the legs.

Figure 1.3 illustrates the features that are common to all vertebrae. The largest 
and attest part of each vertebra is called the body. Towards the back of each 
vertebra there is a hole called the vertebral foramen. As the vertebrae are 
stacked on top of each other, these holes line up to form a canal along the 
length of the vertebral column; the spinal cord is located inside this canal. 
There is also a gap on either side of the vertebrae where the spinal nerves 
emerge from the spinal cord. Each spinal nerve innervates a dierent area of 
the body. 

The bodies of the vertebrae do not actually touch each other as there is an 
intervertebral disc between each one. These discs have a tough outer ring of 
brocartilage called the annulus brosus, and a soft, gel-like, elastic structure 
in the middle called the nucleus pulposus. The discs make the vertebral column 
more exible and they atten and bulge out to the sides when they are 
compressed making them important shock absorbers. 

Spinous 

process

Body

Intervertebral 

disc

Transverse 

process

Spinous

process

Transverse 

process

Body

Vertebral 

foramen

Spinal cord

2 Figure 1.3: Superior and lateral view of a typical vertebra

The vertebrae are arranged so that they provide the spine with four curves; 
these can be seen when looking at the vertebral column from the side 
(see Figure 1.4). The cervical and lumbar curves are anteriorly convex (curve 
outwards at the front) while the thoracic and sacral/coccygeal curves are 
anteriorly concave (curve inwards at the front). The thoracic and sacral curves 
are called primary curves as these are present in the curled up position of a 
foetus in the uterus. The cervical and lumbar curves are secondary curves as 
they develop later when a child can hold their head up (after three to four 
months) and stand upright (after twelve to fteen months). 

The curves increase the strength of the vertebral column, help maintain upright 
balance, and absorb shock during weight-bearing exercise. The other specic 
functions of the vertebral column are to support the head, enclose and protect 
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the spinal cord, transmit weight from the body to the legs, and provide attachment 
points for the ribs and muscles of the back.

Cervical vertebrae

Thoracic vertebrae

Lumbar vertebrae

Sacral vertebrae

Coccygeal vertebrae

2 Figure 1.4: Lateral view of the vertebral column
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Stum ad bs
The sternum is a at bone that starts at the bottom of the throat and runs about 
halfway down the chest in the center. The ribs are curved bones that articulate 
with the sternum at the front and the thoracic vertebrae at the back. There are 
12 pairs of ribs in total. The rst seven pairs are called true ribs as they attach 
directly to the sternum. Ribs 8 to 10 are called false ribs as they attach to rib 
7 and therefore only attach indirectly to the sternum. Ribs 11 and 12 are 
oating ribs as they do not attach to the sternum—instead the tips can be felt 
at the lower part of the anterior ribcage. Together, the sternum, ribs and thoracic 
vertebrae form the thoracic cage. The intercostal muscles which are essential 
for breathing are located in-between the ribs, which is why any damage to the 
ribs also aects breathing.

Appdcula sklt
While the main function of the axial skeleton is protection, the appendicular 
skeleton is mostly involved in movement. 

Upp bdy
In the upper body, the pectoral (shoulder) girdles are formed by the clavicles 
and scapulae. The clavicles articulate with the sternum anteriorly and this is 
the only bony connection between the pectoral girdle and the axial skeleton. 
The scapulae are at, triangular bones that are located posterior to the ribcage. 
The scapulae articulate with both the clavicle and the humerus. 

The humerus is the bone in the upper arm and is a typical long bone, enlarged 
at the upper and lower ends. The upper end articulates with the lateral part of 
the scapula to form the shoulder joint, while the lower end articulates with the 
proximal ulna to form the elbow joint. The ulna is one of two long bones in the 
lower arm, the other being the radius. These bones lie parallel to each other 
with the ulna medial to the radius (in the anatomical body position). Between 
the bones, there is a layer of connective tissue called an interosseous membrane 
which keeps the bones together and helps to provide additional stability. Together 
these bones form the radioulnar joint where the bones rotate around each other. 

At the wrist, the radius and ulna articulate with the carpal bones. These are 
short bones and are arranged closely together in two rows of four. The distal 
row articulates with the metacarpals of the hand, which in turn articulate with 
the proximal phalanges. Each nger has three phalanges while the thumb has 
only two. These bones form the individual joints within the ngers which 
allow very ne, specic movements.

Lw bdy
The structure of the upper and lower extremities is very similar. The pelvis is 
made up of three bones fused together—the ilium, ischium and pubis. It 
articulates with the sacrum and therefore provides the link between the lower 
extremities, i.e. the legs, and the axial skeleton. 

There is one long bone in the upper leg called the femur which is enlarged at 
both the proximal and distal ends. The femur is the longest and heaviest bone 
in the body and it articulates with the pelvis in a hollow area called the 
acetabulum to form the hip joint. Distally, the enlarged femur articulates with 
the enlarged head of the tibia to form the knee joint. The tibia is the prominent 
bone found anteriorly in the lower leg—this is often called the shin bone. The 
bula is another long bone which runs parallel and lateral to the tibia. Similarly 
to the upper limb, these bones are held together with an interosseous membrane.

The patella (or kneecap) is a small, triangular bone located at the front of the 
knee joint. The patella increases the leverage of the tendon of the quadriceps 
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femoris muscle, maintains the position of the tendon when the knee is bent 
(exed) and protects the knee joint. 

At the ankle joint, the tibia and bula articulate with the talus which is one of 
the tarsal bones. However, the most prominent tarsal bone is the calcaneus 
which forms the heel bone. The distal row of tarsals articulates with the 
metatarsals, which in turn articulate with the phalanges. Again, each toe has 
three phalanges except the big toe which has only two.

Bons

Figure 1.2 illustrates that the bones in the human body vary widely in size and 
shape. The main factor in determining the size and shape of bones is their 
location and function. The four main types of bones are long, short, at and 
irregular.

@ Long bones usually have a long cylindrical shaft and are enlarged at both 
ends. They can be large or small but the length is always greater than the 
width. Long bones are the most important bones for movement. They 
include the femur, metatarsals and clavicle.

@ Short bones are small and cube-shaped and they usually articulate with 
more than one other bone. Short bones include the carpals of the hand 
and tarsals of the foot.

@ Flat bones usually have curved surfaces and vary from being quite thick 
to very thin. These bones provide protection and the broad surfaces also 
provide a large area for muscle attachment. Flat bones include the sternum, 
scapula, ribs and pelvis.

@ Irregular bones have specialized shapes and functions and include the 
vertebrae, sacrum and coccyx. 
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resists being stretched or torn apart. This structure has been 
likened to reinforced concrete where metal rods run through 
a block of concrete to reinforce it and give it strength. 

The structure of bone can be described by examining a long 
bone (see Figure 1.6). The shaft or mid-section of a long bone 
is called the diaphysis and is made up of compact bone or hard 
bone. Compact bone is relatively solid and dense, it has few 
spaces and it is also found in the outer layer of most other types 
of bone. It is important for protection and support, and resists 
the stress of weight placed on long bones. The ends of the bone 
are called the proximal and distal epiphysis and these are made 
of cancellous or spongy bone. Cancellous bone has an irregular 
latticework structure (like honeycomb) where there are many 
spaces. Cancellous bone is also found in short, at and irregular 
bones. As red bone marrow is stored in cancellous bone, blood 
cell production occurs here. 

A thin layer of articular cartilage covers the ends of the bone 
where they articulate with other bones to form joints. The 
main functions of this cartilage are to reduce friction between 
the bones and absorb shock. The area of bone that is not 
covered by articular cartilage is covered instead by a thin, 
shiny white membrane called the periosteum. This forms the 
outer lining of bone and is important for bone growth, repair, 
nutrition and attachment of ligaments and tendons. The 
medullary (marrow) cavity is the space within the diaphysis 
where yellow bone marrow is stored. There is a small opening 

in the diaphysis called the nutrient foramen. Blood vessels pass through here, 
enter the medullary cavity and provide the bone marrow and compact bone 
with blood and nutrients. 

 THEORY OF KNOWLEDGE
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Joins

A joint or articulation is where two or more bones come into contact or articulate 
with each other. The main function of joints is to increase mobility of the body 
and limbs. Think about how dicult it would be to play snooker, to do a free 
throw in basketball or to drink from a bottle if you had no elbow joint. The body 
contains several types of joints and these joints are classied according to a number 
of features. The most basic classication relies on the presence or absence of a 
joint cavity, in other words, if there is a gap between the articulating bones. 

Joints are further classied depending on the shape of the articulating bones 
or the types of tissue that connect the bones together. The shape of the bones 
and subsequently the amount of movement allowed varies between joints, 
therefore the structure and function of joints are highly interrelated. Some 
joints allow little or no movement, others allow movement in one direction 
only, while others allow a wide range of movements in several directions.

Jt mvmt ad stablty
Joint movement is inextricably linked to joint stability. Generally, the more 
movement a joint has, the less stability it has and the greater the risk of injury. 
Several factors aect stability around the joints including:

@ the shape of the bones and whether they interlock with each other or not
@ the area over which the bones are in contact
@ the exibility of the ligaments
@ the inuence of other soft tissue structures (muscles, tendons, joint 

capsules etc.)

Depending on the joint, there can be numerous ligaments surrounding it. 
Ligaments are strong, exible tissues that connect bone to bone. They can be in 
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the form of strap-like bands or round cords, and generally pass over joints. This 
allows them to provide stability and help maintain the normal bony arrangement. 
Ligaments restrain joint movements once they reach normal limits and resist 
movements that the joint was not designed for. For example, in the anatomical 
body position, there are ligaments located on the medial and lateral sides of the 
elbow joint. Their function is to resist sideways movements of the elbow. 

While ligaments are generally very strong, they can be torn if they are suddenly 
and violently stretched. Also, they are not very elastic and they take a long time 
to return to their original length after they have been stretched. If they are 
stretched abnormally for prolonged periods, they may be permanently damaged 
and may never return to their original length. This means that they can no 
longer provide stability for joints and there is an increased risk of joint injury. 

Typs f jts
There are three main types of joints: brous, cartilaginous and synovial. Fibrous 
and cartilaginous joints have no joint cavity whereas synovial joints do.

Fibrous joints have a thin layer of brous tissue connecting the edges of the 
two bones. This is continuous with the periosteum and no movement is allowed 
at these joints. An example would be between the sutures in the skull.

In cartilaginous joints, the bones can be separated by a brocartilage disc 
(e.g. the intervertebral disc located between adjacent vertebrae), or by a thick 
layer of hyaline cartilage (e.g. connecting the ribs to the sternum). There is 
limited movement allowed at these joints.

Synovial joints are the most commonly occurring joints in the body and are 
the most important joints for mobility. They have several distinctive features 
as you can see from Figure 1.7.

Perlosteum

Ligament

Joint cavity (contains
synovial uid)

Articular (hyaline)
cartilage

Articular capsule

Synovial membrane

2 Figure 1.7: Structure of a synovial joint 

@ The space between the bones is called the joint (articular) cavity.
@ A smooth, white layer of articular cartilage covers the articulating surfaces 

of the bones. This is usually hyaline cartilage but can occasionally be 
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brocartilage. The main functions of cartilage are to reduce friction, absorb 
shock and protect the bones. It varies in thickness depending on the amount 
of stress that it is exposed to. Cartilage can wear away from normal wear 
and tear or overuse (osteoarthritis) and, when it does, the bones grate on 
each other causing friction and pain during movement.

@ A sleeve-like structure called an articular capsule surrounds the joint. This 
capsule is exible enough to allow joint movements to take place while the 
tensile strength protects the joint from dislocation. In some joints, the bers 
of these capsules are arranged in parallel bundles to form ligaments which 
provide additional support.

@ The inside of the capsule is lined by a synovial membrane that secretes synovial 
uid. This uid has the consistency and appearance of uncooked egg whites 
which makes it quite viscous, however it does become more uid with 
movement. It lubricates the joint cavity, reduces friction and provides nutrients 
to the cartilage.

@ Menisci are semi-lunar discs of brocartilage that are found between some 
articulating bones, for example between the femur and tibia in the knee 
joint. The shapes of these bones are not very well matched, but these menisci 
allow the bones to t together more tightly. This provides greater cushioning 
and stability to the joint.

@ Bursae are small uid-lled sacs found where two structures rub against 
each other, for example between ligament and bone, between tendon and 
bone, or between skin and bone. As bursae are lined by a synovial membrane, 
they provide lubrication to the structures and therefore reduce friction. 
Bursae are found in areas of high stress all over the body. 

Typs f syval jt
Most joints in the body are synovial joints and they can be classied further 
depending on how much movement is allowed. The main types of synovial 
joints are gliding, hinge, pivot, condyloid, saddle, and ball and socket joints. 

@ Of all the synovial joints, gliding joints have the least amount of movement. 
The surfaces of the bones are at or slightly curved and they glide back 
and forth and from side to side across each other. Gliding joints are found 
between the tarsal bones and between the carpal bones. 

@ Hinge joints bend (ex) or straighten (extend) in one direction only, for example 
the elbow joint. Similar movements take place at the knees and in the small 
joints between the phalanges of the ngers and toes. Usually the surface of 
one bone is convex and it ts into a reciprocally shaped concave surface. 

@ In a pivot joint, one bone forms a ring in which the other bone rolls or 
pivots allowing rotation of the joint, for example the radius rotates around 
the ulna at the radioulnar joint.

@ Condyloid joints are formed where an oval or egg-shaped convex surface ts 
into a reciprocally shaped concave surface. For example, they are found 
between the radius and carpal bones of the wrist and allow movement in two 
directions (you can move your wrist both up-and-down and from side-to-side).

@ In a saddle joint, the bones are shaped like a saddle and a rider sitting in the 
saddle. An example of a saddle joint is found between the metacarpal of the 
thumb and the carpal bone next to it. These joints can move in two directions 
(side-to-side and up-and-down).

@ Ball and socket joints can move in all directions and therefore have the 
greatest amount of movement. They are formed when the sphere shaped 
head of one bone ts into a rounded cavity on the other bone, for example 
the shoulder and hip joints.

 TO RESEARCH

Whih f h fwig drib 
dd ji?
@  uixi (mvm rd  

ig xi)
@ Bixi (mvm rd  

w x)
@  trixi (mvm rd 

hr x plus  diri  
i bw)

 THEORY OF KNOWLEDGE

Mh f h mdr d wdg 
h w hv f m h 
b drivd frm rii 
viim, ijrd gdir d 
i mr mdr im h  f 
dvr frm pp dig 
hir bdi  i. Ghr 
v Hg' xhibi f r hm 
bdi (hp://www.bdwrd.
m/.hm ) i brrig h i 
bw i d r.

1. Di frm  hi 
dpi hw w hv  
gid hi wdg d hw 
r wdg d    
r hm m r big 
d d.

2.  cmpr d v h   
f dvr vr i 
   m f imprvig 
wdg f m.

11



M u s c u l o s k e l e ta l  a n at o M yC h a p t   1

JoinT DeSCriPTion DiAgrAM

Gliding joint

.g. bw h r 

b d bw h 

rp b

u  r igh 

rvd b

Hinge joint

.g. bw ji

a vx rf  i 

 v rf

Pivot joint

.g. rdir ji 

Rdd rf f  

b r rd i  

rig frmd b b d 

igm

Condyloid joint

.g. bw h rdi 

d rp b 

ov r gg hpd 

vx rf  i 

 ripr hpd 

v rf

Saddle joint

.g. bw h rp 

b d mrp f 

h hmb

a dd hpd b 

 gi hr b 

hpd i h g f  

ridr iig i h dd

Ball and socket joint

.g. hdr ji 

sphr hpd hd f  

b  i  rdd 

vi  h hr b

2 Figure 1.8: Types of synovial joint

 TO DO

Fr h f h mjr ji i h 

bd, idif h p f ji i i 

d i whih diri   

mv i.

 TO RESEARCH

Mblty ad stablty f th shuld ad hp jts

Bh h hip d hdr r b d  ji; hwvr 

hir rr r vr dir whih  mvm 

d hrfr bii. l  h digrm f h hdr 

d hip ji d hi b  h fr h  ji 

bii.

@ Bd  b rr, whih ji d  hi i m 

mbi? Whih i m b? expi r wr.

@ Wh hr fr d  hi migh i hi?

@ Hw d mbii d bii i fi f h 

hdr d hip ji?

@ Wh  d h hv  ijr ri?

Clavicle

Scapula

Pelvis

Humerus

Femur

Femoral head

Acetabulum
(hip socket)

Labrum

2 Figure 1.9: Shoulder and hip joints
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 TO THINK ABOUT
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Muscul sysm
There are over 600 muscles in the human body and these vary in size, shape 
and structure. Together they make up about 40–50% of the weight of the body.

Typs f muscl
There are three types of muscle: skeletal, cardiac and smooth. These have 
dierent functions and are located in dierent parts of the body. 

Skeletal muscle is under voluntary control and has a striated appearance, which 
means that it has alternating dark and light bands that are visible if you examine 
it under a microscope. Skeletal muscle has tendons that attach mostly to bone 
and therefore the main function of this type of muscle is to move the skeleton. 

Cardiac or heart muscle is also striated but it is under involuntary control 
therefore it contracts without you having to consciously think about it. 

Smooth muscle lines the walls of blood vessels and hollow organs such as the 
stomach and intestines. It is also involuntary but it does not have a striated 
appearance like skeletal and cardiac muscle.

Muscle has four main functions:

@ Movement occurs through the interaction of bones, skeletal muscles and 
joints. When skeletal muscles contract, they exert forces on tendons which 
then pull on the bones causing joint movement.

@ Muscles also move substances within the body. For example, smooth muscles 
help move food through the gastrointestinal tract, cardiac muscle pumps 
blood to all the tissues in the body and skeletal muscle helps return venous 
blood to the heart.

@ When postural muscles contract they help to stabilize and maintain body 
positions. For example, the posterior neck muscles contract to keep the 
head in an upright position otherwise it would fall forwards. Therefore 
muscles can be active even if there seems to be no movement at the joint.

@ When muscles contract either voluntarily or involuntarily (as with shivering) 
they can generate up to 85% of body heat.
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In this chapter, the main focus is on the larger skeletal muscles that are 
important for movement of the joints.

Deltoid

Erector spinae
(underneath)

Latissimus dorsi

Trapezius

Biceps
brachii

Triceps brachii

Iliopsoas

Sartorius

Gastrocnemius

Soleus

Rectus abdominus

Biceps femoris
Semitendinosus

Semimembranosus
Hamstrings

Gluteus maximus

Rectus femoris

Tibialis anterior

Quadriceps femoris

Vastus intermedius
(underneath)

Vastus lateralis
Vastus medialis

Pectoralis major

External oblique

2 Figure 1.10: Supercial and deep muscles of the body 

Ppts f muscl tssu
The properties of muscle include contractility, extensibility and elasticity. 

@ Contractility is the ability of muscle to contract and generate force when 
it is stimulated by a nerve. Muscle tissue is the only tissue in the body that 
has this property. Muscles are usually arranged in pairs so that when one 
muscle is contracted or shortened, the opposing muscle is stretched. 

@ The ability of muscle to be stretched beyond its normal resting length is 
called extensibility. 

@ Elasticity is the muscle’s ability to return to its original resting length after 
the stretch is removed.

To illustrate this, think about what happens when you lift a glass to drink some 
water. First, a nerve sends a signal to the muscle on the front of the arm (biceps 
brachii) telling it to contract. The muscle shortens using the property of contractility. 
As the elbow bends, the muscle on the back of the arm (triceps brachii) is stretched 
and lengthens thus demonstrating the property of extensibility. When the arm 
is lowered again, the triceps goes back to its original length because of elasticity. 

 TO THINK ABOUT
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Stuctu f skltal muscl
Fascia is a type of connective tissue that is located in-between and 
surrounding other tissues of the body such as muscles and bones. 
Fascia is made up of brous tissue, adipose (fatty) tissue and uid. 
It can be supercial, for example just under the skin, or deep, for 
example when it surrounds the muscles and attaches to bones. In 
general, skeletal muscles work together in groups to carry out 
specic actions rather than working independently. They are 
divided into compartments that contain groups of muscles which 
have the same function. Each compartment is surrounded by fascia 
and the same nerve innervates all of the muscles in the compartment. 

There are three layers of fascia in each individual skeletal muscle. 
These are called the epimysium, perimysium and endomysium 
(see Figure 1.11). 

@ The epimysium is the outer layer which covers the entire 
muscle. 

@ The perimysium surrounds bundles of muscle bers or fascicles. 
These fascicles are long, cylindrical and vary in length and 
width depending on the muscle. 

@ The endomysium is the layer of fascia that surrounds the individual 
muscle bres.

When a muscle is viewed under a microscope, thousands of long, cylindrical 
muscle bers can be seen lying parallel to one another. Looking at these more 
closely reveals smaller structures called myobrils which have light and dark 
bands and give the muscle the striated appearance that was mentioned earlier. 
These are arranged into a series of functional units called sarcomeres. Sarcomeres 
contain bands of contractile proteins called actin and myosin and are very 
important for muscle contraction. The structure and function of these sarcomeres 
will be covered in more detail in chapter 4.

When a muscle is trained through exercise or increased activity, the muscle will 
get bigger or experience hypertrophy due to an increase in the number of 
myobrils. When a muscle is not used, the number of myobrils will decrease 
and it will waste away or atrophy. Atrophy commonly occurs in people who are 
conned to bed because of illness or who cannot use a limb because it is in a cast.

When these layers of fascia continue on beyond the muscle bers, they form 
tendons which are tough, exible bands of brous connective tissue connecting 
muscle to bone. Tendons can be in various forms such as a rounded cord or a 
broad, at sheet called an aponeurosis. Groups of tendons can also be enclosed 
in tubes of brous connective tissue called tendon sheaths such as those found 
in the wrist. These sheaths contain synovial uid, which helps to reduce friction 
as the tendons move back and forth across each other. Tendons are very strong 
and transmit the forces generated by muscles to bone, therefore they play an 
important role in muscle contraction and joint movement. The eshy middle 
section of the muscle is called the muscle belly and this becomes prominent 
when the muscle contracts. 

Unlike ligaments and tendons, muscles have a good nerve and blood supply. 
The nerves that bring the impulses from the central nervous system to the 
muscle are called motor neurons. These neurons release neurotransmitters 
into the blood which stimulate the muscle to contract and produce force. There 
is also a rich network of capillaries which provide the muscle with oxygen, 
nutrients and calcium and remove waste products. This means that muscles 
are good at repairing damage, for example if a muscle is pulled or strained.

acin nd myosin ri 
pri rpib fr mvm

 TO THINK ABOUT

sm rrhr  bd-r  
im h  f phi 
iivi. a d b Bv 
 . (2009) xmid h r 
f rph i h idivid g 
m drig igh-w-g 
bd-r. Mgi r 
ig w d  mr 
g m vm  h r d 
f bd-r d h  w-w 
irv. th fd h h 
g m reduced i vm. 
Fr xmp, h  m 
rdd i vm b 6% fr w 
w, b 9% fr fr w, b 
12% fr ix w, d b 16% 
fr igh w. Wh migh hi 
hv impii fr prgd 
pigh?

Blood vessel

Muscle
ber

(cell)

Perimysium  
(surrounds bundles

of muscle bers)

Endomysium
(surrounds individual

muscle ber)

Tendon

Bone

Epimysium
(covers entire

muscle)

2 Figure 1.11: Structure of muscle
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o ad st f muscls
As already mentioned, muscles generally have a tendon on each end and 
these attach to roughened areas or prominent landmarks on the bone. Most 
muscles cross over one joint and are involved in movement at that joint, 
however some muscles cross two joints and can therefore inuence movement 
at both joints. 

The two ends of the muscle, or the attachment points, are called the origin 
and the insertion. Generally, one attachment stays xed while the other moves. 
The origin is usually the more proximal attachment, i.e. the end that is closest 
to the center of the body, and this is usually the bone that stays xed. The 
insertion is usually the more distal attachment, i.e. the end furthest away from 
the center of the body, and this is usually the movable bone. The major muscles 
of the trunk, upper extremities and lower extremities will be covered in this 
chapter. The muscle actions will be identied briey in this section and then 
described in more detail in chapter 4.

Muscls f th tuk
The trunk muscles are quite large and powerful and they play an important 
role in stability. Anterior muscles include the rectus abdominus and external 
obliques, while the main posterior muscle is the erector spinae. 

The rectus abdominus is the most supercial muscle in the anterior trunk 
(see Figure 1.12). Supercial means that it is located on or near the surface of 
the body. There are two of these muscles running upwards from the pubis to the 
ribs and sternum on either side of the midline of the trunk. These muscles have 
several tendinous lines going across them which give the characteristic “six-pack” 
appearance. When these muscles contract, they pull the trunk forwards, for 
example when doing abdominal crunches.

2 Figure 1.12: Rectus abdominus. Notice the tendons that are located running 

across the rectus abdominus that form the “six-pack”. 

Xiphoid
process  
of sternum

Tendinous
lines
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abdominus

Inguinal
ligamentLesser

trochanter
 of femur

Iliopsoas

Fifth rib

The external obliques are located on the side and front of the trunk, just under 
the rectus abdominus (see Figure 1.13). They originate on the lower eight ribs 
and run down to insert onto the ilium. These muscles are involved in sideways 
bending movements and rotation and, therefore, they are trained when doing 
oblique abdominal exercises. 
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Fifth rib

Xiphoid process
of sternum

External 
oblique

Ilium
(underneath 
muscle)

Inguinal
ligament

2 Figure 1.13: External obliques

The erector spinae muscles are a series of overlapping muscles that run alongside 
most of the spine (see Figure 1.14). Some of the muscles originate on the ilium 
and lumbar vertebrae, some originate on the thoracic vertebrae and ribs, while 
others start on the cervical vertebrae. As they insert at dierent points along 
the vertebrae they have an overlapping structure. When these muscles contract, 
they pull the trunk into extension so that the person is leaning backwards.

Erector

spinae

Ilium

Thoracic

vertebrae

Cervical

vertebrae

Lumbar

vertebrae

2 Figure 1.14: Erector spinae

MUSCLe origin inSerTion
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2 Table 1.1: Origin and insertion of selected muscles of the trunk
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Muscls f th upp xtmty
The upper extremity muscles are vital in many sports such as tennis, baseball, 
cricket and javelin. Some muscles stabilize the pectoral girdle which is important 
as it allows the other muscles around the shoulder to generate higher levels 
of force. Muscles of the anterior upper extremity include deltoid, pectoralis 
major and biceps brachii, while the trapezius, latissimus dorsi and triceps 
brachii are located posteriorly.

The deltoid muscle is one of the most prominent and useful shoulder muscles. 
It originates on the scapula posteriorly and clavicle anteriorly, and inserts onto 
the lateral humerus (see Figure 1.15). Therefore, it covers the anterior, superior 
and posterior parts of the shoulder giving it a rounded appearance. As the bers 
run across the joint in several directions, it is involved in most shoulder movements. 

Clavicle

Acromion process of scapula
Scapular spine

Deltoid

Scapula

Shaft of
humerus

2 Figure 1.15: Deltoid 

The pectoralis major originates on the clavicle, sternum and anterior ribs and 
covers the entire anterior chest region (see Figure 1.16). The tendon of this 
muscle forms the front of the armpit and it inserts to the inside of the humerus. 
This muscle is involved in all shoulder movements where the arm is brought 
forwards or upwards.

Clavicle

Pectoralis major

Humerus

Sternum

2 Figure 1.16: Pectoralis major 
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The biceps brachii muscle has two heads (hence bi-ceps) which originate on 
the scapula (see Figure 1.17). The muscle runs down the anterior aspect of 
the upper arm and inserts onto the radius and ulna just below the elbow joint. 
The biceps crosses the shoulder joint and the elbow joint which means it is 
involved in both shoulder and elbow movement; specically it exes or brings 
the arm upwards at the shoulder and bends (exes) the elbow.

Scapula
anterior
surface

Coracoid process 
of scapula

Biceps brachii, long head

Humerus

Biceps brachii

Medial epicondyle
of humerus

Ulna

Lateral epicondyle
of humerus

Radius

Biceps brachii, short head

2 Figure 1.17: Biceps brachii 

The trapezius muscle is a triangular-shaped muscle located on the posterior 
neck and upper back (see Figure 1.18). The origin is at the base of the skull 
and along the cervical and thoracic vertebrae, and it inserts onto the clavicle 
and scapula. Its main action is to raise the shoulders, however it also controls 
the movements of the scapula which is important to allow powerful shoulder 
joint movements to take place.

Base of skull
(underneath)

Scapula

Thoracic 
vertebrae
(underneath)

Cervical vertebrae
(underneath)

Trapezius

2 Figure 1.18: Trapezius

The latissimus dorsi muscle is a large muscle located on the back. Its origin 
runs from the sacrum and ilium up along the lumbar and thoracic vertebrae 
(see Figure 1.19). The tendon of this muscle forms the posterior border of the 
armpit and inserts onto the inside of the humerus close to the insertion of the 
pectoralis major. The latissimus dorsi brings the arm backwards (into extension) 
and rotates the arm inwards. This makes it a very important muscle in rowing, 
swimming and boxing and is highly developed in athletes from these sports. 
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Scapula

Humerus

Iliac crest

Ilium

Sacrum

Spinous process
of T7

Latissimus dorsi

2 Figure 1.19: Latissimus dorsi 

The triceps brachii muscle is located on the posterior upper arm and the origin 
has three heads (hence tri-ceps) on the scapula and humerus (see Figure 1.20). 
The insertion point is on the bony prominence on the proximal and posterior 
ulna (often referred to as the tip of the elbow). Like the biceps muscle, the 
triceps is involved in both shoulder and elbow movement where it extends or 
moves the arm backwards at the shoulder and straightens the elbow.

Scapula
posterior surface

Triceps brachii, long head

Ulna

Acromion process of scapula

Head of humerus

Triceps brachii,
medial head

Triceps brachii,
lateral head

Radius

2 Figure 1.20: Triceps brachii 
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2 Table 1.2: Origin and insertion of selected muscles of the upper extremity
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Muscls f th lw xtmty
The lower extremity muscles are generally bigger than the upper extremity 
muscles. This is because they have to bear the weight of the entire body and 
forcefully push o the ground to move the body forwards and upwards when 
walking. The iliopsoas, sartorius, quadriceps (rectus femoris, vastus intermedius, 
vastus medialis, vastus lateralis) and tibialis anterior are located anteriorly. 
The gluteus maximus, hamstrings (biceps femoris, semitendinosus, 
semimembranosus), gastrocnemius and soleus are located posteriorly. 

Iliopsoas is a deep muscle which originates on the lumbar vertebrae and ilium 
and attaches to the inner femur (see Figure 1.21).

Scapula
posterior surface

Triceps brachii, long head

Ulna

Acromion process of scapula

Head of humerus

Triceps brachii,
medial head

Triceps brachii,
lateral head

Radius

2 Figure 1.21: Iliopsoas

Sartorius runs from the ilium to the medial tibia and is the longest muscle in 
the body, crossing both the hip and knee joints (see Figure 1.22). Both the 
iliopsoas and the sartorius bring the thigh upwards at the hip while the sartorius 
also bends the knee.

Ilium

Femur

Fibula

Sartorius

Patella

Tibia

Patellar ligament

2 Figure 1.22: Sartorius 

There are four muscles in the quadriceps muscle group (rectus femoris, vastus 
medialis, vastus lateralis, vastus intermedius) which cover the front and sides 
of the thighs (see Figure 1.23). Rectus femoris originates on the ilium while 
the three vasti muscles originate on the femur. As the names suggest, vastus 
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lateralis is located on the lateral thigh, vastus medialis is located on the medial 
thigh, and vastus intermedius is located between these and underneath the 
rectus femoris. The tendons of these four muscles join together to form a 
common tendon known as the quadriceps tendon which inserts into the patella. 
The quadriceps tendon continues below the patella as the patellar ligament 
and inserts onto the anterior and upper tibia. The quadriceps muscles straighten 
the knee joint and therefore are very important in sports which involve jumping 
or kicking.

Vastus

intermedius

Vastus

lateralis

Femur

Vastus

medialis

Patella

Rectus 

femoris

Ilium

2 Figure 1.23: Quadriceps

Tibialis anterior is located on the front of the lower leg. It runs between the 
tibia and bula down the leg where it inserts onto the rst metatarsal and 
tarsal bones of the foot (see Figure 1.24). When this muscle contracts, it pulls 
the toes towards the shins and is therefore used in walking and running.

Head of bula

Femur

Patella

Tibialis anterior

First metatarsal

Tibia

2 Figure 1.24: Tibialis anterior 

Gluteus maximus is a large muscle which covers the posterior hip and buttocks 
(see Figure 1.25). It originates on the sacrum, ilium and coccyx and inserts on  
to the upper part of the lateral femur. When this muscle contracts, it moves 
the thigh backwards at the hip into extension.
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2 Figure 1.25: Gluteus maximus 

There are three muscles in the hamstring group (biceps femoris, semitendinosus, 
semimembranosus) and they are all located on the posterior thigh 
(see Figure 1.26). They all originate on the ischium, however they attach on 
dierent sides of the knee—the biceps femoris inserts on the head of bula 
and lateral tibia, while the semitendinosus and semimembranosus insert on 
the medial tibia. As they cross both the hip and knee joints, they extend the 
hip and ex the knee. These muscles are powerfully used when running and 
kicking; as a result hamstring strains are common in sprinters and footballers.

Ischium

Semitendinosus

Semimembranosus

Tibia Head of bula

Biceps femoris

2 Figure 1.26: Hamstrings 

The two main muscles in the calf are the gastrocnemius and the soleus 
(see Figures 1.27 & 1.28). The gastrocnemius is the most supercial of the 
two muscles and is the most prominent particularly when standing or walking 
on tiptoe. It has two heads which originate on the posterior femur and the 
muscle crosses both the knee joint and the ankle joint making it a two-joint 
muscle. The soleus originates on the posterior tibia and bula and is located 
underneath the gastrocnemius. The tendons of both muscles join together to 
form the Achilles tendon, which attaches to the calcaneus (heel bone).
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MUSCLe origin inSerTion
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2 Table 1.3: Origin and insertion of selected muscles of the lower extremity

 THEORY OF KNOWLEDGE

a 2012 r-i rv 
f gir frm P (Idi) h 
hw h idivid frm wr 
i-mi grp d  
hv w b mir di  
mprd  h frm highr 
i-mi grp. 

(khdir  . 2012. “Pr b 
hh i drprivigd Idi 
gir:   f w b m 
r drig pbr.” Bone.  
V 50. Pp 1048–1053)

expi wh i-mi 
fr m hv  giv  
 h b  f d 
i dvpig ri.

Gastrocnemius,
lateral head

Triceps
surae

Gastrocnemius,
medial head

Calcaneus

Achilles tendon

Soleus

Femur

2 Figure 1.27: Gastrocnemius 
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2 Figure 1.28: Soleus 
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Slf-sudy qusions 
1 Assume the anatomical starting position. Identify the bone that is:

@ proximal to the phalanges

@ anterior to the distal end of the femur

@ posterior to the clavicle

@ distal to the femur

@ inferior to the third rib

@ lateral to the tibia

@ medial to the radius

@ superior to the rst thoracic vertebrae.

2 Name the bones that make up the: 

@ axial skeleton

@ appendicular skeleton.

3 What bones form the pelvic girdle? 

4 What is the longest bone in the body?

5 What are the functions of the skeletal system?

6 What are the functions of the vertebral column?

S U M M a r Y

@ th xi  id h , rm, rib d vrbr. I mi 

fi i pri.

@ th ppdir  id h pvi d pr gird d 

 h b f h ppr d wr xrmii. th mi fi i 

mvm.

@ th fr mi p f b r g, hr,  d irrgr.

@ lg b hv  diphi, piphi, rir rig, prim, 

mdr vi, d ri frm. Dir pr f  g b 

i mp d  b.

@ Ji  b id  br, rigi d vi dpdig  

if hr i  ji vi d hw mh mvm i wd. svi ji 

 b frhr bid dpdig  h hp f h b d p 

f mvm wd.

@ th fr f  vi ji id h ji vi, ji p, 

vi mmbr, rir rig, br d mii.

@ thr r hr p f m—, rdi d mh.

@ th mi prpri f m r rii, xibii d ii. 

@ s m i md p f rmr whih  ghr i ri 

 frm mbri. th i i d mi whih giv m i 

hrrii rid ppr. Idivid m br r grpd 

ghr  frm fi, whih i r r grpd ghr  frm 

m. Grp f m wih imir fi r grpd ghr i 

mprm.

@ th dir v f m r rrdd b r f fi d 

dmim, primim d pimim.

@ th rigi d iri f m rfr  whr h h  b.

25



M u s c u l o s k e l e ta l  a n at o M yC h a p t   1

7 Name the types of bone. Which type is most important for movement?

8 Identify the type of bone that each of the following bones would be—patella, 
metacarpals, cervical vertebrae, sternum, radius, sacrum, tarsals.

9 How do the axial and appendicular skeletons dier in terms of their main 
function?

10 In which bones is compact bone usually found?

11 In which bones is cancellous bone usually found?

12 What are the ends and the shaft of a long bone called?

13 What would you nd in the medullary cavity of a long bone?

14 What factors aect the stability of a joint?

15 Name and briey describe the types of synovial joint that are found in the 
body. Which type of joint has most movement?

16 How do brous, cartilaginous and synovial joints dier?

17 What type of joint is the elbow joint?

18 Where is articular cartilage found and what is its function?

19 Where is synovial uid found and what is its function?

20 Where are bursae commonly found? Describe them and their function.

21 A tendon connects ______ to ______.

22 A ligament connects ______ to ______.

23 Name the important shoulder joint muscles.

24 Name the important hip joint muscles.

25 What is the longest muscle in the body?

26 What muscle is well developed in rowers?

27 Identify the muscle that goes:

@ from the ilium, lumbar, sacral and thoracic vertebrae across the lower 
and middle back to the humerus

@ from the ischium and femur to the lateral tibia

@ from the lumbar, thoracic and cervical vertebrae and ribs up along the 
length of the spine

@ from the anterior sternum and clavicle to the humerus

@ from the anterior tibia and bula to the tarsals

@ from the scapula down along the anterior humerus to the radius 
and ulna.

28 Name and briey explain the properties of muscle.

29 Name the layers of fascia found in muscle and identify where they 
are found.

30 What gives muscle its characteristic striated appearance?

31 Which muscles make up the calf ? Which is the most supercial?

32 How many muscles are in the quadriceps muscle group? Name them.

33 How many muscles are in the hamstrings muscle group? Name them.
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34 Label the bones on the following diagram.

k

c

d

e

f

g

o

p

q

r

s

t

h

i
j

l

m

n

b

a
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35 Label the features of this long bone.

a

b

i

j

k

c

d

e

f

g

h

36 Label the features of this synovial joint.

a

b

c

d

e

f

28



 DATA BASED QUESTION

B mir di (BMD) giv  im f b m. svr 
gidi di i h us mrd frr ri, BMD d  hg 
i BMD  h  f h fmr. thi ppr pr r frm h di 
d xmi if hr wr  ri dir i h mr. 

Black 

fmals 

Wht 

fmals 

Black 

mals 

Wht 

mals 

M BMD (g.m-2) 0.75 0.65 0.86 0.75 

a hg i 
BMD (%) 

–0.19 –0.51 –1.1 –2.1 

Frr ri  
(pr 1,000) 

4.1 10.1 3.1 4.3 

Source: Hochberg, M.C. 2007. “Racial Dierences in Bone Strength.” Transactions 

of the American Clinical and Climatological Association. Vol 118. Pp 305–15. 

1 I h ri f frr highr i b r whi? 
2 Idif wh fr m rib  hi ird ri. 
3 sgg w i whih h v f BMD  b ird?
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O B J e C t I V e S

By the end of this chapte students shoud be abe to:

@ intoduce the concept of homeostasis

@ descibe the stuctue and function of the ventiatoy system

@ conside the eative impotance of static and dynamic ung voumes

@ epain the pocesses of gas echange and tanspot

@ state the stuctue and function of bood ces

@ descibe the stuctues and functions of the cadiovascua 
system

@ detai the main esponses of the ventiatoy and cadiovascua 
systems duing eecise, incuding how taining aects these 
esponses

@ discuss the impotance of bood pessue and edistibution of 
bood ow

@ intoduce the functiona impotance of maima oygen 
uptake (VO2ma)

@ identify some of the factos that contibute to dieences 
in VO2ma. 

Inoducion

“Even when all is known, the care of a man is not yet complete, 

because eating alone will not keep a man well; he must also take 

exercise. For food and exercise, while possessing opposite qualities, 

yet work together to produce health.”
Hippocrates

Physiology is the study of how the human body functions and has intrigued 
mankind for centuries. Advances in technology have allowed us to explore in 
ever greater detail, progressing our knowledge and understanding to reinforce 
quite how remarkable the human body is. Exercise presents an excellent model 
to demonstrate just how eectively the systems within the body are regulated 
and interact with each other. Importantly, the same processes apply to everyone 
across a very wide spectrum, from elderly people trying to complete activities 
of daily living, to a highly trained athlete competing at the very top levels 
of sport. 
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 THEORY OF KNOWLEDGE

Haie Gebseassie is a ong-distance unne who was bon in 1973 in Asea, Asi 
Povince, Ethiopia. He was one of 10 chiden. Duing his chidhood, Gebseassie 
gew up on a fam and had to un 10 kiometes daiy to go to schoo (caying 
his books) which aid the foundation fo his unning caee. In 1995, he an 5000 
metes in 12:44.39 and boke the wod ecod (12:55.30). This wod ecod at the 
Wetkasse meet in Züich was voted ‘Pefomance of the Yea’ by Tack and Fied 
News magazine. At the 1996 Atanta Oympics, Gebseassie won his st Oympic 
god in the 10 000 mete ace. A coupe of yeas ate, in Hengeo, Netheands, 
he set a 10 000 mete wod ecod of 26:22.75. He enteed the 2000 Sydney 
Oympics and became the thid man in histoy to successfuy defend an Oympic 
10 000 mete tite. In 2005, Gebseassie went undefeated in a of his oad aces, 
which incuded a Bitish A-Comes ecod in the 10 000 metes at Mancheste, 
a win in the Amstedam Maathon by setting the ecod fo the fastest maathon 
time in the wod fo 2006 (2:06:20), and a new wod best fo 10 mies in Tibug, 
Netheands (44:24). Gebseassie decided not to take pat in the 2008 Beijing 
Oympics due to high ai poution eves in the city.

A central theory of human physiology is homeostasis, dened as maintenance 
of a constant internal environment. The underpinning theory in its current 
format was detailed in Walter Cannon’s seminal book The Wisdom of the Body 
(1932). It is based on the stability of several key variables, achieved by changes 
in a number of physiological systems. It has since become apparent that many 
systems within the body are continuously working in a highly coordinated 
manner to keep a large number of variables at, or as close as possible to, resting 
levels. Exercise presents a number of challenges to the homeostasis of the body 
and successful completion of exercise requires the systems within the body to 
function together, tightly regulating the conditions of the internal tissues. 

The cardiovascular and ventilatory systems are examples of such systems that 
work together to regulate variables such as the oxygen content of arterial blood, 
acid-base status and core body temperature, to name a few. The transport of 
oxygen is an excellent illustration of the body’s systems in action during exercise 
and this will present a common theme while studying the cardiovascular and 
ventilatory responses to exercise in this chapter. Indeed, the rate at which 
oxygen is taken into the body and used (known as oxygen uptake,VO

2
) is an 

excellent indicator of how well these systems are working together.

Muscle

PERIPHERAL

Mitochondria
Heart

Blood
Lungs

CIRCULATION

PULMONARY

CIRCULATION

VCO2

VO2

2 Figure 2.1: A version of Wasserman’s three cogs, illustrating the stages in the 
process from oxygen being taken in and used (oxygen uptake–VO

2
) with the 

carbon dioxide then being produced and removed (carbon dioxide output – VCO
2
)

Figure 2.1 shows how oxygen is transported from the atmosphere to exercising 
muscles for use in the aerobic energy systems. Note the representation of the 
systems as cogs that are required to t together and work dependent on one 
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another. Note also the importance of oxygen and carbon dioxide transfer 
between the systems, known as gas exchange (taking place in the shaded areas 
where the cogs meet).

In healthy humans these cogs work well at rest, irrespective of age. During 
exercise, when more oxygen is required by the active muscles, we can establish 
how well the systems are integrating by directly analysing the breathing 
responses and air content to calculate  VO

2
. This makes  VO

2
 a valuable marker 

of physiological function and an exercise physiologist will measure this during 
exercise to evaluate health and tness. The relevance applies to a patient with 
some form of respiratory or cardiovascular disease where exercise capacity is 
seriously compromised, as well as to the highly trained endurance athlete 
where adaptations to training have greatly increased exercise capacity.

 KEY POINT

The ventiatoy and cadiovascua systems wok togethe in a highy coodinated 
manne to incease oygen deivey duing eecise. This is pat of the body 
continuousy tying to maintain a constant intena envionment (homeostasis). 

 TO THINK ABOUT

The eece tet

Tests of physioogica esponses to eecise have changed consideaby. 
Eay epeiments wee inteested in eaning what happens to ty and futhe 
undestand the inteaction of systems. Most testing was conned to eseach 
pojects in speciaist abs, using eay foms of heat monitoing and gas 
echange equipment on peope who pefomed contoed eecise attached to 
consideabe amounts of equipment. 

Nowadays, eecise tests ae outiney conducted in a vey wide ange of 
settings: physica sceening of empoyees to conm tness to do a job (e.g. 
emegency sevices o miitay); heath testing in hospitas to detemine causes 
o impact of iness, as we as esponses to teatment; monitoing of athetes to 
evauate eves of tness and esponses to taining. 

Advances in technoogy mean that physioogica esponses to eecise can 
now be measued using a vaiety of onine systems that ae often potabe and 
wieess. This emoves many of the constaints on what can easiy be achieved, 
futhe enabing the study of eecise physioogy in action. The demands of 
many foms of eecise have now been we chaacteized, such that spot and 
eecise scientists can deveop vaious methods of optimizing pefomance 
though inteventions such as taining, nutition and cooing. 

homossis maintenance of a 
constant intena envionment

Gs xcng the tansfe 
of oygen and cabon dioide 
between the systems
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Vniloy sysm
The rst stage in the oxygen transport system 
is the breathing in of oxygen-rich air through 
the mouth or nose and into the lungs. The 
action of breathing is mostly an involuntary 
process, although we can control it by choice 
to an extent, e.g. holding your breath when 
under water or trying to blow up a balloon. 

The basis of air movement by breathing during 
rest and exercise is a principle of physics. A 
substance, air in this case, will ow from an 
area of higher pressure to an area of lower 
pressure. Therefore, for inhalation (breathing 
in) to occur the air pressure in the lungs needs 
to be lower than in the atmosphere. At  rest 
this is almost entirely caused by contraction 
of the muscular diaphragm (Figure 2.2) at the 
base of the chest cavity (thorax). The diaphragm 
pulls downwards and, because of a vacuum 
between the lungs, chest walls and diaphragm, 
this increases the volume of the lungs. This 
increase in lung volume reduces the pressure 
in the lungs causing air to ow from the 
atmosphere into the lungs to balance the 
pressure gradient. 

At rest, the exhalation (breathing out) process is passive (no energy required) 
as the diaphragm relaxes and therefore recoils back to its original position 
without any conscious muscular work. This recoil naturally reduces the volume 
of the lungs, increasing the pressure to greater than that of the atmosphere, 
causing air to ow back out again. The cycle then repeats and during exercise 
the principle remains the same. 

However, during exercise when more oxygen is needed by the active muscles 
and more carbon dioxide is being produced by the muscles, more air needs 
to be inhaled and exhaled at a faster rate. To achieve this, some additional 
muscles in the chest wall (external intercostal muscles), abdomen, and even 
the shoulders, can assist with increasing the lung volume during inhalation. 
Furthermore, contraction of these muscles during exhalation will also compress 
the lungs faster and more forcefully than the natural recoil. This is therefore 
an active process, requiring energy to fuel the muscles of the chest and 
abdomen.

The inhaled air initially passes through the conducting airways (the nasal and 
oral passageways, and the larger airways such as the trachea and bronchi) and 
although no gas exchange takes place here, the air is warmed, moistened and 
ltered by the lining of the airways. 

The airways continuously branch into smaller bronchioles and eventually end 
in small air sacs, each one known as an alveolus. This is where gas exchange 
takes place, with oxygen and carbon dioxide moving across the very thin barrier 
that separates the alveoli from the passing blood for further transport. 

The lungs are ideally designed for gas exchange as they cover a very large 
surface area (millions of alveoli make a total of approximately 50–100 m 2, 
equivalent to around half a tennis court), have a good blood supply, and have 
a very thin total distance between the alveoli and blood (0.4 µm).

 KEY POINT

The movement of ai in and out of 
the ungs is achieved by epeated 
contaction and eaation of 
musces in the base of the chest 
cavity (diaphagm) and chest 
wa to atenatey incease and 
decease the voume of, and 
theefoe pessue in, the ungs. 

2 Figure 2.2: Anatomy of the 

ventilatory system

Nasal passage

Lung

Ribs

Oral cavity

Pharynx

Larynx

Trachea surrounded

by cartilage rings

Bronchi

Bronchioles

Diaphragm

33



C A r D I O - r E S P I r AT O r Y E x E r C I S E P H Y S I O l O G YC h   te   2

 TO DO

Wht  g ve te  bt te?

Lu
n

g
 v

o
lu

m
e

 (
m

L)

6000

Maximum possible inspiration

Tidal

volume

5000

4000

3000

2000

1000

0

Inspiratory

reserve volume

Expiratory
reserve volume

Residual
volume

Total lung capacity

Vital capacity

The above tace shows the change in voume duing some esting beaths 
and some foced beaths (whee the peson beathes in and out as much as 
possibe). Fom the above tace, dene the foowing tems:
@ vita capacity
@ esidua voume
@ tida voume
@ tota ung capacity
@ inspiatoy and epiatoy eseve voumes.

Inteestingy, when we compae tained and untained peope of simia size, it 
becomes cea that these ung voumes ae not something that can be tained 
and ae not eated to aeobic tness. They ae mosty detemined by natua 
body size and age/heath status. 

In contast, the ate at which the ai can be ehaed is a vey sensitive make 
of ung function. Fo eampe, the maimum voume that can be beathed out in 
one second (Foced Epiatoy Voume in one second, FEV1) is often used as a 
test of dynamic ung voume.

An inteesting aea fo eseach at pesent is whethe taining the espiatoy 
musces can assist pefomance. In contast to oigina ideas in this ed, thee 
is some suggestion that taining these musces with specia esisted beathing 
devices can impove ong duation enduance pefomance by making beathing 
easie without any changes in ung voume.

G echge
Gas exchange in the lungs, as well as in other body tissues, takes place according 
to another passive process known as diusion. This is another basic principle 
of physics. Gas will move along a gradient from an area of higher partial pressure 
to lower partial pressure. Partial pressure is similar to concentration, but 
represents the pressure exerted by a single gas (e.g. oxygen) within a mixture 
(e.g. air, blood or tissue uid). 

In the lungs, the air breathed in is high in oxygen and low in carbon dioxide. 
The blood being pumped to the lungs from the active tissues via the heart is 
lower in oxygen and higher in carbon dioxide. Therefore, oxygen will diuse 
from the alveolus into the blood, and carbon dioxide will diuse from the blood 
into the alveolus (Figure 2.3). The blood leaving the lungs, now high in oxygen 
and low in carbon dioxide, will be pumped to the tissues via the heart. At the 

 KEY POINT

Gas echange is continuousy 
occuing between ai, bood and 
tissue. Gases move by a passive 
pocess caed diusion aong a 
gadient fom high pessue to ow 
pessue. The chaenge duing 
eecise is to ensue that the 
gadient is maintained, equiing 
changes in ventiation and in the 
cadiovascua system.
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tissues where oxygen is being used up and carbon dioxide produced, the 
pressure gradients will drive oxygen from blood into tissues and carbon dioxide 
from tissues into blood. 

During exercise, the pressure gradient at the tissues and lungs becomes greater 
as more oxygen is being used up and more carbon dioxide is being produced 
(Figure 2.3). The challenge for the lungs is to maintain resting partial pressures 
in the alveoli. This is achieved by breathing out the air with less oxygen and more 
carbon dioxide and then breathing in fresh air to maintain the pressure gradients 
for diusion to occur. Otherwise the exercise could not be sustained for long.

Lung To
pulmonary

vein
Capillaries

Alveoli

From
pulmonary

artery

Systemic
veins

Body
cells

CO2

PO2 40
PCO2 40
PO2 105

PCO2 46
PO2 100

PO2 100 PCO2 40PO2 40 PCO2 46

PCO2 40

CO2

O2

O2

Muscle

Systemic
arteries

Left
atrium

and
ventricle

Right
atrium

and
ventricle

2 Figure 2.3: Simplied version of partial pressure dierences between lungs, 
blood and tissues (all partial pressures are in the units of mmHg)

Vett g eece
The minute ventilation (VE) describes the volume of air being exhaled per 
minute (and inhaled as we don’t store air). 

VE is determined as the product of the size of each breath (VT 5 tidal volume) 
multiplied by the number of breaths per minute (Bf 5 breathing frequency).   

VE (L.min 1) 5 VT (L.breath 1) 3 Bf (breaths.min 1)

 TO DO

Compete the tabe beow that pesents some data coected duing an  
eecise test. 

ExErCisE inTEnsiTy durinG runninG aT proGrEssiVEly  

fasTEr spEEds

rest 8 
km.h–1

10 
km.h–1

12 
km.h–1

14 
km.h–1

16 
km.h–1

18 
km.h–1

VT

(l.b–1)
0.67 2 3.3 3.6 4

Bf

(b.min–1)
12 22.3 24.2 30 38

VE

(l.min–1)
8 40 58 98 115

2 Table 2.1: Comparison of VE, VT and Bf values at rest and during incremental 
exercise

As eecise intensity inceases, how is the inceased ventiation achieved?
35
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During exercise VE typically increases by increasing both VT and Bf (Table 2.1) 
to maintain resting gas partial pressures in the lungs and arterial blood supply 
to the active tissues. As the exercise becomes harder the ventilation increases 
further, such that in healthy individuals the homeostasis of arterial partial 
pressure of oxygen is preserved, even at maximal exercise intensities (with the 
exception of some highly trained athletes). This very tight regulation raises the 
question of how the ventilation response to exercise is controlled. 

Despite a very large amount of research conducted on this topic, there is no 
single factor in the body that regulates ventilation alone. Instead, researchers 
have identied a number of factors that can stimulate or inhibit ventilation 
according to the conditions, e.g. gas partial pressures, acidity, temperature, 
hormones. The relative contribution of these factors during exercise depends 
on the characteristics of the exercise, such as intensity, duration and environmental 
conditions. For example, we know that when exercising at altitude, where the 
atmospheric partial pressure of oxygen is reduced, receptors that are sensitive 
to the oxygen content of the blood stimulate increased ventilation. However, 
at sea level, in the majority of individuals, arterial oxygen content is kept 
constant. So, although oxygen can be a contributing factor, it would appear 
that during exercise the ventilation response is actually more sensitive to carbon 
dioxide increases, particularly during high intensity exercise.

 KEY POINT

Ventiation inceases in esponse 

to the inceasing intensity of 

eecise to maintain esting oygen 

and cabon dioide eves in the 

ateia bood suppying eecising 

musces. This is achieved by 

inceasing beathing depth and 

ate. The conto of ventiation is 

vey compe and no singe facto 

is esponsibe, athough cabon 

dioide pays an impotant oe.

 TO THINK ABOUT

Ee  the tce  Co2

The tem hypeventiation efes to an incease in ventiation 

above what is actuay equied to meet the oygen demand 

of the eecise. Such a esponse means that we ehae moe 

cabon dioide than necessay and ateia bood eves of 

cabon dioide fa. Such a dop in cabon dioide wi educe 

ou dive to beathe and thee ae two vey dieent ways in 

which we can demonstate this.

rebethg

In the past, some peope ecommended beathing into 

a pape bag when someone has had a 'panic attack'. The 

theoy behind this advice was that when a peson sues 

fom an acute peiod of heightened aniety he o she 

wi hypeventiate. This causes a dop in ateia cabon 

dioide which educes the stimuus to beathe, which in 

tun can cause the sensation of futhe panic as the peson 

becomes confused and futhe hypeventiates making the 

situation wose. 

This is not caused by an ecess of oygen being detected 

by the bain. By beathing in and out of a pape bag the 

peson beathes some of the cabon dioide back in and 

this buids up ove a few beathing cyces to estoe ateia 

cabon dioide eves. Povided the peson is abe to educe 

thei state of aniety thei beathing shoud etun to noma. 

NOTE: This epanation and pactice ony appies when thee 

is no futhe pathoogica cause fo the hypeventiation, 

othewise ebeathing coud actuay cause futhe pobems 

and pace the peson at inceased isk. This is why cuent 

st aid guidance advises against using such ebeathing 

techniques.
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B
During exercise the primary function of blood is transport to and from various 
tissues, whether it be transport of gases, nutrients, waste products, hormones 
or even heat. The total volume of blood in the body is around 5 litres for a 70 
kilogram male. Approximately 55% of this blood is uid known as plasma 
which contains some dissolved substances, and the remainder is blood cells 
and platelets. 

The primary role of platelets (< 1% of blood volume) is to assist in the process 
of repair following injury, but the blood cells have a variety of roles. White 
blood cells (< 1% of blood volume), known as leucocytes, are primarily involved 
in immune function, protecting the body from infection. Trillions of red blood 
cells, known as erythrocytes, make up around 40–45% of the blood volume 
which is known as the hematocrit, although the exact value is dependent on 
factors such as how well trained an individual is and gender. 

The increased volume of carbon dioxide produced during exercise is transported 
from the muscles to the lungs for exhalation, partly dissolved in blood but 
mostly in the temporary form of bicarbonate. Oxygen is less soluble in the 
plasma; only a few per cent of the total oxygen delivered to the active muscles 
is transported this way. Instead, oxygen temporarily attaches to an iron-rich 
pigment in the blood called hemoglobin. In the lungs where there is high 
partial pressure, oxygen easily binds to the hemoglobin. In the active muscle 
where partial pressure is lower, oxygen detaches and diuses from the blood 
into the active tissues. The deoxygenated red blood cells then return to the 
lungs (via the heart) where more oxygen can bind. 

If hemoglobin concentration can be increased by manipulating the hormone 
erythropoietin (EPO) responsible for stimulating red blood cell production, 
then more oxygen can be transported and aerobic exercise performance will 
improve. This is the reason behind many endurance athletes often living and/
or training at altitude, where less oxygen availability naturally stimulates more 
hemoglobin production so that when athletes return to sea level they can 
perform better. 

Hg beth

The wod ecod fo beath-hoding (19 min 21 s) beongs to 
an athete who takes pat in the spot of feediving, i.e. diving 
as deep into wate as possibe without suppementay ai. 
Thee is a ot of taining and technique to etended beath-
hoding and it shoud not be attempted unsupevised as 
it can eave the peson feeing dizzy and coud esut in 
downing o faing once back on and. 

Befoe the beath-hod the dive uses a ange of techniques, 
incuding meditation and beathing high concentations of 
oygen. Howeve, one impotant technique is a contoed 
hypeventiation fo a numbe of minutes. This educes the 
ateia cabon dioide eves and deays the stimuus to 
beathe consideaby, enabing the feedive to stay unde 
wate fo much onge. As stated, this can be dangeous 
and shoud not be attempted unsupevised. The ong-tem 
eects of epeated beath-hoding ae cuenty unknown.
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Unfortunately, there are also illegal methods that are abused in sport to achieve 
the same goal. For example, blood doping involves removing some blood from 
an athlete weeks before a competition and storing it while the athlete’s hemoglobin 
is restored naturally by EPO stimulation. Then just before the competition the 
stored blood is reintroduced so that hemoglobin concentration is higher than 
normal, more oxygen can be transported and exercise performance is better. 
Or athletes can be injected with synthetic EPO to achieve the same goal without 
even removing blood. The detection of synthetic EPO or blood doping abuse 
remains a very signicant challenge for the World Anti-Doping Agency (WADA), 
as signicant immediate benets can be achieved for athletes (see chapter 9).

Cct
Blood is transported around the body through an extensive network of blood 
vessels. These include the following:

@ Arteries These are vessels which are relatively large in diameter. They 
have thick muscular walls as there is considerable pressure exerted from 
the oxygen-rich blood in these vessels. They are responsible for transport 
away from the heart to tissues. (Tip: remember that arteries take blood 
away from the heart.) Arteries then branch into narrower arterioles.

@ Capillaries Supplied by the arterioles, these are very narrow vessels with 
very thin walls. They form an extensive branching network through tissues 
and are the sites of exchange between blood and tissues.

@ Veins The capillaries link to larger vessels called venules and then larger 
veins which are the vessels that deliver mostly deoxygenated blood back 
towards the heart. They are less muscular and brous than arteries as 
pressure is lower, so they are exible and contain valves to prevent back-ow.

Valve

Inner layer

Middle layer

Outer layer

Venule

Arteriole

Capillary

VeinArtery

2 Figure 2.4

The pump at the center of the cardiovascular system is the heart, which is a 
sequence of chambers enclosed by walls of specialist muscle bers called 
cardiac muscle bers. The heart is the link between two distinct loops of 
circulation (look at the central cog in Figure 2.1).

@ The pulmonary circulation delivers deoxygenated blood from the right 
side of the heart to the lungs for oxygenation and then back to the left side 
of the heart. 

@ The systemic circulation delivers this oxygenated blood from the left side 
of the heart to the other tissues of the body where oxygen is used up, and 
then delivers deoxygenated blood back to the right side of the heart for the 
cycle to continue. This includes the heart itself which consists of specialized 
muscle tissue and therefore needs to be supplied with essential blood 

 KEY POINT

Bood pays a numbe of vita 
functions in the body and, 
duing eecise, one of these 
is tanspot. Cabon dioide is 
mosty tanspoted in the fom 
of bicabonate, whie oygen is 
mosty tanspoted attached to a 
specia pigment caed hemogobin 
found in ed bood ces.

 KEY POINT

Bood is pumped aound the body 
though a seies of bood vesses, 
fom age muscua ateies to 
naowe ateioes, to vey naow 
and thin capiaies (whee gas 
echange occus), to age eibe 
venues and then veins containing 
vaves to pevent back-ow. The 
heat has the pimay function of 
pumping bood aound the body 
(systemic cicuation) and to the 
ungs (pumonay cicuation).
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2 Figure 2.5

through the coronary arteries. Any disruption to the coronary 
arteries will result in a heart attack as the cardiac muscle is 
starved of oxygen and therefore cannot function correctly.

The cc cce
The heart can be considered a four-chamber double-pump system. 
The left and right sides of the heart work in parallel simultaneously. 
Each has an atrium that rst receives blood from a vein and then 
pushes it into a larger and thicker-walled ventricle. The ventricle 
then pushes blood out of the heart into an artery for transport away 
from the heart. 

There are a series of valves between chambers that close and open 
by force in response to a highly coordinated sequence of muscle 
contractions. The valves ensure that the system operates in one 
direction and enable heart muscle contractions to increase pressure 
in the chambers for ejection of blood (either from an atrium into 
a ventricle, or from a ventricle into an artery and away from 
the heart). 

Unlike other muscular contractions in the body, the cardiac cycle 
does not require a nerve stimulation to make the heart muscle 
contract. This means that the heart makes itself contract and this 
is called a myogenic contraction. The sequential contractions of 
the chambers are initiated from a specialist group of cells called 
the pacemaker (or sinoatrial node, SAN), found in the wall of the 
right atrium. However, before detailing the stages of the cardiac 
cycle it is important to point out that the pacemaker ring rate is 
heavily inuenced by many factors. 

As well as direct hormonal stimulation (e.g. adrenaline) or manipulation by 
drugs, the autonomic nervous system (involuntary) can speed up or slow down 
the pacemaker ring rate by adjusting the relative contributions from the 
sympathetic and parasympathetic branches respectively. This involuntary 
control is an example of systems responding to a range of stimuli to try and 
maintain homeostasis, by increasing or decreasing the release of specic 
chemicals called neurotransmitters. For example, when exercise begins the 
parasympathetic stimulation is reduced (this normally keeps the heart rate low) 
and the sympathetic stimulation is increased, resulting in increased heart rate.

Left atrium

Left ventricle

Right atrium

Secondary pacemaker
(atrioventricular node)

Primary pacemaker
(sinoatrial node)

Right ventricle

2 Figure 2.6
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The pacemaker sends an impulse through the walls of the atria (left and right 
sides) to a second group of specialist cells called the atrioventricular (AV) 
node (Figure 2.6). This rapid conduction of the impulse causes the muscles 
in the walls of the atria to contract simultaneously, increasing the pressure in 
the atria and forcing blood from the atria, through the AV valves, into the 
ventricles. The AV valves then close. 

Following a very brief delay, the impulse is then conducted rapidly via a 
bundle of specialist cells called the Bundle of His. These cells rapidly conduct 
the impulse along the very fast conducting Purkinje bers that spread the 
impulse along the ventricle walls. This impulse now causes the bers in 
the ventricle walls to contract simultaneously, increasing the pressure in the 
ventricles and forcing blood up and out through the main arteries leaving 
the heart. 

The semi-lunar valves at the openings into the main arteries now close, and 
while the ventricles relax the cycle has already started again with the atria 
lling with blood returning to the heart ahead of the pacemaker ring.

B ee
In order for blood to ow around the body we have so far recognized the 
importance of the heart pumping the blood. We have mentioned the contraction 
and relaxation of the chamber walls to cause changes in the pressure exerted 
on the blood to drive it through and out of the heart and around the body. 
Accordingly, if we directly measure the pressure in the blood vessels leaving 
the heart (arteries), it uctuates according to the dierent phases of the cardiac 
cycle, between very high peaks as the ventricle contracts and forces blood out, 
to troughs were the ventricle is relaxing and no blood is being pumped out 
(semi-lunar valves are closed). These represent what are known as the systolic 
(contracting) and diastolic (relaxing) pressures respectively. 

In a resting, healthy adult the typical values would be in the range of 120 
mmHg (systolic) to 80 mmHg (diastolic), described as “120 over 80 mmHg”. 
This is the ideal balance to permit ecient emptying and lling of the heart, 
but with enough pressure in the system to maintain blood ow to the tissues 
of the body. The pressure (and extent of the uctuations) lessens as the blood 
goes from the arteries to arterioles and then capillaries. The pressure in the 
venules and veins is comparatively low and consistent, but it is the arterial 
pressure that is most important and this is what is routinely measured by 
physicians. 

 KEY POINT

The heat is made up of fou 
main chambes. The chambes 
have muscua was and ae 
sepaated by vaves. The two sides 
of the heat each have an atium 
(eceives bood) and a age 
ventice (ejects bood fom the 
heat). The bood is foced fom 
atia to ventices and then out 
of the heat by a seies of vey 
coodinated contactions of the 
heat musce. The contaction 
is initiated as an impuse in the 
pacemake which then taves 
though the heat musce causing 
the contactions in the coect 
sequence.

 TO DO

Use a stethoscope paced on the 
chest wa ove the eft side and 
isten to the sounds of the heat 
as it contacts (you wi hea the 
vaves cose in sequence) and then 
eaes (no sound). The sound of 
the heatbeat that we can hea 
with a stethoscope (“ub-dub, 
ub-dub”) is actuay the cosing of 
the AV vave (“ub”) foowed apidy 
by the cosing of the semi-una 
vaves (“dub”). Now cacuate the 
heat ate as the numbe of beats 
(“ub-dub” = 1 beat) in 15 seconds 
mutipied by 4 (beats pe minute).
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 TO DO

iteet b ee eg

Bood pessue can be measued manuay using an adjustabe pessue cu 
(that can be inated o deated gaduay to estict bood ow) attached to 
a pessue measuing device (a sphygmomanomete) and a stethoscope (to 
isten to an atey fo what ae known as the Kootko sounds). Atenativey, 
thee ae many commeciay avaiabe automatic bood pessue measuing 
devices, but the pincipe is eacty the same. 

The cu is inated to a pessue highe than systoic pessue (aound 150–
180 mmHg in a heathy young peson) to stop bood ow though the atey 
as it is compessed (thee wi be no sound in the atey beow the cu). The 
cu is then vey sowy aowed to deate. As the systoic pessue is eached 
a tapping sound can be head as bood is intemittenty abe to get though the 
bocked atey immediatey afte each heat contaction ony—the systoic 
pessue is noted at this point. With futhe deation the sounds wi disappea 
as fu bood ow is estoed—at this point the diastoic pessue is noted. 

aCTiViTy diasToliC prEssurE

(Hg)

sysToliC prEssurE

(Hg)

80 kg  

healthy male

Rest 75 116

Running 80 180

Lifting 150 240

100 kg  

unhealthy male
Rest 95 150

The tabe above pesents data fo a heathy tained 80 kg mae at est and 
pefoming two dieent actions (unning fast, a dynamic activity; tying to 
ift a vey heavy object, static but vey high foces), as we as esting data fo 
anothe untained and unheathy individua. Answe the foowing questions.
1 What eect does dynamic eecise have on bood pessue?
2 What eect does static eecise have on bood pessue?
3 Why is one highe than the othe?
4 What dieence is thee between the two paticipants at est?
5 Eevated bood pessue is known as hypetension. Why woud a highe 

bood pessue pesent a chaenge that may esut in heath compications?

B w tbt
During exercise, and even at rest, the diameter of the arteries, arterioles and 
opening/closing of capillaries needs to be carefully regulated to keep blood 
pressure at a sucient level to ensure cardiovascular function. This is achieved 
by involuntary control of the smooth muscle which lines the walls of the arteries 
and arterioles, and also around tiny sphincters throughout the network of 
capillaries. If all of this smooth muscle relaxed then there would not be sucient 
pressure to return blood to the heart and the cardiac cycle could not function. 
Therefore, the nervous system and cardiovascular system interact carefully so 
that there is sucient relaxation of some vessel walls and contraction of others 
to ensure that enough blood is passing through all organs requiring exchange, 
yet blood pressure is maintained.

During exercise the muscles that are being used become the main demand 
on blood ow, as more oxygen and nutrients are required and more waste 
products and heat need to be removed. Therefore, in addition to the increases 
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in cardiac output (below), more blood is directed towards the active muscles 
by dilating the arterioles supplying the muscles and opening more of the 
capillary network within the muscles. However, to prevent a resulting catastrophic 
drop in blood pressure throughout the whole system, the vessels supplying 
other organs in the body constrict and many of the capillaries are closed so 
that blood ow is reduced to these organs. 

As shown in Figure 2.7, some essential organs such as the brain and heart are 
protected so that they still have sucient supply (life could be compromised if 
either had insucient blood ow), but active muscles can demand as high as 
90 per cent of the total blood ow during exercise compared to only 20% at rest.

Rest

5000 ml

Liver (27%)
1350 ml

Kidneys (22%)
1100 mlOther

(7%)
350 ml

Brain (14%)
700 ml

Muscle (20%)
1000 ml

Heart (4%)
200 ml

Skin (6%)
300 ml

Exercise

25000 ml

Liver (2%)
500 ml

Kidneys (1%)
250 ml

Muscle (84%)
21000 ml

Other (3%)
780 ml

Brain (4%)
900 ml

Heart (4%)
1000 ml Skin (2%)

600 ml

2 Figure 2.7

acte cvc ee t eece
With ventilatory responses deemed to be sucient to maintain ecient gas 
exchange in healthy individuals, even during maximal exercise, the cardiovascular 
system is crucial to maintain function and attempt to maintain homeostasis in 
the face of the exercise challenge. Previous sections have highlighted various 
ways in which this is achieved to an extent, but it is the responses of the heart to 
dynamic exercise that can truly be considered “central”. Accordingly, the responses 
of the heart are very accurately regulated according to the demands of the exercise.

This is nicely illustrated by exploring the increase of blood ow out of the heart 
during exercise and how this is achieved. Cardiac output is dened as the 
amount of blood ejected from the left side of the heart (and therefore supplying 
the whole body except the lungs) in litres per minute. Cardiac output is 
determined by how quickly the heart is beating (heart rate in beats per minute) 
and the amount of blood being ejected with each contraction (stroke volume 
in millilitres per beat), according to the following equation:

Cardiac output 5 (Heart rate 3 Stroke volume) 4 1000

In order to achieve the increases in cardiac output required during exercise 
the heart beats faster (increased heart rate) and the heart lls and empties 
more during each contraction (increased stroke volume). As exercise becomes 
progressively harder, the heart rate and stroke volume both increase until their 
respective maximum rate and volume are achieved. As maximum cardiac 
output is reached so too is exhaustion and exercise cannot continue at this 
intensity (see section below). 

In contrast, during prolonged sub-maximal exercise at a xed intensity 
(endurance activities), the cardiac output is maintained at the same level 

 KEY POINT

Bood pessue must be maintained 

at the coect eve so that thee 

is sucient bood ow aound 

the body. Coodinated eaation 

and constiction of some bood 

vesses maintains pessue, but 

aso edistibutes bood ow to the 

active musces duing eecise.

 KEY POINT

Cadiac output inceases in 

popotion to the intensity of 

the eecise up to a maimum 

attainabe vaue. Inceased cadiac 

output is a poduct of inceased 

stoke voume mutipied by 

inceased heat ate.
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throughout as the demand stays constant with stroke volume and heart rate 
at values higher than rest. Interestingly, however, while cardiac output stays 
constant eventually the heart rate starts to increase slightly and progressively. 
This is known as cardiovascular drift and reects a decline in stroke volume, 
primarily due to changes in thermoregulation.

 TO DO

The tabe beow shows the cadiovascua esponses duing dynamic whoe-
body eecise fo 2 adut maes of simia age (20 yeas od) and size (1.8 m, 
70 kg), but one is sedentay and the othe is a we-tained enduance athete. 
Data eect 3 eves of eecise intensity: est; sub-maima eecise (Sub-
ma.) waking at  the same speed; and maima eecise (Ma.) at the point of 
ehaustion.

inTEnsiTy unTrainEd 

adulT malE

TrainEd adulT

malE

Heat ate (beats.min–1) rest 75 50

Sub-ma. 110 80

Ma. 197 195

Stoke voume 
(m.beat–1)

rest 60 90

Sub-ma. 85 112

Ma. 120 190

Cadiac output
(l.min–1)

rest 4.6 4.5

Sub-ma. 9.4 9.0

Ma. 19.7 32.2

1 Evauate the eect of taining on the cadiovascua esponses to sub-
maima and maima dynamic eecise.

2 Aside fom any dieences in taining status, pedict any dieences 
that you woud epect if the data in the above tabe wee compaed to an 
adut femae.

 TO THINK ABOUT

Sub-maima cadiovascua esponses ae dieent in chiden and aduts. Both 
boys and gis have a owe cadiac output than aduts at a given absoute  
sub-maima ate of wok. This owe cadiac output is attibutabe to a owe 
stoke voume, which is patiay compensated fo by a highe heat ate.  
The tabe beow shows the data fom a study compaing cadiovascua 
esponses to cycing and teadmi unning in 7–9 yea od chiden  
vesus 18–26 yea od aduts.

CardiaC ouTpuT

l.
1

sTrokE VolumE



HEarT raTE

bet.
1

CHild adulT CHild adulT CHild adulT

Cyce 
60 W

9.4 12.4 61.9 126.8 153.1 97.8

run 
3 mph

6.7 12.3 57.3 135.7 116.0 92.0

Dieences in sub-maima cadiovascua esponses between chiden and 
aduts ae eated to the smae heats and a smae amount of musce doing 
a given ate of wok in the chiden.
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Funcionl cciy of  cdiosioy 

sysms
It is clear that the response of the human body to exercise requires the successful 
integration and regulation of a number of systems in the body. There are limits 
to how hard theses systems can be pushed and this is reected in the varied 
durations and intensities of exercise that people can tolerate. The most commonly 
used marker of an individual’s aerobic tness brings us back to the importance 
of  VO2 discussed at the start of this chapter.

Maximal oxygen uptake ( VO2max) quanties the maximum rate that an individual 
can take in and use oxygen. The  VO2 is directly assessed by measuring the gas 
concentration and volume of air being breathed out at progressively increasing 
intensities of exercise. As the oxygen demand increases so too does the  VO2, 
until the person approaches their limit, that is their  VO2max. At this time, even 
if intensity (and therefore oxygen demand) is further increased, the  VO2 cannot 
increase any further and the person will stop exercising as they can no longer 
continue.

For this reason, the  VO2max is sometimes known as aerobic capacity and this 
is why it is a parameter of interest for physiologists working with both severely 
limited patients and elite endurance athletes. The patients will have a very 
low  VO2max and therefore cannot cope with what may seem relatively easy 
exercise to us. Whereas the elite endurance athletes will have very high  VO2max 
values and are therefore capable of the impressive endurance performances 
that we see in high performance sport.

fc eqt
In maximum exercise the Fick equation summarises the important relationship 
between maximum cardiac output, maximum arterio-venous oxygen dierence, 
and VO2 max:

VO2max 5 Maximum cardiac output 3 Maximum aterio-venous oxygen dierence

As well as a larger cardiac output, other positive endurance training adaptations 
include both a more eective blood “shunting” (redistribution) and increases 
in skeletal muscle microcirculation (ratio of capillaries to muscle ber). This 
helps to increase tissue oxygen extraction during intense exercise for both 
children and adults. Higher heart rates in children compared to adults during 
sub-maximal exercise do not fully compensate for the smaller stroke volume 
of the children. Children have a smaller cardiac output relative to adults at a 
given sub-maximal exercise oxygen consumption. As a result, the arterio-venous 
oxygen dierence increases to meet the oxygen requirements of the children.

During sub-maximal exercise a higher arterial-mixed venous O
2 

dierence 
[(a-v)O

2 
] in children also helps compensate for their lower cardiac output 

compared to adults to achieve a similar VO2. The table below shows the data 
from a study comparing responses to cycling and treadmill running in 
7–9 year old children versus 18–26 year old adults.

CardiaC ouTpuT

l. 1

(a-V)o
2

 e 100 

CHild adulT CHild adulT

Cyce 

60 W
9.4 12.4 11.1 8.9

run

3 mph
6.7 12.3 8.7 8.4

 TO DO

Fom the data povided in the tabe, 

use the Fick equation to cacuate 

the VO
2
ma of chiden and aduts 

when cycing at 60 W.
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When comparing VO2max values between dierent populations it is crucial 
to recognise that the values can be expressed in two formats: 

@ absoluteVO2max is reported in L.min 1

@ relativeVO2max is the same value but normalised according to body mass 
in ml.kg 1.min 1. 

For activities that are considered weight-bearing it is more appropriate to use 
the relative VO2max values as this makes an attempt to account for individual 
dierences in size and mass. This is important as dierences in size and mass 
explain the majority of the variability in absolute VO2max values between 
individuals, due to factors such as active muscle mass, heart size, blood 
volume etc. 

For example, an untrained healthy adult with a body mass of 70 kg may 
have an absolute VO2max of 3.0 L.min 1, which means a relative VO2max of 
42.9 ml.kg 1.min 1 (3.0 3 1000 to convert L to ml, then divide by 70kg). 
In contrast a 58 kg female hockey player may also have an absolute VO2max 
of 3.0 L.min 1, yet her relative VO2max of 51.7 ml.kg 1.min 1 reects her 
training adaptations that mean she will be able to run at faster speeds and for 
longer than the untrained male. Highest values of  VO2max have been recorded 
in cross-country skiers (over 90 ml.kg 1.min 1 in males and over 75 ml.kg 1

min 1 in females), however in those who are seriously ill the values can be 
considerably lower than even 20 ml.kg 1.min 1. The general pattern is therefore 
for relative VO2max to reect cardio-respiratory tness, although it must be 
recognised that there is still a lot of individual variation and these are population 
averages. For 20-year old males, an untrained healthy relative VO2max may 
be 40–45 ml.kg 1.min 1, with moderately trained in the range 45–55 ml.kg 1

min 1, professional team sport athletes 50–60 ml.kg 1.min 1 and top endurance 
athletes higher than 65 ml.kg 1.min 1. Changes in size between these groups 
mean that the training eects on absolute VO2 max will be less obvious.

Gee
Regardless of training status gender also has an eect. Absolute VO2 max values 
are considerably lower in age-matched females, primarily due to the size 
dierences. However, even when expressed in relative terms active, healthy adult 
females typically have lower VO2max values than males. For 20-year old females 
an untrained healthy range may be 35–40 ml.kg 1.min 1, moderately trained 
40–50 ml.kg 1.min 1, professional team sport athletes 45–55 ml.kg 1.min 1 and 
endurance athletes higher than 55–60 ml.kg 1.min 1. The primary factors that 
contribute to these gender dierences are related to body composition (dividing 
by body mass does not account for the naturally higher percentage of non-
oxygen-using body fat in females) and hemoglobin concentration to a lesser 
extent (males have slightly more hemoglobin than females).

age
A further important factor that inuences VO2max is age. During childhood 
and adolescence absolute VO2max increases according to patterns of growth 
and maturation, peaking in the early 20s for males and mid-teens for females. 
So children typically have much lower absolute VO2max values than adults 
due to their size. However, when the values are normalized to body mass male 
children and adolescents have very similar values to healthy adults, i.e. relative 
VO2max is very similar in male adults and children. Does this mean that a 
trained boy should be able to run a marathon in the same time as trained man? 
Children of course could not achieve such fast times and this nicely illustrates 
that normalising VO2max to body mass cannot fully explain dierences in 
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actual endurance performance, for a variety of reasons. In females the patterns 
of growth and maturation are clearly dierent (typically peaking earlier by a 
few years and with more accumulation of body fat and less muscle mass during 
puberty) and the eects on VO2max reect this. In girls absolute VO2max 
increases with growth, peaking in the mid-teens. However, relative VO2max 
actually tends to decrease from early-teens in girls, partly due to the changes 
in body composition, potentially in addition to changes in physical activity 
patterns. 

From adulthood, in males and females, the relative VO2max typically declines 
by approximately 1% each year on average. This reects a gradual decline in 
the maximum heart rate that can be achieved, although again changes in 
physical activity patterns may contribute. So, for a healthy untrained 
20-year-old with a VO2max of 45 ml.kg 1.min 1 natural ageing would mean 
that at 45 and 70 years old the VO2max would be expected to have declined 
to 35.0 and 27.2 ml.kg 1.min 1 respectively. This implies a steady decline in 
endurance capacity as we get older and any illness or injury will speed-up this 
decline. However, very importantly this does not mean that all elderly people 
have very low VO2max values and limited endurance capacity. Although the 
size of training response gets lower as we get older, physical exercise can still 
induce signicant improvements in VO2max in the elderly such that a trained 
65-year-old may well have a higher VO2max than an untrained and over-weight 
30-year-old. Indeed Masters athletes compete all over the world until the end 
of their lives. A remarkable example is that of Fauja Singh, a 100-year-old 
Briton who completed the Toronto Waterfront marathon in 2011.

Te  eece
A nal factor that can further inuence recorded values for VO2max is the 
type of exercise that is being performed. Within the same individual the highest 
rate of oxygen uptake that is recorded will be dierent dependent on whether 
the person is running or cycling for example. As more muscle mass is being 
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used during running (compared to cycling the upper body and postural muscles 
are being used more as this is a weight-bearing activity) it would be expected 
that a higher VO2max would be recorded compared to cycling. This is the main 
reason underpinning why the highest observed values are in cross-country 
skiers compared to runners – as cross-country skiing places more oxygen 
demand on the upper-body, in addition to the lower-body and postural muscles 
that are working hard in both types of exercise. 

Wht t Vo2?
Although we can see from Figure 2.1 that a limitation could occur anywhere 
in the oxygen transport system when VO2max is reached, it is widely believed 
that in the majority of healthy individuals the primary limitation is the capacity 
of the cardiovascular system to deliver oxygen. There are exceptions to this 
rule, including illness and extremely high aerobic tness levels, but in most 
cases it is believed that the ventilation system and oxygen use at the muscle 
do not cause someone to reach VO2max.

Hw e tg cee Vo2?
The training responses that can be seen following a period of aerobic training 
support the idea that training can increase VO2max. The increases in VO2max 
that are observed are underpinned, at least in part, by training-induced changes 
in the heart and cardiovascular system (central adaptations), as well as being 
helped by some changes within the muscle (peripheral adaptations). Centrally, 
the main training response is an increase in stroke volume at sub-maximal 
and maximal values. In contrast, the heart rate response becomes lower at 
sub-maximal intensities and the maximum heart rate is actually unchanged 
with training, it just isn’t reached until the person is working harder than before 
training (their capacity has improved). 

The mechanism responsible for the increased stroke volume is mainly an 
increase in the volume of the left ventricle, meaning that more blood can ll 
the ventricle ahead of each contraction. As well as some changes in the blood, 
the muscles also develop more capillaries so that more blood can supply oxygen 
to the exercising muscles. In terms of oxygen use, there are also some adaptations 
that occur within the muscle itself to increase the amount of oxygen being 
extracted from the blood as it passes. Collectively, these central and peripheral 
adaptations permit an individual to exercise harder as their VO2max has 
increased.

 TO DO

To become an Olympic champion you must choose the right 

parents!’  
Said by a vey famous Swedish eecise physioogist  
Pe-Oof Astand.

Evidence fom taining studies suggests that at east 
some of the vaiation in VO2ma between individuas can 
be epained by genetic vaiation. Howeve, thee is itte 
doubt that taining can have a positive impact on VO2ma. 
This aises a cassic question of tness—is it due to natue 
(genetics) o nutue (taining)?

Some vey insightfu eseach has compaed the taining 
adaptations of identica twins with non-identica twins. 
Inteestingy, both impoved but the esponses wee moe 

simia in the identica than non-identica twins, despite 
identica taining pogammes and simia initia tness 
eves. 
@ Why does such eseach impy that genetics must at 

east pay some pat? 
@ Why did using twins in both goups hep to answe the 

natue vesus nutue question?

A good way to think of this is that each peson may have a 
'ceiing' VO2ma that is detemined by thei genes, but this 
wi ony become imiting once that peson has tained and 
inceased thei VO2ma as much as possibe. Theefoe, 
peope with a ow untained VO2ma cannot bame thei 
genes as they have not eached thei genetic ceiing.

 KEY POINT

VO
2
ma is the maima ate of 

oygen uptake and epesents 
someone’s maima aeobic 
capacity. It is aected by factos 
such as taining status, age and 
gende.

 KEY POINT

Aeobic taining can incease 
VO

2
ma. The main mechanism 

is an inceased stoke voume, 
athough othe adaptations in 
the cadiovascua and muscua 
systems aso contibute. 
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S U M M a r Y

@ Homeostasis is the maintenance of a constant intena envionment. 
@ The ventiatoy and cadiovascua systems function togethe to maintain 

homeostasis duing eecise.
@ Ventiation functions to ensue that bood eaving the ungs is oygenated 

and ow in cabon dioide. Beathing occus by epeated contaction and 
eaation of musces aound the chest cavity.

@ No singe facto contos the ventiation esponse, athough cabon dioide 
pays an impotant oe.

@ Static ung voumes ae moe eated to size than heath o tness, athough 
dynamic voumes ae moe functiona and sensitive to iness.

@ Gas echange in the ungs and tissues occus by diusion fom highe patia 
pessue to owe patia pessue, though thin capiay, aveoi and ce was.

@ Duing eecise ventiation is inceased by inceasing the depth and 
fequency of beathing.

@ Bood consists of uid (pasma) and ces with vaious functions incuding 
tanspot. Oygen attaches to hemogobin in ed bood ces fo tanspot.

@ The cicuation system is made up of a pump (the heat) and a seies of 
bood vesses, whose diamete and opening can be contoed by smooth 
musce in the was and sphinctes.

@ The heat contains fou chambes (two atia and two ventices), with the eft 
side suppying bood to the systemic cicuation and the ight side suppying 
the pumonay cicuation.

@ A heatbeat consists of a seies of caefuy coodinated contactions of the 
heat musce tissue to eject bood fom chambe to chambe and out of the 
heat. The initia impuse is geneated within the heat itsef, but the ate of 
ing can be contoed by othe factos.

@ Bood pessue must be maintained to ensue bood ow is high enough. 
This is achieved though constiction and eaation of vesse was and 
sphinctes. Duing eecise this ensues that moe bood is diveted away 
fom othe ogans towads the musce.

@ Tota bood ow (cadiac output) inceases in popotion to the intensity of 
eecise up to a maimum vaue. This is achieved by inceasing heat ate 
and stoke voume.

@ VO2ma is the maima ate of oygen uptake achieved duing maima 
aeobic eecise.

@ Taining, age and gende a aect someone’s VO2ma. Taining inceases 
VO2ma pimaiy though inceases in maima stoke voume, athough 
othe peiphea adaptations can aso contibute.

Slf-sudy qusions
1 Why might a doctor be interested in assessing VO2 in an exercise test?

2 Describe the process of breathing and comment on how exercise aects 
this process.

3 Insert higher or lower and from or to into the correct places in the 
following statements.

@ The partial pressure of oxygen is ………….. in arterial blood supplying 
exercising muscles than in the muscle tissue. Therefore, oxygen will 
diuse ……… the blood ……… the muscle.

@ The partial pressure of carbon dioxide is ……………. in the lungs (alveoli) 
than in the blood returning from exercising muscles. Therefore, carbon 
dioxide will diuse ……… the lungs ……… the blood.

 THEORY OF KNOWLEDGE

Since the 1960s, East Afican 
athetes have ceay dominated 
enduance events, hoding a of the 
mae wod ecods ove distances 
fom 3000m to maathons and 
many of the femae wod ecods 
ove this ange as we. Genetics 
has ecenty been epoed in an 
attempt to epain why athetes 
with oigins fom a few tibes in 
Kenya and Ethiopia have been 
so successfu. Inteestingy, it 
appeas that genetics may pay 
a oe, but does not adequatey 
epain the patten. Epoe what 
othe geogaphica, physioogica, 
taining, psychosocia, economic 
and cutua factos coud aso 
contibute to thei success.
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4 What is the name of the pigment that binds oxygen for transport in the 
blood? Which type of blood cell is it found in?

5 Draw and label the four chambers of the heart, including the valves.

6 List the names of the specialist cells found in the heart that generate and 
then relay the electrical signal that causes the heart to contract.

7 Explain what will happen to the smooth muscles in the arterioles and capillaries 
within active muscle, compared to within the kidney during exercise.

8 Describe the responses of heart rate, stroke volume and hence cardiac 
output during exercise.

9 Dene VO2max and discuss why it is considered to be of functional 
importance from a health and sports perspective.

10 How does aerobic training increase VO2max?

DATA BASED QUESTION

Thiteen chiden (9–10 yeas od) competed two tests to detemine thei 
VO2 peak (ite/min). The “amp” test invoved cycing fo 3 min at 10 W and 
then inceasing the wokoad by 10 W pe min. The “supa-maima” test 
commenced with 2 min cycing at 10 W. and then invoved cycing at 105% of 
the peak powe achieved duing the “amp” test. Both tests stopped when the 
chiden had a dop in cadence beow 60 pm fo ve consecutive seconds, 
despite encouagement to maintain the equied wokoad. Thei physioogica 
esponses ae shown in the tabe beow. 

Peak physioogica esponses duing the amp and supa-maima tests

Vbe r tet s- tet

VO2 peak (l.min 1) 1.690 (0.284) 1.615 (0.307)

Heat ate peak (beats.min 1) 202 (7) 196 (8)

rEr peak 1.11 (0.06) 1.07 (0.13)

Cadiac output peak (l.min 1) 15.10 (4.82) 14.64 (4.51)

Oygen etaction peak
(m. min 1 pe 100 m)

12.61 (2.57) 12.28 (2.50)

Data ae epoted as mean (SD).

(Souce: adapted fom Bake et a. 2011. “Estabishing maima oygen 
uptake in young peope duing a amp cyce test to ehaustion.” British Journal 

of Sports Medicine. Vo 45. Pp 498–503.)

1 State which test esuted in:

i) the highest VO2 peak (1 mak)

ii) the highest heat ate (1 mak)

iii) the owest cadiac output. (1 mak)

2 Distinguish between the standad deviations fo: 

i) rEr peak (2 maks)

ii) oygen etaction peak. (2 maks)

3 Suggest easons fo the dieent physioogica esponses to the two tests. 
(4 maks)
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Nttn n n tm

C h a p t e r  3

O B J e C t I V e S

B the en of th chapte tent hol be able to:

@ lt the acontent an content

@ otlne the ole of acontent an content

@ ecbe the checal copoton an bac tcte of a 
lcoe olecle, tacllceol olecle an poten olecle

@ tnh between atate an natate fatt ac an 
between eental an non-eental ano ac

@ netan the concept of a health balance et

@ ecbe cent ecoenaton fo a health balance et

@ tate the ene content of 100 a of cabohate, fat, 
an poten

@ c how the ecoene ene tbton of acontent 
e between enance athlete an non-athlete

@ otlne the te etabol, anabol, an catabol

@ netan the etabol of cabohate an fat

@ otlne the etabolc pathwa of cabohate an fat etabol

@ explan the ole of nln, lcaon an aenalne n the 
cabohate an fat etabol

@ explan the ole of nln an cle contacton on lcoe 
ptake n exece

@ epoce the ltatcte of a tochonon

@ ene the te cell epaton

@ ecbe etabolc pathwa that ppl ene 

@ explan the ole of ATP n cle contacton

@ explan the phenoena of oxen ect an exce pot-
exece oxen conpton (EPOC)

@ c the chaactetc of the ene te an the 
contbton n exece

@ evalate the contbton of the ene te n eent 
tpe of exece.
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Inoducion

The knowledge of the importance of food for growth and health is as old as 
human history. The choice of what to eat and drink is not only inuenced by 
biological needs but also by the environment as it determines quality, quantity 
and balance of food supply. 

Figure 3.1 shows the relationship between the human body (internal environment), 
external environment (for example, culture and economics), nutritional 
requirements and health. Although health is also inuenced by other factors 
than nutrition, for example, lifestyle, nutrition is a powerful and modiable 
factor for health promotion. 

An optimal nutritional status results in normal development, good health and 
a high quality of life. Undernutrition (hunger), malnutrition (for example, 
vitamin deciency) and overnutrition (obesity) can cause impaired growth 
and/or development, and diseases.

External environment

•  Religion

•  Culture

•  Politics

•  Economics

•  Education

•  Health service

•  Social status

•  Food security/insecurity

•  Agriculture

Internal environment

•  DNA/RNA

•  Cells

•  Organs

•  Central nervous system

•  Metabolism

•  Blood circulation

Nutritional status

•  Optimal nourished

•  Undernourished

•  Overnourished

•  Malnourished

Health

Disease

Nutritional requirements

•  Growth and development

•  Pregnancy and lactation

•  Sport and exercise

•  Elderly

2 Figure 3.1: The relationship between nutrition, environment and health 

Food consists of a combination of several nutrients that inuence the function 
of the human body. The combination and amount of nutrients a person takes 
in determine health and well-being. We eat food which is then digested and 
its nutrients absorbed in the gut system. Nutrients are transported via the 
blood stream and metabolized in the cells of dierent organs. Naturally nutrients 
do not function in isolation. They interact with each other in food, in the 
digestive system, in the blood and in the nal site of function, the cell.

Nutrients are classied into macronutrients and micronutrients. Macronutrients 
are nutrients that our body needs in larger amounts to maintain health. These 
include carbohydrate, fat, protein and water. Micronutrients, vitamins and 
minerals are required in smaller amounts. The function and main food sources 
of macro- and micronutrients are summarized in Table 3.1.

“Our food should be our 

medicine and our medicine 

should be our food.”
Hippocrates, 400BC

“These small things—nutrition, 

place, climate, recreation—are 

inconceivably more important 

than everything one has taken to 

be important so far.”
Friedrich Nietzsche

“I saw few die of hunger; of 

eating, a hundred thousand.”
Benjamin Franklin, 18th century
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Type of NuTrieNT food sourCes fuNCTioNs

Mcntnt

Cabohate Ceeal, weetene, oot cop, ple, 
veetable, ft, a poct

Fel, ene toae, cell ebane, dNA, rNA

Fat meat, lk, a poct, e, h ol, 
veetable ee, nt, veetable ol

Fel, ene toae, cell ebane, hoone, 
peco of ble ac 

Poten meat, h, lk, a poct, e, ple, 
ceeal

stcte, tanpot, concaton, enze, 
potecton, fel

Wate Beveae, ft, veetable me fo bochecal eacton, tanpot, 
theoelaton, exceton, lbcaton

Mcntnt

Vtan Ft, veetable, fatt h

(e.. alon, ackeel), h ol, lve, eat 

Ene eleae fo acontent, etabol, 
bone health, bloo health, ne fncton, eeht 

mneal an tace 
eleent

meat, h, lk, a poct, alt, ceeal, 
ft, veetable, wate

mnealzaton of bone an teeth, bloo oxen 
tanpot, efence aant fee acal, co-facto fo 
ene etabol, cle fncton, antenance of 
ac-bae balance an cellla  balance

2 Table 3.1: Nutrients, food sources and functions

Mconuins 

Ct
Carbohydrates are synthesized by plants from water and carbon dioxide using 
sun energy. The general chemical composition of carbohydrates is (CH2O)n

where n determines the number of molecules that inuence body function 
and impact on health. 

@ Monosaccharides The simplest form is made of one molecule and is easily 
absorbed by the human body. Examples include glucose, fructose and 
galactose.

@ Disaccharides Two monosaccharides form disaccharides with the loss of 
one molecule of water. For example, sucrose is a glucose–fructose combination 
(Figure 3.2). 

@ Oligosaccharides These are carbohydrates 
with three to nine molecules, for example, 
maltodextrin. 

@ Polysaccharides These are molecule chains 
longer than 10 molecules, for example starch 
and glycogen. 

Di-, oligo- and polysaccharides need to be broken 
down to monosaccharides in the gut before they 
can be absorbed and transported to the organs. 
Some oligo- and polysaccharides are indigestible 
or poorly digestible and are called dietary bre. 
Mostly found in the cellular walls of plants such as 
cellulose, these carbohydrates play an important 
role in the prevention of diseases.

The main function of carbohydrates is to act as 
metabolic fuels and energy stores. In the cells, 

2 Figure 3.2: Formation of sucrose from glucose and fructose by 
removal of water (condensation reaction) 

O

OH

Glucose Fructose

Sucrose

HO

O
O

O

O
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carbohydrate (glucose) is oxidized back into water and carbon dioxide. This 
reaction produces energy that is used for further metabolic processes requiring 
yet more energy. All living cells contain carbohydrates and, on a worldwide 
basis, carbohydrates represent the most widespread source of food energy. In 
plants carbohydrate is stored as starch and in animals in the form of glycogen. 
One hundred grams of carbohydrate yield 1,760kJ (kilo joule). Later in this 
chapter you will nd out that carbohydrates are an important source of energy 
for intense and prolonged periods of exercise.

The major food sources vary in dierent areas of the world. The variability 
depends on availability and cultural preference. A list of the major carbohydrate 
sources in dierent countries is shown in Table 3.2. Carbohydrates are also 
used to build structures such as cell membranes in the body and to synthesize 
DNA and RNA.

CH2OH

a Structure of amylose, a form of starch—a sugar storage compound in plants. Oxygen
   bridges link the glucose subunits.

b Structure of cellulose, in cellulose fibers, chains of glucose monomers stretch
   side by side and hydrogen-bond at—OH groups. Together the bonds stabilize the
   chains in bundles that are organized in fibers. Like many other organisms, humans
   lack the enzymes required to digest cellulose, which is a component of plant-derived
   products such as cotton thread used in clothing.

c Glycogen, the form in which excess glucose is stored in the human body
   (and other animals). It is especially abundant in the muscles and liver.

CH2OH CH2OH

O

O O

OH OH

CH2OH

O

O

OH OH

O O

CH2OH

CH2OH

OH OH

O

O

O O

OH

CH2OH

CH2OH

O

O

OH

O

2 Figure 3.3: Comparison of the polysaccharides a) starch, b) cellulose and c) 
glycogen

Joul a nt of ene. in ntton, 
jole (J)  the ene obtane 
fo foo that  avalable thoh 
cell epaton
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CouNTry Major CarbohydraTe sourCe

Chna rce

ielan Potato

mexco maze

Nea Caava

ital Wheat

Oceana sweet potato

2 Table 3.2: Major carbohydrate sources in dierent countries

ft
Dietary fat is found in a variety of animal and plant sources (Table 3.1). The 
major dietary fats are triglycerides, phospholipids and sterols. Triglycerides 
make up to 95 per cent of dietary fat and one molecule consists of one glycerol 
molecule and three fatty acids (Figure 3.4). These fatty acids can be identical 
or a combination of dierent fatty acids. The structure of the fatty acids 
determines the characteristic and biological function of triglycerides. 

Some fatty acids are classied as essential because our body is lacking in the 
enzymes necessary to synthesize them and therefore depends on their supply 
through food. Essential fatty acids are found in plant oil such as from sesame 
seeds, corn, linseeds and walnuts. 

Fatty acids are a chain of carbon atoms with hydrogen attached, and a methyl 
group (CH3) and a carboxyl group (COOH) on each end (Figure 3.4). There 
are dierent kinds with dierent structures. 

H C

H

HO HO

H
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H–C–H
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H–C–H
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     C–H
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H–C–H

H

Three fatty acid tails

a

Triglyceride

b

H–C–H

H–C–H

H–C–H

H–C–H

H–C–H

H–C–H

H–C–H

H–C–H

H–C–H

H–C–H

H–C–H

H–C–H

H–C–H

H–C–H

H–C–H

H–C–H

H–C–H

H

H–C–H

H–C–H

H–C–H

H–C–H

H–C–H

H–C–H

H–C–H

H–C–H

H–C–H

H–C–H

H–C–H

H–C–H

H–C–H

H–C–H

H–C–H

H–C–H

H–C–H

H

2 Figure 3.4: Formation of triglycerides from glycerol and three fatty acids 

with removal of water

 KEY POINT

Cabohate ae the ot 

potant oce of foo ene 

n the wol wth eent foo 

oce avalable n eent 

conte epenn on avalablt 

an cltal pefeence.

Cabohate ae an potant 

oce of ene fo ntene an 

polone peo of exece.

54



@ Saturated fatty acids (SFA) with the maximal number of hydrogen atoms 
(four) on each carbon atom. 

@ Unsaturated fatty acids where two hydrogen atoms are missing form 
double bonds between two carbon atoms and become unsaturated. 

@ Monounsaturated fatty acids (MUFA) with a single double bond in 
the chain.

@ Polyunsaturated fatty acids (PUFA) shaped by multiple double bonds.
@ Omega-3 fatty acids PUFAs that have the rst double bond located 

between the third and fourth carbon atom from the methyl end. 
@ Omega-6 fatty acids PUFAs that have their rst double bond located 

between the sixth and seventh carbon atom from the methyl end. 

Research has shown that an optimal balance of omega-3 and omega-6 fatty 
acids in the diet is important to maintain adequate inammatory and 
immunological responses.

Fat is an important source of food energy. The intake of 100 grams of fat provides 
4000kJ; about three times more than carbohydrates. Triglycerides can be stored 
in adipose tissue which builds up an energy store over a prolonged period of 
time. Later in this chapter you will nd out that although fat cannot be used 
during high intensity exercise, it is an important source of energy in the recovery 
period between high intensity exercise, as well as during prolonged exercise. 

Moreover, fat in adipose tissue provides physical protection of vital organs 
and helps to control body temperature (thermal insulation). Dietary fat also 
plays a major role in the synthesis of hormones, vitamin D (sterols) and cell 
membranes (sterols, phospholipids). Fats are important for the transport of 
fat-soluble vitamins.

 TO THINK ABOUT

f mnctn t 

t t

Bct, chocolate, cake 

an aane ae poce 

wth fat that ha been altee 

b the foo anfacte 

to ake t ol at oo 

tepeate. mono- an 

polnatate fat, anl 

plant ol, ae convete 

nto atate fat b an 

hoen ato to the 

oble bon. Th poce 

 calle hoenaton. 

Hoenaton alo chane 

the poton of hoen 

ato on the eann 

oble bon. in the natall occn cis fo, the two hoen ato ae 

attache on the ae e of the oble bon. Th fo  chane nto a trans

fo whee the hoen ato ae place on oppote te of the oble 

bon. Trans fatt ac ae known to ha the bo n the ae wa a an 

exce of atate fatt ac n the et.

2 Cakes and biscuits contain harmful fatty 

acids

 KEY POINT

Eental fatt ac ae calle 

"eental" becae o boe 

can’t ntheze o ceate the o 

we have to et the fo the foo 

we eat.
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ptn
Proteins are the second most abundant compounds in the body (water is the 
most abundant). Proteins are formed by amino acids, compounds made of 
carbon atoms, nitrogen atoms, oxygen atoms and hydrogen atoms. Most amino 
acids are characterized by the same central structure (Figure 3.5) and a side 
chain that distinguishes the physical and chemical properties. Amino acids 
are linked in chains through peptide bonds. Each protein has a characteristic 
amino acid composition. Twenty amino acids have been identied as being 
required for the synthesis of proteins. Of the twenty, eight are essential and 
need to be provided in the diet. Table 3.3 lists the essential amino acids. 

esseNTial aMiNo aCids

iolecne

Lecne

Lne

methonne

Phenlalanne

Theonne

Tptophan

Valne

2 Table 3.3 Essential amino acids

H

H H OH

R O

2 Figure 3.5: Basic structure of amino acids (R indicates another atom or 
molecular structure attached to the carbon atom)

Foods rich in proteins are meat, sh, milk, dairy products, eggs, pulses and 
cereals. The quality of proteins in the diet depends on whether all essential 
amino acids are included. In pulses and grains we nd proteins that are lacking 
in essential amino acids. Pulses are short in isoleucine and lysine. Grains lack 
methionine and tryptophan. The quality of these proteins is low. In order to 
avoid diseases, pulses and grains should be combined as part of the diet. 

Proteins are also a source of energy; the metabolism of 100 grams of protein 
yields 1720kJ. The functional activity of proteins is determined by their 
structure, size and shape. Proteins have a wide range of functions in the body. 
They can be summarized in four functional groups:

@ Structural muscles, bones, skin, cells
@ Transport/communication plasma proteins, hormones, receptors, 

neurotransmitters
@ Protective antibodies, mucus, anti-inammatory proteins
@ Enzymatic digestion, metabolic pathways, O2 and CO2 transport

Dietary protein deciency is common in developing countries and a cause of 
undernutrition. A lack of protein in the diet is associated with impairment in 
growth and development, life-threatening diseases and death. In the western 
world usually overconsumption of protein occurs because the main protein 
source is meat. The digestibility of animal protein is higher than the digestibility 
of plant proteins.
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CASE STUDY

ptn-n mnttn n cn
Chlen ae n the poce of own an evelopn. 
Fo exaple, n the t ea of lfe a chl tple t bo 
weht an nceae t heht b 50 pe cent. gowth 
an evelopent eqe ene an poten whch t 
be pove b foo. A chl nee ch oe ene 
n elaton to bo weht than an alt. When chlen 
o not et enoh acontent the wll e fo 
poten-ene alntton. Th fo of alntton can 
cae extee watn whee chlen appea lke ‘kn 
an bone’ (noe calle aa), whee chlen 
have abnoal aont of wate ne the kn an n the 

bo (noe calle kwahoko) o both (noe 
calle aac kwahoko). Chlen who e fo 
alntton ae oe lkel to have pae owth, 
e fo nfecton, ablte an e at a on ae. 
malntton  not onl cae b naeqate et bt alo 
b envonental facto, nfecto eae, an povet. 

Qtn:

1 What ae the facto that nence aeqate ntton?
2 What ae the coneqence of a lack of cabohate, fat 

an poten n the et?
3 Wh ae chlen at eatet k of en fo 

nentton/alntton?

2 Young children, one nourished to the optimal level and the other malnourished

Wt
Water is essential to all forms of life. The functions of water in humans are varied.

In the cells, water acts as a medium for vital biochemical reactions. Outside 
cells it plays a role in the following:

@ transport of nutrients, metabolites, waste products, hormones, and 
respiratory gases

@ thermoregulation (sweat) and excretion (urine, faeces)
@ cell–cell and cell–environment communication
@ lubrication of joints and sliding surfaces.

An adult body contains about 35–45 liters of water. Water balance is strongly 
regulated in the body. A high water intake balances out water losses through 
increased production of urine and sweat. However, both an excess and a 
deciency of water can harm the body and threaten life.

Miconuins

Vtmn
Vitamins are organic compounds that are vital for health and well-being and 
are found in fruits, vegetables and some meat. They are regulators in processes 
of energy release from food and important co-factors in various chemical 
reactions. Vitamins are grouped into water-soluble and fat-soluble vitamins. 
As the name indicates water-soluble vitamins are soluble in water and therefore 
an overdose is not toxic in healthy individuals for most vitamins. They are 
simply excreted with the urine. 

“The dose makes the poison.”
Paracelsus, 15th century
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In contrast, excessive intake of fat-soluble vitamins can result in poisoning 
because they can be stored in adipose tissue and the liver. An overdose of those 
vitamins, however, is rare and only needs to be considered under particular 
conditions (for example, during pregnancy). Table 3.4 lists the water- and fat-
soluble vitamins and their food sources. All vitamins are classied as essential 
and need therefore to be supplied in food. 

There are two compounds that are considered to be vitamins but they can be 
synthesized by the body. Vitamin D is produced through precursors in the skin 
in combination with sunlight and the B vitamin niacin is synthesized from the 
amino acid tryptophan.

ViTaMiNs food sourCes

Vtan C Ct ft, een veetable

B vtan

(e.. B12, folc ac)

Whole an, ple, ee, veetable, eat, h,  
lk, e

Vtan E Whole an, ee, nt, fatt eat, plant ol, een  
leaf veetable

Vtan d Fatt h, h ol, lve, beef, e olk

Vtan A yellow, oane an e ft an veetable, 
een veetable

Vtan K geen leaf veetable, lk, lve

2 Table 3.4: Water-soluble (blue) and fat-soluble (orange) vitamins and their food 
sources

M mn n tc mnt
Minerals and trace elements are inorganic compounds that must be supplied 
through food and uids. The main sources are meat, sh, milk, dairy products, 
cereals and green leafy vegetables. Minerals are distinguished from trace 
elements by the occurrence in the body with approximately 4 per cent of body 
mass consisting of minerals while trace elements make up approximately 
0.001% of body mass. 

They also dier in the amount that is required in the diet for the maintenance 
of health. Optimal mineral intake varies between grams and milligrams per 
day and those for trace elements between milligrams and micrograms per day. 
Minerals and trace elements are involved in processes that range from 
maintaining bone and blood health to the release of energy, muscle function 
and maintenance of cellular uid balance.

The minerals that the body needs are:

@ calcium (Ca)
@ chloride (Cl)
@ magnesium (Mg)

@ sodium (Na)
@ potassium (K)
@ phosphorus (P)

The trace elements that the body needs are:

@ iron (Fe)
@ iodine (I)
@ uoride (F)
@ zinc (Zn)
@ selenium (Se)

@ copper (Cu)
@ chromium (Cr)
@ manganese (Mn)
@ molybdenum (Mb)

 TO RESEARCH

Chooe ve of the neal o tace 
eleent lte oppote an n 
ot what the al ecoene 
ntake of each .

 KEY POINT

Foo cont of eent 
ntent that pla eent ole 
n contbtn to o health an 
well-ben. We nee to eat a ane 
of foo to et all the ntent  
we nee.

2 Daily consumption of colourful fruits 
and vegetables provides essential 
vitamins important for health and 
well-being
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Diy dvic fo  ly blncd di
Dietary advice can range from the anecdotal saying “an apple a day keeps 
the doctor away” to scientically derived amounts of nutrient intake. Once 
the essential nutrients were understood and established, quantitative advice 
for individual macro- and micronutrients were developed. These types of 
dietary advice are dietary recommendations for a population’s daily intake 
of nutrients. 

Broader dietary advice for the individual’s general nutritional well-being 
is given by dietary guidelines. For example, in the UK the “Five a day” 
campaign is an example of a dietary guideline to promote the consumption 
of ve portions of fruit and vegetable per day. The ve-a-day campaign also 
exists in the USA, New Zealand, Germany, and as an equivalent in Australia. 
In France, ve portions of fruit and vegetables are also recommended but 
not promoted in the form of a ve-a-day campaign. The current fruit and 
vegetable recommendations are based on the WHO guidelines on fruit and 
vegetable intake of 400 g per day: http://www.who.int/dietphysicalactivity/
fruit/en/index2.html

dt cmmntn
Dietary recommendations set standards for what constitutes an adequate 
intake of essentials nutrients to promote health. They are developed by 
governments and health authorities based on scientic evidence to assess 
whether the diet of a population or a population subgroup meets the nutritional 
needs. The amount of nutrients varies based on age, gender, activity level and 
change during pregnancy and lactation. 

The adequate nutrient intake is chosen so that the needs of 97.5 per cent of 
the population are met. In the case of the total energy intake, however, a value 
adequate for 50 per cent of the population is considered. This is because over 
time even a small imbalance of energy intake over energy expenditure would 
lead to individuals becoming overweight or even obese and would cause severe 
health problems. 

The methods used to determine nutritional requirements are:

@ observation of nutrient intake in a healthy population
@ observation of nutrient intake in a diseased population
@ studies on the maintenance of the balance of nutrients in the body
@ studies that involve removing or adding a nutrient from the diet
@ measurement of nutrient levels in biological tissues or uids
@ measurement of nutrient-specic biological markers
@ animal experiments.

Internationally, there is no agreement about dietary recommendations. 
Dierent countries prefer their country-specic recommendations. The 
methods used to identify the level of an adequate intake of nutrients vary 
between countries. The availability of new research data in one country and 
not in another also contributes to dierent dietary recommendations. For 
example, the intake of carbohydrate as percentage of total daily energy intake 
for an adult is set in North America at 45–65 per cent, in Japan at 50–70 per 
cent, and in the UK at 50 per cent. In 2003, the World Health Organization 
and the Food and Agriculture Organization of the United Nations developed 
dietary goals for both developed and developing countries for the prevention 
of long-term chronic diseases (Table 3.5).

Blncd di a et that pove 
all ntent n the ht aont 
n oe to antan health 
an pevent ntent exce o 
ecenc eae

Diy commndions

ecoene aont of 
eental ntent n the et

Diy guidlins ecoene 
aont of foo, foo op o 
eal

 THEORY OF KNOWLEDGE

A balance et whch pove all 
ntent n cent aont  
potant fo han evelopent 
an health. in oe conte an 
clte people o not cone 
eat (veetaan et) o bae the 
et on plant eve foo onl 
(vean et). 
1 dc the concept of a 

balance et n the context of 
eent elon an clte.

2 Evalate how people who follow 
a veetaan o vean et 
ene a balance et.
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dieTary faCTor dieTary reCoMMeNdaTioN
(% of ToTal eNergy or /)

Total fat 15–30%

satate fatt ac (sFA) <10%

Polnatate fatt ac (PuFA) 6–10%

Oea-6 polnatate fatt ac 5–8%

Oea-3 polnatate fatt ac 1–2%

Tan fatt ac <1%

mononatate fatt ac (muFA) deence of total fat n 
(sFA + PuFA + tan fatt ac)

Total cabohate 55–75%

sa <10%

deta be >25

Poten 10–15%

so Chloe (alt) <5

2 Table 3.5: International dietary recommendation for fat, carbohydrate, protein, 

and salt

dt n
Dietary guidelines target foods, food groups or meals and are set by a country 
to guide its people towards a healthy balanced diet. The development of 
dietary guidelines can be based on dietary recommendations—it can be a 
practical interpretation of nutrient intake recommendations. Figure 3.6 shows 
how the scientic knowledge of a healthy diet is converted into a practical 
guideline. Dietary guidelines are inuenced by sociocultural factors of the 
country including:

@ religious beliefs
@ social norms
@ preparation preferences
@ food consumption patterns
@ food availability
@ food security
@ income
@ food prices.

The visual presentation used to illustrate dietary guidelines diers between 
countries as well as the advice given on the food groups that should be eaten 
most or least. Most graphical images illustrate the proportion of uids, fruits, 
vegetables, cereals, milk, dairy products, eggs, meat, sh, oil and sweets in the 
diet. Visual presentations used range from a food pyramid (e.g. Australia), a 
food tower (Korea) and a food circle (Finland) to a spinning top (Japan), a 
rainbow (Canada) and a food plate (UK).

 TEST YOURSELF

dt cmmntn
in Table 3.5 o ee the lobal 
eta ecoenaton fo fat, 
cabohate, poten, an alt. The 
ecoenaton fo cabohate 
ntake, fo exaple,  hhe 
than that fo a nle evelope 
cont (e.. usA, ee text above) 
becae of the hh k of ne- 
an alntton n evelopn 
conte.
1 What col be the atonale 

fo conte to e the own 
eta ecoenaton athe 
than the ntenatonal one?

2 What  the avantae of 
an ntenatonal eta 
ecoenaton ove a 
natonal ecoenaton? 

 TO THINK ABOUT

dt n
deta elne can e 
between conte. Howeve, all 
have the pa a of pootn 
the health of the poplaton. in 
a foo pa foo op that 
hol be eaten the ot ae 
place on the botto an thoe 
that hol be eaten the leat 
on the top. recoenaton 
fo wate an othe beveae 
ae lltate ote the foo 
pa.
1 decbe the eence 

between the eta elne 
of the two eon hown n 
Fe 3.7.

2 Wh o the foo e e 
between conte?

3 Bae on the foo pa,
what ae the pncple of a 
health balance et?
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2 Figure 3.6: Dietary guidelines for Australians (http://www.nhmrc.gov.au/guidelines /publications/n29-n30-n31-n32-n33-34)
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 TO THINK ABOUT

ptn-cc cmmntn—ennc tt v nn-tt

“The more glycogen, the further and  

faster the player ran.”
Kirkendall, 1993

An optal level of ntton  eental fo the health an 
pefoance of an athlete. The et of an athlete nee to 
eet the nceae pholocal eqeent. The ot 
potant eence between a non-athletc poplaton an 
athlete ae the nceae ene an  eqeent 
of athlete. The nttonal nee va between the tpe of 
pot an the peo of tann, copetton an ecove.

An enance athlete (e.. aathon nne) nee fa 
oe cabohate n the et than a non-athlete n oe 
to eet the ene eqeent fo hh ntent event 
an to ela the onet of fate. mot of the total al 

ene ntake  pove b cabohate whch lea to 
popotonal lowe ene ntake fo poten an fat  
(Table 3.6). Nevethele, the poten ntake hol be 
lhtl nceae n enance athlete copae to  
non-athlete n oe to antan, bl an epa cle 
a an connectve te. slhtl oe poten  alo 
eqe to ntheze cetan hoone an enze. 
deta fat ecoenaton fo enance athlete ae alo 
lhtl hhe than fo non-athlete. Th  becae eta 
fat  a oce of ene, fat-olble vtan an eental 
fatt ac whch ae ccal fo athletc pefoance. The 
ecoenaton fo wate ntake n enance athlete  
that the hol nk to eplace the  lot thoh weat. 
A enance athlete weat oe than non-athlete the 
wate ntake  hhe n athlete. 

NuTrieNTs NoN-aThleTe froM NorTh aMeriCa eNduraNCe aThleTe 

(% of ToTal eNergy) g/kg body WeighT (% of ToTal eNergy) g/kg body WeighT

Cabohate 45–65% 3–6 /k 55–75% 6–10 /k

Poten 10–15% 0.8–1 /k 10–35% 1.2–1.4 /k

Fat 15–30% – 20–35% –

2 Table 3.6: Comparison of the recommended daily dietary energy distribution from carbohydrate, protein and fat for non-
athletes and endurance athletes

2 Figure 3.7: Visualization of region-specic dietary guidelines in the form of a Mediterranean (left) and Asian (right) food pyramid
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en mtm
Not all energy that is stored in food is available for metabolism in humans. 
Some components such as bre cannot be digested and absorbed. This energy 
is lost in faeces. Even if nutrients are digestible there are metabolic pathways 
whose end products still contain energy. One example is the production of 
urea and ammonia in the metabolism of protein. These compounds still contain 
energy which is lost in the urine. Only the metabolizable energy of food is 
relevant for the energy metabolism of the human body. 

The amount and composition of carbohydrates, fat and proteins in the diet 
determine the availability of energy. Macronutrients that can be stored easily 
in the body such as fat in adipose tissue are metabolized more slowly than 
proteins for which the body lacks any storage capacity. Therefore after eating 
a meal containing all macronutrients, the body will metabolize proteins rst, 
then carbohydrates followed by fat.

Metabolism can be dened as all chemical processes in living organisms 
required for the maintenance of life. Metabolism consists of two phases: 
anabolism and catabolism. They are dened as follows.

@ Anabolism The constructive phase of metabolism where smaller molecules 
are converted to larger molecules. For example, glucose molecules convert 
to glycogen.

@ Catabolism The destructive phase of metabolism where larger molecules 
are converted to smaller molecules. For example, triglycerides convert to 
glycerol and fatty acids. Aerobic catabolism refers to processes which 
require oxygen. Anaerobic catabolism is independent of the presence 
of oxygen. 

Ct mtm
Carbohydrates are digested to the monosaccharides glucose, fructose and 
galactose. These are absorbed into the blood stream and transported to the 
liver. In the liver fructose and galactose are converted to glucose. From there 
glucose is transported to the other organs. 

In the cytosol of all cells the breakdown of glucose takes place. The process is 
called glycolysis and involves many reactions. The reactions are regulated by 
the enzymes hexokinase, phosphofructokinase and pyruvate kinase. 

Glycolysis leads to the metabolism of glucose to pyruvate and the production 
of energy in the form of adenosine triphosphate (ATP). When oxygen is available 
pyruvate enters mitochondria where it is oxidized to carbon dioxide and water. 
Under anaerobic conditions (for example, in brief, high intensity exercise) 
pyruvate is converted to lactate. Lactate is either transported back to the liver 
where glucose is reformed or oxidized to pyruvate in the muscles.

In liver and muscle cells glucose is converted to glycogen when the diet provides 
more glucose than the tissue requires. Glycogen is the storage form of glucose. 
In a process called glycogenesis many glucose molecules are linked together 
to form glycogen. 

When the body needs more glucose than is ingested glycogen is broken 
down and glucose (liver) and glucose-6-phosphate (muscle) can serve as 
metabolic fuel. This process is called glycogenolysis. The muscle glycogen 
is only used to deliver an immediate energy source for the muscle, while 
the liver glycogen provides glucose for all the other organs. 

 KEY POINT

glcoe  boken own to pove 
ene. Th poce  known 
a lcol (the beakown of 
lcoe to pvate). glcoe 
that  not e eatel 
 toe a lcoen. Th 
conveon of lcoe to lcoen 
 calle lcoene. When the 
ene toe n the lcoen 
 neee t  tne back nto 
lcoe. Th poce  known a 
lcoenol (the conveon of 
lcoen to lcoe).
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LACTATE
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GLYCOGEN
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Glycolysis
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CO2 H2O

2 Figure 3.8: Pathways in carbohydrate metabolism
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LIVER BLOOD MUSCLE
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Lactate

Pyruvate

Lactate

Pyruvate

2 Figure 3.9: Liver and muscle play an important role in carbohydrate  

metabolism

ft mtm
The energy-yielding process in the fat metabolism is the b-oxidation of fatty 
acids. b-oxidation occurs in the mitochondria to which fatty acids are transported 
with the support of the shuttle enzyme carnitine. Fatty acids are gradually 
broken down to acetyl CoA molecules by shortening the fatty acid chain. This 
b-oxidation of fatty acids involves a repeat cycle of four reactions, reducing 
the fatty acid chain by two carbons on each cycle. This already generates energy 
but more energy is released when acetyl CoA is further metabolized to citrate 
in the Krebs cycle. 

The Krebs cycle is a series of chemical reactions that occurs in the mitochondria 
which involves the oxidation of acetyl CoA to produce a large quantity of ATP. 
During this process carbon dioxide is formed.

The oxidation diers slightly depending on the chain length of fatty acids, 
whether they have double bonds and how many of them. Research in both 
animals and humans has shown that the body prefers to metabolize mono- and 
polyunsaturated fatty acids over the metabolism of saturated fatty acids. This 
is important for the choice of type of fat in the diet which can prevent chronic 
diseases such as those aecting the arteries of the heart. The reason is that the 
slower the oxidation of fatty acids, the longer they remain in the blood stream. 
Fatty acids contribute to reactions that form cholesterol which subsequently 
can be placed in the vessel wall.

 TEST YOURSELF

daw o own aa to how the 
elatonhp between the follown:
@ Lve
@ mcle
@ Bloo tea
@ Foo
@ glcoe
@ glcoen 
@ Lactate
@ CO2

@ Wate
@ glcol (aeobc, anaeobc)
@ glcoenol
@ glcoene

 KEY POINT
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elean ene fo fatt ac.
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toe n apoe te an 
cle.
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Eating more fat than the body requires leads to excess fat being stored as 
triglycerides in adipose tissue and skeletal muscles. The adipose tissue can be 
found under the skin and between organs. Stored fat provides energy when 
energy supply is not immediately available from the diet or glycogen pools. 
Lipolysis is the process of releasing triglycerides from the body’s stores. 
Triglycerides supported by enzymes are converted into glycerol and fatty acids. 
Fatty acids are then available for the energy-generating b-oxidation.

hmn tn  n mtm
Energy metabolism is controlled by many hormones. These hormones include 
insulin, glucagon, adrenalin, cortisol and growth hormones. 

After you have eaten a meal the glucose concentration in the blood rises. This 
is a signal for the pancreas to secrete insulin from its b-cells. Insulin increases 
the transport of glucose into the cell, especially into skeletal muscle cells and 
liver cells by the translocation of glucose transporters from intracellular 
(i.e. from within the cell) to the surface (Figure 3.10). 

The fast uptake of glucose in the blood inhibits the release of glucose from the 
liver and muscle stores and promotes the synthesis of glycogen in the liver and 
muscle. Insulin stimulates glycolysis to lower blood glucose levels after a meal 
to signal energy availability to all organs. It inhibits gluconeogenesis (the 
conversion of protein or fat into glucose) and promotes glycogenesis (the 
conversion of glucose to glycogen). Insulin also inhibits lipolysis in fat stores 
and the breakdown of proteins (it also promotes the synthesis of proteins).

During a prolonged period with no food intake (fasting) or exercise the blood 
glucose concentration decreases which causes the secretion of the hormone 
glucagon. Glucagon is secreted by the a-cells of the pancreas and acts in the 
opposite way to insulin. It stimulates the glycogenolysis and synthesis of glucose 
which increases the glucose level in the blood—a sign that glucose is transported 
to the organs for the utilization of energy. Glucagon also activates the lipolysis 
of triglycerides in fat stores which subsequently contributes to the energy 
supply. A low blood glucose concentration also stimulates adrenalin which 
acts as glucagon in the processes of glycogen breakdown and lipolysis.

¤ Figure 3.10: Mechanisms of glucose 
uptake into skeletal muscle. (A) insulin-
stimulated glucose uptake, (B) muscle 
contraction-stimulated glucose uptake. 
GLUT 4: glucose transporter 4
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Mc c t n xc
In the very rst moment of muscle contractions creatine phosphate stores will 
be used to provide energy. During exercise of light to moderate intensity, energy 
is derived from glucose, initially from anaerobic glycolysis until the aerobic 
system can convert stored glucose into energy. In order to maintain the energy 
supply by glucose the muscle increases the uptake of glucose from the blood. 
Muscle contraction stimulates the translocation of glucose transporters from 
the inner cell storage pool to the cell membrane but in a dierent way to insulin 
(Figure 3.10). The insulin-induced transporter translocation takes place during 
phases of no exercise (i.e. rest). Exercise lowers the concentration of insulin in 
the blood and therefore reduces its function in glucose transport. 

 THEORY OF KNOWLEDGE

reeach on the ole of cabohate fo exece an patclal enance 

pefoance becae the fonaton fo the eta pactce fo an athlete. 

A hh cabohate et pove enance pefoance an cabohate 

ntake n exece ela fate. 

1 invetate the e of pot nk an ene ba a ean fo 

cabohate ntake n enance pefoance.

2 dc the evelopent of a ltllon olla nt of pot ntton 

poct whch evolve fo the knowlee of the eect of cabohate on 

pefoance, an how th nt can nence fte eeach.

engy sysms
All cells in the human body require a source of energy to perform biological 
work. This includes all the processes involved in growth and maintenance of 
function. Muscle cells also require a source of energy to produce force during 
muscle contraction. 

Mitochondria are cell components that have an important role in energy 
provision for cells and they are the only site in which oxygen is used. With 
the exception of red blood cells, mitochondria are present in all human cells. 
The proteins of the electron transport chain are located in the inner membrane 
and the enzymes involved in the Krebs cycle and fat oxidation are within the 
matrix of a mitochondrion. The structure of a mitochondrion is shown in 
Figure 3.11.
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2 Figure 3.11: Ultrastructure of a mitochondrion
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T n cnc  t c—aTp
In cells, catabolic reactions take place that convert biochemical energy from 
organic molecules into a molecule called adenosine triphosphate (ATP). The 
controlled release of energy in the form of ATP is called cell respiration. 

Figure 3.12 shows the structure of an ATP molecule. The bonds between the 
three inorganic phosphate groups are very energy-rich. This energy is released 
when an ATP molecule is combined with water. 
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2 Figure 3.12: Chemical structure of adenosine triphosphate (ATP)

As a result ATP loses the last phosphate group from the chain. This separation 
releases large amounts of energy (Figure 3.13). In the reverse process called 
phosphorylation, ATP can be synthesized by adding a phosphate group to the 
compound adenosine diphosphate (ADP). 

i
P

H2O

Adenosine triphosphate (ATP) Inorganic
phosphate

Adenosine diphosphate (ADP)

Energy

2 Figure 3.13: Energy is released from ATP when a phosphate group splits away

The ATP molecule is at the center of energy metabolism as it connects anabolic 
and catabolic reactions. For example, chemical energy ingested as food can 
be stored in the body as glycogen or fat. However, making use of this available 
energy means that the chemical energy must be transferred to ATP rst. 
Chemical energy in this form can now be used to drive reactions and processes 
in the body which require energy (Figure 3.14). This universal process has 
meant that ATP is often referred to as the energy currency of the cell.
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P
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Energy from catabolism Energy for cellular work

2 Figure 3.14: Involvement of ATP in energy provision for cells
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en  mc cntctn
One important process in the body that requires lots of energy is muscle 
contraction. Each muscle ber making up a muscle is in itself a single elongated 
cell. All muscle bers have the biochemical capacity to produce ATP using 
energy sources such as carbohydrates and fats. When a muscle ber is stimulated 
to contract by the nervous system the contractile protein molecules within it 
(e.g. actin and myosin) use ATP to provide the chemical energy to drive the 
contraction process. Since muscle-driven movement is central to sport and 
exercise, it is ATP within muscle bers that provide all energy to make this possible. 

In muscle there is sucient ATP present to allow just two seconds of muscular 
activity. This means any exercise lasting longer than about two seconds must 
be using ATP from another source. This source of ATP comes from a range of 
biochemical pathways within the muscle cell itself called the energy systems. 
This refers to a set of catabolic reactions occurring within all cells whose 
principal function is generating ATP. In muscle bers the performance of the 
energy systems inuences the contraction of muscle; this in turn can inuence 
our ability to perform dierent types of exercise. 

anc n tm
Ctn t tm
Creatine phosphate, like ATP, is another high energy chemical compound. 
Although it is present within muscle it cannot be used directly to drive muscle 
contraction. However, the chemical energy liberated by the following reaction 
(the creatine kinase reaction) is sucient to synthesize ATP.

Creatine phosphate 1 ADP 1 H1  Creatine 1 ATP

Creatine phosphate (PCr), in combination with the two seconds’ worth of ATP 
already in muscle, dominates the provision of energy for muscle contraction 
when we rst begin to exercise. This chemical reaction can occur very quickly 
and so it is also important during hard exercise. For hard exercise ATP is needed 
at a fast rate, for example, when we perform a sprint. Note that the reaction 
can go in both directions; this means at rest when we recover from exercise 
ATP can be used to rell our store of PCr in muscle. 

Although fast, the capacity of the creatine phosphate system is short-lived. 
Your PCr stores (along with existing ATP) only make meaningful contribution 
to your muscles’ energy needs for up to the rst 20 seconds of all-out exercise. 
However, the weakening of PCr does not mean we have to stop—it means other 
ways of providing ATP must become available.

lctc c tm
Glycolysis is a metabolic pathway present in the cytoplasm of all cells. 
This means all cells have the ability to use carbohydrate. Glycolysis releases 
some of the energy in glucose as ATP and produces pyruvate. The way in 
which this occurs depends on the availability of oxygen (Figure 3.16). 
When the capacity for aerobic metabolism is limited (e.g. oxygen or 
mitochondria are in limited supply) pyruvate is converted to lactate (lactic 
acid). Although this yields only a small amount of ATP (two molecules) 
this process occurs very quickly. This means this energy system is optimal 
to meet the high energy demands of hard exercise, especially when the 
input from PCr is beginning to fade.

This high speed energy has a consequence though, as like PCr it can only be 
sustained for a short time. One reason for this is that lactic acid accumulates 
within muscle and reduces muscle pH as it is a strong acid. This causes discomfort 
but also reduces the ability of muscle to contract and we begin to slow down.

Sarcoplasm

Myobril Filaments

Striations

Striations

Fascicle

Muscle
ber

Sarcolemma

Nucleus

2 Figure 3.15: A muscle ber

2 Figure 3.16:  Anaerobic use 
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 TO THINK ABOUT
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The data in the panel above suggests that during more moderate levels of 
exercise our cyclist is not relying heavily on anaerobic glycolysis. Therefore 
other energy systems must be supplying sucient ATP to keep the pedals 
turning at the more gentle levels of exercise.

ac tm
The mitochondria of cells accommodate the biochemical processes of aerobic 
metabolism including the Krebs cycle and the electron transport chain. This 
aerobic energy system can produce ATP from all the main food groups of our 
diet. Although carbohydrates and fats are the principal energy substrates, proteins 
are also used and contribute around 15 per cent of resting energy metabolism.

gc xtn
The nal product of glycolysis, pyruvate, 
has a dierent fate depending upon 
metabolic conditions in cells 
(Figure 3.17). During less demanding 
metabolic conditions pyruvate is 
converted to acetyl CoA. This compound 
enters the Krebs cycle in the 
mitochondria where chemical reactions 
that involve oxygen convert it to water 
and carbon dioxide. During glycolysis 
and the Krebs cycle hydrogen ions are 
released. Specic coenzymes bind the 
hydrogen ions and carry them to the 
electron transport chain where energy 

 KEY POINT
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2 Figure 3.17 Aerobic glucose oxidation
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is produced. This energy is needed to form ATP as described in the section 
The energy currency of the cell – ATP.

ft xtn
Free fatty acid molecules enter the mitochondria and a process called 
b-oxidation sequentially removes two-carbon units from the fatty acid chains. 
The enzymes of the b-oxidation are in the matrix of the mitochondria and 
this process produces acetyl CoA which shares the same fate in oxidative 
metabolism as that produced from glucose. Unlike carbohydrate, fat cannot 
in any way be used anaerobically.

oxn ct n xc t-xc  
xn cnmtn (epoC)
Struggling to complete hard exercise leaves us feeling fatigued afterwards. 
Even at rest we continue to breathe hard for some time. When exercise begins 
abruptly the demand for ATP is immediate, being met initially with ATP stores, 
quickly followed by PCr and anaerobic glycolysis, the lactic acid system. These 
energy systems are activated more quickly than the aerobic energy system 
which takes longer to react. 

The body needs oxygen from the moment we begin to exercise. The body 
gets into an oxygen decit because oxygen need and oxygen supply do not 
match in the rst moment of exercise. During recovery from exercise oxygen 
utilization continues at a rate greater than that needed at rest. This is referred 
to as excess post-exercise oxygen consumption (EPOC). Part of this is to oset 
the consequences of anaerobic metabolism during the early phase of exercise. 
However, additional oxygen demands persist during recovery, needed for 
processes such as the restoration of tissue and myoglobin oxygenation, the 
cost of respiration that remains elevated, and a whole range of other physiological 
factors that keep metabolism elevated even when exercise has ceased. Post-
exercise tissue repair which is one of the foundations of the training response 
has an energy cost too. Figure 3.18 shows how ATP cost and oxygen use 
result in an oxygen decit at the beginning of exercise and EPOC at recovery 
after exercise.

2 Figure 3.18: Oxygen decit and excess post-exercise oxygen consumption
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Ccttc  t n tm n  

t cnttn n xc
During exercise all fuel sources and the energy systems which use them come 
into play to meet the demand for ATP. The rate at which the energy systems 
can synthesize ATP varies with fat oxidation being the slowest, and creatine 
phosphate being the fastest. Therefore it makes sense that the faster energy 
systems dominate when ATP is required at high rates such as those needed to 
support high intensity exercise (Figure 3.19). 

Glucose (anaerobic and/or aerobic) is important across the full range of exercise 
intensities. However, fatty acids are only used during lower intensity exercise. 
Above about 90 per cent of maximal exercise no free fatty acids are used at all. 
Conversely creatine phosphate only contributes during brief, high intensity 
exercise; it no longer contributes after 20 seconds of all-out exercise.  
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2 Figure 3.19: The relationship between exercise intensity and rate of energy 
(ATP) demand. Both the overall rate of ATP production and the mechanism of its 
synthesis change with intensity.

Of course exercise is never that simple, we rarely maintain a constant pace or 
rate of work. There may be repeated bursts of high intensity activity, for example, 
during team games in which anaerobic metabolism (lactic system and creatine 
phosphate system) are used, broken up by periods of lower eort in which 
recovery can occur. Similarly during longer, seemingly constant pace running 
speed may change, with bursts of faster running at the start and a sprint for 
the nish line.

In summary, the contraction of muscle during exercise of any type and level 
of intensity requires ATP. The high rate of mechanical work required during 
intense exercise requires a high rate of ATP provision. This can only be achieved 
by the fast metabolic processes of the lactic acid system and PCr. The slower 
processes associated with aerobic metabolism are active during longer, slower 
exercise eorts. Figure 3.20 illustrates the relative contribution of the energy 
systems during dierent types of exercise.
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 KEY POINT
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2 Figure 3.20: Relative contributions to ATP synthesis during three dierent types 
of exercise eort. The red content represents aerobic metabolism and the blue 
anaerobic metabolism. CHO: carbohydrates (glucose); FFA: free fatty acids;  
PCr: creatine phosphate; Cr: creatine.
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 THEORY OF KNOWLEDGE
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Slf-sudy qusions
1 Identify C6H12O6

2 State the smallest chemical unit of proteins and what it is made of.

3 Distinguish between an essential and a non-essential amino acid.
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4 Outline what is meant by the term glycogenolysis

5 State the two main sites for glycogen storage in the human body.

6 Distinguish between saturated and unsaturated fatty acids.

7 State the functions of fat stored in adipose tissue.

8 Evaluate the amount of energy stored in dietary carbohydrate, protein 
and fat.

9 Distinguish between dietary recommendations and dietary guidelines.

10 List the food groups most dietary guidelines refer to. 

11 List six forms of energy.

12 Outline the terms metabolism, anabolism and catabolism

13 Discuss the role of insulin during exercise.

14 Discuss the role of muscle contraction and insulin in blood glucose 
uptake.

15 Explain the role of adrenaline in metabolism.

16 Dene the term cell respiration

17 Evaluate the relative contributions of the pathways for ATP production:

a in short-duration, intense exercise (e.g. lifting a heavy weight)

b during a 20 minute steady-state, low-intensity jog.

 DATA BASED QUESTION
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Sports & Exercise. Vol 40, nbe 2. Pp 275–81.    
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Inoducion

The human body is made up of bones, joints and muscles which allow it to 
perform a wide range of movements. Understanding how muscles contract 
and how they move the bones around the joints is critical to understanding 
sport and exercise. Furthermore, the movements of the body (and of sporting 
implements) are underpinned by Newton’s laws of motion which relate forces 
to motion. It is not possible to analyse sporting techniques or physical activity 
without a sound appreciation of these laws of motion, whether your aim is to 
improve performance, reduce the risk of injury or create new techniques.

Terms such as force, power, velocity, torque and energy all have specic 
meanings and a correct understanding of these and other mechanical quantities 
will allow accurate and informative analyses of human movement.

“Mechanical science is the 

noblest and above all other, the 

most useful, seeing that by 

means of it, all animated bodies 

which have movement perform 

all their actions.”
Leonardo da Vinci (1452–1519)
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Nuomuscul funcion
The nervous system is made up of millions of nerve bers, all carrying minute 
electrical signals. The central nervous system (CNS) consists of the brain and 
spinal cord and is where most sensing and control takes place. The peripheral 
nervous system is the arrangement of nerves extending from the spinal column 
to the limbs and other parts of the body. 

Sensory neurons carry signals to the central nervous system from receptors 
that sense various factors such as body temperature, blood pressure, blood 
oxygen and carbon dioxide levels as well as many other variables. These neurons 
are sometimes called aerent neurons. 

Motoneurons are those nerves which carry information from the central 
nervous system to the muscles and which signal muscles to contract or relax. 
There are about 200 000 motoneurons in the human body and they are often 
called the eerent system.

Interneurons link the aerent neurons to the motoneurons, and have either 
an excitatory or inhibitory eect on the neural signals.

Stct  s
The neuron consists of various components which have dierent functions in 
the transmission of nerve signals. The structure of a motoneuron is shown in 
Figure 4.1. 

The soma, or cell body, is contained within the spinal cord or in clusters just 
outside it called ganglia. Dendrites link the neuron to other neurons and allow 
information to ow between dierent nerves. The axon is the main component 
of nerve signal transmission. It is similar to an electrical wire and has a cover 
made of myelin, a protein that makes sure the electrical signal is insulated 
from surrounding tissues. The myelin covering has gaps in it called nodes of 
Ranvier and these aid transmission of the information.

At the end of the neuron where it meets the muscle cell the axon is unmyelinated. 
The neuron joins the muscle ber at the neuromuscular junction or motor 
end plate and there is actually a gap between neuron and muscle ber called 
the synapse, across which transmission of the electrical nerve signal stimulates 
the muscle.

T mt t
A motor unit is a single motoneuron and the muscle bers which it innervates. 
The number of muscle bers per motoneuron may be as high as 2,000 (for 
example, in the gluteus maximus on the back of the hip) or a small as 10 (for 
example, in the eye). A large number of muscle bers per motoneuron allows 
a single motoneuron to cause the muscle to generate large forces; a small 
number of muscle bers per motoneuron gives small forces but great precision. 
The number of muscle bers stimulated by one motoneuron is called the 
innervation ratio.

When the motor unit is innervated by the motoneuron all of its muscle bers 
contract at once. This is called the all-or-nothing response—all of the muscle 
bers attached to one motoneuron are either relaxed or contracted.

Tys  mt t
Although all human muscles contain the three types of muscle bers described 
in Chapter 1, there are three types of motor unit. 

@ Type I slow twitch motor units consist of mainly type I (slow twitch) muscle 
bers and have fairly slow nerve transmission speeds and small muscle 
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forces. However, they can maintain contractions for a long time, as they 
are fatigue resistant. 

@ Type IIa fast twitch oxidative motor units consist mainly of type IIa muscle 
bers and have fast neural transmission times and stronger contraction 
forces and are also resistant to fatigue. 

@ Type IIb motor units generate the fastest contraction times and largest 
forces, but these fatigue at a high rate and so cannot maintain contractions 
for a long period of time.

Type I motor units would therefore be useful for events requiring small forces 
over a long time period such as walking or jogging. Type IIa motor units would 
be more appropriate for activities which require larger forces but still occur 
over a long time, such as swimming and cycling. Type IIb motor units produce 
very large forces very quickly so would be critical in sprinting, jumping, throwing 
and weightlifting.

Mcacs  msc ctact
As mentioned in chapter 1, when seen under a microscope, muscle ber 
sarcomeres appear striped or striated. These cross-striations are due to the 
overlap of actin and myosin proteins in the muscle ber. The detail of the 
muscle bers and sarcomeres is shown in Figure 4.2.

Sarcolemma

Nucleus

Perimysium

Endomysium

Fascicle

Muscle fiber

Sarc
om

ere

Sarcoplasm

Myofibril

Epimysium

Muscle

A Band

Thick filament—myosin

Thin filament—actin

Band

B

C

A

D

z

Z

2 Figure 4.2

Muscular contraction starts with an electrical impulse, generated either 
voluntarily from the brain or by reex, which travels along a motoneuron to 
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the neuromuscular junction of the motor unit. At the neuromuscular 
junction or motor end plate, there is a space between the end of 
the neuron and the muscle bers. This is called a synapse. When 
the signal reaches this synapse, a chemical called acetylcholine 
is released. This changes the electrical state of the muscle and 
causes a signal called the action potential to travel along the 
muscle bers.

The action potential travels through the muscle bers down the 
T-tubules, and stimulates the sarcoplasmic reticulum to release 
calcium ions (Ca2+). This opens the binding sites on the actin 
molecules and the heads of the myosin molecules move out 
towards these sites. The heads of the myosin molecules are shaped 
a little like golf clubs and it is the ends of the heads that attach to 
the actin. Attached to the myosin head is a chemical called 
adenosine triphosphate (ATP) and this is split chemically into 
adenosine diphosphate (ADP) and phosphate. At the same time, 
the head of the myosin "bends" thus sliding the actin along a little 
relative to the myosin.

The myosin is then released from the actin and fresh ATP can join 
the myosin head. If the electrical signal is still present, fresh calcium 
will also be available, and the myosin heads can bind to the next 
sites on the actin. Thus the actin has been pulled along parallel to 
the myosin. This happens repeatedly while the neural signal is 
active, thus the muscle contracts by the sliding of the actin relative 
to the myosin. This is known as the sliding lament theory and was 
rst proposed by Huxley in 1957. Muscle bers are made up of 
many thousands of actin and myosin molecules, and the sliding of 
all of these makes the muscle contract.

When the nerve is no longer stimulated, acetylcholine is removed 
by acetylcholine esterase, calcium goes back into the sarcoplasmic 

reticulum and the myosin heads move back to their resting positions away 
from the actin. 

Ct  msc c
When a muscle is signalled to contract, the central nervous system will usually 
control the force of contraction so that the body segment will move appropriately. 
This might require a very large force (such as in the quadriceps muscles during 
kicking) or a small force (such as when writing). The control of the muscle 
force can be carried out by recruiting the motor units in two ways.

The size principle is when smaller motor units are recruited rst and only 
when larger forces are required are large motor units stimulated. However, in 
activities that require very large forces, this principle may not be eective. 
Therefore, the frequency of motor unit innervation can also be varied, with a 
higher rate of activation causing a higher force in the muscle. This is called 
frequency or rate coding of motor unit recruitment.

Mas msc actat
It is useful to be able to monitor the electrical activation of motor units, so that 
factors such as timing of contraction, force of contraction and fatigue can be 
assessed. This is carried out with electromyography (EMG). Electrodes are 
either inserted into the muscle (rare when looking at sport and exercise due 
to the invasive nature of the insertion) or are placed on the surface of the skin 
above the muscles of interest.

2 Figure 4.3
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The electrodes are then connected to an amplier and the action potential 
which innervates the muscle can be recorded, usually by computer. The “raw” 
EMG signal shows a signal above and below the resting baseline, indicating 
the depolarization and repolarization of the motor units. When the muscle 
contracts, the amplitude (size) of the signal increases; as the motor units are 
recruited and when it relaxes the signal returns to base level.

Further calculations may be applied to the raw EMG signal to help understanding 
of the muscle contractions. 

@ Firstly, the raw EMG may be rectied—this makes all the negative signals 
positive, and this makes calculation of the mean average much easier. The 
mean average can be used to give the overall strength of a contraction. 

@ Secondly, a linear envelope (or low pass lter) can be applied to the raw 
EMG—this shows an outline of each muscle contraction and makes it clearer 
to see when each “burst” starts and ends. 

@ Thirdly, the total signal can be added up for each muscle contraction, and 
this is called integrated EMG. This gives a total amount of muscle activity 
for all of the muscle contractions of interest. 

@ Finally, the raw EMG can be transformed into frequency information. This 
shows the rate of ring of the muscle, and can be used to examine fatigue.
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Although EMG seems an attractive method of measuring muscle activity, it is 
not straightforward. Fat, uid and skin have a ltering eect on the signal as it 
travels between the muscle being studied and the surface electrodes. This 
reduces the size of the signal and also spreads it out, making it dicult to 
identify what is happening at the motor units. Also, the movement of the muscles 
under the skin in dynamic contractions means that the EMG may be recording 
electrical activity from dierent parts of the muscle, or even from dierent 
muscles, as the body segments move. There are also electrical signals from 
other devices (such as uorescent lights) and from motion of the cables used 
to transmit the EMG signal that can interfere with the recordings, and make it 
dicult to distinguish the required information from the electrical "noise" .

Therefore, there is not a direct linear relationship between muscle force and 
the recorded EMG, except occasionally in simple static (isometric) contractions 
where the body segment does not move although the muscle is contracting 
(such as holding a weight). The above factors also aect the EMG signal when 
examining changes in the frequency spectrum to determine the eects of 
muscle fatigue. Hence EMG is a useful research tool, but the signals should 
be analysed bearing in mind the complications noted above.

Join nd movmn y
The musculoskeletal system is the arrangement of bones, joints and muscles 
that permits movement of the human body in sports and exercise. The body 
segments are articulated by the synovial joints at which two or more bones 
meet. Usually, movement consists of rotation of one segment relative to another 
at the joint. This rotation is caused by forces originating from the muscles, 
other parts of the body, or external actors (such as gravity, sporting implements 
or other people). Understanding the movements possible at the joints and how 
the muscles control these movements is crucial for us to be able to analyse 
human activity in sport and exercise.

Mmts  sya ts
Synovial joints can be classied depending on how many axes of rotation the 
bones have. The structure of synovial joints was discussed in chapter 1, and 
this chapter will explain how this structure permits movements around 
particular axes.

@ Non-axial In gliding joints (e.g. between the carpal bones in the palm of 
the hand) the bones simply slide in relation to each other. Therefore, there 
are no axes of rotation in this type of joint. 

@ Uniaxial In hinge joints (e.g. the elbow) and pivot joints (e.g. the radioulnar 
joint) there is only one axis of rotation. This means that the structure of the 
bones at the joint restricts rotation to movement around one axis only. 

@ Biaxial At condylar joints (e.g. the knee) and saddle joints (e.g. the base of 
the thumb) there are two axes of rotation and therefore the bones can move 
in two dierent ways. 

@ Traxial Ball and socket joints such as the shoulder and hip allow rotation 
around three axes. Therefore, these bones permit the greatest movement, as 
they allow the limbs attached at them to move through a large volume of space.

When segments of the human body move, it is very useful to be able to describe 
the movements precisely and concisely. Therefore, there is a system of naming 
the movements of the body’s segments that it is used in sport, exercise and 
medicine. Knowledge of these terms will greatly assist description and analysis 
of motion, as well as promote greater understanding between sports scientists, 
physical educators, coaches and sports medicine practitioners.
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As  tat ad as  mmt  t 

ma dy
There are several planes and axes which provide a reference for describing 
the motion at the joints as well as movement of the whole body. These axes 
and planes use the anatomical terminology introduced in chapter 1.

There are three fundamental axes of rotation:

@ the anteroposterior axis (going from front to back)
@ the transverse axis (going from left to right)
@ the vertical axis (going from top to bottom). 

For the whole body, these axes pass through the center of gravity as shown in 
Figure 4.5.
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2 Figure 4.5: Axes of rotation and planes of movement of the human body

For individual joints these axes pass through the joint center. Of course, 
at some joints (particularly triaxial joints) the axis of rotation may be at 
some oblique angle and not about one of the reference axes, depending 
on the position of the static bone and the motion of the moving bone at 
the joint. Also, at individual joints, practitioners may refer to the "longitudinal 
axis" meaning the axis from the proximal to the distal ends of the moving 
bone at the joint. 

Movement of the body’s segments at the joints can be considered to be in three 
planes. Of course, it is possible to move in a combination of two or more of 
these planes. When applied to the whole body, these planes go through the 
center of gravity (see Figure 4.5) and are: 

@ the frontal plane (cuts the body front from back)
@ the sagittal or median plane (cuts the body left from right)
@ the transverse plane (cuts the body top from bottom). 

These planes can also refer to movements at individual joints.
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Mmts at t ts
The movements of the body segments at the joints are given particular names. 
Now the reference axes of rotation and planes have been dened, these 
movements can be described (see Table 4.1). The movements are usually 
assumed to start with the segments of the body in the anatomical starting 
position (see chapter 1) with the individual standing upright, facing straight 
ahead with the feet parallel and close together and the palms facing forward.

MoTion in The SAgiTTAl plAne

Fxn Cng f h jn ng rund h rnr x 
 h jn.

exnn opnng f h jn ng rund h rnr 
x  h jn.

MoTion in The fronTAl plAne

abducn opnng f h jn ng rund h 
nrprr x  h jn.

adducn Cng f h jn ng rund h nrprr 
x  h jn.

MoTion in The TrAnSverSe plAne

Md (nwrd) rn th nrr urfc f h mng bn m 
wrd h md (nd) pc f h bd.

lr (uwrd) rn th nrr urfc f h mng bn m 
wrd h r (ud) pc f h bd.

2 Table 4.1

These are the main fundamental movements that apply to all joints, as long 
as the structure permits movements around the appropriate axes. For 
example, the elbow joint flexes when it bends and extends when it straightens, 
but the structure of the joint does not permit abduction, adduction, medial 
or lateral rotation. Conversely, the shoulder joint flexes when the arm is 
raised, and extends when it is lowered (these two movements are the 
opposite to what might be expected), abducts when the arm is raised from 
the side and adducts when it is lowered again. The humerus (upper arm) 
also can undergo rotation around the transverse axis at the shoulder joint, 
demonstrated by the fact that when the elbow is kept fully extended, the 
hand can still go from facing anteriorly to posteriorly (medial rotation) and 
back again (lateral rotation).

When the word hyper (Greek for “beyond” or “more than”) is added to any of 
these terms, this usually indicates that the action is beyond 180º or back past 
the starting position. It is also sometimes dened as movement of a body segment 
into the space posterior to the body when it is in the anatomical position. For 
example, hyperextension of the shoulder is when the arm extends in the sagittal 
plane and then continues past the anatomical position behind the body.
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There are also some commonly used terms which apply to particular joints as 
listed in Table 4.2.

DorSiflexion Fxn f h nk jn. th mmn m h f 
up nd dwn n h g pn.

plAnTAr 

flexion

exnn f h nk 
jn.

pronATion Md rn f h 
rdunr jn (n h 
wr jn).

th mmn w h 
frrm (nd hu h hnd  
w)  r, n whn h 
bw  xd. if h bw  
xd  90º frm h nmc 
pn, prnn wud k 
h hnd frm “pm upwrd”  
“pm dwnwrd”, nd c r 
fr upnn.

SupinATion lr rn f h 
rdunr jn (n h 
wr jn).

everSion Md rn f h 
nk jn.

th mmn n 
“rng” f h f  h nk. 
Frm h nmc pn, f 
h f  md  h h  
fc nwrd, h  nrn. 
if h f  md  h  
fc uwrd, h  rn.

inverSion lr rn f h 
nk jn.

horizonTAl 

AbDuCTion 

(AlSo CAlleD

horizonTAl 

exTenSion)

opnng f h jn ng 
rund h rnr 
pn whn h bd 
gmn h rd bn 
xd  90º.

th cn r cmmn  
h hudr. if h rm  xd 
(rd n h g pn)  
90º nd hn brugh wrd h 
mdn f h bd hrzn, 
h  hrzn dducn 
(hrzn xn). if h rm  
md hrzn w frm h 
mdn whn rd xd  
90º, h  hrzn bducn 
(hrzn xnn).

horizonTAl 

ADDuCTion 

(AlSo CAlleD

horizonTAl 

flexion)

Cng f h jn ng 
rund h rnr 
pn whn h bd 
gmn h rd bn 
xd  90º.

2 Table 4.2

There are several movements that are actually combinations of the fundamental 
movements listed above, but which are given a single name for ease of 
understanding.

@ Circumduction This is the “circling” of a body segment at a joint, for 
example, moving the arm in a circle around the shoulder, such as in cricket 
bowling. This particular movement is actually a combination of hyperextension, 
abduction, extension and adduction. Circumduction may include other 
movements in the circling action depending on the direction, axes of rotation 
and the particular joint. Circumduction commonly occurs at the shoulder, 
hip, wrist, ankle and thumb, meaning it requires at least a biaxial joint.

@ Pronation and supination of the foot These movements are often used by 
sports medicine practitioners when describing motion of the foot at the ankle 
joint (combined with the other joints in the foot) during walking or running. 
Pronation combines dorsiexion, eversion and abduction of the ankle and foot, 
and often occurs just after landing in walking or running as the body’s weight is 
absorbed. Supination is plantarexion, inversion and adduction and often occurs 
during push-o in walking and running as the ankle is used to propel the person 
forward and upward. Not all individuals demonstrate pronation on landing, 
however; it depends on their body structure and their movement technique.
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Examples of some the movements are shown in Figures 4.6 to 4.8.

Arm
exion

Thigh
exion

Leg
exion

Sagittal plane movements about axis joints

Sagittal plane movements 
about the center of gravity

Sagittal plane movements
about an external axis 

2 Figure 4.6

Frontal plane movements about joint axes

Frontal plane movements about the center of gravity Frontal plane movements about external axis

2 Figure 4.7

Transverse plane movements about joint axes

Transverse plane movements 
about the center of gravity

Transverse plane movements about 
an external axis

2 Figure 4.8

ra  mt
The range of motion (usually abbreviated as ROM) at any particular joint 
depends on four factors:

@ the shape of the surfaces of the articulating bones in the joints
@ the position and length of the restraining ligaments (see chapter 1)
@ the eects of the muscles and tendons at the joint
@ the amount of soft tissue (skin, fat, muscle) at the joint.
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A large range of motion is usually benecial for sporting performance as it 
means forces can be applied over a greater distance. However, excessive range 
of motion is sometimes called hypermobility and can make joints susceptible 
to dislocation or damage. This can be a problem for performers in those sports 
and activities which require a large amount of exibility such as gymnastics 
or ballet dancing.

Muscl concion ys
When muscles contract, the ends of the muscles are drawn towards the center 
of the body due to the sliding laments. However, muscles can move the body 
segments by varying the force of contraction and where the muscle’s line of 
action is relative to the joint.

@ Concentric contraction If the ends of the muscles are actually drawn 
together, this will result in the movement of one or more body segments. 
If the rotational eect of the force (known as torque or moment) from the 
muscle is greater than that of the resistance to be overcome (e.g. segment 
weight, external weight, other muscles, other person) then this is known 
as a concentric contraction.

@ Isometric contraction If the muscle contracts, but the rotational eect of 
the muscle force (muscle torque or moment) is exactly equal to that provided 
by the resistance, then the muscle will not physically shorten although it 
will be contracted. This is known as an isometric (or static) contraction

@ Eccentric contraction If the muscle is contracting but the rotational eect 
of the muscle force (muscle torque or moment) is less than that of the 
resistance, then the ends of the muscles actually get further apart, even 
though the muscle is still contracting. This is because the muscle is not
relaxed, but is not contracting strongly enough (and/or not in a suitable 
position) to overcome or balance the resistance. This type of contraction is 
known as an eccentric contraction. The lengthening of the muscle while 
still contracting is thought to break the actin-myosin bonds mechanically, 
and this means that greater muscle forces and torques can be produced 
than in concentric contraction. Fewer motor units are recruited for the 
same muscle force and there is also a lower oxygen cost for eccentric 
contractions than concentric contraction of the same muscle.

@ Isotonic contraction Eccentric and concentric contractions are sometimes 
known as isotonic contractions (meaning “same tension” or “same force”) 
because the force remains constant during the movement of the body 
segment aected by the muscle. However, this is a misleading term, as the 
force in the muscle will usually change due to the change in joint angle 
(and therefore the angle of pull of the muscle relative to the joint will also 
change). This means that the force in the muscle will usually change 
throughout the range of motion, even if the external resistance is constant 
(for example, lifting a constant weight).

@ Isokinetic motion Isokinetic motion is when a muscle contracts so that 
the body segment to which it is attached moves at a constant speed around 
the joint. This type of movement is very rare in sport and exercise (most 
movements have an acceleration phase and a deceleration phase), and 
usually requires complex equipment to ensure the segment rotational speed 
is constant. This type of motion (regulated by equipment) is useful in 
rehabilitation when a therapist wants to make sure the speed of a limb is 
not excessive. However, as in isotonic contractions, just because the body 
segment moves at a constant rotational speed, it cannot be assumed that 
the muscle is contracting at a constant speed due to the dierent angles of 
pull through the range of motion.

 TO THINK ABOUT

ecctc ctact ad msc 

sss

Muc rn m b du  
 r f fcr, bu n f h 
m cmmn  h ub-cur 
dmg (nd h cd 
nmmn) h bcm 
pprn n r w d fr 
xrc. th  cd dd 
n muc rn (DoMs), 
nd m  b rd  xrc 
whch h rg mun f 
ccnrc xrc (fr xmp, 
runnng dwnh, n whch h 
qudrcp muc cnrc 
ccnrc  h kn  cnr 
h bd wgh). 

th mchnc brkng f h 
cn-mn bnd h ccur 
n ccnrc cnrcn cmbnd 
wh h rg muc frc 
h cn b prducd n h 
p f xrc ru n ru 
bchmc nd mchnc 
chng n h muc. th hn 
cu nmmn, n nd 
pn whch pk 24  48 hur 
fr xrc, hugh  cn  
up  10 d. th muc dmg 
cn b mnrd b xmnng 
h  f crn kn, n 
nzm nd n h brkdwn 
nd nh f muc prn. 

th m c mhd f 
rng DoMs  gh xrc, 
hugh m ud h 
uggd nn-rd n-
nmmr drug (NsaiD), 
mg r c bh may hp.

H u r xprncd DoMs
fr nn xrc? thnk bu 
h c h cud h—wh 
muc u wr ung nd hw 
wr u ung hm?
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@ Muscle relaxation The nal way for a muscle to aect segment motion is 
to relax. This means that the contractile elements are not interlinked by 
the myosin heads, and that the ends of the muscle are not being drawn (or 
trying to be drawn) together. Therefore the muscle contraction force is zero. 
However, it should be noted that there still may be some resistance to 
movement (especially if the muscle is being moved beyond its relaxed 
length) due to the residual extensibility and elasticity of the muscle and 
tendon (see chapter 1).

rols of muscl in join movmns
Muscles are used in various ways when joints are moved. These roles depend 
on the desired movement, the type of muscle used, the position of the muscles 
relative to the joint and the type of contraction.

@ Agonist (mover) In this role, the muscle contracts concentrically to move 
the bone relative to the joint. The muscle shortens and the muscle torque 
is greater than any resistance torque. There are dierent levels of agonist: 
prime, assistant or emergency. For example, when lifting a weight (elbow 
exion) during a bicep curl, the prime mover or agonist would be the biceps 
brachii (the large muscle on the anterior surface of the upper arm), and 
the assistant movers would be the brachialis (a smaller muscle on the 
anterior surface of the elbow) and the brachoradialis (the muscle that runs 
from above the elbow to the wrist on the anterior surface of the forearm).

@ Antagonist If a muscle contracts eccentrically, then it is often acting as an 
antagonist for the joint action. This means it acts in the opposite direction 
to its usual concentric function, and gets longer even though it is contracting. 
For example, when lowering the weight during the bicep curl (elbow 
extension), the biceps brachii and the other two muscles act as antagonists 
to slow the descent (if the muscles relaxed, the weight would simply fall 
due to gravity). Note that the triceps brachii (the muscle on the posterior 
surface of the upper arm) does not contract in this action—this would simply 
‘throw’ the weight to the oor as the elbow would be extended actively at 
speed, rather than under control.

@ Fixator (stabilizer) When muscles contract, both ends are drawn towards 
the middle of the muscle. However, if only one end of the muscle is required 
to move a body segment, then the body segment to which the other end of 
the muscle is attached (usually the other segment of the joint) must be kept 
stationary. Therefore, this will require at least one other muscle to contract 
(usually isometrically) to prevent this segment from moving so that the 
agonist may move the desired segment. These other muscles are called 
xators or stabilizers and are very important. This is one of the main ideas 
behind the principle of core stability—the muscles of the core must be 
strong so they can hold the trunk of the body steady while the agonists or 
antagonists move the limbs.

@ Synergist (neutralizer) Most muscles have more than one action at a joint. 
For example, when the biceps brachii contracts, it not only exes the elbow 
joint but also supinates the radioulnar joint. Therefore, if these extra actions 
are not required, other muscles must be used to prevent them. These 
muscles are named synergists or neutralizers and contract (usually isometrically) 
to prevent unwanted actions of the agonists or antagonists. In the example 
above, one or both of the pronator muscles would be used if supination 
was not desired when the biceps brachii was contracting.

It is very important to assess which type of contraction muscles (particularly 
the agonists) are undergoing in a movement. Generally, if a limb is being 
moved in the opposite direction to a resistance force (e.g. gravity) the agonists 
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are undergoing concentric contraction. However, if a limb is moving in the 
same direction as the resistance force (but under control) an eccentric 
contraction is being performed by the antagonists.

If no movement is apparent, but the muscles are contracting, then isometric 
contraction is likely to be occurring.

@ Reciprocal inhibition When an agonist contracts to move a body segment, 
it is usual for the antagonist (the muscle with the opposite concentric 
contraction action) to relax. This means that the agonist is not being opposed 
by any muscle torque acting in the opposite direction to that of the motion. 
This is called reciprocal inhibition reex and is an automatic action controlled 
by neurons. When the agonist motoneuron is stimulated, the motoneuron 
to the antagonist is inhibited, preventing it from contracting strongly. During 
sport and exercise, these signals are very important to ensure maximum 
torque around the joints when the agonist muscles contract.

It is a common misconception to think that when the agonist muscles contract 
concentrically, the antagonist muscles contract eccentrically. In most movements, 
this would be counterproductive as the antagonist muscles would be producing 
a torque in the opposite direction to motion, thus lowering the net torque 
around the joint. So, for example, during the upward phase of a biceps curl, 
the biceps brachii muscle contracts concentrically and the triceps brachii (the 
antagonist muscle) relaxes. During the downward phase (if slow and controlled), 
the biceps brachii muscle contracts eccentrically and the triceps brachii is still 
relaxed.

However, occasionally it is necessary for both agonist and antagonist to contract 
at the same time (for example, to control balance or to make a joint “stier” 
when learning a task). This is called co-activation and in this case reciprocal 
inhibition is overridden by the voluntary nervous system.

Fundmnls of biomcnics

Biomechanics can be dened as the “applications of mechanics to the human 
body and sporting implements, and studies the forces on (and caused by) the 
human body and the subsequent result of those forces” (Coleman1999).

This means that biomechanics examines the forces caused by the human body 
(for example, by the muscles) and forces on the body from outside (such as 
gravity or other players) and the eects they have on the body’s motion.

Furthermore “biomechanics is the science underlying techniques” (Hay 1994). 
This means that if a coach or physical education teacher wishes to understand 
technique in order to improve performance or reduce injuries, he or she must 
have a good knowledge of biomechanics.

Biomechanics is divided into two areas: kinematics (dealing with the motion 
of bodies and objects) and kinetics (dealing with forces).

Kinmics

Kinematics is the study of motion, which is simply the change in position of 
a body or object. This might be a change in the position of the body’s limbs, 
moving the body from one place to another or both together. 

Motion can be:

@ linear motion in a straight line, such as an ice hockey puck sliding over 
the ice

@ curvilinear motion in a curve, such as a shot-put travelling through the air 
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@ angular motion around an axis, sometimes known as rotational motion, 
such as a gymnast rotating around a high bar 

@ general (linear and angular motion together). 

The most common type of movement of the human body in sport and exercise 
is general motion. This is because at almost all synovial joints in the body, one 
segment rotates around another. This means that even if we wish to run in a 
straight line, we must rotate our limbs while travelling linearly.

Mas mmt 
A measurement that has both size and direction is known as a vector. One that 
only has size is known as a scalar. 

The dierence between scalars and vectors is important in biomechanics 
because it aects how measurements are combined (for example, by adding, 
subtracting, multiplying or dividing). If the direction of two vectors is the same, 
their sizes may be simply combined together, but if there are dierent directions, 
this must also be taken in account. Scalars can simply be added, subtracted, 
multiplied and divided. 

Vectors in this chapter are given in bold characters while scalars appear in 
normal text.

pst
The position of an object or body is usually given by its coordinates. Linear 
coordinates are a linear measurement (e.g. metres) from an origin and are 
often given in two dimensions (horizontal and vertical) or three dimensions 
(horizontal, vertical and lateral). Two-dimensional coordinates are often named 
x and y (horizontal and vertical), while three-dimensional coordinates are 
usually called x, y and z. There are two systems for giving three-dimensional 
coordinates. In the rst x is horizontal, y is vertical, z is lateral while in the 
second x is horizontal, y is lateral, z is vertical. The position of an object is 
sometimes given the symbol r

Angular coordinates are given by the angles around one or more axes.

la kmatcs
As mentioned above, linear kinematics looks at motion in a straight line.

la dsacmt ad a dstac
If a body or object changes its position from one place to another it undergoes 
a displacement. This is given in terms of how far and in what direction the 
end position is from the start position. The displacement is often expressed as 
how far the body or object has moved horizontally, vertically and laterally. 
Therefore displacement is a vector quantity because it has size and direction. 
The size of linear displacement is named distance. Distance is a scalar quantity 
and has no direction, therefore it does not matter in which direction the object 
or body moves, only how far it goes.

Linear displacement is usually given by the symbol s (or sometimes dr meaning 
change in position) and linear distance by the symbol d. The SI unit for the 
size of displacement is metres (m), and the direction may be specied in 
degrees (º) or radians (rad) from a particular direction, or may be along a 
coordinate axis (horizontal, vertical or lateral).

la cty
Velocity is a change in displacement divided by the time taken for the change 
to take place. It has size (how fast) and direction and so is also a vector quantity. 
The size of linear velocity is called speed and is a scalar quantity as it does not 
have any direction.

Vco  murmn h h 

bh z nd drcn

Scl  murmn h n 

h z
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Linear velocity is usually given by the symbol v. The SI unit for velocity is 
metres per second (m.s 1 or m/s) and again, the direction may be specied in 
degrees (º) or radians (rad) from a particular direction, or may be along a 
coordinate axis (horizontal, vertical or lateral).

la accat
Acceleration is a change in velocity divided by the time taken for the change 
to take place. It also can be linear or angular. It has size and direction and is 
a vector quantity. 

As acceleration is a change in speed, a change in direction or both, if you are 
running around a bend at constant speed, you are accelerating. Acceleration 
should therefore not therefore just be used to indicate a change in speed, but 
also a change in direction.

Linear acceleration is usually given by the symbol a. The SI unit for acceleration 
is metres per second per second (m.s 2 or m/s/s) and the direction may be 
specied in degrees (º) or radians (rad) from a particular direction, or may be 
along a coordinate axis (horizontal, vertical or lateral).

 KEY POINT

th mb uu ud fr h drn p f mmn n nr 
knmc nd h si un ud r  fw.

lnr dpcmn s Mr

lnr dnc d Mr

lnr c v Mr pr cnd  
(m. 1 r m/)

lnr ccrn a Mr pr cnd pr 
cnd (m. 2 r m//)

Aa kmatcs
Angular kinematics looks at motion around an axis.

Aa dsacmt
Angular displacement is the dierence between start and end positions when 
a body moves around an axis with angular motion. Angular displacement is 
a vector quantity so has size and direction and is represented by the symbol 
(Greek theta). The SI unit for the size of angular displacement is usually 
degrees (º) or radians (rad) and the direction is anticlockwise or clockwise 
around the axis.

Aa cty
Angular velocity is the change of angular displacement divided by the time 
taken. This is also a vector quantity. Angular velocity is given as the symbol 
(Greek omega). The SI unit for the size of the angular velocity is degrees per 
second (º.s 1 or º/s) or radians per second (rad.s 1 or rad/s) and the direction 
is usually clockwise or anticlockwise about an axis.

Aa accat
Angular acceleration is the change of angular velocity divided by the time 
taken for the change to take place. It is a vector and is given the symbol a
(the Greek symbol alpha). The SI unit for the size of the angular velocity is 
degrees per second per second (º.s 2 or º/s/s) or radians per second per second 
(rad.s 2 or rad/s/s) and the direction is often clockwise or anticlockwise about 
an axis.
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 KEY POINT

th mb uu ud fr h drn p f mmn n ngur 
knmc nd h si un ud r  fw.

angur dpcmn  (Grk h) Dgr (º) r rdn (rd)

angur c  (Grk 
mg)

Dgr pr cnd (º. 1 r º/) r 
rdn pr cnd (rd. 1 r rd/)

angur ccrn a (h Grk 
mb ph)

Dgr pr cnd pr cnd 
(º. 2 r º//) r rdn pr cnd 
pr cnd (rd. 2 r rd//)

istatas ad aa kmatcs
As velocities and accelerations (linear and angular) involve division by time, 
the values obtained will depend on the duration over which the measurement 
is made. The time may be long (for example, over a whole race), or very short 
(fractions of a second). As the time gets shorter and shorter, it approaches zero. 
In mathematics, this is named calculus (invented by both Newton and Leibnitz 
separately in the 17th century). 

The velocity or acceleration calculated over a long time is usually called average 
velocity or acceleration. The velocity or acceleration when the time is very 
nearly zero is called the instantaneous velocity or acceleration, and may be 
calculated in two ways. If the relationship between the displacement and time 
is known mathematically (i.e. by an equation), calculus allows the exact 
calculation of an equation for the velocity (and similarly, if the equation between 
the velocity and time is known, an equation for the acceleration can be found). 
Alternatively a graph of displacement against time can be drawn, and then 
the velocity is the slope of this graph at any point. This is usually found by 
drawing a tangent to the displacement–time graph. Similarly, the same method 
can be used to get acceleration from a velocity–time graph.

Average velocities and accelerations are much simpler to calculate. The change 
in displacement is simply divided by the time taken to get the velocity, and 
the change in velocity is divided by the time taken to get the acceleration. 

Kinics

Kinetics looks at the forces involved in the movement of an object or body. As 
with kinematics, we can look at linear kinetics for movements in a straight 
line or angular kinetics for movement around an axis.

la ktcs

fc
Force is sometimes described as a push or a pull. However, although correct, 
this is rather simple and so a better denition and understanding is needed. 
Force is simply the mechanical interaction that goes on between two objects 
or bodies. It may involve contact (such as friction) or it may act at a distance 
(such as gravity). A force changes or tries to change the motion of the objects.

gaty
In 1687, Sir Isaac Newton published his Principia which set out to understand 
how objects changed their motions. Building on the work of previous scientists 
such as Galileo, Kepler and Halley, he realized that there is an attractive force 
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between objects which is related to their masses (the amount of material in 
them) and inversely proportional to the square of the distance between them. 
This force causes the elliptical orbits of the planets around the sun, but also is 
the reason for the attraction between the earth and all bodies and objects near 
to it or on its surface.

It should be recognized that astronauts orbiting the earth are still subject to 
earth’s gravity (that is why they are orbiting rather than travelling o into space) 
and so are not in “zero gravity”. It is simply that their spacecraft is moving as 
fast as they are and so they are in “free fall” all of the time and thus have no 
force between them and the oor.

Mass ad wt
Mass is the amount of material in a body or object. It is usually measured in kilograms, 
but is not its weight. Weight is the eect of the force of gravity on mass. This means 
that on the moon, the mass of an object is the same as on the earth, but its weight 
is less (because the moon’s gravity is less than that of the earth). Because the force 
of gravity always acts between an object and the earth and is directed towards the 
center of the earth, there is always a force acting vertically on us. 

nwt’s aws  mt
In his Principia, Newton also stated the three laws that relate forces to the 
change of motion. Although today we know that Newton’s laws of motion do 
not work well when considering motion near the speed of light or when looking 
at sub-atomic particles, they are very accurate when analysing the forces and 
motion on our bodies or everyday objects.

nwt’s st aw  mt
Newton’s rst law of motion can be stated as: “An object will remain at rest or 
continue with constant velocity unless acted on by an unbalanced force.” This 
means that bodies or objects stay where they are or keep moving unless acted 
on by an unbalanced force. This law is sometimes known as the law of inertia.

For a body to be at rest (standing still) on the earth, there must be a force 
balancing the weight, acting in the opposite direction (upwards). This force 
often comes from supports or the ground and is called the reaction force. If 
an object is travelling at constant speed in a constant direction, the forces on 
it must also be balanced.

Thus, a true understanding of a force is that it is something that changes (or 
tries to change) a body or object’s motion and not something that causes motion.

nwt’s scd aw  mt
Newton’s second law of motion relates the change in motion (acceleration) to 
the force causing that change. It can be stated as: “The acceleration (for a body/
object of constant mass) is proportional to, and in the same direction as, the 
unbalanced force applied to it.” This law is sometimes known as the law of 
acceleration. 

This is sometimes written as: “Force is equal to mass multiplied by acceleration” 
(F 5 ma). Thus a body or object’s change of motion is directly related to the 
size of the (unbalanced) force causing the change and will change motion in 
the direction of the applied force. The change in motion is also inversely related 
to the mass of the object. Therefore heavier objects will accelerate less for the 
same force, and to accelerate heavy objects, a large force is needed.

As we have seen, acceleration is change in velocity divided by the time taken. 
So Newton’s second law of motion could be rewritten as F = m (v u) / t, where 
v and u are nal and initial velocities and t is the time for the velocity change. 
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nwt’s td aw  mt
The third law of motion explains the forces between two objects. It can be 
stated as: “When one body or object applies a force to another, the second 
body or object will apply a force equal in size but opposite in direction to the 
rst body or object.” This law is often called the law of reaction. This law is 
sometimes phrased as “for every action there is an equal and opposite reaction.”

There are several important aspects to the understanding of this law: Firstly, 
the two forces are on two dierent bodies or objects (not on the same body/
object). Secondly, the forces on the objects are exactly the same size, regardless 
of the masses of the objects. The eects of those forces may be dierent if the 
bodies/objects are of dierent masses—this is due to Newton’s second law of 
motion. Finally, the forces happen at exactly the same time—one does not occur 
later in response to the other.

TO THINK ABOUT

eam  nwt’s aws  mt  st

an xmp f Nwn’ r w f mn n pr  whn n c hck 
puck  nr n h c. th frc f h wgh f h puck  bncd 
b h upwrd frc frm h c nd     r. Hwr, whn  pr 
h h puck, n unbncd xrn frc  ppd     ccr n 
h drcn f h h. i hn r cr h c, bng wd gh b 
frcn, un nhr xrn frc (nhr pr’ ck r h d w f 
h rn) chng  mn gn (fr xmp,  p ).

Nwn’ cnd w cn b urd b cndrng h drn frc 
rqurd  ccr  b nn b nd  ccr b. in rdr  g h 
ccr b h m ccrn   b nn b  much rgr frc mu 
b ppd b h pr,  h ccr b h  much grr m hn h 
b nn b.

Nwn’ hrd w  r mprn whn  prnr wh  r  rc frm 
h bck. H mu puh bckwrd nd dwnwrd wh rg frc n h 
bck. accrdng  Nwn’ hrd w, h bck w puh bck n hm wh 
h m frc, bu n h pp drcn (frwrd nd upwrd). a h 
bck r cnncd  h grund (whch h  much rgr m hn h 
h), h grund w n m bckwrd, bu h h w m frwrd 
nd upwrd u f h bck  n  h r h rm frm h grund.

la mmtm ad a ms: t ms—mmtm 
ats
Linear momentum is the property an object has due to its movement. It is 
calculated by the mass of the object multiplied by the velocity at which it is 
moving (mv). It is usually given the symbol p, and is a vector with size and 
direction. 

Linear impulse is force multiplied by the time it acts for (J = Ft) and is 
also a vector.

There is a very important relationship between linear impulse and linear 
momentum. Linear impulse is the change in linear momentum. This means 
that the size and direction of the change in momentum of a body or object 
depends on the force applied to it and the time for which that force acts. If the 
force is large and the time is also large, there will be a great change in momentum. 
As the mass of a body or object does not usually change, this will equate to a 
change in velocity. 

 KEY POINT

nwt’s st aw Bd r 
bjc  whr h r r 
keep moving un cd n b n 
unbncd frc (w f nr).

nwt’s scd aw Frc  qu 
 m mupd b ccrn 
(w f ccrn).

nwt’s td aw Fr r cn 
hr  n qu nd pp 
rcn (w f rcn).

 TO THINK ABOUT

ims–mmtm ats 

 st

Durng h hgh jump k-, ann 
mu chng hr hrzn mn 
n rc mn  jump r 
h br. th mn h hrzn 
nr mmnum h h frm 
h pprch mu b cnrd 
 rc nr mmnum. 
th  dn b ppng  rg 
rc frc dwn n h grund, 
nd hu, b Nwn’ hrd w, 
rcng h m grund rcn 
frc cng upwrd. 

in rdr  gn h gr rc 
mmnum, h frc mu b 
ppd fr  ng  m  
pb. thrfr ann pc 
hr k- g n frn f hr, 
ndng n h h. th m kn 
fr h bd r h k- f, 
cmbnd wh h xn nd 
xnn f h kn, mn h 
h muc cn pp  r rg 
frc r  ng prd f m, 
hu mxmzng h rc nr 
mpu nd gn  rg rc 
nr mmnum.
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Csat  a mmtm
During collisions between two bodies or objects, the total linear momentum 
of the objects involved is conserved (stays the same). This is a direct result of 
Newton’s second and third laws, as the forces between the objects will be the 
same, as will the time of the collision. Therefore, the linear momentum changes 
will be the same for the two objects. 

However, some energy is lost in the collision due to heat and sound energy. 
There is an experimental law formulated by Newton that states that the 
dierence in velocities of the two objects is directly related to the dierence 
in velocities before the collision. The variable that quanties this relationship 
is called the coecient of restitution and is mainly dependent on what materials 
the objects colliding are made of (although it does depend slightly on the initial 
velocities of the objects—this is why it is an experimental law). The more elastic 
the objects in the collision, the closer to 1 the coecient of restitution will be 
and the less energy will be lost in the collision.

 TO THINK ABOUT

Cct  sttt—cat  a ams?

Bcu h ccn f run dpnd n h mr f h bjc n h 
cn,   mm pb  chng h  ur dng n b gm. Fr 
xmp, h prpr f mn pr b dpnd n hr mprur (bcu 
h b r md f rubbr r m cnn r). s b rng h mprur f h 
b  m b pb  ncr h ccn f run, hu gng h b  
hghr c fr cn wh rck r cub. 

in m pr, uch  quh, h  g nd  wrm-up r  ncr h 
mprur f h b. Hwr, n m pr h  g. Fr xmp, n h 
1950 m prfn bb m kp bb n  frzr  c hm. 
th wud rduc h ccn f run nd mk hm  c. if h 
hm m wr png  ng m wh wr rnwnd fr hng hm run, 
h cud rduc h numbr f run crd b h r. thrfr b fr 
bb mch (nd hr pr uch  nn) r nw kp n cnnr wh 
mprur  c mnrd b h grnng uhr.

in 2008, h grnng bd f gf (th R nd ancn nd h Us Gf 
acn) md prcur dgn f cub g. Gf cub mnufcurr hd 
bn mkng cub (prcur drr) wh cnc urfc h hd  r hgh 
ccn f run (mm cd “rmpn cub fc”) nd hu h 
b cud b h fr nd wud r furhr. th grnng bd hrfr 
pu n uppr m n h ccn f run f h drr cub fc,  nur 
frn bwn pr nd  prn gf cur frm hng  b nghnd 
 cp wh h ncrd drng dnc.

Aa ktcs
Tq (Mmt)
If a force is applied to an object that is free to rotate around an axis, as long as 
the force is applied so that it does not act through the axis (center of rotation), 
it will create a torque (also sometimes called the moment of the force). The size 
of the torque created depends on three factors:

@ the size of the force
@ the direction of the force
@ how far it is applied from the axis of rotation. 
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Torque is measured in Nm and is a vector (has size and direction).

Understanding of torque is very important because almost all segments of the 
human body rotate about axes within the synovial joints. The way in which 
the muscles are anatomically arranged relative to the joints plays a large part 
in determining how much torque can be created around each joint. This is 
closely linked to the principle of levers—rigid rods (such as the bones) that are 
rotated about axes such as the joints.

ls

Levers consist of a rigid rod, a fulcrum (axis), a resistance force and an eort 
force. The distance at which the resistance acts from the fulcrum is called the 
resistance arm, and the distance at which the eort acts from the fulcrum is 
called the eort arm.

A lever has a mechanical advantage. This is how much the eort force is 
multiplied by to overcome the resistance force and can be calculated as the 
eort arm divided by the resistance arm. 

Levers can be classied into three types depending on the positions of the 
eort force and resistance force relative to the fulcrum.

@ First class levers have the eort force and the resistance force on opposite 
sides of the fulcrum. The eort arm may be smaller than, equal to or smaller 
than the resistance arm. These are fairly rare in the human body—an example 
would be the muscles of the neck providing the eort force to overcome 
the resistance force caused by the weight of the head. 

@ Second class levers have the eort force and resistance force on the same 
side of the fulcrum, but with the eort arm longer than the resistance arm 
(i.e. the eort force is further away from the fulcrum than the resistance 
force). This means the mechanical advantage is greater than 1, and a small 
eort force can overcome a large resistance. This is common in machines 
such as wheelbarrows, in which larger loads can be carried close to the 
fulcrum (the wheel) by applying relatively small forces at the ends of the 
handles. However, this type of lever is very rare in the human body, and 
the only example that is commonly suggested is when the calf muscles 
contract to provide the eort force when standing on the toes in plantar 
exion. This would suggest that the human body has not evolved to use its 
limbs as levers to overcome very large resistance forces. 

@ Third class levers also have the eort and resistance forces on the same side 
of the fulcrum, but the eort arm is smaller than the resistance arm (the eort 
force is closer to the fulcrum than the resistance force). The mechanical 
advantage therefore is less than 1, and this might seem counterproductive as 
large eort forces are required to overcome small resistance forces. However, 
there is another advantage to this arrangement. A small movement of the lever 
near the fulcrum is magnied by the length of the lever, so that the end of the 
lever moves through a greater angle, and with a greater angular velocity. Thus 
the advantage is in range of motion and speed. This type of lever is very common 
in the human body, as shown in Figure 4.9 where the biceps brachii is providing 
the eort force at the elbow joint to hold a weight at the hand (the resistance 
force). Therefore, the lever systems in the human body seem to have evolved 
to favour range and speed of motion.
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Example of a rst class lever

Resistance force
(weight of head)

Effort force
(muscle force)

Fulcrum
(occipital

facet)

Fulcrum

F R

Example of a second class lever

Fulcrum

Resistance force
(body weight)

Effort force
(muscle force)

Fulcrum

F

R

Example of a third class lever

F
Effort

F
Resistance

M
Resistance

M
Effort

Fulcrum

F

R

2 Figure 4.9: Examples of the three classes of lever in the human body

Ct  mass ad ct  aty
The center of mass is the mathematical point around which the mass of a body 
or object is evenly distributed. 

The center of gravity is the mathematical point of a body or object at which 
the force of gravity can be considered to be acting (although it acts throughout 
the body or object). 

These two terms are often used interchangeably, and for bodies or objects in 
which the force of gravity does not vary (which is eectively true for human 
bodies and sporting implements), the two centers are in the same place. 
However, Hamill and Knutzen (2009) point out that the center of gravity refers 
to the eect of gravity and so is only in the vertical direction, and has no 
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horizontal or lateral component. Therefore center of mass is the more general 
term and will be used in this text.

The center of mass depends on the distribution of the material in a body or 
object. This will be aected by the density of the body or object and also by 
its shape. In the human body, the density will depend on the dierent tissues 
in the body (muscle, fat, skin, air in the lungs), and the shape will depend on 
the position of the body segments and their dierent masses. Thus the center 
of mass will be in dierent place for individuals of dierent body types, ages, 
genders and other factors. Also, the positions of the body segments (particularly 
the limbs) will change the position of the center of mass.

As the center of mass is a mathematical, imaginary, point, it need not lie within 
the material of the body or object. For example the center of mass of a boomerang 
is in the space between the arms and not in the material. For the human body, 
this can also be true, particularly in sporting actions such as high jump or pole 
vault when clearing the bar.

Knowing the position of the center of mass is important for three reasons. 

@ It determines the stability of static positions. If the vertical projection of a 
line downwards from the center of mass lies within the base of support (for 
example, between the feet when standing) then the position of the body 
or object is stable and, if disturbed by an external force, will return to its 
original position. This is the principle behind many balance activities. 

@ It is the axis for all free airborne rotations of the body or object, for example, 
somersaulting in diving. 

@ The center of mass acts as the reference point when considering whole 
body or object translation. For example, when performing the long jump 
in athletics the trajectory of the center of mass during take-o, ight and 
landing is crucial for understanding the distance jumped (see Figure 4.11).

Flight distance L2

Total distance L

Take-off

distance L1

Landing 

distance L3

2 Figure 4.11: Components of center of mass in the long jump

Hay et al. (1986) gave the following values for various long jumpers for L1, L2, L3

AThleTe l
1
 (M) l

2
 (M) l

3
 (M) ToTAl l (M)

lw 0.46 7.77 0.56 8.79

Grm 0.37 7.80 0.22 8.39

Mrck 0.53 7.50 0.32 8.35

Wm 0.25 7.45 0.36 8.06

2 Table 4.3: Components of center of mass distance in the long jump 

The center of mass may be measured in several ways (for example, calculations 
from segmental positions and masses, reaction board, suspension of an object 

2 Figure 4.10: A picture of a high 

jumper with center of mass
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or model), but can probably only be measured to an accuracy of 1–2 millimetres 
for the human body, due to errors introduced by breathing, blood circulation 
and inaccuracies in segment densities and positions.

Mmt  ta
The moment of inertia is how dicult a body or object is to rotate about an axis 
and is measured in kg.m2. It depends on the mass of the body or object, but also 
its mass distribution around the axis. More mass further away from the axis gives 
a greater moment of inertia and makes it more dicult to rotate. More mass 
nearer the axis of rotation makes it easier to rotate. The human body has dierent 
moments of inertia depending on the axis of rotation and the body position.

 TO THINK ABOUT

Mmt  ta ad st mmts

Whn  prng mpmn uch   gf cub nd  b mk mpc,  frc  
ppd  h b, nd  b Nwn’ hrd w h m frc  ppd bck  
h cub r rck. if h frc  -cnr, hn  w cr  rqu (mmn) h 
w r nd r h cub, whch w hn mk h b g n h wrng drcn. 

Hwr, f h mnufcurr cn mk h cub wh  rgr mmn f nr, 
h rqu w h  f n c   w b hrdr  urn. th cn b dn 
b dgnng h cub  h mr m  drbud furhr frm h cnr 
f h cubfc. in gf, h  knwn  peripheral weighting nd, n h  20 
r 30 r, pur nd rn h hd h dgn  mnmz h c f -
cnr mpc, prcur fr wr  gfr. 

pct mt
An object that is thrown into the air or dropped and is acted upon by only the 
forces of gravity, air resistance and lift is known as a projectile. This might be a 
ball or javelin, or it might be the human body itself.

The most important principle to grasp about projectile motion is that once the 
object or body is in the air, there is no propelling force keeping it moving 
(unless it has a propeller or jet engine). The propelling force occurs only when 
the object or body is in contact with the thing that starts its motion (e.g. a hand 
or racket, or the ground for the body). As soon as contact is lost with thing 
propelling the object or body, the force no longer exists, and the object or body 
keeps moving only due to Newton’s rst law of motion (i.e. objects that are 
already in motion keep moving without the need for an external force). 

This also means that the path of the object or body is determined mainly at 
the moment when it leaves the hand, racket or ground. Therefore the parameters 
at release or take-o are critical to the subsequent ight of the object or body. 

The important parameters at release or take-o are: 

@ the projection speed
@ the projection angle to the horizontal (these rst two are often combined 

as the projection velocity)
@ the projection height. 

These factors, combined with the forces experienced in ight (gravity, air 
resistance and lift) will determine how fast and how far the projectile will travel.

The most important factor in determining how far the object will go (the range) 
is usually the projection speed. The range is related to the square of the 
projection speed, so a small increase in projection speed will increase the 
range considerably. 

2 Figure 4.12: Moments of inertia with 

dierent axes of rotation and body 

positions
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The projection angle is also very important for the range, but is more important 
for the maximum height of the ight (for example, to get a volleyball serve 
over the net) or for accuracy (for example, in a basketball free throw). 

The projection height might be important to beat an opponent (for example, 
a basketball jump shot or volleyball spike), or to maximize the range of values 
possible for the projection speed or angle.

The optimum projection angle for maximum range depends on the projection 
speed and, more importantly, the projection height. If the projection height is 
above the landing area or target (for example, in shot-put), the optimum 
projection angle is below 45 degrees. If the projection height is below the 
landing area or target (for example, in a basketball free throw), the optimum 
projection angle is above 45 degrees. If the projection height is the same as 
the landing height (for example, a goal kick in soccer), the optimum angle is 
45 degrees. However, these optimum angles depend on the size of the air 
resistance in ight as well as other complex factors such as the strength and 
speed of contraction of human muscles. This is why long jumpers take o at 
18–27 degrees, rather than 45 degrees.

Table 4.4 shows typical projection angles for some common sporting actions.

ACTion projeCTion 

SpeeD

projeCTion 

Angle 

CoMMenTS

lng jump 

k-
10–11 m. 1 18–27º lg muc r n rng nugh 

r quck nugh  prduc 45º 

whu ng prjcn pd.

Hgh jump 

k-
4–5 m. 1 40–48º a wr pd,  jumpr h  

hghr ng f prjcn.

sh-pu 11–15 m. 1 35–42º lwr hn 45º  prjcn 

hgh  b ndng r.

Bkb 

fr hrw
7.0–7.5 m. 1 50–60º Dpnd n prjcn hgh. 

ab 45º  n  h r 

bw bkb hp hgh.

tnn 

r r
50–60 m. 1 3  15º ang r ng  b  

rd dwn n cur.

Gf dr 70–90 m. 1 10–20º ang  w bcu bckpn 

cu  f frc  mk h b 

 n h r ngr.

2 Table 4.4: Typical projection angles

fd dyamcs

Da c
As a body or object moves, it moves through a resistive medium such as air 
(e.g. projectile motion) or water (e.g. swimming). The eects of the medium 
on the motion of the object must therefore be considered. Air and water can 
both be considered uids and so the same principles apply for movement 
through either medium.

When the body or object moves through the uid, it experiences a force in the 
direction opposite to its motion. This force is called air (or water) resistance or 
drag. The reason for the force opposing the direction is that the motion of the 
body or object is trying to push apart the molecules of the uid, and the forces 
between the molecules resist this and thus apply a force to the object or body.
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There are several dierent types of drag. 

@ Surface drag is caused by the interaction between the surface of the body 
or object and the uid molecules. This type of drag is aected by: the velocity 
of the object relative to the uid (a faster moving object has to push apart 
more molecules per second); the surface area of the body or object (a larger 
object will be contacting more uid molecules); the nature of the surface 
of the body or object (a smoother surface will push apart molecules more 
easily) and the density of the uid (denser uids have more molecules to 
push apart). 

@ Form drag is caused by the shape of the body or object. It is aected by: 
the frontal area of the body or object (a larger frontal area has to push apart 
more molecules); the shape of the object or body (a streamlined shape such 
as a rugby ball or American football travelling end-on experiences less drag 
than a spherical ball as the uid molecules are parted more easily by the 
pointed end of the rugby ball) and also by the relative velocity to the uid 
of the body or object. 

@ Wave drag is the opposing force caused by the object making waves in the 
uid. This is particularly important in motion through water, such as 
swimming, canoeing, rowing or sailing.

All of these factors combine into an equation for drag: F =  ½ Cd A r v2

Cd is the drag coecient, a variable aected mainly by the shape and surface 
roughness of the body or object.

A is the frontal area of the body or object.

r is uid density.

v is the velocity of the body object relative to the uid. 

The drag force is negative because it resists the direction of motion of the body 
or object. Note that the drag force depends on the square of the velocity. At 
low speeds, there is little drag, but at higher speeds, the drag is very high. This 
is why drag has little eect on running (although reducing it can help performance 
slightly), but a very large eect in cycling (therefore cyclists must try and reduce 
it by their body positions and clothing).

lt c
When uid is moving (or a body or object is moving through it) the pressure 
it exerts reduces as its velocity increases. This is known as the Bernoulli principle 
(after the Dutch-Swiss scientist Daniel Bernoulli) and states that the pressure 
exerted by a uid is inversely related to its velocity. When applied to a body 
or object, this means that faster uid ow reduces the pressure on the body or 
object. If there is uneven speed ow on each side of the body or object, then 
there will be an uneven pressure on either side. This means the body or object 
will move from high to low pressure, thus changing its motion. 

This principle is used to help generate a lift force. This is a force acting at right 
angles to the direction of motion, and explains why airplanes can y. The 
aircraft wing is shaped dierently on its top and bottom surfaces, thus leading 
to pressure dierences above and below it. As the wing is shaped to speed up 
the ow over the top surface, the result is lower pressure above the wing and 
higher pressure below it, thus forcing the wing (and the airplane) upwards. 
The same eect happens to sails on a boat, but as the sail is vertical (rather 
than the horizontal wing), the force is directed sideways and forwards.

Unevenly shaped objects are rare in sport. However, it is also possible to gain 
lift force if the object is angled up or down relative to its motion through the 
uid. For example, a javelin does not always y best if it travels though its 

 KEY POINT

th Brnu prncp  h 

h prur xrd b  ud  

nr rd   c. 
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point—it usually goes further if it is angled slightly upwards relative to its motion 
(although this is complicated by the eect of any wind). 

If an object or body is experiencing a lift force it will rise or stay in the air 
longer than if there was no lift force. If it is experiencing negative lift, it will 
drop faster than with no force.

Mas c
When a body or object is rotating while moving through the air (for example, 
a spinning ball), the air is dragged around by the rotation of the ball. This 
causes an increased velocity on one side of the object and a decreased velocity 
on the other. Therefore, by Bernoulli’s principle, there are uneven pressures 
on the ball and the ball deviates from its motion. The lift force caused by this 
pressure dierence (due to rotation) is called the Magnus force. 

If the axis of rotation (spin) is horizontal and at right angles to the direction of 
travel, this will cause backspin or topspin and the ball will go up or down. 
However, if the axis of rotation (spin) is vertical and at right angles to the 
direction of travel, this will create sidespin and the ball will deviate left or right. 
The axis of rotation may be in a more complex direction and thus the spin 
maybe a combination of topspin and sidespin or backspin and sidespin. 

 TO THINK ABOUT

Dad bckam’s sw  kcks  scc

in ccr, whn  fr kck  wrdd pr fn mp  cr  g 
drc. Uu, h dfn m pn  w  “cr” n r f h 
g  prn h pr kng h kck frm crng hr. Hwr, m 
pr uch  Dd Bckhm h prfcd h k f curng h b 
rund r r h w  h r f h g n crd b h gkpr. in 
rdr  d h, h kckr mu cr rn f h b  mpc  h h 
Mgnu frc w bnd  gh. 

Dd Bckhm h bn  uccfu bcu h cn gnr dpn and
ppn  h b n n wr dw n gh, bu  “dp” nd hu 
r bnd h rch f h gkpr wh cnn  . Fr kck fr 
engnd gn Grc n h Wrd Cup n 2002 nd gn Prgu n h 
Wrd Cup n 2006 hwd Bckhm’ k  hr pk.

Golf clubs are designed to create backspin of the golf ball during impact. In 
the ball’s subsequent ight this backspin will keep the ball in the air longer 
and thus the range will be further. Topspin is not required during golf (apart 
from possibly during putting) as this would bring the ball down quicker and 
thus decrease the distance travelled. The angled faces of golf clubs and the 
surface grooves mean that the ball gains backspin when it contacts the ball 
and thus ensures a longer ight. 

In other sports, such as tennis and table tennis, topspin or backspin maybe 
applied to the ball by the path of the racket and the angle with which the face 
contacts the ball. 

bday ays
The microscopic layers of uid next to the body or object are called boundary 
layers. Normally, these layers have all the molecules moving in the same 
direction and are called laminar boundary layers. However, if the body or object 
is moving very fast or if the surface is rough enough, the molecules of the 
boundary layers get mixed up. Then they are called turbulent. Paradoxically, 
this causes less surface drag than would be expected so the body or object is 
not slowed down as much. This is why golf balls have dimples—they make the 

 TO DO

b c—ty t ys

in rdr  dmnr h 
Brnu prncp h gnr 
h f fr rpn wng, u 
mp nd  h f a4 r r-
z ppr.

Hd h ppr gh  bh f h 
hr d  bu 3 cnmr 
frm n f h ng d wh h 
ndx ngr nd humb f ch 
hnd. thn hd h ng d bu 
1 cnmr bw ur bm p 
nd  h ppr hng dwn. 

Nw bw hrd dwnwrd nd 
frwrd r h cur f h 
hngng ppr. yu hud nd h
h  nd f h ppr r whn 
u bw r h ppr ( m 
rqur m prcc  g rgh). 

Bcu u h ncrd h 
c f h rw r h p f 
h ppr, h prur dcr 
n n wh h Brnu prncp 
nd hu h  nd f h ppr 
m upwrd, frm h hghr 
prur bw h ppr wrd 
h wr prur b .
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boundary layers turbulent and thus the ball is not slowed up as much and thus 
travels further.

Aa mmtm
Angular momentum is a measure of the amount of (or potential for) rotation. 
It is calculated by multiplying moment of inertia by angular velocity: L = I 

L is angular momentum (sometimes also represented by the symbol H).

I is moment of inertia. 

 is angular velocity. 

Angular momentum is a vector quantity as it has size and direction. It is 
measured in kg.m2.s 1

gat  aa mmtm
Angular momentum is generated by the application of torque (or moment) 
over a period of time to a body that is free to rotate. This means that a force 
must be applied some distance away from the axis of rotation and the force 
must not go through the axis of rotation. The force may come from another 
object (e.g. the ground or a sporting implement), another body or a segment 
of the body via the muscles. 

Often angular momentum of the human body is generated by using the muscles 
and limbs to apply a torque to the ground, which applies the same torque back 
(by Newton’s third law). As the body has a much smaller moment of inertia than 
the earth, the body will rotate much more. This is very important in sports such 
as gymnastics for creating the rotation necessary to perform somersaults, twists 
and other rotational movements. The angular momentum may also be created 
by applying and gaining a torque to apparatus such as a vaulting table or beam. 

Often this will mean that a force must be applied to the ground or apparatus 
so that the reaction force does not travel through the individual’s center of 
mass (the axis for airborne rotations).

Many other sports such as golf, throwing and kicking require rotational 
movements and so generation of angular momentum is an important principle 
here as well.

Csat  aa mmtm
Newton’s rst law of motion can be expressed angularly as: “A rotating body 
will continue to turn about its axis with constant angular momentum unless 
an external unbalanced torque (moment) is applied to it.” Therefore, once the 
angular momentum has been generated, it will stay constant unless there is an 
interaction with another object or body which creates a torque to change it.

During human airborne ight in sports such as gymnastics, diving, long jump 
and high jump, the only forces acting are gravity and air resistance (drag). As 
the speed of the ight is fairly low (less than 15 m.s 1 even in long jump) and 
the human body has considerable mass, the eect of air resistance (drag) will 
be very small. Therefore the only major force acting will be gravity acting 
through the center of gravity. 

However, the axes of rotation in ight are also through the center of gravity, 
therefore the force of gravity does not create a torque as it goes through the 
axis of rotation (i.e. the distance of the force from the axis of rotation is zero). 
This means that there is no rotational eect of the force of gravity while the 
body is in ight. Therefore, according to Newton’s rst law above, the angular 
momentum must stay the same (it is conserved) during the ight.
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Angular momentum comprises of moment of inertia multiplied by angular 
velocity. Therefore during ight, if the moment of inertia is reduced, the 
angular velocity must increase to keep the angular momentum constant. 
This is why when a gymnast “tucks” during a somersault (by bringing her 
arms and legs towards the center of gravity and reducing the moment of 
inertia), she will rotate faster. Similarly by the same principle, when the 
gymnast “opens out” prior to landing (increasing the moment of inertia) her 
rate of rotation will decrease.

A common misconception is that these changes in rotational speed (angular 
velocity) are due to decreases or increases in air resistance – this is untrue.
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2 Figure 4.14: Angular momentum in a Yamashita vault. Angular momentum 
only changes when the gymnast is in contact with the ground or the box and 
stays constant in the airborne phases. Angular momentum is negative due to a 
clockwise direction of rotation.

Tas  aa mmtm
As angular momentum cannot be created or destroyed unless there is an 
external torque, once an athlete is in the air, it is not possible to change the 
amount of angular momentum of the whole body.

This means that if one part of the body increases its angular velocity (for 
example, by muscle contraction), another part of the same body must slow 
down (reduce its angular velocity) to make sure the angular momentum of the 
whole body stays the same. However, when the rst part then slows down, the 
second part will speed up again.

This is used in activities such as the piked dive (see Figure 4.15).

Tad aa mmtm
As angular momentum is a vector quantity, if an athlete is rotating about one 
axis (e.g. somersaulting) and introduces rotation about another axis (e.g. tilting) 
by movements of body segments using the muscles, the combination of the 
two vectors is rotation around a third axis (twisting). In gymnastics, this is often 
used to create twisting in somersaults.

2 Figure 4.13: Gymnast generating 
angular momentum in a backip 
(top) and back somersault (bottom) 
by creating ground reaction forces 
(arrows) not directed through the 
center of mass (circle with cross). 
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This allows the trading of some of the somersault angular momentum for 
twisting (see Figure 4.16).
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2 Figure 4.15: Angular momentum in a piked dive
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Slf-sudy qusions
1 Draw a diagram of a motoneuron.

2 Explain how the sliding lament theory accounts for muscle contraction.

3 What are the problems with using electromyography to measure muscle 
contraction?

4 Name the four classes of synovial joints.
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5 What are the opposites of these joint movements: exion, abduction, 
medial rotation?

6 Describe pronation of the forearm.

7 How do concentric, eccentric and isometric muscle contractions dier?

8 State Newton’s three laws of motion and give examples of each in sport 
and exercise.

9 Which of these are vector quantities and which are scalars? 

@ force

@ area

@ linear displacement

@ angular velocity

@ speed

@ temperature.

10 Explain how the impulse-momentum relationship can be illustrated by 
considering actions in the high jump take-o?

11 Describe the three dierent classes of levers. Which are most common in 
the human body and why?

12 What are the three factors that determine the motion of an object when 
it is thrown into the air?

13 Explain how the following factors aect the drag force on an object moving 
through the air: 

@ shape

@ frontal area

@ velocity of the object

@ density of the air.

14 How can a gymnast generate enough angular momentum to allow him/
her to perform a somersault?

 DATA BASED QUESTION

Bw  d kn frm Un B’ wrd rcrd 100 m run n 2009 n Brn. 

ract 10 m 20 m 30 m 40 m 50 m 60 m 70 m 80 m 90 m 100 m

0.146 1.89 2.88 3.78 4.64 5.47 6.29 7.10 7.92 8.75 9.58

Mr nfrmn cn b fund :
hp://brn.f.rg/mm/dcumn/dpmn/rrch/05/31/54/20090817073528_ 
hppd_n100 mmnn_b_13666.pdf

1 Ccu h rg c fr ch 10 m nr ung h dpcmn nd m  
drnc fr ch 10 m. 

2 Wh w h mxmum rg c (n m. 1) nd whr n h rc dd h rch ?
3 Hw wud u g h nnnu c frm  grph f dpcmn pd  

gn m? 
4 tr nd nd u wh h mxmum nnnu c w ung  mh 

dpcmn-m grph. Hw wud u hn nd u h nnnu ccrn  
 n m?
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Inoducion

To all those individuals involved in sport, skillful performances can bring a 
great deal of pleasure, both as a performer and as a spectator. Usually we 
can appreciate and enjoy the performance of skill in our own sport but it is 
often just as pleasurable to observe a skillful performance in sports less 
familiar to us. 

From another perspective, that of the teacher or the coach, seeing one of your 
athletes execute a skill that you have taught them is an extremely rewarding 
experience, especially when you know the hard work that has gone into 
achieving this level of performance. The purpose of this chapter is to develop 
further your knowledge and understanding of the key factors relating to skill, 
skill learning, theories of skill learning and practice.

t ccisics nd clssicion of skill

The human capacity to perform skills is an important function of day-to-day 
living, they enable us to type words on a page, ride a bike to work or take part 
in physical activity. We begin to learn to perform skills from a very young age. 
We learn to crawl, to walk, and then to run. Some skills are very simple and 
can be mastered with a small amount of experience and maturation, for 
example, walking or lifting an object. Other skills, for example, swimming 
and driving a car, are much more complex. If prociency is to be attained in 
performing these skills, then individuals have to engage in practice. This 
section will take you through a more detailed denition of the term “skill” 
before explaining the dierent ways in which skills can be described and 
categorized. 
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Wt s “s”?
The term “skill” can either be used to describe a specic action or the level of 
performance of an individual. Skill infers that the movement has been learned 
and has a predetermined outcome or goal. It is not an action that a person can 
just naturally do; neither is it moving for the sake of moving. For example, idly 
swinging your legs while you sit on a park bench is not a skill. However, riding 
your bike in order to get to the park is a skill. 

The main characteristics of skills, therefore, are the following:

@ They are goal oriented, using the skill will achieve an end result. For example, 
typing a letter, putting a golf ball in the hole or making a save in soccer.

@ They meet the performance goal with maximum certainty. For example, 
maintaining balance while riding a bike or making 90 per cent of shots in 
a basketball game.

@ They meet the performance goal with minimum outlay of energy. For 
example, steering a car, staying streamlined in the water during a freestyle 
race or skiing parallel down the slope.

@ They are learned through practice. They require some experience, repetition 
or feedback from a teacher or coach.

Ts  ss
There are many dierent types of skills and they vary according to the dierent 
motor, cognitive, perceptual and perceptual-motor demands placed on the 
performer.

@ Motor skill Weightlifting, for example, is mostly a motor skill because it 
emphasizes movement and does not require much thinking. Other examples 
include sprint racing and wrestling.

@ Cognitive skill Playing chess requires mostly cognitive skill because it 
requires lots of thinking. Success in chess is not associated with the execution 
of the movements. In games such as soccer and eld hockey, knowledge 
of the rules, game objectives and team tactics are cognitive in nature, and 
are associated with the decision-making element of game play.

@ Perceptual skill Reading the green in golf is a perceptual skill. The golfer 
receives information about the type of surface, the run of the green, the 
distance of the ball from the hole, and other environmental conditions 
through their perceptual senses. This enables golfers to make a decision 
about how to make the putt. Perceptual senses include vision, vestibular 
(senses that help you with balance closely related to your hearing), haptic 
(touch) and auditory. Another example would be in rock climbing when a 
rock climber assesses the rock face before a climb.

@ Perceptual-motor skills These skills involve the interpretation of 
environmental stimuli and the motor response to this sensory information. 

“Skill consists in the ability to 

bring about some end result 

with maximum certainty and 

minimum outlay of energy, or of 

time and energy.”
Guthrie, 1952

“Motor skill is an ability to 

solve one or another motor 

problem.”
Bernstein, 1996

“A task that has a specic goal 

to achieve.”
Magill, 1998

“Skill is the consistent 

production of goal-oriented 

movements, which are learned 

and specic to the task.”
McMorris, 2004

 TO THINK ABOUT

Wha ae he ss yu efm 

fm day  day? Why ae hey 

ss?

idefy he ss ha ae vved 

 a s  acvy yu ae a 

. Why ae hey ss?
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Perceptual-motor skills depend on high perceptual ability and are very 
important in activities that require the performer to adapt to the environment. 
Another example would be dribbling with the ball in soccer to beat a 
defender. It is important to note that most sports involve perceptual-motor 
skills because they involve thought, interpretation and movement. 

T cctstcs d csscts  s
Skills can be classied according to their characteristics and this helps us to 
understand the demands of the skill. This can help coaches or teachers to 
evaluate performance, plan sessions and provide the performer with feedback.

Skills cannot always be neatly placed in one class or another. To overcome this 
they are placed on a continuum; a line on which each skill can be placed 
depending on how much they match the characteristics within each classication. 

Magill (1998) suggests three skill classication criteria based on:

@ the distinctiveness of the movement characteristics (discrete motor skills; 
serial motor skills; continuous motor skills)

@ the stability of the environment (closed motor skills; open motor skills)
@ the size of the musculature involved (ne motor skills; gross motor skills).

T dstctvss  t vt

As mentioned above, skills can be classied as discrete, serial or continuous.

@ Discrete skills have a clear start and nish. They are usually brief and well 
dened. Examples of discrete skills are a forward roll in gymnastics, a golf 
swing or a penalty stroke in eld hockey. Each of these skills are clearly dened 
and it is obvious when the movement starts and when it stops.

@ Serial skills involve the linking together of skills to form a longer, more 
complex movement. This takes place in gymnastics where the gymnast links 
together a series of ips and somersaults. This also takes place in the triple 
jump, where athletes bring together the hop, the skip and the jump to create 
one long movement in order to achieve maximum distance. 

@ Continuous skills are where the end of one cycle of movement is the 
beginning of the next. They are repetitive, rhythmical and take place over 
a long period of time. A distance, a target or a set time usually governs the 
time that the skill is performed for. Continuous skills include swimming, 
running and cycling.

 TO THINK ABOUT

Ca yu cue  yu head he 

efmace f a fwad   

gymascs, a gf swg  a 

eay se  ed hcey?  

Ca yu ceay see he   

whe each mveme sas,  

ss  s gehe? Ca  

yu h f he ss ha fa  

 each caegy?
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2 Figure 5.1

Discrete Serial Continuous

A catch

A penalty kick

Triple jump

A cricket bowl

Cycling

Swimming

T stt  t vt
This classication is related to the way in which the environmental conditions 
aect the skill. Environmental factors can be the weather, obstacles, boundaries, 
teammates and opponents.

Open skills are those skills that are signicantly aected by the environmental 
conditions, to the extent that the conditions dictate the pace of the movement. 
The environment is largely variable and unpredictable and, as such, the 
performer has to adapt their movements accordingly. The performer has to 
pay close attention to external events to control the movement. Perceptual 
skills and perceptual-motor skills are critical for open skills.

Closed skills are skills that are performed in a more stable and predictable 
environment and, as such, can be internally paced by the performer. Closed 
skills follow set movement patterns and are performed in the same way 
each time. 

Open

Unstable environment,

externally paced.

Closed

Stable environment,

internally paced.

Jumping for a

rebound in basketball

Archery

2 Figure 5.2

Sz  t sct vvd 
This classication of skills is related to the precision of the movement. 

@ Gross motor skills are movements that involve large muscle groups such 
as arms and legs. They include skills such as walking, jumping, running 
and kicking.

@ Fine motor skills involve much smaller muscle groups and ne movements. 
They are more intricate, precise and often require high levels of hand-eye 
coordination. They include skills such as playing the piano, playing darts 
and catching a ball.

As with the other classications described above, these skills are placed on a 
continuum. This is because while some skills may involve large muscle groups 
and therefore be mainly gross motor skills, they may also involve ne motor 
skills. An example of this is a bowl in cricket where the speed of the ball comes 
from the running (legs) and bowling (arm) actions, but the spin on the ball is 
generated by the ngers.

Gross motor skills Fine motor skills

2 Figure 5.3

 TO DO

Ca yu h f acves ha 

eque e  csed ss?

 TO DO

Ca yu h f a exame f a 

s fm yu w s ad ace 

 ag hs cuum?
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 TO DO

S cssct ts

Cassfy he fwg ss by acg u  hee cs  he aae cum.

Dribbling in 

SoCCer To beaT

an opponenT

The ShoT-puT a DanCe moTif

oe

Csed

Fe

Gss

Dscee

Sea

Cuus

2 Table 5.1

T tct ct

Dierent skills relating to dierent activities vary in the way and context in 
which they are performed. Sometimes they are performed alone and sometimes 
they are performed with or alongside others. We can characterize skills in this 
way by placing them on the interaction continuum. There are three main ways 
in which they can be categorized: individual, coactive and interactive.

@ Individual skills are those skills that are performed in isolation from 
others. Only one performer is involved at a particular time. For example, 
archery or the high jump.

@ Coactive skills are those skills that are performed with someone else, but 
with no direct confrontation. Coactive skills are performed in swimming 
and in track athletics such as the 100 meter or 200 meter sprints. 

@ Interactive skills are where other performers are directly involved and can 
involve confrontation. This is because there is an active opposition and this 
directly inuences the skill. Interactive skills are evident in games such as 
rugby, water polo and shinty.

abiliy in so
The term “ability” is often confused with the term skill, however, although 
they are related, they are not the same thing. As mentioned in the previous 
section, skills are largely dened by their purpose, goal or objective, and by 
the fact that they require practice. Abilities, however, are the traits that we 
are born with. They are the perceptual and motor attributes, inherited from 
our parents that enable us to perform skills. Abilities give us the capacity to 
perform skills.

Perceptual-motor abilities are abilities that enable the individual to process 
information about how and when to move. For example, in order to execute 
a skill such as a forehand groundstroke in tennis, the tennis player requires 
perceptual abilities such as multi-limb coordination and response orientation. 
Motor abilities are those abilities relating to the actual movement. For example, 
in order to perform a skill such as the 100 meter sprint individuals require 
motor abilities such as explosive strength and speed of limb movement. 

 KEY POINT

A s s smehg we ea whe 

a aby s smehg we ae  

b wh.
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Abilities are the qualities that enable individuals to perform the skill and, 
compared to skills, they are much more stable and enduring. Further examples 
of the abilities that enable us to perform sports skills are muscular endurance, 
strength, exibility, coordination and balance.

Individuals dier in the strength of their abilities. Those individuals who have 
strong abilities that underpin a specic skill or activity will appear to demonstrate 
competence in that activity with relative ease. However, it is only with practice 
that someone becomes truly skillful.

It is important to remember that ability is not the only factor that contributes 
to successful performance. Previous movement experiences, growth, body 
conguration and personal motivation all contribute to successful performance. 
Equally, someone with natural ability within a particular domain may not 
reach their full potential because they lack one or all of these qualities. 
Additionally, failure to invest in practice time may also result in a below-par 
performance. 

fs’s t  ts
One of the major researchers into abilities was Edwin Fleishman. Using a 
statistical method called factor analysis Fleishman identied a number of 
abilities (see Table 5.2). 

perCepTual-moTor abiliTieS phySiCal profiCienCy abiliTieS

C ecs 
(c ve fas, accuae mvemes 
ha use age aeas f he bdy)

Exe ( sac) exby

Mu-mb cda Dyamc exby

resse ea 
(seec f he aae esse)

Sac segh

reac me Dyamc segh

Seed f am mveme Exsve segh

rae c 
(ccdece-aca)

tu segh

Maua dexey Gss bdy cda

Am–had seadess Gss bdy equbum

Ws–ge seed 
(cda f fas ws ad ge 
mvemes)

Sama 
(cadvascua ess)

Amg

psua dscma
(cda whe vs s ccuded)

resse ega  
(ega f sesy fma  
duce a mveme)

2 Table 5.2: Fleishman’s abilities

 TO THINK ABOUT

g  t

Jhy was gd a a f he eam 
games he ayed  hs hysca 
educa esss, a aua 
fbae, baseba aye, ugby 
aye ad ed hcey aye. i 
was bvus ha he had sg 
aua abes ha "" hse 
ss.

Wha aua abes (m ad 
eceua-m) d yu h 
Jhy ssessed  exce  
hese ss? Wha ae he abes 
yu have ha eabe yu  be 
successfu  yu chse s? 
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Fleishman sub-divided abilities into physical prociency and perceptual-
motor abilities. As you can see in Table 5.2, physical prociency abilities are 
what you might expect to nd in a chapter on exercise physiology. The 
perceptual-motor abilities may be less obvious to you but are a combination 
of how we make sense of our environment (perception) and how we act 
(motor control) within that environment. This is covered in some detail later 
in this chapter.

 THEORY OF KNOWLEDGE

A he me ha Feshma caed u hs eseach, he Wese wes, ed 

by he Ued Saes, ad he Ease bc, ed by he fme U f Sve 

Scas reubcs, wee vved  a ca ad degca sugge. ths 

was w as he Cd Wa. i mafesed sef  sevea ways. thee wee 

“aces”  ge smee  sace,  duce me ad me deady weas, 

 mve dusa maufacug ad eve  uefm e ahe a he 

oymc Games. 

i shud be bvus  yu ha he ams “ace” mea ha bh sdes 

wee way f e ahe’s es ad feas f a ea wa wee hgh. 

Feshma’s w was wh US may ese ad amed  see f hs 

ess wud asss  mag decss abu whch jbs hese ecus 

shud udeae. i was  eded  he s bu cay may f he 

Ease bc cues used Feshma’s w  he seec yugses f 

ag f ss eams. ieesgy, dusy  he Wes was as quc  

use Feshma’s dgs. 

Whe hs Eas–Wes vay dd ead  gvemes sug eseach, 

hee was a ac f cea bewee Ease ad Wese scess. i 

ece yeas scess, cudg ss scess, fm he fme Ease 

ad Wese cams have ceaed ad hs shud he seed u he 

csdeabe gess ha has bee made  ss scece sce he secd 

wd wa.

t biliy–skill–cniqu incion
Above we have used the words “motor control” to describe how we act or move. 
Another word that can be used to describe how we move is “technique”. When 
physical educators and psychologists talk about technique they are commenting 
on the way the individual controls his or her limbs. It is a part of what we mean 
by skill but not the only part.

In order to perform skillfully the person must have the necessary technique 
or techniques and choose the correct one to use in any particular situation. In 
other words:

Skill 5 Ability 1 Selection of the correct technique

T dc tw sd d vc s
Watching highly skilled performers is uplifting. Everything they do looks 
eortless. Their movements are uent, they know what they want to achieve 
and how to achieve their goals. They are very ecient, energy is not wasted 
and there is great consistency in their performances. On the other hand, 
novices are inconsistent. They can and do sometimes produce a good 
performance but generally they do not. They are far from uid and appear 
to lack coordination. Their movements are inecient and often we cannot 
tell what they are trying to do. In fact, sometimes they do not know what they 
are trying to do.

 TO DO
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 TO DO
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Infomion ocssing
When we perform skills we do so in environments of varying complexities. 
As we saw earlier, open skills in particular are performed in very complex 
environments. Just think about games like soccer and eld hockey: 22 players, 
1 referee and 2 assistants (soccer) or 2 referees (eld hockey), the ball, the 
goals, the line markings, the spectators and the coaches. The players have to 
take all of this into account when performing. Even receiving a serve in tennis 
can be quite complex. The receiver has to take into account what kind of serve 
his or her opponent is making (this demands looking at all of their limbs and 
the general body position), the speed and direction of the serve, any spin on 
the serve, the wind speed and direction, and where they themselves are 
standing in relation to the service court. At the same time they have to decide 
what shot to play in order to return the ball and to where they are going to 
hit the return. Just how we humans can do this has puzzled psychologists for 
many years.

T bc b md  t css
Information processing has been explained mainly by developing models 
which are depicted in the form of ow diagrams. Figure 5.4 shows the rst of 
these models called the Black Box Model. 

Central nervous system
Input Output

Feedback

2 Figure 5.4: The Black Box Model of information processing

The input refers to the environment that the performer can see, hear and feel. 
It is sometimes called the display and sometimes even the stimulus. In fact, 
in sport it is very rarely one stimulus but several stimuli, as we outlined above. 
The output is what the performer did. In the example of the tennis player it 
would be what shot they played in order to return the ball and whether or not 
this was successful. This is also often referred to as the response. 
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The box in the middle labeled Central Nervous System (CNS) refers to the 
person’s brain and spinal cord. It is called the Black Box because early 
psychologists did not presume to know what went on in the CNS between 
experiencing the input and carrying out the response.

Wd’s d  t css
One of the rst researchers to try to explain what actually happens in the CNS 
when processing information was AT Welford (1968). Figure 5.5 is based on 
Welford’s model. In the following sub-sections we will elaborate on each of 
the boxes in Welford’s model. We should note that although Welford presents 
his model linearly, he pointed out that many of the processes are being carried 
out simultaneously. 

Perception Decision

Note: STM  short-term memory

 LTM  long-term memory

Efferent

organization

STM LTM

Input

Feedback

Output

Feedback

Sensation

2 Figure 5.5: Welford’s model of information processing

Sst  ss t
The senses are responsible for relaying information about the environment to 
the brain. This information is then interpreted by the brain based on past 
experience of similar situations, and is held in the long-term memory (LTM). 
The senses can be divided into exteroceptors and interoceptors. 

@ Exteroceptors provide information from outside of the body. The main 
exteroceptors involved in sensation with regard to sport are vision and 
audition. 

@ Interoceptors provide information from within the body, information 
about body position and the position of limbs. The main interoceptors 
involved in sport are the vestibular apparatus, which provides information 
about balance; and joint receptors, muscle spindles and Golgi tendon 
organs, which provide information about limb positions.

S dtct
Swets (1964) reckoned that individuals receive over 100 000 pieces of 
information per second. This may be information from the environment and/
or from within the person themselves. Thus actually perceiving an important 
piece of information, what he called a “signal”, is problematic. In order to 
explain how we do this, Swets developed signal detection theory. 

Swets termed the background, non-essential information “noise”. This may 
mean actual noise, e.g. the sound of spectators, but covers all information that 
is not part of the signal. So noise can be visual or from within yourself such as 
worrying about failing. According to signal detection theory, the probability 
of detecting any given signal depends on the intensity of the signal compared 
to the intensity of the background noise. 
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The likelihood of detecting the signal would depend on the interaction between 
two variables, d-prime (d´) and the criterion (C). 

@ d´ represents the individual’s sensitivity to that particular signal. This 
sensitivity may depend on the eciency of the person’s sense organs, 
e.g. eyes, vestibular apparatus. It may also depend on experience, e.g. 
familiar signals are thought to be more readily detected than unfamiliar 
stimuli. 

@ C represents the eect of a person’s bias on detection. C is thought to be 
aected by arousal level, which in turn aects the probability of the detection 
of a signal. When arousal is low the signal is missed, what we call an error 
of omission. If, however, arousal is high and detection is considered to be 
a high priority, of too much importance in fact, the individual may perceive 
a signal when one does not exist, an error of commission. 

Signal detection prociency can be improved by ensuring that the performer 
is optimally aroused but can also be aided by good selective attention which 
is covered later in this chapter.

m
Tulving (1985) described memory as being the “capacity that permits organisms 
to benet from their past experiences”. In Welford’s model he highlights short-
term memory (STM) and long-term memory (LTM) but another stage of 
memory, the sensory information store (SIS) has also been described. All 
incoming information is held for a brief time in the SIS. Most of the information 
is lost within 0.5 seconds. It is only retained and processed if it is attended to. 
If this information is to pass to STM, it must be rehearsed. Rehearsal means 
being attended to, or processed mentally and/or physically.

Ninety per cent of all information entering the STM is lost within 10 seconds. 
Retention and passage to the LTM are dependent on rehearsal, mental, physical 
or both. Time is not the only limitation on the STM. Miller (1956) found that 
STM has a capacity or space limitation. He claimed that individuals could 
remember 7±2 bits of information. This does not mean that if you read out a 
list of 12 words to a friend they would only be able to remember 9 of them. 
Later in this chapter, we explain how we overcome this limited capacity problem. 

Unlike STM, LTM has no capacity limitations, although sometimes we have 
diculty in retrieving memories. We have all experienced that infuriating 
situation where you cannot recall a person’s name. 

Sctv ttt– tct
Given that our STM has a limited capacity, we have a problem when trying to 
deal with all of the information in our environment. The limitation is so great 
that some psychologists believe that we can only deal with one thing at a time; 
this is called single channel theory (Welford 1968). Others (such as Wickens 
1980) have argued that we can deal with more than one piece of information 
at a time if the tasks are dissimilar, for example, running down the court 
bouncing a basketball while at the same time making a decision as to whether 
to pass or shoot. Running with the ball occupies a dierent part of the brain 
to making the decision therefore the two tasks will not aect one another. 

The way we overcome this limited capacity is by the use of selective attention. 
Selective attention refers to the individual focusing on relevant information 
while ignoring irrelevant information. According to Broadbent (1956) all 
information enters the STM, but we only attend to the selected stimuli. Unselected 
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stimuli are ltered out but selected stimuli are compared to information stored 
in LTM. This allows us to make decisions on what action to take. 

Selected
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2 Figure 5.6: Broadbent’s lter model of selective attention 

While selective attention takes place as described by Broadbent, i.e. stimuli 
being chosen for processing after entering STM, we can also make decisions 
on what to process before the information enters STM. Past experience of 
similar situations allows the performer to search the appropriate areas of the 
environment for relevant information. Sometimes attention is involuntary, 
however. A sudden loud noise or a ash of bright light will attract our attention 
probably as a subconscious safety factor. 
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rss t
Response time is the time from the introduction of a stimulus to the completion 
of the action required to deal with the problem (McMorris 2004). Response 
time is made up of reaction time and movement time. Reaction time is the 
time that elapses from the sudden onset of a stimulus to the beginning of an 
overt response (Oxendine 1968). Movement time is the time it takes to carry 
out the motor aspects of the performance. 
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2 Figure 5.7: Response time

fcts dt ss t
Response time increases throughout childhood and adolescence, however, as 
we get older it gets slower. Movement time is aected by tness, particularly 
power and speed of limb movement. Training can greatly aect movement 
time but reaction time is less easy to improve. 

Figure 5.8 shows the stages of reaction time. As you can see it encompasses 
almost all of the information processing model.

Motor time

Stimulus

Beginning
of response

Reaction time

Decision time
(Comparison STM and

LTM information)

Efferent
organization

Note: STM  short-term memory

LTM  long-term memory

Reception time
(Sensation perception)

2 Figure 5.8: Reaction time

The main factor aecting speed of reaction is the number of choices that the 
individual has to make. If there are no choices, what we call simple reaction 
time, the mean times range between 170 and 200 msecs. However, as we 
increase the number of choices, what is termed choice reaction time, the times 
increase. Hick (1952) found that as you doubled the number of stimulus-
response couplings the reaction time increased. If the reaction time is plotted 
against the log of the stimulus-response couplings there is a linear increase. 
This is known as Hick’s Law. Generally, reaction time increases by about 
150 msecs every time the stimulus-response groupings are doubled. 

T scc ct d
Earlier we examined single channel theory. In order to show the single channel 
at work, Welford (1968) undertook an experiment in which he had participants 
respond to a stimulus (S1). Reaction time to S1 was as Welford expected. However, 
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when he introduced a second stimulus (S2) shortly after the introduction of S1, 
the participants demonstrated slower than normal reaction times to S2. Thus 
Welford stated that when two stimuli are presented close together the reaction 
time to the second stimulus is slower than normal reaction time. The time gap 
was called the psychological refractory period. Welford claimed that processing 
of S2 could not take place until processing of S1 had been completed.

Stimulus

one

Response

one

Stimulus

two

Response

two

Psychological

refractory

period 

2 Figure 5.9: Psychological refractory period

The eect of the psychological refractory period can be seen in many sports. Any 
example of a feint, dodge or dummy is an example of the use of the psychological 
refractory period. The feint is S1 and the actual movement is S2. If the timing is 
correct, the defender will be comparatively slow in reacting to the real movement. 
This is the skill of rugby players like Shane Williams, basketball players like Jason 
King and soccer players such as Cristiano Ronaldo. Similar feints can be seen in 
the drop shot in badminton or a dummy punch in boxing. 

mt s
Keele (1968) dened a motor programme as being a set of muscle commands 
that allow movements to be performed without any peripheral feedback. 
Examples of motor programmes are basically any skill that you can think of. 
Hitting a tennis ball, catching a netball and doing a somersault are all examples 
of motor programmes. A number of motor programmes can be put together 
to form an executive motor programme, e.g. an Arab spring and ick ack or 
the triple jump (hop, step and jump). Indeed the executive programme itself 
can become part of an even greater programme. Many gymnastics routines 
involve the completion of a number of executive motor programmes in quick 
succession. To the gymnast they have become one large executive programme. 

Perhaps the best example of an executive programme outside of sport is playing 
the organ. The organist must put together movements from each hand, each of 
which are carrying out separate motor programmes, as well as the movement 
of both feet, which are also carrying out separate motor programmes to one 
another. To the organist however, he or she is playing one tune with "one"  set of 
movements. We all know from games like tapping the head while rubbing the 
stomach that it is dicult to simultaneously make two separate movements with 
the hands, but think of adding two more separate movements with the feet!

mt s:  d csd  sctvs
Keele’s (1968) model of motor programmes is what we call an open loop 
model. It accounts for the performance of a skill without recourse to feedback. 
It explains how we can carry out very fast movements. For example, a boxer 
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throwing a straight left will do so at about 60–70 msecs. This is too fast for him 
to use feedback to alter the movement once it has begun. The same can be 
said for someone trying to hit a baseball pitched at over 100 kilometers per 
hour. Once the shot has begun, it cannot be changed. 

However, not all movements take place this quickly. Many movements can be 
altered during their execution. We can alter our movements when hitting a 
baseball pitched at say 50 kilometers per hour or returning a slow serve in 
tennis. These movements are under what we term closed loop control.

The rst to describe how we use closed loop control was Jack Adams (1971). 
He argued that as we learn a skill, we develop what he called the perceptual 
trace. The perceptual trace is memory for the feel of successful past movements. 
Once we have developed the perceptual trace, we can compare the trace with 
the feel of the ongoing movement. This allows us to correct inappropriate 
actions. While the perceptual trace controls an already ongoing movement, 
the selection and initiation of the movement is under the control of what 
Adams called the memory trace.

Scdt’s sc t
Richard Schmidt (1975) set out to develop an explanation of motor programmes 
that included both open and closed loop control. This theory became known 
as schema theory. Schmidt described a schema as being a set of generalized 
rules or rules that are generic to a group of movements. Schmidt believed that 
we develop two kinds of memory for movements, which he called the recall 
and recognition schemas. 

@ The recall schema is memory with regard to the choice and initiation of action. 
@ The recognition schema is memory for the feel of a movement and it allows 

us to make appropriate changes in the action. 

Both schemas require the individual to recall memory of similar past situations 
from LTM. These are then stored in STM and allow the person to decide the 
actual movement to be used. Remember the schema is a generalized set of 
rules but we must carry out a specic action. So comparing what I hold in 
STM about the past situations with what I hold with regard to the present 
situation allows me to decide on the specics of the movement. Schmidt called 
this process deciding the response specications. 

fdc d t css
Feedback is the term we use to describe information resulting from an action 
or response. This feedback can be intrinsic or extrinsic. 

@ Intrinsic feedback is available to the performer without outside help. We 
can see the results of our actions without anyone needing to tell us what 
happened. The feel of a movement is intrinsic by denition. 

@ Extrinsic feedback is information that is provided for us by someone or 
something else. This can be a coach or teacher. Equally it could be a 
stopwatch or tape measure. This feedback can be concurrent, being given 
during performance, or terminal, given after completion of the performance. 

There are two major forms of feedback, knowledge of results (KR) and 
knowledge of performance (KP). 

@ KR is post-response information concerning the outcome of the action. 
@ KP, on the other hand, consists of post-response information concerning 

the nature of the movement.

The most obvious form of KR is visual. We see the end product of our action. In 
some cases, however, we need outside help to be able to make sense of our actions. 
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A long jumper needs to have the distance they jumped measured in order to have 
KR. Similarly, a track athlete will need to know the time that they ran. 

The most obvious type of KP is the “feel” of the movement or, to be more 
technical, knowledge of the sensory consequences. Interestingly KP can be 
both concurrent, such as the feel of a movement while doing it, or terminal, 
feedback from a coach about how we moved. It can also be from video or lm.

An issue that concerns the giving of feedback is whether it should be positive 
or negative. 

Positive feedback can be telling someone that he or she has done well. It can, 
also, be what we call prescriptive feedback, i.e. the coach tells the learner how 
to improve performance by saying “Do it this way”. 

Negative feedback concentrates on errors. Sometimes coaches point out errors 
and then follow up with prescriptive feedback. Prescriptive feedback has been 
shown to be eective following either a negative or positive approach. However, 
negative feedback often includes “Don’t do it like that” or “You got it wrong, you 
did this and shouldn’t have”. This latter type of feedback can be very demotivating 
and is also of little use to beginners, as they need prescriptive information. 

fdc d 
All of the forms of feedback outlined above are involved in learning as well as 
information processing. In this section we will look at some specic issues involved 
in learning. 

Feedback can be a great motivator. We all like praise, in particular praise from 
those whom we perceive as being important. The failure of coaches to praise 
good performance can have disastrous eects on the athlete’s self-condence. 
It can also give learners the false impression that they are not improving when 
in fact they are. However, overdoing the giving of praise can have negative 
eects. If all the athletes hear is “well done”, “great” and “brilliant” then these 
words either come to mean nothing or become so familiar to the learner that, 
in fact, they are not perceived by them at all. 

With regards to learning, the main factor is that the performer improves. As 
we saw above, beginners need prescriptive feedback. They need to be told 
what to do in order to improve performance. As they improve and increase 
their knowledge of the activity, all they require is KR. If they are making an 
error, they can resolve the problem themselves by comparing what is happening 
now with the store of knowledge they hold in their LTM. So we say that they 
now require descriptive feedback.

pincils of skill lning
In this section we examine a number of factors involved in skill learning. Some 
are common to everyone but some cover individual dierences. We also 
examine an important factor, namely how we measure learning. Not as simple 
as you might think.

l vss c
Although we measure learning by observing performance it is important that 
we know the dierence between the two. 

Kerr (1982) dened performance as being "a temporary occurrence uctuating 
from time to time: something which is transitory". Figure 5.10a shows a learner’s 
attempts to sink a putt in golf. Notice that one shot actually went in. Figure 5.10b 
shows the attempts by an experienced golfer. Notice the way the shots are 
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clustered around one point. Even the beginner can produce one good shot but 
we are not thought to have fully learned a skill until we can perform it with some 
consistency. The process of acquiring this consistency is what we mean by 
learning. Kerr described learning as “a relatively permanent change in performance 
resulting from practice or past experience.”

a b

2 Figure 5.10:  shows a learner’s attempts to sink a putt in golf while  shows the 

attempts by an experienced golfer.

Sts  
One of the most widely held theories of learning is that of Fitts and Posner 
(1967). They claimed that learning takes place in three stages, the cognitive, 
associative and autonomous stages. 

In the cognitive stage the individual tries to make sense of instructions. They 
use lots of verbal labels. This does not mean that instruction needs to be verbal, 
but simply that the individual uses verbalization to aid memory. In skills 
requiring perception and decision-making, there are often mistakes made and 
the individual attends to irrelevant as well as relevant stimuli. The motor 
component is characterized by crude, uncoordinated movement.

With practice the individual develops the knowledge of what to do. When someone 
is at this stage they are said to be in the associative stage (sometimes called the 
intermediate stage). At this stage, practice is required to perfect the skill and 
develop the consistent, coordinative movement that demonstrates learning. 

When the individual can perform consistently and with little overt cognitive 
activity, they are said to have reached the autonomous stage.

l cvs
When we learn an easy-to-perform skill we can often demonstrate what we 
call a linear learning curve (see Figure 5.11a). It is rare that learning is as easy 
as this, however. 

Many skills are dicult to learn at rst. Progress is slow but then we reach a 
point where performance improves more quickly. This is called a positively 
accelerated curve (see Figure 5.11b). 

Sometimes, however, the opposite happens. We learn quickly at rst but then 
slow down. This is a negatively accelerated curve (see Figure 5.11c). 

A fourth type of curve is demonstrated in Figure 5.11d. Learning is positive and 
probably fairly quick at rst but then there is a period when we show no improvement 
in performance. This is called a plateau eect. However, if we keep on practising, 
there is a breakthrough and more learning is demonstrated. We are, in fact, probably 
still learning during the plateau phase but it is not being shown in our performance. 
Remember performance is not the same as learning.
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fcts ctt t t- d t-dvd 

dcs  t t  
Before beginning this section we should note that there are far more factors 
that will aect learning than those we cover here. In this section we are focusing 
on physical maturation, physical tness and motivation. 

We cannot expect an individual to learn a skill that has physical demands 
which they are not yet capable of meeting. Sometimes, however, the individual 
has the physical maturation but is simply not t enough to do the task. In such 
cases physical training is necessary. The most important factor aecting learning, 
however, is motivation. The learner needs to want to learn. This is often closely 
linked to physical maturation. The learner is good at knowing when he or she 
is ready to acquire a skill.
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Ts  t
Transfer of training refers to the eect that practice on one task has on the 
learning or performance of another task. Transfer of training can be positive, 
negative or zero. 

@ Positive transfer is when the practice of one task has a facilitating eect 
on the learning or performance of another. 

@ Negative transfer is when the practice of one task has an inhibiting eect 
on the learning or performance of another. 

@ Zero transfer represents no eect. 

Table 5.3 gives a list of examples of dierent types of transfer, with some 
examples from sport.

Type of TranSfer example

S  s thwg a ba  hwg a jave

pacce  efmace Bag  cce  baseba agas a bwg/

chg mache

Abes  ss imvg dyamc segh  de  sa aces 

bee

Baea A scce aye eag  c wh hs  he weae 

f

Sage  sage Fm hee--hee baseba  he fu game

pces  ss Fm eag ha g eves ad hwg  hwg 

a jave.

2 Table 5.3: Types of transfer

pctc
The next section of this chapter will help you to understand what is meant by 
the term “practice”, the dierent forms practice can take, how they impact on 
performance and how this knowledge can support teachers and coaches as 
they work to enhance their athletes’ performance.

Practice is essential in acquiring motor skills. Practice and learning are said 
to be monotonic, that is, as the amount of practice increases, so does the rate 
of learning. However, the rate of learning is said to level o over time even as 
practice continues. It is important to note that the type of practice an individual 
engages in also aects learning. This seems logical when you consider that 
learning may be negatively aected by over-practice, or when an individual 
practices an incorrect or ineectual technique. 

From an information processing perspective, practice provides individuals 
with opportunities to gather information about the movement. This information 
is used to develop the motor programmes for that movement which are stored 
in the long-term memory. During practice, the individual gathers key pieces 
of information (or cues) to develop the motor programme and to compare the 
motor programme to the model, usually provided to the learner by the teacher, 
coach or peer. When the motor programme does not match the model, 
corrections are made through further practice until the motor programme 
matches the model. 

Before the information can be used to develop the motor programme, it must 
rstly be interpreted. Consequently, perception and memory play important 
roles during practice. Through practice, individuals learn to interpret the cues 
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from the environment by comparing the information that is held in the short-
term memory to information that is held in the long-term memory (past 
experiences). The more past experiences an individual has, or the more they 
have practised, the more accurate the movement should be. However, as 
indicated above, the amount of practice may not be the only factor that aects 
learning. The way in which the practice is organized may also aect their 
learning of a motor task.

Ts  ctc

itvs tw ctc
Types of practice can dier according to the intervals between the trials of a 
task. The two types of practice that dier in this respect are called massed 
practice and distributed practice.

@ Massed practice is when there are little or no gaps in practice. For example, 
a eld hockey team practises shooting techniques non-stop for 40 minutes, 
or a judo player practises a particular move for an entire session. Massed 
practice is described as having intervals between the trials of a task that 
are shorter than the time it takes to perform one compete trial.

@ Distributed practice is when the practice is interspersed with rest or a 
dierent activity. For example, a shooting practice in basketball that is 
punctuated at regular points with opportunities for a short scrimmage 
game. Distributed practice is described as having intervals between the 
trials that are greater than the time it takes to complete one trial. Distributed 
practice can often lead to better performances because it reduces the levels 
of fatigue and boredom experienced by the performer. 

Although performance may be positively inuenced by distributed practice, 
there is little evidence to suggest that there are dierences between the two 
types of practice with regards to how we learn. Additionally, it may be that the 
coach or teacher wants to develop the individual’s performance while fatigued 
as this may represent more accurately a specic stage of the competitive 
environment. 

Ultimately, when organizing practice, the coach needs to take into account the 
needs of the individual and the nature of the task being performed. For example, 
if a task is very simple or is very tiring, it may not be fruitful to practise this 
task for long, uninterrupted periods of time. However, if the task is more 
complex, or if the individual is a novice performer, then it may be of greater 
benet for the practice to be prolonged. However, this may not be the case for 
very young children as their ability to concentrate for long periods of time is 
limited. 

od  ctc
Another way to think about the structuring of practice is the order in which 
the practice of skills takes place. Generally, there are three ways practice can 
be ordered: blocked, random or serial. 

@ Blocked practice is when one movement is repeated over and over again 
in a drill-like fashion. For example, a tennis player practises forehand ground 
strokes in 5 sets of 10 strokes with a few minutes rest in-between each set. 
As with massed practice, this can lead to quick improvements in performance, 
however, such almost immediate improvements can lead the individual to 
believe that they have learned the skill when really they have not. 

@ Random practice is when the practice of one movement is randomly 
interspersed with the practice of other movements. For example, a learner 
golfer may randomly vary the club and the type of shot they play during 
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practice. They may begin with a small chip shot, followed by a full swing 
with a six-iron, followed by a half-swing with an eight-iron and so on. 

@ Serial practice is when dierent movements are practised, but in a structured 
and consistent order. For example, a volleyball player may practise the dig, 
the overhead pass and the spike in the same order each time. 

The diagram below can help you to picture these three scenarios.

bloCkeD aaa bbb ccc

ranDom cab bca acb

Serial abc abc abc

Research shows that random practice is more eective than blocked practice 
for learning. Shea and Morgan (1979) used the elaboration hypothesis to 
explain this. This hypothesis explains that when two dierent tasks are presented 
side by side, the dierences between the tasks are amplied. Presenting the 
learner with dierent types of information in this way, encourages them to 
apply more cognitive eort to learning the tasks and results in more distinct 
and meaningful storage of information to memory. This in turn, strengthens 
the motor programme for these tasks.

The action plan hypothesis (Lee, Magill 1983) suggests that in order to move on 
to a dierent task the individual must forget the previous task so that they have 
enough space in the working memory to engage in the new task. This means that 
each time they are faced with a new task they have to re-develop an action plan 
for learning the task. This requires more cognitive eort and they become more 
competent at creating action plans for learning. Consequently, they should become 
more ecient at problem-solving when they are faced with a new situation or 
task. This goes some way to explain why research shows that retention and transfer 
are enhanced when practice is ordered in a random fashion. 

tsk snion
It is very important that teachers, coaches and performers understand how 
dierent forms of practice can impact on performance. However, it is also 
important that they understand the dierent ways in which practice tasks 
can be presented. Teachers and coaches have to decide whether to present 
the whole task or skill, part of the task or skill or a combination of the two. 
In other words, should the movement be practised in its entirety (whole) or 
should it be broken down into its parts and then presented whole–part–whole, 
or part–whole?

The key factor in deciding how the task should be presented is the nature of 
the task itself. Generally speaking, the whole task should be presented when 
its component parts are performed simultaneously, for example, the serve in 
tennis or volleyball. However, when the component parts of the skill are 
performed consecutively, then this skill can be broken down into those parts, 
for example, a lay-up in basketball. 

Teachers or coaches may also present the whole skill when all of the component 
parts are highly integrated, interdependent and when the parts on their own 
do not have any meaning in relation to the whole skills. Conversely, when the 
component parts of the movement are highly dependent or even made up of 
individual skills, the coach or teacher may organize part practice. 
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CASE STUDY

i a e  smfy he eag f he es seve  
educe s dmesay, caches fe decmse he 
sevce ac ,  he wds, hey bea  dw ad 
acce   s cme as. ths s de  mve 
he cssecy f he cme as, s ha whe 
eassembed, hs cssecy s caed ve  he seve 
sef. i cex, hs ye f acce s yed by he 
eheasa f he ba ss deede f he swg ad vce 
vesa. ieesgy, ece eseach has chaeged he 
uy f hese aaches, suggesg ha s ma s 
he fma-mveme cue fmed by he swg ad 
ss, he deede acce s  fac cueducve. 

Csequey, hs sudy amed  e he emacs f 
he had, ba ad ace  he a seve (FS) f ee ju 
ayes. the auhs f hs sudy as cmaed hse 
emacs  he emac equvae whe he seve was 
decmsed: whe he ss was eheased deede f 
he swg  cac (Bt) ad whe he swg was eheased 
deede f he ss (SW). 

the auhs fud ha he veca dsaceme f he ba 
a s zeh ceased sgcay dug Bt cmaed 
wh he FS ad ema asscas bewee ace 
ad ba m dug he FS wee aeced dug as 
decms. the esus fm hs sudy shw ha 
cssecy  swg ad ss emacs chaaceze he 
efmace f he FS a a yug age. ths cssecy 
deceases whe he seve s decmsed, as s uey 
de by caches  acce whe ey chaacescs f 
he seve, e ba zeh, chage sgcay whe he 
ba ss s acced  sa. i ccus, he auhs 
ques he ecacy f he ue  ucda use f 
s decms  he deveme f he es seve.

rc
red, M., Whesde, D., ad E, B. 2010. Eec f s 
decms  ace ad ba emacs f he ee 
ju es seve. Sports Biomechanics, v 9, umbe 4, 
. 296–303

 TO THINK ABOUT

a ttv sctv

oe f he ccsms f usg a acce dug eag, acuay  eam 
games, s ha by ag he s u f cex, he eae cceaes y 
 echque ad ges he decs-mag asec f he as. Hweve,  
ace a bege sagh  a game may be vewhemg. t vecme hs, 
eaches  caches cud ay he cce f smca. they d hs 
by mauag he as csas such as he sze f he ayg aea, he 
umbe f es ad he bjec f ay. ths maes  ease  efm 
he s, whs eag he ey feaues f he evme ha ae cca  
deveg he aye’s decs-mag ss. 

e

i scce, a sma-sded game cud be gazed wh assve defedes  
deve he ayes’ aby  mae a ass ad w whe ad whee  ass 
 a game evme. the ayes cud be sued fuhe by ayg wh 
a “Fub de Saa”, a smae, heave ba wh ess buce ha was deveed 
 Suh Ameca, used by ayes e pee, rve, Zc, Juh, rad ad 
rvad befe hey mved   cvea fba.

“Practice makes perfect.”
V ctc
What is perfection and is this really what we want? Is it eective, or even 
desirable, to practice the same movement over and over again until you have 
eradicated all errors in performance? This section will highlight that practicing 
the perfect movement may be detrimental to overall performance. It will show 
that varying the way you practice a skill is not only eective in learning a skill, 
but is a necessary requirement of successful performance, even at elite levels 
of performance.
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Variable practice is when the demands placed on the performance of a skill 
are altered, for example, throwing a ball towards dierent targets at dierent 
distances, angles or heights. When organizing variable practice, it is important 
for the coach or the teacher to note that practice variations should not be so 
great that the movement’s form changes completely. With variable practice, 
the fundamental movement form remains the same, but variety is created with 
the task (dierent size of balls) and/or within the environment (dierent targets) 
to produce dierent versions of the movement. 

Research suggests that variable practice results in better consistency and 
accuracy compared with repeating the same movement over and over again. 
This is particularly the case with children, since it has been suggested that 
variable practice helps them to develop schema for a particular movement. 
Indeed, if skill learning is associated with the development of rules, or 
schema, to be applied in a variety of contexts, it makes sense to suggest 
that the more diverse the context for learning is, the stronger the schema 
will become. 

V ctc d sc t
According to schema theory, we store information about the specic invariant 
features of a movement (for example, relative timing and organization of limb 
parts in coordination). These are known as generalized movement programmes 
(GMPs).Variability of practice develops the learner’s ability to control the GMP 
in a number of dierent ways. 

This is because when we perform we gather information about:

@ the initial conditions
@ the response specications
@ the sensory consequences
@ the outcome.

This information creates and strengthens schema that are applied to our GMPs 
and enables us to control or apply the skill in dierent situations (transfer).

Some level of variability in practice is necessary for all skills, however, it is 
particularly important for skills that are performed in more open environments. 
By varying the demands on the task, performers learn to parameterize the 
movements. When future, dierent demands are placed on the movement, 
the performer can generate the new parameter values based on their previous 
attempts. 

fct vt
Research suggests that even highly skilled performers show variations in the 
performances of a task. Importantly, variations are greater at the start of the 
movement and reduce at the end of the movement, or the point of contact or 
release. For example, during practice of a forehand ground stroke shot in tennis, 
the player will show greater amounts of variability in the performance during 
the preparation phase of the swing and reduce the variations as they move 
towards the point of contact. This allows the performer to adapt to any variation 
in ball speed, spin, bounce and trajectory, yet maintain accuracy and consistency 
at the point of contact. This is known as functional variability. 

To attempt to reduce variability through practice, therefore, may have a 
detrimental eect on skill learning and performance, especially in activities 
that are performed within a more open environment. 
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Mental practice, sometimes known as mental rehearsal, is when a performer 
thinks about specic components of the movement without actually performing 
the movement. For example, the dancer who thinks about a complex footwork 
sequence, or the golfer who thinks about the point at which the wrists break 
at the top of the backswing. This type of mental practice aids performance 
because it helps the performer to understand and practise the cognitive 
components of the movement, where sequence, timing or strategy might be 
critical to successful performance. 

However, most researchers believe that, as a learning tool, mental rehearsal 
only works in conjunction with physical rehearsal. Research has shown that 
individuals who use mental rehearsal, as well as physical rehearsal, learn more 
quickly than those using physical practice only. One theory put forward to 
explain the advantages of mental rehearsal is that, by thinking about the skill, 
we build up a picture or model in our Central Nervous System (CNS) of how 
the skill should be performed. The CNS, which includes the brain, reacts to 
this mental process in a very similar way as to when we actually practise 
physically. Thus, if we think about doing something, the CNS learns in the 
same way, or almost the same way, as when we actually carry out the task.

Bruce Hale (1982) provided some experimental support for this. He had 
people mentally rehearse doing a task. While they were mentally rehearsing, 
he had electromyographs (EMGs) tted to the muscles that would be used if 
they were physically performing the skill. He showed that there was some 
neural activity even though the person never overtly moved.

Mosson’s scum of cing
The physical educationist Muska Mosston identied 11 teaching styles, A 
to K, used in physical education. However, these styles are also used in 
coaching and, when used appropriately, can facilitate the development of 
cognitive, aective and motor skills. The governing principle that underpins 
the teaching styles is that decision-making is the unifying element that connects 
the teaching and learning experience. By identifying specic sets of decisions 
made by the teacher and the learner, signicantly dierent learning conditions 
are produced. 

All conscious teaching behaviour is a chain of decision-making

Preparation           Decisions   

Performance           Decisions 

Evaluation           Decisions

TEACHER Maximum -------------------------------------------------------------------------- Minimum

LEARNER Minimum ------------------------------------------------------------------------- Maximum 

 A B C D E F G H I J K 

2 Figure 5.12
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Styles A through to K can be divided into two clusters, the reproductive cluster 
and the productive cluster. 

The reproductive cluster (A to E) is more akin to direct, didactic teacher-
centered approaches. A teacher or coach would choose to use these styles 
when the objective is to replicate specic known skills and knowledge. The 
teacher species the subject matter, the learning conditions (style) and denes 
the criteria for correct task completion. The task climate is one of performing 
the model, repeating the task and reducing error. Feedback is specic, often 
corrective and there is an acceptable way to perform the selected tasks. 

The productive cluster (F to K) involves the discovery of new information by the 
learner. The learner is engaged in cognitive operations such as problem-solving, 
inventing, comparing, contrasting and synthesizing; the climate favours patience 
and tolerance, and individual, cognitive and emotional dierences. Feedback 
refers to the production of new ideas.

T cd st (St a)
When adopting the command style, the coach or teacher is very much in 
charge. They select the content for the session as well as the methods of practice 
and training. There is no ambiguity in the role of the coach/teacher or the 
learners. This style can be particularly useful when working with a large group 
or when the activity involves an element of danger, e.g. coaching the javelin 
or discus. It is also useful when teaching very technical skills, or closed skills, 
where accuracy of performance is paramount. However, this style has major 
limits if the learners are at dierent levels of ability and development; it is 
much more suitable for homogenous groups. 

For teachers or coaches to use this style successfully they need to be particularly 
well respected for their knowledge of the activity, of the teaching style and the 
learners. For example, teachers or coaches have to be aware that some learners 
may experience boredom in this style, and many will not experience success. 
This highlights the importance of constantly monitoring performance and 
altering practices, or even aborting them, when it is necessary. 

The reality is that not many teachers or coaches use this style in its purest form. 
Eective teachers and coaches are exible with their use of styles according to 
the needs of their learners and the demands of the activity or task.

T cc st (St C)
The reciprocal style is sometimes called peer teaching or coaching. As with 
the command style, the teacher or coach sets the agenda, i.e. chooses the topic 
or topics to be learned. They then encourage the learners to work in pairs so 
that they can provide each other with feedback about their performance in 
the task. To facilitate this process, the teacher or coach can provide the learners 
with a task card with the criteria for a successful performance. 

An example of a task card appears in Table 5.4 below.

Performer: Perform six forward rolls. After the third, receive feedback from 
the observer. 

Observer: Observe the performer against the criteria. After three forward 
rolls, provide them with feedback that describes their performance and then 
suggest one area for improvement. Discuss the same issues, and any improvements 
in performance, again after the nal forward roll. 

130



CriTeria x
or
√

SuggeSTionS for 
improVemenT

x
or
√

SuggeSTionS for 
improVemenT

Cuch s, sagh

bac, ams eachg u 

sagh  f f he bdy.

tae wegh  hads, 

shude wdh aa.

tuc head bewee he 

ams s ha cac wh 

he gud s made wh he 

bac f he head.

Sg ush hugh he 

egs, ams bed  ceae 

fwad g mveme.

Bdy emas  a uced 

s wh a uded 

bac.

pu fee   cse  

hs.

reach fwad wh ams 

ad saghe egs  cme 

u  a sadg s.

2 Table 5.4

The teacher or the coach may have to spend some time with the learners to 
develop their ability to observe and provide feedback, however, this style is 
useful when the learners know the tasks well and are willing and able to help 
one another. Some individuals like this style because they feel that making 
mistakes will not lead to them being seen as being poor performers. They can 
progress at their own rate and can work on the specic aspects of their own 
performance. Some care may have to be taken when pairing learners, as not 
everyone is able to work cooperatively. 

T dvt st (St h)
The divergent style is also known as the problem-solving approach. The coach 
or teacher sets a problem or task and lets the learner work out a solution or 
solutions for themselves. This style can lead to some great moments of innovation 
by the learners. It also allows for an increase in independence and self-esteem 
in the individual. Additionally, when games players have developed a solution 
of their own, they are more likely to want to implement it during the game 
than one which has been forced upon them. In team sports dierent parts of 
the team can be working on dierent problems. 

The main issue for the teacher or coach is to set realistic problems and to 
explain the scenario succinctly to the learner. Learners do need a lot of 
experience to use this method successfully.

Fcos cing skill lning
This section will highlight some of the other factors that impact on skill learning. 
Primarily, this section will look at how the coach’s or teacher’s preferred 

 TO THINK ABOUT

Whch f Mss’s syes d yu 

ed  use whe cachg? 

Ae yu caabe f mvg bewee 

syes dug a acce sess? 

if , why d yu h ha s? if 

yes, ae hee ay syes ha yu 

have  ye used?
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instructional style might impact on performance, before explaining some of 
the key considerations relating to the learner that must be addressed during 
each training session or lesson. 

T cc/tc
Every coach or teacher varies in the approach they adopt in developing their 
athletes’ performance. The approach they take is largely based on their prior 
experiences as a performer and instructor, as well as the coaching knowledge 
they have gained through coach education programmes. Traditionally, both 
coaching and teaching have been informed by information processing theories 
of learning. Thus many teachers and coaches adopt an approach that can 
generally be described as coach/teacher-centered. Here, their role is to set the 
task and present the information that will facilitate the development and 
strengthening of the motor programme. In the early stages of learning, this 
means reducing the amount of information the learner has to attend to by 
applying strategies such as part practice or providing specic learning cues. 
As the learner develops and progresses, the coach increases contextual 
interference by adopting strategies such as randomization of practice. 

These more traditional approaches to coaching/teaching closely reect Mosston’s 
reproductive teaching styles, in which the teacher plays an autocratic and central 
role in the learning process. With this approach, the teacher directly shapes 
the learning while the learner makes only a few (or no) decisions in the learning 
process. The main goal is for the learner to reproduce and rene movements 
through practice, repetition and feedback. One of the problems with this 
approach is that often skills are practiced outside the context of the activity. 
When this happens learners often become ecient at performing the technique 
in practice but are unable to transfer this technique into the activity context. 

An alternative approach is one where the coach or the teacher views themselves 
as a facilitator of learning, rather than the source of learning. This type of 
approach can be linked to Mosston’s productive cluster, a democratic style in 
which the teacher facilitates or guides the learning. In the cluster of productive 
approaches, the responsibility for learning shifts towards the learner. One of 
the ways in which a coach or teacher can achieve this is by manipulating the 
task so that the learner has to explore the learning environment to discover 
solutions to the task or problem. 

For example, rather than giving specic instructions about how to dribble with 
the ball in eld hockey (how to hold the stick, how to turn the stick to change 
direction, when to turn the stick, body position, etc.), the teacher may provide the 
learner with dierent types of eld hockey sticks (dierent lengths, grips, weight, 
etc.) and ask the performer to move in an area without making contact with the 
other performers. The dierent type of sticks will encourage the performer to 
explore dierent ways of holding the stick, while the other performers within the 
learning environment encourage the player to keep their head up and move away 
from them, changing direction, in order to avoid collision. Thus, although the 
teacher sets up the initial learning environment, it is the performer’s explorations 
and interactions with the environment that shapes their movements.

T 
Regardless of the preferred coaching or teaching style, good coaches or teachers 
should always take the needs of their learners into account when planning 
their sessions. Understanding the performer in terms of their age, stage of 
development, past experiences and motivation level is critical to successful 
coaching or teaching. 

 TO DO

Cs stds

i each f he case sudes bew, 
hw wud yu mauae he 
as s ha he eae has  
exe he eag evme 
 dscve sus  he as  
bem (ahe ha gvg secc 
sucs/fma abu hw 
 efm he as)?

Cs 1

Jhy “Jj” Jhs s a 
18-yea-d baseba aye. He 
s a ad has a gd ay-u ad 
fee hw echque. He has gd 
acca sgh ad s aways  he 
gh s a he gh me. Jhy 
has e bem: hs dbbg s 
cumsy ad s  as smh as 
yu wud e   be. 

Hw wud yu mauae a 
dbbg as  facae hs 
eag?

Cs 2

Shea s a msg yug gfe. 
the e weaess  he game s  
he chg. She s uabe  ge 
ay hegh  he ba whe she 
ays hs sh.

Hw wud yu mauae a as 
 facae he eag?

Cs 3

Yu ae faced wh a eam f 
ude-12 scce ayes. they 
ae ehusasc, bu have  cue 
abu accs. they a u afe he 
ba fm e ed f he ed  
he he. they d’  aud 
 he ayes; hey y fcus 
 he ba. Whe a aye has 
ssess f he ba, hey u 
wh  acss he ed ad y  
sce he wg ga.

Hw wud yu mauae he 
game  facae eag?
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Age/experience/skill level

Fitness

The learner

The task

Interpersonal
demands

Technical/tactical demands

Physical
demands

2 Figure 5.13

Children grow and develop at dierent rates and this determines what they 
can and cannot cope with in learning. When working with young children, for 
example, age 8 to 10 years, it is inappropriate to teach them to play the same 
activities as an adult. Consequently, games and equipment have been adapted, 
or scaled, to suit the developmental needs of younger children. An example of 
this is the game of short tennis. In this game, the court dimensions are smaller 
than a regular tennis court, the racquets are smaller, the net is lower and the 
ball is lighter so that it ies more slowly through the air to give the performer 
more time to play the shot. This game enables younger children to develop 
movements that are more like the “adult” movement (rather than adapted and 
inappropriate movements), scaled to suit their size and strength. This is much 
more benecial to their learning and development as they progress, and reduces 
the likelihood that they will develop bad habits or even injuries. 

 TO THINK ABOUT

Why s he gwh su a 
ma csdea f a 
gymascs cach?

Why s he gwh su a 
ma csdea f a 
es cach?

Why s he gwh su a 
ma csdea f a 
hudes cach?

Hw ca ay bems be 
vecme?

CASE STUDY

“The reasons for modication are usually twofold: rst, to 

enhance the skill acquisition of the learner; and second, 

to increase the fun/motivation of the learner and in turn 

maximize the chance of continued participation in the sport.” 

fw d rd, 2010

Faw ad red cduced a exeme ha aemed 
 defy he deeces  he efmace f bege 
es ayes whe scaed equme was used  a 
ve-wee eve cmaed  he use f sadad 
equme. Fwg a e-es, whee a acas 
(523, 8.0  0.4) efmed a ay  each f he fu 
cds (sadad ba/scaed cu; mded ba/
scaed cu; sadad ba/sadad cu ad mded 
ba/sadad cu), each cd gu  a  e 
30-mue acce sess e wee f ve wees. Each 
acce gu used he same es acque ad cmeed 
deca ass, agey cssg f game ay, whee 
ayes wee eseed wh a cmba f ceave 
ay suas ad cmeve ayg ues. oe 
wee afe he a acce sess, a s-es deca  
he e-es was cmeed.

the auhs hyheszed ha he cmeey scaed 
eve (mded ba ad cu) wud ead  me 

favuabe s acqus, as evdeced by geae 
hg success ad vume ha he sadad cu ad 
ba cd as used  he adu game. the ma dg 
fm hs exeme was ha he sadad ba/sadad 
cu acce cd ( he gu ha acced ude 
adu game csas) ecded sgcay ess hg 
ues  he fehad ad bachad sde ha 
he scaed-cu eve cds. the deceased 
hg ues exeeced wh he sadadzed 
adu cd he wed  sgcay e hg 
success eave  he scaed cu gus. ths sudy 
hghghs he egave uece f eachg chde 
 ea  ay es  adu cds. the auhs 
ccude by sag ha scag was a usefu echque 
f smfyg he as f beges, s ha hey cud 
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Puberty can also have a major impact on learning, particularly in co-educational 
settings. Girls, for example, begin adolescence on average two years before 
boys at about nine years old. This causes a growth spurt that can peak about 
two years after it starts. 

The increase in height, particularly for boys, can be quite dramatic, even as 
much as 15–20 centimetres (6–8 inches) in a year. Weight increases in boys 
tend to occur almost simultaneously with height, mostly due to increases in 
height and muscle mass. Increases in girls’ weight, however, are due to increases 
in adipose tissue as well as height and muscle mass. Indeed, muscle mass in 
girls increases less than in boys. Developing longer limbs, bigger feet and with 
an initial lack of muscular structure over a relatively short period of time can 
often lead to a loss in coordination. Clumsiness is often unavoidable and this 
can have a negative impact on both performance and motivation. 

Moivion

It is generally accepted that there can be little learning unless the individual 
concerned is motivated to learn. Motivation is what inuences our decisions 
to participate in sport and physical activity. It enables us to maintain interest 
and continued involvement. Consequently, it is a key consideration for the 
coach/teacher. They need to understand what motivates the learner and ways 
in which they can increase motivation. Motivation is described as the direction, 
intensity and persistence of behaviour . Direction is concerned with our choice 
of activity, intensity is how hard we work at these activities and persistence is the 
length of time that we are willing to work at the task. 

There are two general forms of motivation, intrinsic and extrinsic. Intrinsic 
motivation is when the performer’s behaviours are highly autonomous and 
based on an inherent interest and enjoyment in the activity. This form of 
motivation involves making a judgment about the value of the task and then 
accepting it as being personally important. It is closely related to our inherent 
need to demonstrate self-competence or self-ecacy. We enjoy performing 
the activity because, through it, we can demonstrate our self-worth. Research 
suggests that intrinsic motivation is better than extrinsic for learning and 
performance, and it leads to more satisfaction with performance. Most children 
rate intrinsic factors such as fun, excitement and skill improvement as more 
important than extrinsic factors such as trophies and praise.

Research also suggests that, in learning, individuals with high levels of intrinsic 
motivation are more likely to select more challenging tasks, engage in the task 
for longer periods of time and apply more eort in learning. Moreover, coaches 
and teachers can inuence intrinsic motivation by creating a learning environment 
that reduces external incentives, encourages individual goal setting and provides 
choice and relevance. The concept of relevance is particularly important when 
considering how to present the learning task. Coaches who use part practice, 
or massed skill practice in isolation from the context of the activity run the 
risk of rendering the task meaningless to the learner. When this happens, 
learners quickly become disengaged and apply less eort to learning, which 
can have a negative impact on their performance.

Learners have to understand why they are engaging in practice and how it will 
aect their overall performance. This was the key point made by Bunker and 
Thorpe (1982) in their development of the “Teaching Games for Understanding” 
approach (TGfU). They recognized that pupils were not able to transfer the 
skills they learned during practice to the game because they did not understand 
the relationship (or the relevance) between the practice environment and the 
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game. As such, they developed an approach to teaching games that emphasizes 
the game context before the technical skills of the game. Among other things, 
they suggested that this would make learning more meaningful and that this 
would increase motivation and learning in games lessons. Additionally, TGfU 
categorized games (invasion, net and striking and elding) so that players 
could recognize the similarities between games from within the same category. 
This meant that teachers could draw upon pupils’ previous experiences of 
other games from within the same games category to enhance their learning. 

In contrast, extrinsic motivation is associated with the performer’s need for 
social recognition. Individuals, for example, may use peer comparisons in order 
to experience positive feelings of competence or self-worth. This can be benecial 
for those learners who thrive on competition for their own learning, or in some 
activities where competition between performers is critical. Coaches or teachers, 
therefore, can use material or social rewards in order to reinforce extrinsic 
motivation. They do this by praising their athletes’ learning, performance or 
eort. Moreover, in sports such as gymnastics, swimming and athletics, it is not 
uncommon for athletes to receive badges as a reward for reaching a specic 
level of performance. However, one of the problems with this type of motivation 
is that it can result in more negative behaviours to avoid feelings of, for example, 
incompetence or shame. Additionally, over time, extrinsic rewards can lose 
their power and when this happens, enjoyment of the activity can be lost. More 
importantly, this means that intrinsic motivation will not be developed. In order 
to persist in an activity, intrinsic motivation needs to be encouraged.

To ensure high levels of motivation for all performers, coaches or teachers 
have to develop strategies that develop performers’ intrinsic motivation. This 
can be achieved by providing challenging, fun, interesting and relevant activities, 
as well as opportunities for performers to receive feedback about their 
performance, particularly improvements in their performance. 
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Slf-sudy qusions
1 Explain the dierence between skill and ability.

2 List three characteristics of a skilled performance.

3 State three abilities that are benecial for learning.

4 Describe what is meant by each of the following terms and give an example 
for each from a sport of your choice:

@ cognitive skill

@ perceptual skill

@ perceptual-motor skill.

5 Outline why “whole-practice” is more benecial for learning one of the 
following skills:

@ a drop-kick in rugby

@ a serve in tennis

@ a spike in volleyball.

6 Explain why variability is an important feature of skill learning. 

7 Distinguish between teaching style A and teaching style G.

8 Explain why selective attention is important in sports performance.

9 Describe the psychological refractory period, and outline two examples 
from sport.

10 Discuss how knowledge of results and knowledge of performance aid skill 
acquisition.

 DATA BASED QUESTION
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Inoducion
There are many dierent ways we can measure the performance of an athlete. 
In this chapter we will look at dierent techniques for gathering data including 
how to design a tness test and how to assess dierent studies. This information 
can then be used to compare the performance of individuals, develop training 
strategies or measure improvement.

Sisicl nlysis

Stdd devt
The standard deviation is the spread of scores around the mean or average. As 
an example we will look at an individual’s performances, measured by distance 
from the hole, on a golf putting test over a period of ve lessons.

The person had 30 test putts at the end of each lesson. In order to show how 
the learner was progressing, the coach plotted the graph shown in Figure 6.1. 
The coach calculated the mean or average of each set of 30 trials. These can 
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be seen clearly in the diagram, represented by the red diamonds. However, 
means provide only very limited information about how a person has performed. 
On the graph, we can see that the coach has added error bars. Error bars are 
a graphical representation of the variability of the data. They depict the standard 
deviation from the mean and can add much valuable information for the 
coach and learner.
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2 Figure 6.1: Mean (SD) distance from hole of a learner golfer’s putts over 5 sets  

of 30 trials

As you can imagine, our learner golfer will not be consistent when making 
their putts and the standard deviations can tell us something about that 
inconsistency. Figure 6.2 shows the means and standard deviations of two sets 
of 30 trials on a test of putting for two beginner golfers.
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2 Figure 6.2: Mean (SD) distance from the hole of two learner golfers’ putts  
over 30 trials
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As you can see the means are very similar but the standard deviations dier 
greatly. If we only knew the means we might think that both were equally as 
good as one another but Saeed’s standard deviation is much smaller than 
Asif ’s, meaning that he is much more consistent than Asif. Each of Saeed’s 
attempts was not far from his mean but Asif ’s varied greatly. This would aect 
the way in which the coach would train each of the two golfers.

The standard deviation is calculated from the spread of scores around the 
mean. The terms s and SD are often used for standard deviation, as is the 
Greek letter s (sigma). Using a graphic display or scientic calculator we can 
compute the mean and standard deviation for another beginner, Caterina. 
Caterina’s performance on one set of 12 trials on the golf putting test can be 
seen in Table 6.1.

While the terms s, SD and s are used for standard deviations we also sometimes 
simply see the mean given with the symbols  followed by the standard 
deviation. So Mean 5 1.71, SD 5 0.89 is the same as Mean 5 1.71  0.89. 
The use of  is because the standard deviation is the spread around the mean.

In Table 6.1 we can see that the distance from the hole in some of Caterina’s 
putts were more than the mean but others were less than the mean. Statisticians 
have found that when the data are what they term normally distributed (see 
Figure 6.3) about 68% of all values will lie within 1 standard deviation, while 
95% will be within 2 standard deviations.

2 SD 1 SD Mean

Note: SD  Standard deviation

2 SD1 SD

2 Figure 6.3: Typical bell curve for normally distributed data

Cecet  vt
Another useful measure of variation is to calculate the coecient of variation, 
which is denoted by the letter V. The coecient of variation is the ratio of the 
standard deviation to the mean expressed as a percentage. The formula for 
the coecient of variation is: 

V 5 %
100 3 SD 

Mean

So the coecient of variation for Caterina would be: 

100 3 0.89 
1.71

V 5 52.05%

 KEY POINT

T t  arat  t 

rat  t taar at 

t t ma xpr a a 

prtag.

Trial Error (m)

1 1.23

2 2.03

3 0.97

4 1.67

5 2.00

6 1.89

7 1.58

8 0.67

9 1.88

10 2.01

11 4.01

12 0.59

Ma 1.71

sd 0.89

2 Table 6.1: Caterina’s mean (SD) error

140



This, of course, provides very similar information to the standard deviation 
but the use of percentages allows many people to understand it better.

Us t-tests
Means, standard deviations and coecients of variation can be very useful 
when we are comparing dierences in performance between individuals and 
groups or by the same individual or group but at dierent times. 

Table 6.2 shows the distances covered in 60 seconds by a group of 12 soccer 
players who undertook a running with the ball test following rest, and then 
again after 20 minutes’ exercise at 70% of their individual maximum volume 
of oxygen uptakes (VO2max).

ParTiCiPanT afTEr rEST afTEr 20 MinUTES aT 70% Vo2MaX

1 450 390

2 345 455

3 389 378

4 327 405

5 401 366

6 387 388

7 397 400

8 400 405

9 359 401

10 395 432

11 333 411

12 412 399

Ma 382.92 402.5

sd 35.66 23.42

V 9.31% 5.82%

t 1.194

p 0.21

nt: sd 5 taar at; V5 t  arat

2 Table 6.2: Distances (metres) covered in 60 seconds by soccer players following 
rest and after exercise at 70% maximum volume of oxygen uptake (vo2max)

The key issue is the question of whether the dierence in mean distances is 
due to the exercise or is it simply due to chance? In order to test whether or 
not there is a real dierence we can carry out an inferential statistical test 
called a t-test. This can be calculated using a graphic display or scientic 
calculator, or a computer program. 

Using a graphic display calculator we nd that t11 5 1.194. By itself this means 
little. We need to use it to calculate the probability (p) of nding this dierence 
between the times. Our graphic display calculator does this for us and it shows 
that p5 0.205. The p-value can also be found using probability tables for t-tests; 
these can be found in most statistics texts. In order to use the tables you need 
to know what the statisticians call the degrees of freedom. These are represented 
by the number 11 in our example. This number is normally written in subscript 
but sometimes in brackets, e.g. t(11). 
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To understand degrees of freedom think of the following example. You are the 
coach of a soccer team and you have a team sheet with 11 blank spaces relating 
to the positions on the soccer team. When the rst player arrives for the match 
you have a choice of 11 positions in which to place this player. You give him 
a position (e.g. goalkeeper) and this means that one position on your team 
sheet is now occupied. When the next player arrives you have a choice of 
10 positions but you still have the freedom to choose which position this player 
is now allocated. As more players arrive you will reach the point at which 
10 positions have been lled and then the nal player arrives. With this player 
you have no freedom to choose their position because there is only one position 
left. Therefore, for 10 of the players you had some degree of choice over the 
position they played, but for one player you had no choice. The degree of 
freedom is one less than the number of players.

The important thing to note in our example of a t-test is that the p-value we 
obtained is greater than 0.05. This means that there is more than 5 per cent 
possibility that our results are by chance rather than being caused by the 
exercise. We therefore say that these results are non-signicant. For a result to 
be signicant we must show that p  0.05.
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The t-test described above is what we call a paired t-test. It is called this 
because it was the same people tested following rest and exercise. For a test 
to be paired it does not need to be the same people, it can be people who 
are paired for reasons such as height or weight, or experience. 

The other kind of t-test that is of interest to us is the independent t-test or 
unpaired t-test. McMorris and Beazeley (1997) compared the speed of decision-
making of 10 experienced and 10 inexperienced soccer players on a soccer-
specic test. The experienced group had a mean decision time of 1.242 s, SD 
5 0.01, while the inexperienced had a mean time of 1.599 s, SD 5 0.02. This 
was signicantly dierent (t185 9.50, p  0.001). The p-value shows that there 
was only a 0.1 per cent possibility of this result being by chance. 

Note also that the degrees of freedom for this test were 18 when the total 
number of participants was 20. In the paired t-test the degrees of freedom 
were 11 when the total was 12. One of the dierences between the calculation 
of paired and unpaired t-tests is the degrees of freedom, therefore it is 

important to choose the correct test.

The experiment of McMorris and Beazeley is one of many that have shown that 
experience aects decision-making in team sports and is a type of cause and 
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eect experiment. In the next section, we will examine the design of cause and 
eect experiments more fully but before we do so we need to look briey at 
another type of measurement, namely a correlation.

Cet
We may want to know if there is a relationship between two things, e.g. we might 
want to know if there is a correlation between athletes’ ages and times for the 
5 000 meters. We do this by calculating the r- and r2-values.

A common criterion for interpreting the meaningfulness of the correlation is 
r2 . This is called the coecient of determination (r2 ) and is simply the square 
of the correlation. Usually the coecient of determination is expressed as a 
percentage. For example, for a correlation of 0.70 between standing long jump 
and vertical jump score, only 49 per cent of the variance (or inuence) in one 
test is associated with the other.

If we multiply r2 by 100 we get the percentage of overlap between the two 
measures. Even if this is high it does not mean that age causes the athlete to 
run the 5 000 meters faster. It simply means that age and speed are related.

Sudy dsign
We begin this section by examining some of the main factors involved in 
ensuring that when measuring individual’s tness levels we do so correctly. 
There are four very important factors that we must take into account: specicity, 
accuracy, reliability and validity.

@ Specicity If we were asked to measure the tness of a volleyball player 
we would want to know something about how high they could jump as that 
is an important factor in volleyball. We could use the Sergeant Jump Test 
which measures the height that the individual can jump from a standing 
position. This is denitely very similar to the skill required in volleyball, so 
we could say that it is specic. But just how specic is it? Do you only jump 
for the ball once in a volleyball game? Of course not. You have to repeatedly 
jump to block a spike or to make one yourself. So for our test to be really 
specic we would need to test the people on several jumps. We could have 
two measures of tness: one would be how high could they jump on a single 
jump and the second would be how well they can maintain that height 
over several repeated jumps.

2 Courtesy of Graham Clark (Photographer: University of Edinburgh)
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@ Accuracy We must make sure that the instruments with which we measure 
the tness component are accurate. Taking a very simple example, we can 
look at measures of weight. We all know that if we do not look after weighing 
machines properly they will provide inaccurate information. The same is 
true for most measures of tness, so we need to make sure that our equipment 
is working properly. 

@ Reliability Reliability is the “degree to which a measure would produce 
the same result from one occasion to another” (Clark-Carter 2000). If we 
want to know whether someone has become tter, we need to be sure that 
any improvement we see from our testing is due to tness and not because 
there is something wrong with the reliability of the test. Tests can be unreliable 
when there is a learning or habituation eect. If there are such eects we 
might need to have a series of practice sessions to allow the participants to 
learn the task fully, i.e. reach a point where they can get no better. McMorris 
et al. (2005) found that it took their participants 160 trials on a non-compatible 
choice reaction time test before they had fully learned the task. So they had 
participants undertake 160 practice trials before carrying out their experiment.

@ Validity This simply means that the test actually measures what it claims 
to measure. We have already seen an example of this with our jumping in 
volleyball test described above. One jump is an invalid way of measuring 
jumping ability for volleyball. We need repeated jumps. Similarly having 
soccer players run 100 meters will not tell us how quick they are in a soccer 
game, where sprints are much shorter and are repeated many times.

Des spt d execse scece expemets
In this section we examine the factors that you need to take into account when 
designing sport and exercise science experiments. Here we are interested in 
cause and eect experiments. We might want to know if taking caeine tablets 
has an eect on starting time in a 100 meters race. Figure 6.4 shows an 
experimental design that might be used in such an experiment.

Treatment

(caffeine ingestion)
Pre-Test Post-Test 

2 Figure 6.4: A weak experimental design

What is wrong with the design in Figure 6.4? Can we be sure that any changes 
in reaction time are due to caeine intake? Could it simply be that there has 
been a learning or habituation eect? What do you think that we could do to 
solve this problem?

Figure 6.5 shows the most common way of overcoming the learning/habituation 
problem—the use of a control group. 

Experimental
group

Treatment
(caffeine ingestion)

Pre-Test Post-Test 

Control
group

No treatmentPre-Test Post-Test 

2 Figure 6.5: An experimental design using a control group

The inclusion of a control group, in itself, does not ensure that our experiment is 
well-designed. Our experimental group were given caeine tablets and probably 
expect these to have some eect on their performance. Our control group got 
nothing and therefore probably expected to see no improvement in their performance. 
Thus our results could be due to the expectations of the participants (those doing 
the experiment) rather than the caeine. What could we do to overcome this? 
Figure 6.6 shows a possible method—the use of a placebo.
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Control
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Pre-Test Post-Test 

2 Figure 6.6: An experimental design using a control group with a placebo

The placebo will taste like the real thing but is in fact a harmless substance 
which will not aect performance. If we tell the participants which group they 
are in then we are defeating the object, so all participants have to think that 
they may be getting the caeine. We call this blinding the participants. Often 
we will see that an experiment is called a double-blind experiment. In these 
experiments not only are the participants blind to which treatment they have 
but so are the experimenters (another person issues the tablets). This is to 
make sure that the experimenters do not accidently inuence the participants.

In the caeine study we must also be careful not to bias the results by, for example, 
choosing all the conscientious individuals in the caeine group and those less 
likely to try hard in the control group. To guard against this we use a process called 
randomization, i.e. we randomly allocate individuals to the groups. 

In some studies we may want to ensure that at the start the groups are fairly 
evenly matched. To do this we can pair them based on results from the pre-test. 
In other studies, like the McMorris and Beazeley (1997) study for example, 
we will place people into groups based on their experience.

Physc actvty redess Queste (Par-Q)
The types of test used to measure the components of tness require the 
individual to undertake physical activity, often strenuous physical activity. 
Before asking someone to take part in a physical test you must make sure that 
taking part in the test will not put their health, indeed possibly even their life, 
at risk. It is recommended that before asking someone to undertake physical 
activity they complete the Physical Activity Readiness Questionnaire (PAR-Q).
People should also be asked to complete this form when asking for training 
advice or joining a sports and/or exercise club.

Physical Activity Readiness Questionnaire (PAR-Q)

YES no

1 ha yr tr r a tat y a a art 
t a tat y  y  pya atty 
rmm by a tr?

2 d y  pa  yr t w y  pya atty?

3 i t pat mt, a y a t pa w y wr 
t g pya atty?

4 d y  yr baa ba  zz r  y 
r  ?

5 d y a a b r jt prbm tat  b ma 
wr by a ag  yr pya atty?

6 i yr tr rrty prrbg rg (r xamp, 
watr p) r yr b prr r art t?

7 d y kw  ay tr ra wy y  t  
pya atty?

Doubl blind ximn a 
xprmt  w tr t 
partpat r t xprmtr 
kw w a b g t 
pab.
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If the person answers “No” to all questions then there should be no problem 
with them undertaking physical activity. However, if the person answers “Yes” 
to one or more questions they must see their doctor before undertaking any 
physical tests, training programmes or playing sport.

Use  ed tests vesus ty tests
Once we have ascertained that the person is healthy enough to undertake 
testing using the PAR-Q, we have to decide which test or tests of tness to use. 
In doing this we must remember the criteria outlined earlier with regard to 
testing. Are the tests specic, accurate, reliable and valid?

The rst thing we must decide is what is it that we want to test. If we want to 
know what someone’s VO2max is there are laboratory tests that meet the criteria 
and measure VO2max accurately. However, we do not all have access to 
laboratories so we may need to use a eld test such as the bleep test or Cooper’s 
12-minute run test. These are not as accurate nor as reliable but they may be 

what we have available to us.

Mximl ss vsus sub-mximl ss
Given the criteria—specicity, accuracy, reliability and validity—it would appear 
that if we want to know the maximum amount a person can do, e.g. VO2max 
or the maximal weight they can lift, carrying out a maximal test meets all of 
the criteria. However, if someone is not used to undertaking maximal exercise 
they are likely to stop before actually reaching their maximum because they 
become anxious about causing themselves injury. 

As a result some sub-maximal tests have been devised and from these we can 
calculate what the person’s maximum would be. These tests are particularly 
useful with groups such as children who are not used to working to their maximum 
or with the elderly who may feel concerned about going to the maximum.

Comonns of nss
Physical tness is a complex and challenging term to dene, but essentially 
it relates to an individual’s physical ability to perform a specic activity. It is 
also important to acknowledge that there are other important types of tness 
and the term tness can be used in a range of contexts, e.g. “t for purpose”, 
“mental tness”. This section will focus on physical tness, emphasising 
that there are many dierent components and furthermore that for each 
of these components there are often a variety of ways to try and assess an 
individual’s tness.

Historically, physical tness has been considered more in the context of sports 
performance, with athletes demonstrating superior levels of tness that 
contribute to outstanding sporting performances. Dierent sports are naturally 
characterised by varying physical demands, with factors such as exercise 
intensity and duration contributing to the determinants of performance. This 
means that being t for performance in one sport will not necessarily mean 
being t for a very dierent sport. This concept will be discussed shortly as an 
important principle of training programme design, to ensure that the correct 
components of physical tness are being trained. In summary, there are a range 
of physical factors that determine an individual’s performance-related physical 
tness, i.e. an individual’s physical ability to perform in a specic sport.

More recently, however, we are becoming increasingly aware that the concept 
of physical tness also has an important role in non-sporting contexts. 
The relationship between physical activity and health is complex and this topic 

“We want to try to prove 

without a shadow of a doubt the 

relationship between physical 

tness and health, not just 

physical tness and ability  

to perform.”
Kenneth H Cooper, designer  

of the Cooper test
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is further discussed in Chapter 15. The main point is that in contrast to physical 
tness for sport, in dierent populations it is the physical tness to perform 
activities of daily living that is crucial. In elderly populations and those with 
chronic disease, a proportion of the world’s population that is getting progressively 
larger, sporting performance is clearly irrelevant. However, the physical ability 
to get out of a chair, bathe and walk is extremely important for the health and 
well-being of these individuals. Indeed, when such tasks become impossible 
then the decline in tness and health will become even faster, emphasising 
that a clear goal for individuals in these populations is to maintain their physical 
tness. In this context it is health-related physical tness that is important. 
This can be dened as an individual’s physical ability to maintain health and 
perform activities of daily living.

The mj cmpets  physc tess
Given the wide range of physical activities performed in both the health and 
sport domains, it is not surprising that there are many dierent components 
of physical tness and many of these are inter-related in terms of mechanisms 
and outcomes. The following is a brief outline of some of these most important 
components, with other chapters going into more detail.

Body composition relates to the proportion of an individual’s total body mass 
that is made up of fat and fat-free mass (see Chapters 1 and 17). Although total 
body mass itself is easy to assess, and is therefore often measured and interpreted 
in relation to health and sports performance, in both contexts what makes up 
this total body mass is actually more important. Body fat mass (FM) includes 
essential fat found in the tissues and organs and stored fat, which is essentially an 
energy reserve. In contrast, fat-free mass (FFM) refers to what makes up the rest 
of the total body mass, including muscle, water and bone. The following examples 
illustrate why body composition may be important for health and sport:

@ High levels of body fat are associated 
with many pathological disorders 
and so maintenance or attainment 
of low body fat mass is important 
for health-related physical tness. 
In contrast, a body mass that is too 
low will typically have a fat mass 
that is also too low (e.g. anorexia) 
and/or muscle mass that is too low 
(e.g. sarcopenia).

@ There are many sporting activities 
where total body mass and body 
composition are very important. In 
almost all of these the body fat is 
kept low (Sumo wrestling being an 
extreme opposite example). Instead 
it is the FFM that is more important, 
whether it be an advantage to have 
a large FFM (e.g. in many collision 
sports such as American football or 
rugby union) or a low FFM (e.g. in 
weight-restricted sports such as 
boxing, or more aesthetic sports 
such as gymnastics).

 KEY POINT

T abty t prrm pya 
att a a ry mprtat 
ta r, wtr t 
 r ryay att a 
at (at-rat pya 
t) r g prrma prt 
(prrma-rat pya 
t).

147



M e A s u R e M e n T A n d  e v A l u AT i o n  o f  h u M A n  P e R f o R M A n c eC h  p te   6

@ Bone density is another important aspect of body composition. A low bone 
density underpins osteoporosis and exercise can play an important role in 
maintaining bone density.

It is very clear that body composition has a functional role in both health-
related and performance-related physical tness.

Cardio-respiratory tness refers to the ability to take in, deliver and use 
oxygen for use by the aerobic or oxidative energy system (see Chapter 2). It is 
most commonly characterised by an individual’s maximal oxygen uptake 
(VO2max), which is the maximal rate that oxygen can be used during maximal 
exercise. It is often also referred to as aerobic capacity, although it should be 
recognised that there are other functional markers of aerobic performance. 
Cardio-respiratory tness is underpinned by the limits of the cardiovascular 
and ventilatory systems to extract oxygen from the atmosphere, deliver it to 
respiring tissues and use it. The following examples illustrate why cardio-
respiratory tness is important for health and sport:

@ Low levels of cardio-respiratory tness are associated with many diseased 
states and epidemiological research has shown an association with a shorter 
lifespan.

@ In conditions where cardiovascular or ventilatory function is impaired 
(e.g. heart disease, chronic lung disease), cardio-respiratory tness is 
reduced. Functionally, this means that only very low intensities of physical 
activity can be tolerated before anaerobic energy systems need to be 
relied on and these are less sustainable. The result is that even simple 
physical tasks become unachievable and this worsens the physical 
deconditioning.

@ In contrast, very high levels of cardio-respiratory tness are observed in 
endurance trained athletes, enabling them to tolerate much higher 
intensities and durations of physical activity.

Strength is dened as the ability to generate force by a muscle or muscle 
group (see Chapters 1 and 4). Strength is underpinned by the muscle mass 
that is available (volume and muscle ber-type), the ability to activate that 
muscle mass and the co-ordination of this muscle activity. It is therefore 
dependent on both the neural and muscular systems and their successful 
interaction.

Speed is dened as the change of distance with respect to time when 
movement occurs (see Chapter 4). This could refer to whole-body speed or 
speed of a particular joint or muscle group, depending on the context in 
sport and exercise. Speed is determined by the complex interaction of 
biomechanics and physiology, although maximum speed performance is 
also dependent on psychology. Physiologically, speed is dependent on similar 
factors as strength, however, the rate at which force is being applied and 
the coordination of the subsequent movement are the key determinants of 
the outcome.

@ In many sporting competitions the time that it takes to complete a given 
activity is what determines the outcome. For example, in a 100 meters 
running sprint strength is important, especially at the start when ground 
contacts are longer. But the ability to apply that strength quickly is more 
important in determining running speed.

@ Explosive sporting activities such as jumping and throwing rely on the 
speed of movement.
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In contrast to the previous examples, speed has much more relevance for 
performance-related tness than health-related tness, where the speed at 
which actions are completed is of less importance.

Power is dened as the rate of doing work. Functionally, it represents the 
combination of force and velocity, or strength and speed. Therefore, it is 
underpinned by the same factors as strength and speed, the relative importance 
of these factors dependent on the activity. Where high forces are required the 
emphasis will be more on strength, whereas with lower forces the emphasis 
will be more on speed. Muscular power is often seen as one of the most 
important determinants of sporting performance. 

Muscular endurance is the ability of a muscle or muscle group to maintain 
force or power (see Chapters 1, 3 and 4). It is also sometimes described as 
fatigue-resistance at a local muscular level. The underpinning physiology is a 
complex interaction of a number of factors and their relative importance 
depends on the relative intensity of the muscular contractions. Typically, local 
muscular endurance is mostly related to the availability of substrates, enzyme 
activity and build-up of metabolites, although the nervous system also has a 
very important role.

Flexibility refers to the ability to move through the full range of movement 
around a joint (see Chapter 1). Flexibility is underpinned by a range of 
factors, such as: the capacity of muscles and tendons to stretch; ligament 
condition; joint mechanics; size and shape of bones. There is a wide range 
of exibility observed across populations. Joints may have impaired range 
of movement, yet, for some individuals, some movement of joints can go 
beyond what is the accepted normal range of motion (called hypermobility). 
Therefore, exibility can be both advantageous and possibly detrimental in 
the extreme. 

Agility can be dened as the ability to rapidly change direction or speed. This 
may or may not be in response to a stimulus, meaning that it can be separated 
into the physical ability to change direction or speed and the perceptual and 
decision-making component of responding to a stimulus (see reaction time 
below). Despite performance of agility being very short in duration, the underpinning 
factors are many and complex. Briey, they include similar underpinning factors 
of strength (both to decelerate the body and accelerate the body), power, speed, 
exibility, balance, peripheral vision, anticipation and experience. 

Balance refers to the stability of the body. To maintain balance the center of 
gravity needs to be maintained above the supporting base of the body and this 
is achieved through coordinated contraction and relaxation of postural muscles 
in response to positional changes. Positional changes are detected by visual, 
vestibular and proprioceptive processes and this stimulates the coordinated 
muscular responses in order to maintain balance. Therefore, successful balance 
depends on the ability to sense position and respond to the sensory information 
in a coordinated fashion, with integration of neuromuscular systems. 

Reaction time is described as the duration between the presentation of a 
stimulus and the associated response. Therefore, similar to balance, this depends 
on the integration of neuromuscular systems. The reaction time reects the 
combination of detecting sensory information, processing this information, 
sending a response and eecting this response. The reaction time is very 
dependent on the interaction of the stimulus type and environment. For 
example, there may be a single stimulus and single response in the simplest 
tasks, compared to highly complex tasks with multiple stimuli and multiple 
responses with distracting information.
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W ra t qt  w at  t at?

Rar t marmt a tmat  t att pb rat 

tm a aat w ty rat t t rg rgarg wat  m a 

“a tart”  t 100 mtr prt.

why s tess ssessed?
Testing tness is important for both health and performance reasons. Health-
related tness assessment is primarily used to evaluate health and identify 
any weaknesses, relative to healthy “norms”, as this can assist with diagnosis, 
assessment of severity and in some cases even prognosis. However, testing will 
also be used to monitor progress as a result of interventions (e.g. exercise 
training, medication), to assist with education of participants/patients and 
design individual exercise training programs. These same reasons also apply 
in the performance sport context, with a few additional purposes: to provide 
feedback to athletes; to try and predict performance potential; to establish 
goals for athletes to work towards.

H s tess ssessed?
In section 6.2, the important concepts of specicity, accuracy, reliability and 
validity were introduced. These concepts form important principles when 
deciding what tness tests to use, as there are already an enormous number 
of dierent tness tests in use, with more being developed all of the time. 
The relative value of the test will be determined by a number of factors in 
addition to these general principles, many of these of a practical nature. 
These include, but are not limited to: the safety of the participants; ethical 
considerations; the number of participants to be tested; the resources and 
facilities available; the accuracy that is required; the order of tests. Therefore, 
the practitioner must decide on the appropriateness of a tness test based 
on the balance between the optimum, often called the gold-standard test, 
and what is actually practical. Accordingly, there will then be associated 
limitations that must be taken into consideration when interpreting and 
applying the results.

In many situations it is not possible to directly assess a tness component. This 
does not necessarily preclude tness assessment, but may require either an 
indirect assessment of tness or prediction of tness using a eld or laboratory 
test. In such circumstances the tester will need to consider the suitability and 
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accuracy of the prediction. For example, what data are the prediction equations 
based on? This might mean that one equation is suitable for one population, 
but not for another. Another suitable question may relate to how accurate and 
valid the prediction is, relative to whatever the criterion measure is. Such 
questions will enable the tester to evaluate how much bias may have been 
introduced due to the known limitations.

Test ec cpcty
As discussed in Chapter 2, the gold–standard assessment of cardio-respiratory 
tness is the direct assessment of VO2max. This requires a progressive (gradually 
increasing exercise intensity) maximal test to exhaustion, including measurement 
of gas exchange. While this is routinely carried out in sport and medical 
laboratories around the world, the requirement for expertise and equipment 
to run the test, the maximal nature of the test, as well as only being able to test 
one participant at a time, make this test unfeasible in many sport and health 
situations. Therefore, there are a large number of eld-based tests that have 
been designed to enable estimation of VO2max. The following 3 examples are 
only some of the more commonly-used tests.

Mutste ftess Test (MSfT)
The Multistage Fitness Test (also known as the Beep or Bleep Test) was originally 
devised by Leger and Lambert (1982) and was then validated and commercialized 
by the National Coaching Foundation (Ramsbottom et al. 1988). The test 
requires participants to perform repeated 20–meter shuttles at progressively 
increasing speeds until exhaustion is reached. The running speed is indicated 
by an audio-sound (the “beep”) that indicates that the next shuttle should start 
at this point, i.e. the turn at each end of the 20–meter course should coincide 
with the sound. The rst level of the test is of low intensity (fast walk or light 
jog) and then approximately each minute the frequency of the sounds increases 
to the next level, causing an increase in running speed for that level. Performance 
in the test is described as the level reached and the number of completed 
shuttles in that level before the participant either voluntarily stops or fails to 
keep pace with the sound and was disqualied from continuing. For example, 
a score of Level 10-6 would imply 6 shuttles were completed in level 10. This 
score is then compared against a reference table where an estimate of  VO2max 
can be obtained based on the number of shuttles. An increased score corresponds 
to a higher VO2max.

The evaluation of this test requires consideration of advantages and limitations 
compared to the gold–standard test. The following table lists a few of these.
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This test is widely used with healthy adults in sports teams as it has been shown 
to be reliable, provided the test is carefully standardised, and reasonably 
accurate for the estimation of  VO2max. It is also sensitive to training improvements, 
so although the value of  VO2max obtained will not be fully accurate, improvements 
in score will still indicate improvements in aerobic tness. However, for other 
populations alternative data are required to improve the accuracy of the 
estimation. For example, as the tables have been developed with adults free 
of disease it is not possible to use the same tables to estimate VO2max in 
children. Therefore, alternative equations have been developed for use with 
children. Note that due to the maximal nature of the test, it will not be suitable 
for people with pre-existing medical conditions who are not permitted to take 
part in maximal exercise.

Cpe’s 12-mute u
There are a number of eld-based tests where performance is assessed by the 
distance covered in a xed period of time, or the time to complete a xed 
distance. One such example was developed by Dr Ken Cooper (Dallas, Texas). 
This test simply requires participants to run/walk as far as they can in a period 
of 12 minutes, the total distance then entered into an equation to estimate 
VO2max.

aDVanTagES liMiTaTionS

lmt xprt a 
qpmt 

Prt ba  prrma a t rt 
marmt
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Similar to the MSFT the test is widely used in non-clinical populations and 
the same limitations do apply. As the protocol is continuous and self-paced, 
many performers are more comfortable with the test and may perform better 
than in the MSFT.

Hvd step test
In contrast to the two previous examples, many tests for estimation of  VO2max 
do not involve maximal exercise. One of the oldest such tests is known as the 
Harvard step test developed as early as the 1940s, although there are other 
commonly used step tests such as the Queens or McArdle step test. The outcome 
measure for this test is not performance, but based on the recovery of heart 
rate after performing a xed amount of work. Participants are required to step 
on and o a step (45 cm high) at a rate of 30 steps each minute for ve minutes, 
making a total of 150 steps completed. The heart rate of the participant is then 
measured at the end of the rst, second and third minutes of recovery following 
completion of the test. An equation then uses the total of these three heart 
rate values to estimate VO2max, based on the association of a lower heart rate 
(and faster recovery) at a xed intensity with higher VO2max.
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The main advantage of such a test is clearly that it does not require participants 
to exercise maximally, making it safer to conduct on a wide variety of participants. 
However, the test is less accurate unless alternative equations are used for 
diering populations. This test is more suitable for assessment of health-related 
tness than sport-related tness.

Evut  the tess tests
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Pcpes  t pmme des
Training theory encompasses all aspects of tness knowledge, and there are 
a number of essential elements and basic training principles that apply to all 
types of exercise programmes. Designing an actual training session demands 
an understanding of the essential elements to put principles into practice, 
whether the planned outcome is to improve cardio-respiratory tness, musculo-
skeletal tness, body composition, or exibility. The following activities are 
the essential elements of a general training programme:

@ warm-up and stretching activities
@ cardio-respiratory endurance training
@ cool-down and stretching activities
@ exibility activities
@ resistance training
@ recreational activities.

Every training/exercise/competition session should begin with low-intensity 
physical activity of a similar mode that you will be performing. This is to 
increase your body temperature, heart rate and breathing rate, and safely 
prepare your cardiovascular respiratory system to function more eectively 
during the more rigorous training/exercise/competition that follows. A good 
warm-up also decreases the amount of muscle or joint soreness during the 
early stages of beginning a training programme. Warm-up before dynamic 
stretching to reduce your risk of injury, and then progress to the cardio-respiratory 
endurance training element. Activities such as walking, jogging, running, 
cycling, swimming, rowing and aerobic dancing are designed to improve your 
cardiovascular, respiratory and metabolic systems.

Every training session should include cool-down and stretching immediately 
after nishing your cardio-respiratory exercise. It is important that the cool-
down is done by slowly reducing the intensity of the cardio-respiratory activity 
for several minutes. After this cool-down period is an especially good time to 
engage in stretching activities, to improve exibility and lower the risk of joint 
or muscle injury. 

Resistance exercise can be dened as exercise specically designed to enhance 
muscular strength and endurance. This method of training involves the progressive 
use of a wide range of resistance loads, including:

@ specic body mass exercises (e.g. curl-ups)
@ weight and load bearing exercise (e.g. climbing)
@ the use of resistance equipment (e.g. free weights).

Resistance training has grown in popularity over the past 25 to 30 years and 
research has demonstrated many health, tness and performance related 
benets. The British Association of Sport and Exercise Sciences (BASES, 2004) 
have recommended that:

@ all young people should be encouraged to participate in safe and eective 
resistance exercise at least twice a week

@ resistance exercise should be part of a balanced exercise and physical 
education programme.

Recreational activities such as squash, basketball and kayaking are social, 
enjoyable and relatively inexpensive. Recreational activities can also include 
cardiovascular and resistance training exercise. They contribute to improving 
health and tness, and are suciently varied to sustain life-long interest and 
can involve the whole family.

To plan/design an eective exercise programme, it is necessary to understand 
and apply training principles. A number of basic principles of training apply 
to all types of exercise programmes, including:
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@ progression
@ overload (frequency, intensity and duration)
@ specicity
@ reversibility
@ variety.

Monitoring exercise intensity using cardiovascular exercise as an example: 
heart rate and rate of perceived exertion

Intensity refers to the level of stress achieved during an exercise session, and 
intensity and duration of exercise are indirectly related. Exercise intensity can 
be expressed in many dierent ways, such as a percentage of maximal aerobic 
capacity (VO2max) or peak oxygen consumption, or by calculating the 
percent VO2 reserve i.e. the dierence between VO2max and resting oxygen 
consumption. These and similar gas analysis methods require graded exercise 
testing and the use of fairly expensive laboratory equipment (e.g. metabolic 
carts) to determine VO2max. Other indirect methods of quantifying exercise 
intensity that are easier to administer “in the eld” as well as having additional 
benets, such as being relatively inexpensive, include:

@ the training heart rate concept
@ the Karvonen method
@ the training heart rate zone
@ ratings of perceived exertion. 

The training heart rate (THR) is based on the linear relationship between 
heart rate and VO2 with increasing rates of work. The THR is calculated by 
using the heart rate that is equivalent to a set percentage of your VO2max. 
There can be various classications of exercise intensity using percent heart 
rate maximum (%HRmax), for example:

@ "light" exercise is 35–54%HRmax
@ "moderate" exercise is 55–69%HRmax
@ "heavy"  exercise is 70–89%HRmax.

The Karvonen or percent heart rate reserve method (HRR) takes into 
account the dierence between resting heart rate (HRrest) and maximal 
heart rate (HRmax). The training heart rate is calculated by taking a 
percentage of HRR and adding it to the HRrest. It is important to select an 
exercise intensity appropriate to the health needs and tness status of the 
individual. For example, a sedentary individual about to begin an aerobic 
exercise programme might be well advised to target a “light” (say 35%HRmax) 
THR for the rst few sessions (and gradually increase intensity over time) 
as follows:

THR
35%

5 HRrest 1 0.35(HRmax  HRrest)

Technological advances allow heart rate monitors to measure exercise 
intensity as well as time in a target heart rate zone, and the Karvonen 
method can also be used to establish a THR zone rather than a single THR 
value.  For example, a recent study investigated time spent in the target 
heart rate zone and cognitive performance of nine-year-old children as part 
of the FIT kids programme. The Fitness Improves Thinking (FIT) programme 
is designed to improve the physical tness of children and enhance their 
cognitive performance and the THR zone for the children was set to 
55–80%HRmax. This study also used the children’s OMNI scale to collect 
a child’s ratings of perceived exertion (RPE). This involved using the range 
of numbers 1–10 and child-like pictures to quantify how tired the child 
was during exercise testing.   
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Slf-sudy qusions
1 Distinguish between standard deviation and coecient of variation.

2 Outline what is meant by degrees of freedom.

3 Describe four important factors that we must take into account for 
study design.

4 Discuss the placebo eect.

5 Outline why a PAR-Q is used before tness testing.

6 Evaluate the use of eld tests versus laboratory tests.

7 Outline two components of physical tness.

8 Discuss the advantages and disadvantages of the multistage tness test.

9 Outline one method used to monitor exercise intensity during cardiovascular 
exercise.

10 List six essential elements of a general training programme.

 DATA BASED QUESTION
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C h a p t e r  7
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Inoducion
Sport is played by athletes of dierent shapes, sizes, ages and 
genders (Figure 7.1). These athletes all have dierent physical 
requirements based on the nature and demands of their 
chosen sport. For example, a javelin thrower requires a large 
amount of explosive muscle power, but does not need the 
aerobic endurance that would be extremely important to a 
5 000 meter runner. It may appear, therefore, that across 
dierent sports athletes do not have much in common with 
one another. However, there is one thing that unites all 
athletes, regardless of their chosen sport: the need to improve 
and maximize their physical performance. 

Maximizing physical performance is achieved in many ways. 
For example, appropriate diet, adequate sleep and rest, and 
reduced stress levels will all help the athlete to improve 
performance. However, appropriate training is, undoubtedly, 
one of the most important methods that an athlete can use 
to maximize physical performance.

tining
Training is the systematic, repeated performance of structured 
exercise sessions over a period of time, with the achievement 
of a specic goal in mind. The type, duration, intensity 
and frequency of training will vary depending on what this 

2 Figure 7.1: Athletes come in all shapes, sizes and genders
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goal is. While training is crucial for improving and maximizing sports performance, 
unsuitable training prescriptions can actually be detrimental to performance.

Undertraining is a failure to provide adequate stimulation to the body by 
training too infrequently, for too short a period of time, or at an insucient 
intensity that will not generate the physical adaptations that are required for 
enhanced performance. 

Overtraining occurs if an athlete attempts to do more training than he or she 
is able to physically and/or mentally tolerate over a prolonged period. The 
performance and even the health of the athlete can deteriorate signicantly. 
If this is allowed to continue, it can become a career-threatening problem 
(further discussed later in this chapter). However, athletes do need to stress 
their bodies suciently for a training response to be generated (chapter 14 
explores overtraining in more detail.)

Overreaching is when an athlete places stress on their body that is beyond 
their current limit of tolerance, but only for a short period of time. Short-term 
decrements in performance may be observed, with full recovery of performance 
taking from several days to several weeks (Meeusen et al. 2006). Therefore, 
overreaching can be thought of as transient overtraining. 

Coupled with appropriate recovery, overreaching can be a useful tool in 
maximizing the training response, although the consensus on its ecacy is 
inconsistent (Brittenham et al. 1998). When using the method of overreaching, 
if appropriate recovery is not provided, overtraining can develop. 

The interaction of the dierent concepts of training discussed above can be 
viewed as a training continuum. The diagram in Figure 7.2 shows the progression 
of training states from undertraining through to overtraining (boxes), with the 
associated outcomes for each training state (circles). It also demonstrates the 
ne degree of dierence between developing minor performance enhancements 
or no enhancements at all (a), and between optimizing physiological adaptations 
and performance enhancement or reaching a state of overtraining (b).

2 Figure 7.2: A schematic of the training continuum
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There are dierent types of training, each placing dierent stresses on the 
body, therefore stimulating dierent adaptations. As a result, athletes use 
a number of these types of training, depending on the demands of their 
sport and the goals of their specic training programmes and cycles (see 
the section on periodization). The following summarizes some common 
types of training.
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Fxibiit tiig
Flexibility training is the systematic stretching of the muscles, tendons and 
other connective tissues of the body, resulting in an increased range of motion 
(i.e. exibility) of the aected body parts. This may be done to correct abnormally 
small exibility, to increase exibility in order to improve the performance of 
a sporting technique, or to reduce the risk of, or aid recovery from, injury. 
Flexibility training uses dierent forms of stretching.

@ Static stretching The target muscle is stretched until mild discomfort is 
felt and then held in this position.

@ Active stretching A muscle is held statically in a stretched position via 
contraction of the opposing muscle. For example, the quadriceps muscles 
are stretched by contracting the hamstring muscles, thereby exing the 
knee joint. 

@ Dynamic stretching The target muscles are moved in a controlled fashion 
using repeated dynamic movements through their full range of motion 
with gradually increasing reach and/or speed of movement. For example, 
the muscles at the front and back of the hip and thigh are stretched by 
swinging the straight leg backwards and forwards in a kicking motion.

@ Ballistic stretching A repeated bouncing motion at the point of peak 
stretch in an attempt to force the tissue beyond its normal range of motion. 
This form of stretching is discouraged as it can increase the risk of injury 
to the aected area.

@ Proprioceptive neuromuscular facilitation (PNF) stretching While 
this form of stretching can be undertaken in dierent ways, the most 
common method is to begin with a static stretch followed by an isometric 
contraction of the target muscle for approximately 10 seconds. This 
is immediately followed by a brief relaxation of the muscle and then 
another static stretch where the muscle is stretched further than the initial 
static stretch. The muscle is then allowed to relax before another cycle of 
stretching begins.

The type of stretching undertaken will depend on many factors including the 
type of athlete, the age, gender and physical abilities or restrictions of the 
individual athlete, and the goal of the stretching (warm-up, cool-down, 
rehabilitation etc).

Stgt  sistc tiig 
Strength and resistance training is the application of resistance against muscle 
contractions in order to increase the strength, size or power of skeletal muscle, 
or to alter its metabolic prole. Any form of resistance can be used, but will 
likely depend on the overall goals of the training session or programme. 
Common forms of resistance include gravity, body weight, rubber bands, xed 
weight machines and free weights (dumb-bells, bars and weight plates).

Strength and resistance training has the potential to change the musculoskeletal 
system in dierent ways, depending on how it is carried out. The most common 
adaptations from a general strength and resistance training programme can 
include increased bone, muscle, tendon and ligament strength, improved joint 
function, reduced risk of injury, increased bone density and improved 
neuromuscular and cardiovascular function. 

Increasing muscle strength, tone and power all require dierent approaches, 
therefore the prescription of a strength and resistance training programme 
must be specically tailored to the goals of the athlete. The methods of 
structuring training programmes are discussed in the periodization section of 
this chapter.
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Cicit tiig
Circuit training combines strength and resistance training exercises with 
aerobic/cardiovascular exercises to achieve an overall increase in conditioning. 
These exercises are structured into an easy to follow sequence, with each 
exercise completed for a set amount of time or number of repetitions followed 
by a short recovery before moving on to the next exercise in the sequence.  
Completion of all exercises in the sequence is termed a circuit. A circuit can 
be repeated more than once, or more than one sequence of exercises can be 
structured for the completion of multiple circuits. 

Figure 7.3 describes a basic eight-exercise circuit training programme for 
general conditioning. Each exercise would be completed maximally for 
30 seconds, followed by a 10-second period to move to the next station and 
prepare to begin the exercise. Participants could begin the circuit on any 
exercise they wish, and successful completion of all eight exercises would 
represent one completed circuit.

Press

ups

Squat

jumps

Tricep

dips

Running

thrusts

Sit ups

Star

jumps

Crunches

Jumping

jacks

30 seconds per exercise
10 seconds recovery 

2 Figure 7.3: An example of a basic circuit training session

It tiig
Interval training involves bouts of high or maximal intensity work interspersed 
with low intensity “recovery” exercise. This type of training can be used in any 
form of cardiovascular exercise (running, cycling, rowing, swimming etc) and 
is widely used by athletes of all levels.

Interval training sessions are structured by altering key variables including 
the intensity and duration of the work and rest components and the number 
of interval repetitions performed. The ability to change these variables makes 
interval training a exible tool that can be used by a variety of athletes, from 
100-meter sprinters to Tour de France cyclists. 

Potics tiig
Plyometrics training is composed of extremely fast, powerful, short-duration 
movements designed to increase the speed and the force of muscle contractions. 
Therefore, plyometrics is used predominantly to improve explosive, forceful 
sporting activities, such as running speed in a 100-meter sprint, jump height 
in a high jump, distance in a javelin throw or the power of a boxer’s punch. 
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Plyometrics movements involve rapid stretching of a muscle followed 
immediately by a forceful shortening of the same muscle. The stretching 
movement activates a stretch reex within the muscle which causes it to 
contract in order to prevent damage to the muscle tissue from excess stretching. 
When this is combined with the forceful contraction initiated by the athlete, 
a large force is produced by the muscle, which should initiate improvements 
in muscle strength and power. 

The eectiveness of plyometrics training is greatly reduced if the athlete is 
unable to contract their muscles as forcefully as possible. Therefore, short 
bursts of plyometrics exercise are interspersed with comparatively long periods 
of recovery to prevent the athlete from becoming fatigued. 

Cotios tiig
Unlike interval or plyometrics training, continuous training, as the name suggests, 
involves a period of exercise completed without rest. However, this form of 
exercise can still be completed at a range of intensities from low to near maximal. 
Continuous exercise at lower intensities may continue for several hours, whereas 
at high or near maximal intensities it may be completed only for a few minutes. 
However, continuous training must be completed at a minimum threshold 
intensity to ensure aerobic adaptations (McArdle et al. 2010).

In non-athletes, continuous training represents a relatively comfortable, 
accessible form of exercise, particularly for individuals with health issues, 
compared to the challenges of, for example, interval training. For athletes, the 
requirement for, and duration and intensity of, continuous training will depend 
in part on the individual athlete and their sporting goals and requirements. 

Continuous exercise was historically believed to be the most eective form of 
exercise for burning fat stores and improving aerobic endurance and VO2max. 
However, recent research has suggested that other forms of training, such as 
interval training, may be at least as eective, perhaps more so, than continuous 
training for improving variables such as these.

Ftk tiig
Fartlek (Swedish for “speed play”) training involves a combination of interval 
and continuous training. However, unlike those other forms of training, Fartlek 
training does not employ regimented exercise intensities, durations or rest 
periods. Instead, the athlete regulates the intensities of the training session 
based on how they feel at any given time. Fartlek training can tax all energy 
systems, provide good overall conditioning and make for a varied and enjoyable 
workout. However, its random, spontaneous nature makes it extremely dicult 
to quantify its ecacy and to adequately replicate Fartlek sessions within a 
training programme.

Coss-tiig
Cross-training involves training using dierent techniques with the goal of 
making general improvements in overall performance. Individuals involved 
in cross-training may make use of some, or perhaps all, of the training methods 
discussed above. However, a goal of cross-training is to use the strengths of one 
training method to attenuate the weaknesses of another. For example, a 
marathon runner may use interval training to improve their ability to complete 
the race at a faster pace, but also use continuous training to develop the mental 
strength and focus required to complete an endurance running event; something 
that interval training cannot provide. 

 TEST YOURSELF
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Most athletes will use multiple forms of training at various stages of a training 
programme to ensure peak overall performance, and also to reduce the risk 

of encountering overtraining.

Ovining
As discussed earlier in this chapter, undertaking a prolonged period of training 
that exceeds what the athlete can physically and/or mentally tolerate is called 
overtraining. This process, usually accompanied by insucient recovery, can 
lead to the development of overtraining syndrome (OTS). This is an important 
dierentiation. Overtraining and OTS are not one and the same thing; 
overtraining is the process, whereas OTS is the eventual outcome of that 
process. 

Athletes suering from OTS can struggle to train hard or compete at their 
previous levels, struggle or fail completely to adapt to training and nd it 
increasingly dicult to fully recover from a workout (McArdle et al. 2010). It 
is also important to note that stressors on the athlete outside of training or 
competition, for example, family concerns, nancial worries etc, can also 
contribute to the development of OTS (Smith, Norris 2002).

Figure 7.4 shows the ve aspects of performance that impact the overall athletic 
performance of an athlete. An excess of one or more of these aspects or their 
constituents could contribute to development of OTS.

Otiig so (OTS)
Overtraining syndrome is a highly variable condition that can aect athletes 
dierently and induce dierent symptoms—over 80 have been identied. It 
can take weeks or months to recover from (Slivka et al. 2010; Urhausen,  
Kindermann 2002). 

Symptoms of OTS are often the same as those from a multitude of other illnesses 
and conditions, meaning that OTS can go undiagnosed for some time. To 
compound this, no diagnostic tool exists to conclusively identify an athlete as 
suering from OTS (Halson, Jeukendrup 2004). Indeed, OTS is termed a 
“syndrome of exclusion”, meaning that it is diagnosed only when all other 
possible causes of an athlete’s symptoms have been ruled out. Potential causes 
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2 Figure 7.4: A conceptual model of ve aspects of performance that impact the  

overall athletic performance of an athlete
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for many symptoms of OTS that must be ruled out include anemia, magnesium 
deciency, viral infections, muscle damage, hormone disorders, eating disorders, 
depression, allergies, cardiovascular disease and asthma (Purvis et al. 2010). 
Furthermore, the causative mechanism(s) behind OTS are currently unknown 
(Armstrong, VanHeest 2002), and the only known “cure” for the condition is 
prolonged rest from training and competition. 

For these reasons, OTS represents one of the most feared conditions for 
competitive athletes (Urhausen, Kindermann 2002). Despite this, the prevalence 
of OTS in athletes can be high, although it appears to be inuenced by factors 
including the performance level of the athlete, the type of sport undertaken, 
the length of time that the athlete has been competing and the amount of time 
that the study of OTS was conducted (Matos et al. 2010). 
Table 7.1 gives examples of research studies that have been conducted to 
investigate the prevalence of OTS across a range of dierent athletes and sports.

STudy SPOrT and aThleTe  

InFOrmaTIOn

PrevalenCe OF OTS  

SymPTOmS

gut 
t . (2007)

908 dt tt 
(  17.1 )  
 vt  t

1–9%

Kutdk, 
s 
(1998)

257 t tt (vt  
t)

15% v  12-t t 
d (50%  t dvd 
oTs t  t 3-t 
tt )

mt t . 
(2010)

376 -t d t tt 
(  15.1 )  
 vt  t

29% t t   t 


r t . 
(2000)

231 ttv dt 
w (  14.8 
)

35% t t   t 


2 Table 7.1: Some of the recent research studies investigating the prevalence of 

overtraining syndrome across a range of dierent athletes and sports

The lack of a clear, dening diagnostic measure of OTS, coupled with the 
variability of symptoms, makes the scientic study of OTS very dicult. The 
fact that it is unethical to induce a state of overtraining in athletes increases 
this diculty. As a result, most research has used athletes deemed to already 
be suering from OTS (which is subject to the inherent diculties in diagnosis 
that have been previously described), or has induced a state of overreaching 
in research subjects as a model for studying OTS.

Females appear less susceptible to OTS than males (Shephard 2000). Additionally, 
more than one form of OTS has been proposed to exist, dependent in part on 
the type of athlete involved. 

@ The sympathetic form of OTS is purported to aect athletes involved in 
short duration, explosive sports such as sprinting, jumping and throwing 
events (Armstrong, VanHeest 2002). This form of OTS is rare. 

@ The more prevalent parasympathetic form of OTS is suggested to aect 
endurance athletes involved in lower intensity but longer duration events. 

Insucient research has been carried out to document the physiological and 

 KEY POINT

ovt  t , 
w oTs  t vtu 
ut  tt . T  
t  d t  t.
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biochemical features of each of these forms of OTS (Lehman et al. 1992); 
therefore, the understanding of them is limited. However, existing work does 
shed light on various aspects of the condition, including the proposed key 
symptomatic markers of OTS. These markers are discussed below.

S, xpi  psistt  

pfoc ct
The critical, gold-standard criterion for the diagnosis of OTS is a rapid onset, 
persistent decrement in the exercise performance of an athlete that is not 
rectied even when modications are made to training. This underperformance 
will persist despite a recovery period lasting from several weeks to months 
(Urhausen, Kindermann 2002). Of course, there are numerous factors other 
than excessive training demands that could cause a sudden and prolonged 
performance decrement. These factors must all be excluded prior to a tentative 
diagnosis of OTS being made. This is why, as discussed earlier, OTS is a condition 
of exclusion. 

Chronic performance decrement is the gold-standard OTS diagnostic tool as 
it is the only potential marker of OTS present in all diagnosed cases. Unfortunately, 
detection of performance decrement is too late for any preventative action as 
OTS has already developed, and therefore underperformance is useless as a 
predictor or warning sign of the onset of OTS. It is therefore important that 
future research continues to strive to identify accurate, reliable prediction 
criteria for OTS in order to halt the development of the condition before it is 
too late.

While underperformance can be used as a criterion for the diagnosis of OTS, 
the obvious question is what causes the underperformance that is characteristic 
of OTS? Unfortunately, this is a dicult question to answer as it appears that 
OTS, as well as being a condition of exclusion, is also a very variable condition 
that presents dierently from athlete to athlete, with the search for a uniform 
and reliable marker of the condition proving elusive. This may be a factor in 
why, once OTS has developed, it can prove extremely dicult to eradicate or 
overcome. 

The following sections detail some of the other common potential markers of 
OTS, which may contribute to the commonly observed underperformance 
associated with the condition.

rstig t t
An increase in resting heart rate is commonly cited as a sign of OTS and has 
been reported as such in some studies (Kindermann 1986; Stone et al. 1991). 
However, more recent work has failed to nd signicant alterations in resting 
heart rate in overreached individuals (Jeukendrup et al. 1992; Halson et al. 
2002; Lehmann et al. 1992; Urhausen et al. 1998). While perhaps not a strong 
direct indicator of OTS, increased resting heart rate may indicate the presence 
of illness or disease. This may indicate an acutely reduced exercise tolerance, 
which if not accounted for could lead to development of OTS (Urhausen, 
Kindermann 2002). 

Sleeping heart rate appears to be increased when individuals are overreached 
(Jeukendrup et al. 1992; Stray-Gundersen et al. 1986). This may be a more 
reliable measure of OTS than resting heart rate while awake, as it is less likely 
to be aected by confounding variables.

 TEST YOURSELF

ex w oTs  d t d.
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Coic sc soss
Muscle soreness is a common, normal response to an acute bout of hard 
exercise, particularly unfamiliar exercise (for example, a session of weightlifting 
for someone who has not performed resistance training for a long period of 
time). This type of muscle soreness is termed delayed onset muscle soreness 
or DOMS. With appropriate recovery, this soreness usually dissipates 24–72 
hours after the exercise bout. 

Delayed onset muscle soreness has a number of causes including: 

@ minute tears in the muscle tissue 
@ pressure changes that produce uid retention in the tissues surrounding 

the muscle 
@ muscle spasms 
@ overstretching and tearing of the connective tissue attached to the muscle
@ acute inammation
@ a combination of these factors. 

This acute muscle damage is widely believed to be a necessary occurrence for 
adaptations to training, as the response to healing this damage is to adapt the 
muscle, bone and/or connective tissue to ensure that greater stress is required 
in order to produce the same degree of damage (Smith 2000). In other words, 
these structures become “stronger”. 

However, some athletes suering from OTS report muscle soreness that is not 
alleviated by rest or recovery. It appears that this may relate to the common 
short-term muscle damage discussed above. Trauma to the muscle or its 
associated structures, as occurs during high intensity, high volume and/or 
unaccustomed exercise, produces proteins that regulate the process of inammation 
which is common in all forms of tissue damage and is an important part of 
the healing process for damaged tissue. These proteins are called cytokines. 
If tissue-damaging exercise continues without adequate rest and recovery, the 
local inammation of the damaged tissues can last for much longer than 
normal, i.e. it can become chronic (Smith 2000). In this situation, a cascade 
eect can occur where the circulating cytokines produce even more cytokines 
and the tissue inammation becomes systemic, i.e. it spreads to other organs 
and tissues of the body not aected by the initial trauma. This systemic 
inammation can cause a collection of symptoms commonly encountered 
when a person is unwell, such as reduced appetite, feelings of lethargy or 
tiredness, sleep disturbances and altered mood state (Smith 2000). 

As you read the rest of this section, you will see that these symptoms are also 
potential indicators of OTS. Therefore, this potential cause of chronic muscle 
soreness in OTS may occur at the early stage of the development of the condition, 
and may even be a prevalent causative factor of OTS (Smith 2000). However, 
chronic muscle soreness is a subjective measurement, i.e. the severity of muscle 
soreness can be perceived dierently by dierent people. Therefore, the 
usefulness of it as a measure of OTS is restricted as a clear reference scale/
value would be dicult to nd (Urhausen, Kindermann 2002). Also, chronic 
muscle soreness is not consistently reported in all cases of OTS.

rc i fctio
Reduced immune function has been proposed as a marker of OTS, probably 
due to the observation of an increased risk of upper respiratory tract infections 
(colds, sore throats) in overtrained athletes (Armstrong, VanHeest 2002). 

Cyokins t tt ut

t   t 

w       

tu d d   tt 

t  t    

dd tu
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However, upper respiratory tract infections can appear with the same frequency 
in both appropriately trained and overtrained athletes (Pyne et al. 2000). 
Furthermore, immunosuppression has been observed in overtrained athletes 
with and without the presence of upper respiratory tract infections (Fry et al. 
1994; Nieman 1994). It therefore appears that attenuated immune function 
is not a reliable marker of OTS.

Indeed, reviews of the literature around overtraining and immune system 
function have concluded that overtrained athletes are not clinically immune 
decient, but do have an increased risk of upper respiratory tract infections 
during periods of heavy training and for a one- to two-week period following 
this training (Mackinnon 1997). However, the key word here is “clinically”. It 
is possible that immune function during overtraining may be compromised 
by relatively small changes in factors that are crucial for immune defences 
(Armstrong, VanHeest 2002). 

More research is required into the potential inuence of overtraining on 
immune function, preferably focusing on the development of mechanisms or 
models for the relationship between OTS and immune deciency (Armstrong, 
VanHeest 2002), which may further our understanding of whether 
immunosuppression is a valid marker of OTS. 

Sp istbc
Disturbances to normal sleep patterns are one of the few tools available to 
diagnose OTS under resting (i.e. non-exercising) conditions (Urhausen, 
Kindermann 2002). Sleep disturbances may be an early indicator of OTS 
(Urhausen et al. 1998) with the term “sleep disturbance” relating not only to 
an increased amount of time spent in an awake state, but also encompassing 
increased rates of movement during sleep which can compromise sleep quality 
(Taylor et al. 1997). 

The exact causes of these proposed sleep disturbances with OTS are not clear, 
and may be due to factors such as increased muscle fatigue and soreness (Taylor 
et al. 1997), and altered immune system function and hormone regulation 
(Fry et al. 1994). However, as with many other proposed markers of OTS, sleep 
disturbances are not consistently observed (Taylor et al. 1997). Therefore, the 
usefulness of this as a marker of OTS should be questioned.

Ftig
Overtraining syndrome is characterized by persistent fatigue, particularly in 
endurance athletes (Armstrong, VanHeest 2002). The nature of this fatigue 
has not been well explored and can be attributed to central components 
(alterations in brain chemistry and function) and peripheral components such 
as alterations in circulating hormone levels, changes in muscle energy, 
metabolism etc. (Armstrong, VanHeest 2002; Purvis et al. 2010). 

It is extremely dicult to pinpoint the exact cause and nature of fatigue. 
Questions about fatigue include the following:

@ Is fatigue psychological or physiological? (Purvis et al. 2010) 
@ Does it stem from chronic fatigue associated with overreaching or OTS, 

or is it simply tiredness as a result of an isolated training session?
(Purvis et al. 2010) 

@ Is the fatigue a result of another diagnosed or undiagnosed condition? 

Sl disubncs t  
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It is also known that conditions such as depression, anemia, hypoglycemia 
and hypothyroidism can all cause fatigue (Kaltsas et al. 2010; Matza et al. 
2011; Smith 2010). Furthermore, reductions in athletic performance can be 
related to protracted upper respiratory tract infections (Nieman 1998), rather 
than clinical fatigue associated with OTS. 

The branched-chain amino acid hypothesis of overtraining states that 
excessive endurance training can lead to alterations in the blood transport 
of free fatty acids and amino acids, leading to an increase in the blood 
concentration of an essential amino acid called tryptophan (Tanaka et al. 
1997). Increased blood concentrations of tryptophan will facilitate an 
increased movement of this amino acid into the brain, where it is converted 
to a neurotransmitter called serotonin (Petibois et al. 2002). One of the main 
functions of serotonin is to induce a feeling of sleepiness (Blomstrand et al. 
1997). Therefore, it is possible that this could contribute to the sensation of 
fatigue reported by some athletes deemed to be suering from OTS. However, 
the link between this hypothesis and OTS is not suciently strong to support 
this suggestion (Petibois et al. 2002). Therefore, many questions remain 
about the nature of fatigue during OTS and whether it is directly related to, 
or caused by, OTS. 

dcs pptit
Alterations in brain chemistry can aect a wide array of regulatory functions, 
one of which is appetite. As discussed in the section above, increased levels of 
serotonin in the brain can cause a feeling of sleepiness. Additionally, high 
serotonin levels can reduce a person’s appetite. Therefore, potential alterations 
in neurotransmitter and/or hormone levels and function in OTS may contribute 
to reductions in appetite. However, as with other markers of OTS discussed 
above alterations in appetite levels are not consistently observed in individuals 
believed to be suering from OTS.

The implications of decreased appetite in an overtrained state should be 
considered important in light of the potential for an exercising individual to 
become energy decient (i.e. not consume sucient calories to replenish those 
they use during exercise) when consuming a less than normal amount of food. 
This would be particularly relevant to carbohydrate availability, as carbohydrates 
are the body’s main fuel source during exercise. If this energy-decient state 
were to continue, the body would be forced to generate its energy by other 
means, for example by an increased use of amino acids as fuel. This may lead 
to increased production of serotonin, which could elicit appetite disregulation 
and sensations of fatigue as already discussed. Therefore, prolonged periods 
of exercise in the presence of an inadequate diet could exacerbate the overtraining 
state or contribute to the initiation of OTS (Armstrong, VanHeest 2002). 
However, this does require further study.

From the discussions in this section, it is clear that OTS is a real concern for 
any athlete. Once the condition has developed, it can be debilitating to the 
athlete’s health and performance. Furthermore, the somewhat mysterious 
nature of the condition means that once it has developed, it cannot be easily 
dealt with or “cured”. Therefore, the focus of an athlete and their coach and 
support team must surely be to optimize the athlete’s training and competition 
performance while avoiding the development of OTS altogether. One of the 
ways in which they can accomplish this is to appropriately plan the athlete’s 
training load.
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 THEORY OF KNOWLEDGE
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 oTs   tud. Jut u ttt.

piodizion

Periodization is a structured, organized approach to training. This approach 
revolves around the completion of certain “phases” of training within a given 
time frame, with the aim of ensuring the athlete is in peak physical condition 
for the most important events of their sport. In the case of a track athlete, this 
may involve peaking for several competitions within a single year or season. 
For a soccer player, it may mean ensuring a high level of performance for the 
beginning of the season, and attempting to maintain that performance level 
for the duration of the season.

CASE STUDY
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Stct of pioiztio
The exact structure of periodization will depend largely on the specic sport 
the athlete is involved in, the performance level and experience of the athlete, 
their performance potential and the sporting calendar they are working to. 
However, the overall theory of periodization contains broadly similar concepts. 
Generally, periodization is split into three phases: transition (usually post-
season), preparation (pre-season) and competition. These phases are cyclical, 
i.e. one follows the other (see Figure 7.5).

Tsitio (post-sso)
Following a competitive season, athletes will probably be mentally and physically 
fatigued. This fatigue can take some time to dissipate therefore it would be 
unwise to place an athlete directly into a new training phase. The main goal 
of the transition phase is to allow the athlete to recover and become refreshed 
before beginning the new pre-season phase of training. To do this, an eective 
transition phase should provide opportunities for the athlete to rest and relax, 
physically and mentally, while maintaining an acceptable level of physical 
tness (Bompa 1999).

The approximate duration of the transition phase is three to four weeks, usually 
no longer than ve weeks (Bompa 1999). An inappropriate approach to the 
transition phase is to encourage the athlete to rest completely with no exercise 
or physical activity undertaken at all as this will lead to detraining and lack of 
conditioning, losing gains made in the previous training cycle and placing greater 
stress on the subsequent cycle in order to regain this lost conditioning. A more 
eective approach is to encourage the athlete to take part in exercises and activities 
that are dierent to their normal training activities and in dierent environments. 
This will maintain tness levels while providing the athlete with active rest and 
relaxation. For example, a 400-meter runner who normally trains on an athletic 
track may take part in o-road cycling or swimming in their transition phase.

Transition
(post-season)

Preparation
(pre-season)

Competition

2 Figure 7.5: The cyclical nature of the main phases of periodization

Pptio (P-sso)
As the name suggests, this periodization phase prepares the athlete with the 
physical, psychological, technical and tactical tools necessary to maximize 
their performance in the competitive phase of the season. As a result, it is 
crucial that this phase is constructed and executed appropriately, as failure 
here will mean an under-prepared athlete entering the competition phase. 
The preparation phase lasts approximately three to six months, depending on 
factors such as the athlete, whether it is an individual or a team sport and the 
structure of the sport’s competitive season. Bompa (1999) recommends dividing 
the preparation phase into two distinct, but related, sub-phases.
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@ General preparatory phase Here, the main focus is on developing the 
athlete’s basic tness/physical conditioning. This will enable the athlete to 
tolerate the greater volume and/or intensity of training as the preparatory 
phase progresses. Also, the development of technical and tactical skills will 
be focused on. 

@ Specic preparatory phase In this second sub-phase of preparation, focus 
shifts to preparing the athlete for the competitive season. Training objectives 
do not dier signicantly from the general preparatory phase, but training 
becomes more specic to the skills and technical requirements of the 
athlete’s specic sport. This phase may involve taking part in competitions 
of lower importance than those undertaken during the competition season, 
such as friendly or exhibition competitions. This will provide the athlete 
and coach with feedback as to the athlete’s competition “readiness”.

Coptitio ps
As the name suggests, this is the phase of periodization that takes place during 
the athlete’s competitive season. Clearly, it would not be appropriate for the 
athlete to be attempting to make large gains in tness/technique during this 
phase, as the eort to do this would likely be detrimental to their competitive 
performance. Therefore, in this phase the goals for the athlete are to maintain 
general physical condition, continue improving sport-specic skills and 
technique, perfect their tactical approach to competition and gain competition 
experience (Bompa 1999). To achieve this, the athlete’s training volume is 
reduced, and the focus shifts to working predominantly on breaking down 
and improving sport-specic skills.

Bkig ow tiig pss
The phases of training discussed above can range from several weeks to several 
months in duration. Obviously, training must be structured and monitored during 
these periods, as waiting until the end of the phase to see if the desired training 
eects have been achieved would be very risky. Coaches can use three sub-phases 
of training, each of which can be applied within the three phases discussed 
above, to enable a structured, periodized training programme to occur throughout 
an athlete’s season. These sub-phases are called microcycles, mesocycles and 
macrocycles. The organization of these sub-phases is shown in Figure 7.6. 

micoccs
A microcycle is a weekly training programme that forms an important foundation 
of the athlete’s longer-term training programme. The microcycle includes all 
of the athlete’s training and recovery sessions in that week. Within a microcycle, 
each training session will have a specic goal, and each of those goals will 
contribute to the overall goal of the training phase that the athlete is in. In 
other words, each microcycle will be specically structured to achieve the 
overall goals of the athlete’s training phase. Therefore, microcycles are very 
important to the overall success of an athlete’s training programme.

msoccs
A mesocycle is a specic block of training designed to achieve a specic goal 
that ts within one of the training phases described in Figure 7.5. Each of 
these phases will contain a number of mesocycles; this is another way that the 
athlete’s training is broken down and focused. 
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An example of a mesocycle is as follows. At some point within a four-month 
long preparation phase of an athlete’s training, the coach may want the athlete 
to focus on improving his aerobic tness (endurance). Therefore, the coach 
would construct a three-week block of training designed to focus on improving 
the athlete’s endurance. This three-week block of training is a mesocycle.

Mesocycles are made up of microcycles. In this example, as the mesocycle 
lasted three weeks, it would have consisted of three microcycles (one week = 
one microcycle). Mesocycles allow the athlete to accomplish specic training 
goals, which also allow them to achieve the overall goal or goals of the whole 
training programme.

mcocc
Macrocycle is the name for the training programme of an athlete for the entire 
year or season. The macrocycle includes all of the main phases of training in 
Figure 7.6, as well as every mesocycle and microcycle. In this chapter, microcycles 
and mesocycles are discussed before the macrocycle. However, it is likely that 
a coach and athlete would initially identify the overall aims of the training 
programme by planning the macrocycle (usually by starting at the main 
competition point of the athlete’s season and working backwards), and then 
work out the more specic goals or requirements of the programme (planning 
mesocycles and microcycles). Of course, the training programme would be 
exible and subject to change as time goes on to account for unforeseen issues 
like athlete illness and injury that could aect training.

Figure 7.6 shows the organization of a periodized training programme. The 
macrocycle incorporates every training phase, mesocycle and microcycle. Each 
phase of training is made up of several mesocycles. Each mesocycle is subsequently 
composed of microcycles. As one microcycle is equal to one week of training, 
the number of microcycles will always correspond to the number of weeks 
that the mesocycle lasts.

2 Figure 7.6: The organization of the macrocycle, mesocycles and microcycles 

within a periodized training programme
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Slf-sudy qusions
1 Dene the terms training, undertraining, overreaching and overtraining

2 List the eight types of training introduced in this chapter.

3 Describe cross-training.

4 Distinguish between overtraining and the overtraining syndrome.

5 Outline the primary symptom of the overtraining syndrome.

6 Explain why the overtraining syndrome is a “syndrome of exclusion”.

 THEORY OF KNOWLEDGE
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7 Outline how you would determine whether an athlete you were working 
with was suering from the overtraining syndrome.

8 Discuss the benets of a periodized training programme.

9 Outline the three main phases of a periodized training programme.

10 Describe the terms microcycle, mesocycle and macrocycle

 DATA BASED QUESTION
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Environmental factors and performance

C h a p t e r  8

O B J e C t I V e S
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Inoducion
Hot and humid or cold environments add to the challenge that sport, exercise 
and health-related physical activity places on human thermoregulation. The 
added environmental stressors of extremes in ambient temperature and 
humidity can have a negative eect on performance. This can increase the 
risk of either heat illness or cold injury, and both can be life threatening. This 
chapter attempts to improve knowledge and understanding of environmental 
physiology and the implications for sport, exercise and health.

t oducion of  in  umn body
All energy originates from the sun as light energy (see Figure 8.1). Chemical 
reactions in plants convert light into stored chemical energy. In turn, we 
obtain energy by eating plants or eating animals that feed on plants. Energy 
is stored in food in the form of carbohydrates, fats and proteins, and we use 
this energy for muscle contraction. Foods are primarily composed of carbon, 
hydrogen, oxygen and nitrogen. The energy in food molecule bonds is 
chemically released within our cells. This energy is then stored in the form 

“Earth, third planet from the 

sun, contains an awesome array 

of surface environments, ranging 

from Antarctica to the Sahara 

Desert. ... Although each locale 

presents danger to human life, 

we attempt to explore, work in, 

or inhabit these extreme 

environments. Physical training 

and athletic competition are no 

dierent.”
Lawrence Armstrong, 2000

“Life is an example of the way 

in which an energy system in its 

give and take with the energy-

system around the earth can 

continue to maintain itself.”
Sir Charles Sherrington, 1940
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of adenosine triphosphate – a high-energy compound for storing and conserving 
energy for muscles to contract and provide movement. Muscle contraction 
is about 20 per cent ecient, with around 80 per cent of this energy released 
as heat that must be removed from the body to avoid heat storage and too 
much of an increase in body temperature. For heat loss to occur, excess heat 
must be transported from the core of the body to the skin where the heat can 
be lost to the environment.

Light energy
(Sun)

Mechanical energy
(hydroelectric
generating plant)

Chemical energy
(fossil fuel, oil burner)

Nuclear energy
(reactor)

Electric energy

Heat energy
(solar panels)

CO
2

H
2
O

O
2

H
2
O + CO

2 
= Glucose

2 Figure 8.1: Interconversions of forms of energy
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tmu gulion
Knowledge of temperature regulation is important because of the impact of 
globalization that has led to increased participation in activities such as 
adventure tourism in extreme environments. Although performance is the 
main interest for athletes, safety must be pivotal when planning training 
programmes, events (such as the Marathon Des Sables: www.darbaroud.com/
index-gb) and policies for sport and exercise. For example, a rise in body 
temperature of only a few degrees Celsius can result in your body proteins 
beginning to break apart at the molecular level.

Normal physiological range for core temperature
Humans are able to maintain a reasonably constant core body temperature 
(Tc) throughout their lives despite a wide range of ambient temperatures.

Common methods used for measuring core body temperature during exercise 
testing include:

 KEY POINT

Wh gbz  g 
ee, eue u,  
ex  he , e 
e e., ee e 
e e h y he y 
   wehe.
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@ a basic mercury thermometer (held in the mouth to measure oral temperature)
@ an ear thermistor (measures tympanic membrane temperature)
@ the use of a rectal probe (considered one of the most accurate methods)
@ a gastrointestinal radio pill (expensive; a small single use pill is swallowed 

and gives o a radio signal).

Core body temperature (T
C
) is the temperature deep within the body. Shell 

temperature is the temperature near the body surface (e.g. around the skin). 
Depending on the environmental temperature, shell temperature is 1–6°C 
lower than Tc. We detect that our bodies are under thermal stress with the 
help of temperature sensors located throughout the body, such as the skin. 
The control center that functions as the body’s thermostat is the hypothalamus 
located in the brain.

 TEST YOURSELF

1 se  e by eeue.
2 a e, hw e he eee bewee e by eeue  

kee ue eeue he e he?
3 Whe e he he e ge w  he by?

37°

Impulses go to 
hypothalamus

Increased 
blood and internal
temperature

Vasodilation occurs
in skin blood vessels
so more heat is lost
across the skin

Body 
temperature
decreases

Sweat glands 
become more 
active, increasing
evaporative 
heat loss

37°

2 Figure 8.2: The hypothalamus and temperature control 

Thermoregulation
Body temperature reects a careful balance between heat production and heat 
loss. When we start to exercise there is an increase an heat production within the 
skeletal muscles, i.e. skeletal muscle temperature rises. Sometimes there is an 
imbalance such as too much heat production and too little heat loss, and this leads 
to a medical condition called hyperthermia.

Environmental heat stress increases the need for sweating and circulatory 
responses to remove body heat. The heat from deep in your body (the core) is 
moved by the blood to your skin, and transferred to the environment by any 
of four mechanisms. 

@ Conduction Heat generated deep in your body can be conducted through 
tissue to the body’s surface and to the clothing or air (or water) that is in 
direct contact with your skin. The rate of conductive heat loss depends on 
the temperature gradient between the skin and surrounding surfaces. 
However, in most hot and humid situations, conduction accounts for less 
than 2 per cent of heat loss. 

 TO RESEARCH
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@ Convection Convection involves moving heat from one place to another 
by the motion of air (or water) movement. For example, blood transfers 
heat by convection from the deep body tissues to the skin. If air movement 
is minimal, the air next to the skin warms and heat loss slows down. 
Conversely, if cooler air continually replaces warmer air around the body, 
such as on a windy day, heat loss increases. 

@ Radiation Radiation is the transfer of energy waves that are sent out from 
one object and absorbed by another. For example, solar energy from direct 
sunlight can be reected from snow, sand or water to help warm a person. 
The body absorbs radiant heat energy when the temperature of the 
environment is higher than skin temperature. 

@ Evaporation As the environmental (ambient) temperature increases, conduction, 
convection and radiation decrease their eectiveness for helping body heat 
loss. When this happens evaporative cooling (conversion of sweat from liquid 
to water vapour) is the main way for the body to lose heat during exercise. 

Air temperature
and humidity

Solar
radiation

Sky: thermal
radiation

Evaporation
(sweat)

Skin/blood
convection

Body
Core

Evaporation
(respiratory)

Convection

radiation

Contracting
muscle

Reected solar
radiation

Ground thermal
radiation Ground 

conduction

Metabolic
storage

Muscle blood
ow convection

Mechanical
work

Conduction

2 Figure 8.3: The potential avenues for heat exchange during exercise

Water vaporizing from the respiratory passages and skin surface (referred to 
as insensible water loss) continually transfers heat from the body to the 
environment (580 kilocalories of heat for each litre of water vaporized). This 
accounts for about 80 per cent of total heat loss when you are physically active, 
but only about 20 per cent of body heat loss at rest.

The body’s surface contains between two and four million sweat glands. Sweat 
production over a given/particular area of the skin is dependent on both the 
density of sweat glands (i.e. the number per cm2 of skin surface) and the amount 
of sweat per gland. In most people, the back and chest have the greatest 
sweating rates. The limbs have relatively high sweating rates only after a 
substantial elevation in core temperature. 

Heat production increases almost immediately at the onset of exercise, causing 
the core temperature to rise. The increase in sweating during exercise reects 
this increase in body temperature. However, sweating is not 100 per cent 
ecient, because some sweat can drip from the body and not be evaporated.

Maximal evaporative heat loss from the body occurs when sweat is vaporized 
from the skin. Sweat that either drips o the skin, or is towelled o, does not 
provide any evaporative cooling. Sweat evaporation is also inuenced by the 
amount of moisture in the air. For example, dry air receives vaporized sweat 
readily, whereas wet air receives little evaporated sweat because it is already 
heavily laden with moisture. The relative humidity provides an index of the 
amount of water in the air, and represents the most important factor in 
determining the eectiveness of evaporative heat loss. 
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 THEORY OF KNOWLEDGE
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ho nvionmns

Heat acclimatization
Homeostasis is the condition in which the body’s internal environment remains 
relatively constant, within physiological limits. Adaptations are the body’s 
attempts to counteract stressors, such as heat, humidity, and cold, and maintain 
homeostasis. There are at least 31 climatic zones around the world ranging 
from year-round freezing conditions to daily hot temperatures of around 45°C. 
Each zone is inhabited by people who have acclimatized to accommodate the 
environmental conditions. 

Acclimatization is a natural adaptation, for example, to improve exercise 
performance and heat tolerance in a hot climate. Heat acclimatization requires 
exercise in a hot environment, not merely exposure to heat, and usually 
requires 10 to 14 days. It results in better matching of thirst to the body’s water 
needs and increased total body water (by as much as 5 per cent).

Your total exercise–heat exposure time each day should work towards 90–100 
minutes. However, you should reach this gradually by increasing duration and 
intensity. Important signs of heat acclimatization during sub-maximal exercise 
in the heat are a lower heart rate and core temperature, and a higher sweat 
rate. Chronic adaptations to exercise that can improve exercise performance 
in the heat include:

@ increased plasma volume 
@ earlier onset of sweating (and at a lower core temperature)

 KEY POINT
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@ a more dilute sweat composition (i.e. electrolyte loss reduced)
@ reduced rate of muscle glycogen use
@ decreased psychological perception of eort.

Heat stress during a single exercise bout increases the metabolic rate (including 
increased muscle glycogen use) to perform sub-maximal exercise. With 
acclimatization there is a reduced rate of muscle glycogen use when performing 
at the same relative sub-maximal exercise intensity. This may help improve 
endurance performance. 

Sub-maximal exercise refers to the intensity of an exercise session and means 
exercising below maximum eort. With acclimatization you are able to maintain 
sub-maximal exercise for longer periods of time. For example, classication 
of exercise intensity could be based on a percentage of maximal heart rate 
(HRmax), such as:

@ 35–50% of HRmax 5 light exercise intensity (i.e. sub-maximal light)
@ 60–79% of HRmax 5 moderate exercise intensity (i.e. sub-maximal moderate)
@ 80–89% of HRmax 5 heavy exercise intensity (i.e. sub-maximal heavy).

Higher levels of aerobic tness decrease the intensity and duration needed to 
maintain acclimatization (or to re-acclimate) to heat. The major benets of 
heat acclimatization gradually disappear if not maintained by continued heat 
exposure. The benets of heat acclimatization are retained for about a week 
after returning to a cooler environment, but approximately 75 per cent of the 
benets will be lost after about three weeks away from the heat exposure.

Heat illness
The hyperthermia that accompanies exercise in the heat can lead to increased 
risk of heat illness. This is because more people are participating in extreme 
sports and ultra-endurance events worldwide, such as the Marathon 
des Sables. 

Hyperthermia, heat exhaustion, and heatstroke are recognized as major risks 
during exercise in hot or hot and humid environments. Such problems can 
even occur in cool conditions with intense or prolonged exercise such as 
marathons or triathlons. Heat exposure can also be a signicant clinical problem 
for non-exercising populations. For example, the 2011 summer heat wave in 
the USA was blamed for at least 24 deaths, including an 18-year-old landscape 
gardener. This can happen even where summers are traditionally very hot and 
the population is heat acclimatized (Yip et al. 2008). 

For most people, a higher level of aerobic tness can provide protection from 
heat stress during exercise in the heat, similar to that observed with acclimatization 
to hot environments. These benets include:

@ greater evaporative heat loss through improved sweating response
@ initiation of sweating at a lower core temperature
@ greater sensitivity of sweating response to increasing core temperatures
@ an elevated plasma volume and cardiac output, minimizing the competition 

for blood distribution between skeletal muscle and skin.

Individual variability in heat tolerance
Some of the major factors that may predispose individuals to heat intolerance 
during exercise in hot environments are:

@ lack of acclimatization
@ low tness
@ large body mass
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@ dehydration
@ age (the elderly or pre-pubertal children). 

The range and severity of heat illness is shown in Table 8.1. 

 TO RESEARCH
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Exercise capacity and performance in hot conditions
Fatigue and reduced exercise capacity in the heat can have many underlying 
causes, ranging from direct temperature eects on the brain’s cognitive 
functioning through to changes in the muscular and cardiovascular systems. 
For example, in the cardiovascular system, this is likely due to competition for 
blood ow to both active muscles and the skin for conductive heat exchange. 
The loss of plasma volume through sweating and dehydration adds to the 
cardiovascular strain.

While mild muscle warming or warm ambient temperatures help muscle force 
generation, hyperthermia has a negative eect and impairs the level of maximal 
muscle force generation and muscle activation. Impaired mental activity associated 
with hyperthermia may be connected to decreases in brain blood ow. For example, 
the feeling of lethargy during exercise is often reported with people experiencing 
hyperthermia. This may reect a reduced state of arousal and is commonly 
associated with higher ratings of perceived exertion during exercise. Thus, exercise 
in the heat increases thermal strain, such as during a game of tennis in a hot and 
humid environment, and can result in hyperthermia. 

The development of hyperthermia impairs exercise capacity and performance 
in hot environments, and often can result in an earlier than planned reduction 
in intensity during exercise. One of the reasons for this is that the temperature 
of the brain is dependent on the temperature of the blood that supplies it. 
Some studies have shown benets of cooling the head and neck during exercise 
in hot environments. This knowledge has been used to good eect by 

Heat illness: Causes, signs and symptoms, and prevention

CONDITION CAUSES SIGNS AND SYMPTOMS PREVENTION
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2 Table 8.1: Heat illness

181



E n v i r o n m E n ta l  fa c t o r s  a n d  p E r f o r m a n c EC h a p te r  8

Novak Djokovic (world number 1 tennis player in 2011-12) when using a 
towel packed with ice and placed around his neck between games during the 
2011 Australian Tennis Open in the hot summer conditions of Melbourne. 

Minimizing exercise-related increases in core body temperature before exercise 
(pre-cooling) in hot environments is more frequently being used to try to lessen 
the eects of heat stress on performance. Wearing ice vests during warm-up 
seems to reduce the physiological and perceptual results of exercise in the 
heat. For example, the Australian rowing team at the 1996 Atlanta Olympics 
used vests containing ice packs during warm-ups before competition.

There is some good evidence that pre-cooling interventions such as ice baths 
and ice vests may act to improve performance in events that rely on a high and 
sustained aerobic eort (e.g. running, rowing, long distance cycling) by delaying 
heat build-up during the warm-up. Pre-cooling can also decrease perceptions 
of heat stress and thereby possibly promote an up-regulation of work intensity, 
i.e. a faster running pace/cycling speed or higher stroke rate in rowing. Thus, 
practical strategies, such as wearing an ice vest during the warm-up (pre-cooling) 
and using an ice packed towel (during breaks in the event), seem to be eective 
in reducing heat stress to help performance in hot environments (Skein 
et al. 2011).

 THEORY OF KNOWLEDGE
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Medical Journal. Vol 97, number 11. Pp 1093–9.)

ce hge wh gb wg y e heh,  eee  he e 
be. du he e  h gb wg y he  g 
he e   exee ey (he 6).

Cold nvionmns
The main factors for environmental cold stress during outdoor activities in 
cold weather are air temperature and wind speed. Normally we dress ourselves 
to decrease sensations of cold when exposed to a cold environment, to prevent 
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dangerous drops in core body temperature, and to avoid cold injury including 
hypothermia. Hypothermia can be dened simply as low body temperature, 
but there are dierent clinical categories (mild, moderate, severe, profound). 

It is not uncommon to experience mild hypothermia, and the most commonly 
cited core body temperatures for mild hypothermia are around 34 to 35°C. 
The warning signals for hypothermia include uncontrollable shivering, slurred 
speech, stumbling, drowsiness, and inability to stand and move after a rest. 
Ironically, although wearing clothing helps ensure exposure to cold is minimized, 
this can reduce the potential for heat loss from evaporative cooling, radiation 
and convection. In fact, you need to be careful during exercise in the cold 
because too much body insulation from clothing could lead to exercise-induced 
hyperthermia, as well as exercise-induced dehydration!

There is a large potential for heat loss from the head. The head represents only 
about 8 per cent of the body’s total surface area, but nearly 30 to 40 per cent 
of body heat is lost through the head region. This is because vasoconstriction 
does not seem to occur in the brain circulation during exercise in cold weather.

Humans possess much less capacity for adaptation to long-term cold exposure 
than to prolonged heat exposure. Nowadays, there are many recreational, 
competitive and occupational activities in cold environments, and increased 
participation in winter sports such as cross-country skiing, hiking and snowboarding 
all expose the body to cold air and wind chill. When the ambient temperature 
is colder than body temperature heat loss occurs, and wind increases heat loss 
by convection. 

The British Antarctic Survey (BAS) team, as an occupational example, carry 
out research and surveys in the Antarctic and surrounding regions. For instance, 
they use observations from polar regions to improve our understanding of how 
natural and human-induced factors contribute to climate change.

Acute response 
With cold exposure skin and core temperature decreases, and this stimulates 
the hypothalamus. The peripheral response to cold involves vasoconstriction 
of the skin and skeletal muscle circulations, decreasing blood ow and therefore 
convective heat transfer between the body’s core and shell (skin, subcutaneous 
fat and skeletal muscle). Cold exposure results in the stimulation of shivering. 
The characteristics of shivering include the following:

@ involuntary, repeated, rhythmic muscle contractions
@ can start immediately or after several minutes of exposure to the cold
@ there is minimal movement
@ highly eective method of heat production from metabolic energy
@ usually begins in the torso and then spreads to limbs
@ as shivering intensity increases, more muscles are used
@ intense shivering can equate to more than 1 L. min 1 of oxygen consumption.
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Exercise in cold environments
If heat production from sub-maximal exercise during cold exposure is not enough 
to balance heat loss from the body to the cold environment, there will be an 
increase in oxygen uptakefrom shivering because of the added oxygen requirement 
for metabolism in the shivering muscles. Cold exposure can also aect cardiovascular 
responses to sub-maximal exercise. Compared to exercise at the same intensity 
in a temperate climate, exercise in the cold results in lower heart rates and 
increased stroke volume to maintain cardiac output. One explanation for the 
lower heart rates and stroke volume increase during exercise in the cold is 
increased central blood volume resulting from peripheral vasoconstriction. 

During cold exposure the amount of clothing required to maintain thermal balance 
will depend upon the exercise intensity. It is good advice to dress in layers during 
exercise in the cold and remove layers as exercise intensity increases to prevent 
too much net body heat gain (because of too much clothing insulation).

Fuel utilization during cold exposure
Prolonged exercise is marked by the eventual depletion of carbohydrate stores 
and inability to maintain blood glucose. In cold environments, it is thought that 
the added energy requirements of shivering increase glycogen breakdown during 
exercise. There is good evidence that shivering, like low intensity exercise, relies 
on fat (lipids) as the main energy source, and blood glucose, muscle glycogen 
and even protein can be used as well. The relative contribution of fats, carbohydrates 
and proteins to heat production during cold exposure depends on whether 
glycogen levels are low or high, shivering intensity, and the severity and type of 
cold exposure. Recent thinking is that more carbohydrate intake may be required 
for prolonged exposure or exercise in the cold (Haman 2002, 2006).

Body composition and size, exercise and cold stress
Cold stress depends on environmental temperature and exercise intensity 
(metabolic rate) as well as the resistance to heat ow provided by body fat. Fat 
is an eective insulator because its capacity for transferring heat is relatively 
low, helping to slow down heat transfer from the inside of the body to the 
body’s surface. This enables individuals with greater amounts of body fat 
to retain more of their heat and reduce the eects of cold environments 
(by increasing the eectiveness of skin vasoconstriction). Thus, as the amount 
of fat increases, the rate of heat loss decreases, that is, heat loss is inversely 
related to the amount of (subcutaneous) fat. This partly explains why people 
with more fat can generally tolerate a lower water or air temperature than lean 
people before shivering begins.

The ratio of body surface area to body mass aects the rate of heat loss. A larger 
surface area to body mass ratio makes heat loss easier, and this can be 
advantageous in a warm environment. In adult males and females with the 
same body mass and similar surface areas, the females have better insulation 
because of their greater fat content. However, females tend to have a relatively 
smaller total muscle mass than males. This reduces their capacity for heat 
production from shivering compared to men.

Children are smaller and lighter than adults and, therefore, tend to have a 
large area to mass ratio compared to generally taller, heavier adults. This helps 
explain why children nd it more dicult to maintain normal body temperature 
in cold environments, making them more at risk of hypothermia. During 
exercise in the cold children can partly compensate for their relatively large 
body to body mass ratio by being more active (increasing energy metabolism) 
and having a more eective constriction of the blood vessels supplying the 
skin and the skeletal muscles (i.e. increased insulation of the shell of the body).

“A man in the cold is not 

necessarily a cold man.”
Bass, 1960

 TO RESEARCH

Gwy  mugh (1997) 
u h eue yg 
ee     
be eeue  11°c, 
 hee w  13% ee  
eue yg ee  
 4°c.

c yu  u he  
eeue  he g 
e?

 KEY POINT

By  (  by  
  e ue ), by 
ze (  k ue e  
by ue)  g u 
uee by  e wh  
exue.

 TO RESEARCH

dug he e ee ub-
x exee ey   
 e   eee 
ee, ex wh 
he  ey (he e  
xyge uke).

 TO THINK ABOUT

dug  exue hee  be 
 eu  ue eey 
e wh:
@ eee  ue y
@ eee  he ey  

we  ue 
@ hge  he e  ue 

be eue.

184



Human adaptation to chronic cold exposure
Individuals can adapt to cold environments, but have less physiological 
adaptation to chronic cold stress than to prolonged heat exposure. The cold 
adaptation, which is slower to develop than heat acclimatization, results in 
less discomfort, enhances dexterity, helps prevent cold illnesses and injuries 
and improves survival in a cold environment. There are three main adaptive 
responses by which your body regulates its core temperature from chronic 
exposure to a cold environment:

@ Habituation is a desensitisation of the normal response to cold
@ Metabolic acclimatization for example, greater shivering response to 

increase heat production
@ Insulative acclimatization increased vasoconstriction to enhance heat 

conservation.

 KEY POINT

the hu by  e be    he e   ee h  
  h ee. t e g  exue, hu ee u 
behu hge, uh  g  hee  weg e he / 
e e hg.

Wind chill
When exercising outdoors the air temperature is not the only factor in the 
amount of thermal stress from cold that you experience. Both air temperature 
and wind inuence the coldness of an environment experienced by an individual. 
Therefore, there is a large dierence in how cold we feel on a cold but calm 
day as opposed to a cold plus windy day. Wind increases the rate of heat loss 
(via convection and conduction) because the warmer insulating air layer 
surrounding the body continually exchanges with the cooler ambient air. 

Windproof clothing and/or doing strenuous exercise reduces wind chill eects. 
The wind chill index illustrates the cooling eect of wind on exposed skin for 
dierent temperatures and wind velocities. The eects of increasing wind 
speed with decreasing air temperature, including values for dangerous exposure 
to frostbite, are shown in Figure 8.4. 
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Cold air exposure, hypothermia and frostbite
In cold climates of the earth, the main environmental stressors that disturb 
homeostasis are:

@ air temperature below skin and core body temperature 
@ air movement across the body (accelerating loss of body heat) 
@ cold, dry air 
@ cold water immersion (which causes faster cooling of skin and core body 

temperature compared to cold air at the same temperature). 

The main life-threatening cold injury is a dangerous loss of body heat leading 
to hypothermia as discussed above. The risk for hypothermia on land increases 
during cold, moist and windy conditions. 

The ngers and toes are poorly designed for holding heat, both in their 
anatomical arrangement and in their pattern of circulatory control. Long and 
narrow digits result in a relatively high ratio of surface area to volume for 
convective heat loss. Also, the low muscle mass and low amount of fat in the 
feet and hands provide minimal heat-generating capacity and insulation against 
heat loss. Additionally, upon initial exposure to cold, vasoconstriction can very 
rapidly decrease distribution of blood ow to the extremities and divert blood 
and heat to the core and vital organs such as the heart and brain. Thus freezing 
cold injuries like frostnip and frostbite are more likely to happen in the feet, 
hands and exposed parts such as the nose and ears. Factors that are associated 
with getting frostbite include alcohol use, low physical tness, fatigue, dehydration, 
and poor peripheral circulation, but it can happen to anyone. However, frostbite 
cannot occur if the air temperature is above 0°C (32°F).

The rate of local heat loss and cell damage from (convective) heat loss are the 
main determinants of frostnip and frostbite. Frostnip is the initial freezing of 
the supercial skin tissue. It is painful but typically does not produce long-term 
damage. Frostbite is continued cooling and freezing of cells. This can lead to 
the destruction of cells, with the damaged regions becoming insensitive 
to touch. Due to the risk of infection and gangrene, it is recommended that 
re-warming and frostbite treatment occur in a medical setting if possible. 

Cold–wet injuries
Radiation and sweat evaporation are the primary mechanisms for heat loss 
in air. However, heat conduction away from the body is greater during exposure 
to a given cold air temperature when skin and clothing are wet. The body 
loses heat more quickly in water than it does in air of the same temperature. 
Further increases in heat loss occur in water when there is water movement 
over the body because of the increased contribution of convective heat loss. 
However, individuals vary greatly with respect to the water temperature they 
can tolerate.

Body heat loss from conduction is greatest during immersion in cold water. 
The most important predictors for the onset of cold–wet injuries are the water 
temperature and duration of exposure. 

Too cold to exercise?
The direct eect of exercise in the cold is the breathing of cold (and dry) air. 
As alveolus tissue is thin, moist and fragile, the inhaled air must be warmed 
(and humidied) before entering the lungs. Therefore, one potential hazard 
is the possibility of asthma attacks. For asthmatic individuals and those with 
exercise-induced asthma, the breathing of cold air can trigger shortness of 
breath and reduced exercise capacity. 
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“For some reason the socks 

froze to my ankles. It felt like 

my feet were on re … and it 

hurt to walk.”
Justin Gatlin, 2011
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Stenstrud et al. (2007) compared exercise in a 20°C versus a –18°C air 
temperature environment. They found that individuals with exercise-induced 
asthma had a lower maximum oxygen uptake and slower running speeds in 
the cold air environment (–18°C) compared to the 20°C environment. For all 
athletes, high breathing (ventilation) rates during exercise in cold air temperatures 
can result in signicant heat loss and potentially dehydration. Therefore, 
ensuring adequate hydration is important during exercise in the cold. However, 
even for people with respiratory issues aggravated by cold air inhalation, the 
health benets of physical activity likely outweigh any potential health risks 
if appropriate precautions are taken. 

Castellina et al. (2006) highlighted some important preventative measures to 
consider when exercising in the cold.

@ Clothing insulation requirement is dependent on the exercise intensity 
and environment, and too much clothing insulation can lead to heat stress.

@ In high wind chill conditions, people should ensure that exposed skin is 
kept to a minimum.

@ The feet, hands, face and ears are the locations at highest risk for frostbite 
and other cold injuries. Therefore, care must be taken to provide insulation 
or supplemental heating to the feet, hands, face and ears.

@ A higher core body temperature promotes blood ow to the extremities, 
so it is important to ensure that core body temperature is preserved.

@ Carbohydrate ingestion is recommended to allow for increased glucose 
metabolism during exercise in the cold.

Cold water immersion
The initial respiratory and cardiac responses to cold water immersion are 
thought to be responsible for a signicant number of open water deaths each 
year. The initial responses to cold water immersion include tachycardia, a 
reex inspiratory gasp and uncontrollable hyperventilation, causing diculty 
for individuals trying to hold their breath if submerged. 

Tachycardia is an abnormally rapid resting heartbeat or pulse rate (over 
100 beats per min) and hyperventilation is a rate of respiration higher 
than that required to maintain a normal partial pressure of carbon dioxide 
in the blood. For example, going from average resting adult values of 12 
breaths and 6 litres in ventilation per minute to more than 30 breaths and 
80 litres in ventilation per minute when immersed in 10°C cold water 
(Tipton et al. 1998). 

The main stimulus for the cold shock response described above appears to be 
the rapid drop in skin temperature upon immersion in the cold water. Swimming 
in cold water results in signicant redistribution of blood to the core, intense 
peripheral vasoconstriction and reduced muscle blood ow through the limbs. 
Additionally, sudden immersion in cold water can result in a reex contraction 
of skeletal muscles making proper neural coordination dicult.

Eects of clothing
Various types of specialist clothing are available to provide protection during 
physical activity, exercise, sport, recreational and occupational activity in 
cold conditions. The amount of clothing insulation required to maintain 
body temperature (and comfort) by insulating against excessive body heat 
loss during cold weather activity will depend upon the ambient temperature 
and the exercise intensity. The standard unit of clothing insulation is known 
as the clo. 

2 Many people enjoy swimming 

outdoors in winter environments!

2 Frostbite of the ngers and toes
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The clo unit is a measure of the insulatory capacity provided by any layer of 
trapped air between the skin and clothing. The clo unit requirement is aected 
by an individual’s metabolic rate at a given ambient temperature, i.e. more clo 
units are required as ambient temperature decreases and/or metabolic intensity 
reduces and vice versa.

A clo unit of 1 is dened as maintaining a sedentary person at 1 MET (a unit 
of resting metabolism or energy expenditure at rest) indenitely in an environment 
of 21°C (68.8°F), and 50 per cent relative humidity.

The wearing of suitable clothing can signicantly decrease evaporative heat 
loss by slowing down the movement of water vapour across the clothing layers. 
In hot, humid environments the majority of sweat either drips from the body 
or is trapped within the fabric layers of clothing. When this happens there 
is a signicant reduction in the capacity of evaporation to remove heat energy. 
In cold weather environments this can create even more body heat loss during 
exercise because clothing loses much of its insulating qualities when it 
becomes wet. 

However, often during exercise in cold air the challenge is not from inadequate 
clothing insulation, but from the clothing barrier preventing the loss of heat 
that is being created by the exercise itself. Cross-country skiers, for example, 
overcome this problem by removing layers of clothing as the body warms up, 
and this removal of layers of clothing helps maintain core temperature without 
reliance on evaporative cooling. Thus, the ideal winter clothing in cold, dry 
weather insulates the body while allowing water vapour to escape through the 
clothing if sweating occurs. 
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Slf-sudy qusions
1 List the four major avenues for loss of body heat.

2 State which avenue for loss of body heat is most important for controlling 
body temperature during exercise.

3 Outline the role of the shivering response to cold exposure as a mechanism 
for helping to generate body heat.

4 Distinguish between heat cramps and heat stroke.

5 Outline how an individual can best prepare to limit dehydration during 
prolonged exercise in a hot environment.

6 Describe the physiological adaptations that allow a person to acclimatize 
to exercise in the heat.

7 Outline how the body minimizes excessive heat loss during exposure to 
cold environments.

8 Explain the body weight loss–dehydration relationship during exercise.

9 Discuss how you would prepare your national soccer team to compete in 
the hot environment (≥ 40°C) of the 2022 Qatar soccer World Cup. 

10 Explain why high humidity is an important factor when performing in hot 
environments.

11 Sweating rates of up to 3.5 L. hour–1 have been reported in trained athletes. 
For every ml of water that evaporates from the body surface, 2.43 kJ of 
heat is lost.

a How much heat is lost for one L of sweat that evaporates?

b Describe the role of sweating in thermoregulation.

c Outline how dehydration may compromise exercise performance.

12 If an unacclimatized person secretes sweat with a sodium concentration 
of  ≥60mEq.L–1, will sodium concentration in sweat increase or decrease 
with acclimatization? Why?

13 What is hydromeiosis?
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14 What impact does exercise in a hot environment (≥30°) have on the 
metabolism of carbohydrate?

15 Distinguish between shivering thermogenesis and non-shivering 
thermogenesis.

16 Outline why vasoconstriction in the skin capillaries during cold exposure 
is likely to have a detrimental eect on performance (i.e. an earlier onset 
of fatigue).

17 Explain why elderly people might be less tolerant of the cold than young 
people. In your answer consider the following:

{ vasoconstriction
{ heat conservation 
{ physical tness
{ heat production
{ absolute exercise intensity and time to fatigue
{ sensitivity to cold.

 DATA BASED qUESTION

the ee  w gu  e y w ue   h 
ee (40°c). Gu a w ee bee  e  10-y  
g ge   h ee (40°c). Gu B () w ee 
bee  e  e 10-y g ge h k e   
 ee (13°c).

the e vo2x  he u  wk e ug  60-ue yg e 
   h ee (40°c)  bh gu e hw  he be bew.

Group A Group B

Before After Before After

vo2x ( kg–1 –1) 53 59 53 54

te  wk e (kJ) 709 762 735 714

Source: Adapted from Lorenzo et al 2010. Journal of Applied Physiology.  

Vol 109. Pp 1140–7.

1 se whh gu h he hghe vo2x:
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ii e he 10-y g ge. (1 k)

2 iey whh gu hw he gee hge  he  
eu  he e  wk bee  e he 10-y  
g ge. (1 k)

3 du he hyg  h u wh he  
. (3 k)
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Inoducion

Maximizing sporting performance is a goal that all athletes share, regardless 
of their chosen sport. Many factors come together to determine the level of 
sporting performance that an athlete can produce. Some of these factors are 
xed, i.e. they cannot be changed by outside inuences. For example, the 
genetic make-up of an athlete will inuence their sporting ability. Other factors 
that inuence sports performance can be manipulated in such a way as to 
maximize the inuence of that factor on an athlete’s performance. These 
factors include physical training, psychological training, diet, medical care and 
injury rehabilitation. 

However, at the elite level of sport, most coaches will be aware of the dierent 
forms of training and dietary practices used by other athletes in the same sport, 
and most athletes will have access to similar standards of medical and 
rehabilitation services. Therefore, the inuence of changes to these factors on 
the success of an elite athlete may be comparatively small, as all of the athlete’s 
competitors will also be making similar changes to the same factors. 

The dierence between winning and losing in elite sport can be very small. For 
example, in the 2004 Olympic 100 meter sprint nal, the dierence between 
the gold medal time and fourth place (no medal) was just 0.04 seconds. This 
is put in perspective when you consider that it takes between 0.3 and 0.4 seconds 
to blink your eyes. Therefore, the dierence between success and failure in 

“… building a peaceful and 

better world by educating youth 

through sport … without 

discrimination of any kind and in 

the Olympic spirit, which 

requires mutual understanding 

with a spirit of friendship, 

solidarity and fair play. … 

Olympism is a philosophy of life, 

exalting and combining in a 

balanced whole the qualities of 

body will and mind. … Olympism 

seeks to create a way of life based 

on the joy of eort, the 

educational value of good 

example, social responsibility 

and respect for universal 

fundamental ethical 

principles.”
Excerpts from the International 

Olympic Committee  
“Fundamental Principles”,  

Olympic Charter

“The overwhelming majority of 

athletes I know would do 

anything, and take anything, 

short of killing themselves  

to improve athletic 

performance.”
Harold Connolly, former Olympic 

hammer-throwing champion

191



N o N - N u t r i t i o N a l  e r g o g e N i c  a i d sC   p    9

sport can be less than the blink of an eye! Because of this, athletes and their 
coaches are always seeking ways to gain a performance advantage over their 
rivals. One way this can be achieved is through the use of ergogenic aids.

egognic ids
An ergogenic aid is any substance, phenomenon or device that improves an 
athlete’s performance. There are a large number of potential ergogenic aids 
available, and they are classied into dierent types. A very important distinction 
between ergogenic aids is that some are deemed acceptable for use by athletes 
while others are banned by the World Anti-Doping Agency (WADA). An athlete 
caught using a banned ergogenic aid can be punished in a variety of ways, 
ranging from a ne up to a lifelong ban from their sport. Despite this, some 
athletes still use, knowingly and/or unknowingly, illegal ergogenic aids.

Table 9.1 lists some of these ergogenic aids that athletes may use to improve 
performance. This is not an exhaustive list. The ergogenic aids highlighted in 
red are banned by WADA and/or sports governing bodies.

 TO DO

lk  h Wada wb   
www.w-m.  n  m 
b wh bn  bnn  
n why.

MeChaNiCal aids PharMaCologiCal 

aids

PhysiologiCal aids NutritioNal aids PsyChologiCal aids

a nn anb  B pn sm bbn cnn

W nn cn apn cbhy chn

H  mn cn eyhpn Pn Hypn

cmp ny f 
nn  mpn 


sm bbn Hmphy F imy

Hypx n Pn ppmn Hb mn sp nk Mn

N p B bk* Phyhpy sp  M

shkkn wm ephn** sp m dy hn rxn

Wh v amphmn Hmn wh 
hmn

W Y

cmpn k cn sn cbhy n t’ h

Vbn nn Nn- n-
nmmy  
(Nsaid) 

cn Vmn ppmn Bhn hnq

*  Beta blockers are only illegal in specic sports such as archery, snooker, shooting and golf.

**  Ephedrine has a threshold limit applied to it. This means that it only becomes an illegal substance when the amount of the substance found in 
an athlete’s body exceeds this limit.

2 Table 9.1 Some ergogenic aids that athletes may use to enhance sports performance 
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d  nc  wk?
While there are an abundance of substances, techniques and pieces of equipment 
that claim to be ergogenic aids, not all of them have denitive proof to back 
up this claim.

Exampes of ergogenic aids that are proven to work include the following:

@ Ingestion of appropriate amounts of carbohydrate before and/or during 
exercise can improve the exercise performance of young people and adults 
during continuous and intermittent exercise lasting approximately 
45 minutes or longer (Nicholas et al. 1995; Phillips et al. 2010). 

@ The practice of living at high altitude and training at sea level, one form of 
“altitude training”, is frequently reported to increase sea-level endurance 
exercise performance (Millet et al. 2010). 

@ One of the most successful ergogenic aids of recent times was the “sharkskin” 
swimsuit. This type of swimsuit enabled swimmers to swim signicantly 
faster, cover a set distance signicantly quicker, swim with reduced drag, 
cover a greater distance per swim stroke and do all this while expending 
less energy (Chatard et al. 2008).

However, there are examples of ergogenic aids that have become popular 
despite a lack of supporting evidence. In the last 10 to 20 years, the use of 
“external nasal dilators” (Figure 9.1) became a popular method of “improving” 
exercise performance. The theory behind these pieces of equipment was that 
the strips placed across the nose pull the nostrils up, thereby increasing the 
size of the nasal passages and helping the athlete to exercise more eciently 
by reducing the metabolic demand of breathing. However, only one research 
study has ever associated these nasal dilators with improvements in exercise 
responses (Grin et al. 1997). The vast majority of research has found no 
signicant inuence on exercise performance or the physiological responses 
to exercise (Boggs et al. 2008; Bourdin et al. 2002; Chinevere et al. 1999; 
O’Kroy et al. 2001). 

 TO THINK ABOUT
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Despite this, many athletes still use nasal dilators. One of the reasons for this 
is that they may believe they are receiving some form of benet from the 
product, despite the evidence to the contrary. This relates to a phenomenon 
called the placebo eect.

2 Figure 9.1: External nasal dilators worn by two professional sportsmen. Despite 

their popularity, the evidence to show that these dilators improve exercise 

performance is weak. But could a placebo eect be at work?

An example of the placebo eect is as follows. An athlete comes to a laboratory 
to volunteer in a study testing the benet of a new energy drink (Drink X) on 
10 kilometer running performance. Drink X is being tested against a drink 
that looks and tastes the same, but does not have the “special” new ingredient 
that will improve exercise performance. Therefore, this is the placebo drink. 
Before the athlete begins his rst 10 kilometer run, he is told that he will be 
drinking the placebo drink.

On the second visit to the laboratory, the athlete is told that he will be drinking 
Drink X, and that it is expected he will run faster than he did on his rst visit. 
The athlete completes the run, and indeed does run the 10 kilometer distance 
notably faster than on his rst attempt. However, what the researcher did not tell 
the athlete was that the drinks he received during both runs were, in fact, identical 
and neither had any ingredients that would improve his exercise performance. 

So, what caused the athlete to run signicantly faster on his second attempt? 
Quite simply, he believed that the drink he was consuming would help him 
run faster, therefore he ran faster. This is the placebo eect; a person’s belief 
in the benet of a particular substance, procedure or piece of equipment that 
can cause them to perform better, even when there is no performance advantage 
to be had by using the “aid”.
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CASE STUDY

th fwn  n xp fm  2008   
Record breaking or rule breaking? by Jnhn W.
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Qn

1  d y  h h  f qpmn h w h 
 pfm   v hy w n hw b b  
n  “hn pn”? Jfy y nw.

2 Wh mp  pfmn  h  h 
wm hv n h pb by f p? i  
pv  nv?

3  sh h “hn n ” b  
 n ny  h fm f n , 
h  nn  pyh ? Why?

4  cmp n n h  f h wm n 
wmmn wh h  f pk h n k nnn. 
Wh  h n n m? a pk 
nnn h n n  h h b n 
 bnn?

 THEORY OF KNOWLEDGE

Olympic swimming gold: the suit or the swimmer in the suit? Discuss.

2 Medal ceremony for the men’s 400 m swim at the 1924 Paris Olympics. ‘Boy’ Charleton (Australia),  
Johnny Weissmuller (USA), and, in a lower-cut suit, Arne Borg of Sweden. Photo: Ocial Report  
of the Paris Organizing Committee, with permission of the IOC
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Non-nuiionl gognic ids
Look again at the classications of ergogenic aids in Table 9.1. These ve 
dierent classications would t into two further, more general classications. 
The ergogenic aids under the classication “nutritional aids” all contain 
substances that are either found naturally in the body, and/or can be ingested 
as part of a natural, balanced diet. Therefore, these ergogenic aids can be called 
“nutritional ergogenic aids”. 

Now look at the ergogenic aids under the other four classications of Table 9.1. 
None of these are a necessary component of a person’s diet or nutritional intake. 
Therefore, all of these could be classied as “non-nutritional ergogenic aids”. 
It is this classication of ergogenic aid that will be the focus of this chapter.

Of course, the possible list of non-nutritional ergogenic aids is very long, and 
it is not possible to address all of them here. Therefore, focus will be kept on 
ve classes of non-nutritional ergogenic aid. This section will simply introduce 
the substances; subsequent sections will discuss their possible benets, risks, 
and side eects. These classes are discussed as they represent some of the 
most commonly used ergogenic aids in world sport.

anbc 
Anabolism is the metabolic process of creating, or building, more of a certain 
substance or tissue. For example, with regard to the muscles of the body, 
anabolic processes result in an increase in the size of the muscle tissue. Steroids 
are a general class of chemical substances that can be found in the body (for 
example, some hormones are steroids), and can also be synthesized (many 

sp' lZr rc

The Speedo LZR Racer swimsuit was launched on 13 February 
2008 as the focus of Speedo s campaign for the Beijing Olympics. 
Marketed as “the world s fastest swimsuit”, it was launched with 
a holographic video of Michael Phelps at events in London, 
Sydney, New York and Tokyo, with Phelps exclaiming: “When I 
hit the water [in the Speedo LZR swimsuit], I feel like a rocket”. 
Among other eects, the suit compressed the body into a more 
hydrodynamic shape, while revolutionary LZR Pulse fabric and 
ultrasonically welded seams reduced drag in the water. 

Within a week of its launch three world records had been broken 
by swimmers wearing the suit. It led a Japanese coach to say: “If 
swimmers don't wear the LZR Racer, they won’t be able to 
compete in Beijing Olympics”. At those Olympics 94 per cent 
of all swimming events were won by swimmers wearing the 
Speedo LZR Racer, an achievement which included the 
unprecedented eight gold medals won by Phelps.

2 (Source: The Royal Statistics Society 2012. Signicance. April. Pp 13–17.)

2 Michael Phelps poses in his LZR Racer suit.
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drugs are steroids). Therefore, anabolic steroids are a class of substances that 
initiate or assist the process of building up the amount and/or size of certain 
substances/tissues in the body. 

As already mentioned, anabolic steroids can be synthesized outside of the 
body or occur naturally within the body. For example, the primary male sex 
hormone testosterone is an anabolic steroid, as it helps to stimulate the 
development of various male characteristics such as increased muscle and 
bone mass, body hair, height, and overall body size compared to females. All 
of these processes require an increase in the amount and, therefore, size of 
various tissues (i.e. muscle and bone). This hormone is naturally occurring up 
to a certain concentration in the bodies of males and females (although men 
have on average 10 times the amount of testosterone that females have). 

Anabolic steroids is the general term for drugs that mimic the eects of the 
male sex hormone testosterone. Anabolic steroids can be used legitimately to 
help certain medical conditions, including stimulation of body growth in young 
people who are not growing normally, stimulation of appetite and muscle mass 
in individuals with chronic illnesses such as AIDS and cancer, and as a hormone 
replacement therapy for men with low endogenous testosterone levels. 

However, in otherwise healthy athletes they are primarily used to increase 
one or more of the following: muscle mass, muscle strength, muscle power, 
and speed. Anabolic steroids achieve this in two main ways: rstly, they increase 
the production of proteins, which are required to form muscle tissue; the more 
protein produced, the more muscle tissue can develop. Secondly, they allow 
an athlete to recover faster from exercise by blocking the eects of stress 
hormones such as cortisol. In this scenario, the muscle tissue is not broken 
down as much following exercise. Further discussion of the potential risks and 
benets of anabolic steroids, and why these substances are banned in sport, 
is included later in the chapter.

hmn
Pharmacological versions of naturally occurring hormones are another class 
of non-nutritional ergogenic aid. Many hormones associated with processes 
such as the development of muscle tissue, tendon and ligament strength, and 
the regulation of energy metabolism are potential ergogenic aids. However, 
two of the most prevalent ones are human growth hormone (HGH) and
erythropoietin (EPO). 

Human growth hormone is a naturally occurring protein-based hormone that 
stimulates body tissue growth, cell reproduction and regeneration. Human 
growth hormone concentrations are greater in children than adults, due to the 
greater requirement for growth and development in children. A number of 
pharmaceutical companies now manufacture and sell articially synthesized 
human growth hormone (called recombinant human growth hormone or 
rHGH). This form of HGH can be used medically as a replacement for naturally 
occurring HGH in adults with HGH deciency and to treat various conditions 
that inhibit normal growth and development.

Erythropoietin is another protein-based hormone that is naturally found in 
the body. The primary function of EPO is to regulate the production of red 
blood cells which transport oxygen to all areas of the body. It does this in two 
ways: by protecting red blood cells from becoming damaged/destroyed, and 
by stimulating the production of new red blood cells in the bone marrow. 
Erythropoietin is produced by the kidneys and the liver. As with HGH, EPO 
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can be articially manufactured, called recombinant EPO or rEPO. The 
synthesized version of the hormone can be used to treat anemia that occurs 
as a result of a variety of dierent complications, illnesses and diseases.

dc n mkn n 
Diuretics are substances that increase the removal of water from the body, 
usually by increasing the frequency and/or volume of urination (Figure 9.2). 
Dierent classes of diuretic exert their eects in dierent ways. Some suppress 
hormones that regulate urine formation, some increase blood ow to the 
kidneys, leading to greater ltration of water from the blood, some inhibit the 
reabsorption of sodium from the kidneys, which leads to greater water removal 
from the circulation, and some promote water loss via osmosis. 

Most diuretic agents are chemically synthesized and are purposefully introduced 
into the body. However, there are naturally occurring diuretics that may form 
part of a normal diet, including caeine (a mild diuretic), alcohol and certain 
fruits and vegetables. Medical uses for diuretics (particularly synthesized ones) 
include the treatment of conditions such as heart failure, liver cirrhosis, 
hypertension, and some diseases of the kidneys. Diuretics can also be used to 
facilitate the removal of certain substances from the body, for example, aspirin, 
following an overdose.

Diuretics are also known as masking agents. A masking agent is any substance 
or agent that interferes with the detection of, or “hides”, another substance or 
agent. For example, diuretics can be used as masking agents when urine 
analysis is being undertaken to detect the level of a certain drug in a person’s 
urine. Taking a diuretic will increase the volume of urine produced, thereby 
making the urine more dilute and reducing the amount of the drug present 
in the urine. This may make the amount of drug present in the individual 
appear lower, or even make the drug impossible to detect.
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2 Figure 9.2: Typical changes in the rate of urine production following oral ingestion 
of furosemide (a diuretic)

B bck
Beta blocker is the collective term for a class of drugs that are termed “beta-
adrenergic antagonists”. Essentially this means that beta blockers reduce, or 
“block”, the inuence of adrenaline on various tissues of the body. In a clinical/
health setting, beta blockers are commonly used to treat and control conditions 
such as heart arrhythmias (irregular heart beat/unusually high or low heart 
rate), angina (lack of blood ow to heart tissue) and hypertension (high blood 
pressure), and as a protective measure following a heart attack. 

Beta blockers exert their eect by blocking the inuence of adrenaline on the 
heart tissue. This decreases the heart rate and the amount of work the heart 
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is doing, therefore reducing the stress placed on the heart. Because of this 
decrease in heart rate and the amount of work the heart can perform, beta 
blockers can aect the response of the heart to exercise and may inuence 
exercise performance. 

Beta blockers can also be used in the treatment of anxiety. A number of the 
symptoms of anxiety (elevated heart rate, sweating, trembling muscles, dizziness, 
shaking hands) are caused by production of the stress hormones adrenaline 
and noradrenaline. As beta blockers reduce the inuence of these hormones, 
they can help to alleviate the symptoms of anxiety. However, they do not aect 
the emotional symptoms of anxiety. Therefore, beta blockers are not a cure for 
anxiety and are most often used to treat symptoms of social anxiety (e.g. giving 
a speech in front of a large audience) or performance anxiety.

smn
Stimulants are psychoactive drugs. Psychoactive drugs are substances that 
enter the brain and exert their eects on the central nervous system (the brain 
and the spinal nerves). These eects lead to various alterations in the way a 
person feels. This can include greater levels of alertness, a sharper perception 
of what is occurring in the immediate environment, a more positive mood 
state, greater levels of motivation, greater vigilance and feelings of greater 
physical and mental "power".

Stimulants come in various forms. For example, many substances we consume 
in our daily lives, such as caeine, sugar and vitamin supplements can be 
classed as stimulants. There are also chemical stimulants, including substances 
such as amphetamines and cocaine. In a clinical setting, amphetamines can 
be used to treat a variety of mental disorders, particularly depressive disorders, 
narcolepsy (a condition where the suerer is unable to prevent themselves from 
falling asleep), Parkinson’s disease and attention decit disorder in children. 
However, amphetamines can become addictive, likely due to the positive and 
pleasant sensations they generate. Medically, cocaine can be used as a local 
anaesthetic and vasoconstrictor during surgery in areas such as the nose, throat 
and mouth. In many countries, both amphetamines and cocaine are classed as 
illegal substances for non-clinical (i.e. recreational) use.
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ponil bns of non-nuiionl 

gognic ids

anbc 
Findings regarding the eects of anabolic steroid administration in humans 
are inconsistent for many reasons (Table 9.2). The available evidence suggests 
that the potential benets of anabolic steroid use would be more applicable 
to athletes involved in strength or power events (sprinting, shot-put, powerlifting 
etc) or those engaged in sports such as bodybuilding. The following is a summary 
of the main proposed benets of anabolic steroid use.

W n
Regular anabolic steroid use is reported to induce rapid weight gain in athletes, 
healthy non-athletes, and individuals with chronic health conditions (Casner 
et al. 1971; Loughton et al. 1977; Schols et al. 1995; Yeh et al. 2002). This weight 
gain can range from 2–5 kg as a result of short-term (less than 10 weeks) anabolic 
steroid use (Hartgens, Kuipers2004). Weight gain could be of benet to particular 
athletes, for example, a full back in American football or a forward in rugby. 

However, some research has shown that the increase in weight gain with 
anabolic steroid use is not always accompanied by increased muscle strength 
or power (Casner et al. 1971; Loughton et al. 1977). Indeed, it is not fully clear 
what causes the increased weight gain with anabolic steroid use, particularly 
when increased muscle size is not reported. Increased weight gain without 
concomitant increases in muscle strength/power would be undesirable for 
any athlete, as it would negatively aect factors that would inuence performance, 
such as power to weight ratio.

ab  n m fqn n m nn
Anabolic steroid use has been associated with a faster recovery/healing time 
of damaged muscle tissue (Beiner et al. 1999). This probably relates to their 
anabolic, i.e. tissue-building, abilities, which would facilitate development of 
new tissue to replace that which was damaged. However, anabolic steroids 
also have a potent “anti-catabolic” property. Essentially, this means that they 
prevent tissue such as muscle from being broken down or damaged as much 
as it normally would be during exercise. They achieve this by improving the 
way in which the body utilizes dietary protein and by improving the synthesis 
(making) of protein within the body (Haupt et al. 1984; Kadi et al. 1999). 

As catabolism of muscle tissue is one of the potential causes of injury, this 
suggests that anabolic steroid use may reduce the risk of injury to muscle tissue 
during exercise, or increase the stress that the muscles can be placed under 
before they become injured. Put together, these eects of anabolic steroids 
may enable an athlete to train longer and harder, and therefore improve their 
performance to a greater extent than they could without using steroids. Clearly, 
this would be of great benet to all athletes, regardless of their sport.

inc mc m, n n pw
Perhaps the most common perceived benet of anabolic steroid use is an increase 
in muscle mass and/or strength and power. Indeed, evidence in humans does 
show a signicant increase in muscle mass and muscle strength with anabolic 
steroid administration (Bhasin et al. 1996; Bhasin et al. 2001). It appears that 
this eect may demonstrate a dose-response relationship, i.e. the more anabolic 
steroid used, the greater the eect on muscle mass and strength (Bhasin et al. 
2001). However, this dose-response relationship may only exist for certain muscles 
(Kutscher et al. 2002). It also appears that steroid use without exercise can 
increase muscle mass and strength, but that steroid use combined with exercise 
produces the greatest increases in these variables, more than either one 
individually (Bhasin et al. 1996).

Cbolism h bkn wn f 

m
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However, it is important to note that not everyone would gain the same 
increases in muscle mass and strength with anabolic steroid use. It has been 
shown that individuals who are experienced in weight training increase 
muscle mass and strength with anabolic steroid use above that which would 
be expected with training alone. But for individuals who are not experienced 
weight trainers, using anabolic steroids will not result in them gaining any 
more strength or muscle mass than would be expected from exercise alone 
(Bahrke, Yesalis 2002). The main way in which anabolic steroids increase 
muscle mass and strength is by increasing the rate of protein synthesis 
(Kutscher et al. 2002).

The majority of research into anabolic steroids has focused on changes in 
muscle size and strength (how much resistance the muscle can overcome). 
Comparatively little work has focused on the inuence of anabolic steroids 
on muscle power (the speed at which a muscle can generate force). It appears 
that anabolic steroids do not induce increases in muscle power in the same 
way that they do muscle size and strength. However, the comparative lack of 
research makes a consensus regarding anabolic steroids and muscle 
power dicult.

lw b f
It is important to note that anabolic steroid use does not reduce fat mass, that is, 
the absolute amount of fat that your body contains (Hartgens, Kuipers 2004). 
However, as has already been discussed, anabolic steroids can signicantly increase 
muscle mass. It is this increase in muscle mass (or fat-free mass) that causes an 
apparent visual decrease in fat mass (the athlete looks more muscular and less 
fat), and causes a reduction in the percentage of the athlete’s total body mass that 
is attributed to fat. This is highlighted in the following example:

Bf   t by 
m: 95 k 

M m: 76 k (80% f  by m)
F m: 19 k (20% f  by m)

af   t by 
m: 102 k

M m: 83 k (80% f  by m)
F m: 19 k (18% f  by m)

Here, you can see that before steroid use the athlete had 19 kilograms of fat, 
which meant that 20 per cent of his total body mass was fat. After steroid use, 
the athlete gained 7 kilograms, all of which was muscle mass, but his fat mass 
stayed the same (19 kg). Therefore, as a percentage of his new body mass, his 
fat content appears to be lower. However, in absolute terms, the amount of 
body fat is the same (19 kg).

ennc pfmnc
Long-term use of anabolic steroids can increase concentrations of hemoglobin 
(Hinterberger, Vierhapper 1993), the protein in red blood cells that oxygen 
binds with in order to be transported around the body. Increasing hemoglobin 
concentration can increase the oxygen-carrying capacity of the blood, and 
has been shown to improve endurance exercise performance. As a result, 
anabolic steroids have been used by endurance athletes as a means of improving 
exercise performance (Hartgens, Kuipers 2003). 

However, the vast majority of research demonstrates that anabolic steroids do 
not increase endurance exercise performance (Bowers, Reardon 1972; Johnson 
et al. 1972; Johnson et al. 1975). Anabolic steroids have now largely been 
abandoned by endurance athletes as a means of improving exercise performance 
due to more stringent anti-doping controls, a greater ability to detect steroid use 
and the development of rEPO (Hartgens, Kuipers 2003).
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VariaBle reasoN
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2 Table 9.2: Reasons for the lack of consensus on the eects of anabolic steroid use on performance variables in humans

epn
The following discussion of the proposed benets of EPO use refers to the 
administration of rEPO in healthy people.

inc xn cn cpc f b

The primary mechanism by which EPO exerts its eects on exercise is via an 
increase in the maximal oxygen transport capacity of the blood. Regular 
injections of rEPO for 4–14 weeks have shown signicant increases in the 
hemoglobin concentration of healthy individuals (Lundby, Olsen 2011). 

It has long been thought that the increase in hemoglobin concentration with 
rEPO use was due to signicant increases in red blood cell number, as this is 
a primary function of naturally produced EPO. Indeed, increased red blood 
cell count is a crucial function of EPO use. However, EPO also decreases plasma 
volume, the liquid portion of blood (Lundby et al. 2007). This would also have 
the eect of increasing the volume of red blood cells, as the volume of red cells 
as a percentage of total blood volume would be greater in much the same way 
as the relationship between fat mass and total body mass in the previous 
anabolic steroid example. Therefore, physical increases in the number of red 
blood cells and a decrease in the plasma volume both serve to increase red 
cell number and therefore the oxygen carrying capacity of the blood.
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As a result of this increased blood oxygen carrying capacity, signicant increases 
in VO2max (the maximum rate at which the body can consume oxygen) of 
8–12% with administration of rEPO have been reported (Lundby et al. 2008; 
Robach et al. 2008; Thomsen et al. 2007).

inc xc cpc n pfmnc
The main way in which EPO use has directly improved exercise performance 
is by allowing the athlete to work at a higher intensity, or to work at a lower 
relative intensity at any given workload, due to their increased VO2max. The 
metabolic cost (i.e. oxygen requirement) at a given exercise intensity is not 
altered with rEPO use, therefore the oxygen requirement of any given exercise 
intensity will represent a lower percentage of an EPO-using athlete’s maximum 
oxygen carrying and consumption capacity. Essentially, exercising at any given 
workload becomes relatively easier compared to before EPO was used.

Using rEPO can also allow athletes to exercise for longer at a given exercise 
intensity before they become fatigued (Thomsen et al. 2007). Clearly, these 
potential inuences of rEPO would be of benet to endurance athletes across 
many dierent sports. Improvements in exercise capacity and performance 
are almost solely due to the EPO-induced increase in the oxygen carrying 
capacity of the blood (Lundby, Olsen 2011).

Figure 9.3 demonstrates this eect on relative exercise intensity. The cyclist 
at the top is exercising at an intensity that requires an oxygen consumption of 
3.75 liters per minute. This represents 75 per cent of his maximum oxygen 
uptake, which is 5 liters per minute. The cyclist then takes EPO regularly for 
10 weeks, which increases his maximum oxygen uptake to 5.5 liters per minute. 
As a result, cycling at the same exercise intensity (3.75 liters per minute) only 
requires 68 per cent of his maximum oxygen uptake. Therefore, the exercise 
has become easier. For clarity, the exercise intensity corresponding to 
75 per cent of the cyclist’s post-EPO maximum oxygen uptake has been 
included. You can see that exercising at that relative intensity would require 
a greater workload than before EPO was used.

3.75 liters.min 1

(75% VO2max)

3.75 liters.min 1

(68% VO2max)

VO2max

(5 litres.min 1)

VO2max

(5.5 liters.min 1)

75% VO2max

2 Figure 9.3: The inuence of erythropoietin use on relative exercise intensity

VO2mx h mxm  f 

xyn pk n pn 

mn’ mxm b 

py
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an n cnv fncn
Some recent evidence suggests that EPO use may also have an eect on cognitive 
function (awareness, thought processes, ideas etc). The role of the brain in 
controlling and inuencing exercise performance is becoming more obvious 
and it has been shown that interventions that alter certain cognitive brain 
functions can have a profound eect on exercise performance. Therefore, EPO 
may have a role to play in improving exercise performance by altering brain 
function. However, available data focuses on the inuence of EPO on the brain 
function of healthy people in non-exercising situations (Miskowiak et al. 2008), 
or on the brain function of individuals with mental health issues (Ehrenreich 
et al. 2007). More work needs to be done in an exercise setting before the 
inuence of EPO on cognitive function during exercise can be fully understood. 

B bck
As mentioned earlier in this chapter, beta blockers are used in a therapeutic 
setting for treating various diseases associated with the cardiovascular system 
and for treating symptoms of anxiety. There has not been much research 
conducted on the eect of beta blockers in sport-specic settings. 

impv pcn n ccc n c mpm f nx
The ability of beta blockers to decrease heart rate and reduce hand tremors 
and other symptoms of anxiety means their administration could improve 
performance in sports that require a state of calm, steadiness and accuracy, 
for example shooting and archery (Davis et al. 2008). The small amount of 
sport-specic research that is available supports this notion. Kruse et al. (1986) 
demonstrated that beta blocker use signicantly improved shooting performance 
and attributed the increased performance to decreased hand tremors. Other 
work has found improved performance in sport shooting and bobsled with 
beta blocker use (Schmid 1990).

In contrast to those sports that require high levels of accuracy and ne muscle 
control, beta blockers are highly unlikely to improve performance in endurance 
sports or any sport that requires high levels of exercise intensity. This would 
include running events ranging from 400 meters to the marathon, almost 
all cycling disciplines, team games such as soccer and rugby, swimming 
events of 100 meters or longer, and any other sporting events of this nature. 
This is because, as discussed previously, beta blockers limit heart rate, reduce 
the amount of work that the heart can accomplish, and reduce the metabolic 
response to exercise (Davis et al. 2008). As a result, the athlete would be 
unable to push their body to the same level that they would if they were not 
using beta blockers. In other words, beta blockers reduce the physical capacity 
of an individual. Therefore, athletes that are most likely to use beta blockers 
to gain a competitive advantage are those involved in sports that do not 
require a high aerobic or anaerobic capacity, but do require high levels of 
accuracy, precision and mental focus.

Cn
Caeine is one of the most widely used ergogenic aids (Astorino, Roberson 
2010) and has been researched in a variety of dierent exercise situations.

impv nnc cpc
Below is a summary of current knowledge regarding the potential benets 
caeine could aord an athlete in exercise of dierent durations and intensities.

endunc cciy hw n  

pn n nn  x 

bf hy bm xh

endunc fomnc hw 

mh n/wk n b 

mp n  vn m,  hw 

qky  vn n/mn f 

wk n b mp
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tp f xc dn ec f cn

enn 
x

ln hn 
40 mn

Mny h  hv nny hwn h nn f n bf 
n n nn x n mpv bh nn py n nn 
pfmn (tnpky 2010). enn py  n  hw n  pn n 
nn  x bf hy bm xh, n nn pfmn  hw 
mh n/wk n b mp n  vn m,  hw qky  vn n/
mn f wk n b mp. thf, h nvv n nn nnn, 
yn, -ny kn n h p  bn fm n nn. 

sh x 20  40 
mn

i w ny hh h n ny x n n  n pn 
nn x. Hwv, h   nmb f h  h nw mn 
h n  b  mpv bh nn py n pfmn n x 
n ppxmy 20  40 mn (ghm  . 1998; Minh, Wh 1995). 
th mn h mny m h   w n f p my b b  
 h n bn f n. th x n f hw n x 
 bn n x f h n  n fy knwn, b   ky h h 
n    mb  n m  h pn nn f n n 
h n nv ym.

Vy h 
x

4  8 
mn

an, h nw n h n nk n mpv nn py 
n pfmn n hh nny x n ny ppxmy f  h 
mn (ann  . 2000; B  . 2000; Jkmn  . 1996). a bv, h 
nn  h n  b   n n  n n vn w n 
f h n p. th x mhnm bhn n’  n x 
f h n  n knwn, b my b  mbnn f  n mbm, m 
nn n h n nv ym. 

spn x 30  90 
n

in  n vw,  w fn h f 12  nvn h  f n nk 
n hh nny x n ppxmy 30–90 n, 6 fn  bn f 
n n 6  n (an, rbn 2010). thf, n knw mk  
  nw h qn f whh n nk w b bn f h 
nvv n p n 30–90 n. 

a, h mhnm f n’ pb bn n h fm f x hv 
n bn nm. th n nn n h h my b   h nhn 
  wh hn n n x ( “d whn 
yn n nk n x”). 

rn 
x

any cn knw n h n  f n nk n h pm 
f n x h  h nmb f pn h n b pfm bf 
f, h mxmm  h n b f f n pn, pk pw n pk 
q  m  h f pn x. appxmy hf h h pp h 
n mpv p f n x pfmn n ppxmy hf 
f  hw  bn f n nk n h pm (an, rbn 2010). 
on n, p mhnm f n’ pn nhnmn f n 
x pfmn hv n bn fy nm.

How caeine enables improvements in endurance capacity and performance 
is still not fully known. However, there are three overriding theories.

@ Caeine exerts a “metabolic eect” whereby it promotes a greater use of 
fat by the body during exercise, and enables “sparing” of the nite stores 
of carbohydrate, therefore allowing the athlete to exercise for longer 

2 Table 9.3: Eects of caeine on performance
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 TO DO

cn y hnk f h p 

h  bn fm n 

nn?

 TO THINK ABOUT

i  ky h y n n 

n y f n nk. Hv y 

v n n  n y 

pfmn n ny p?

(Essig et al. 1980; Spriet et al. 1992). However, more recent research has 
shown very little evidence for a sparing of carbohydrate stores during 
exercise with caeine ingestion (Graham 2008).

@ Caeine enables the muscles to contract with more force due to a greater 
release of calcium within the muscle bers (calcium plays an important 
role in allowing the muscle bers to contract). This hypothesis does have 
some supportive research (Tarnopolsky, Cupido 2000).

@ Caeine may be able to increase performance by its actions on the central 
nervous system. It is well known that caeine is a central nervous system 
stimulant, and elicits increased feelings of alertness, vigilance and wakefulness. 
However, many research studies have shown that caeine can also reduce 
the perceived exertion an individual feels during exercise, i.e. caeine 
makes the exercise feel easier (Tarnopolsky 2010). Also, a reduction in pain 
has been reported when caeine is consumed during exercise (Tarnopolsky 
2008). This could certainly contribute to improved endurance capacity 
and performance.

dc wn n cn nk n xc
The overall body of research investigating caeine ingestion before and during 
exercise shows a wide variability in the response to caeine. This means that 
there are factors present that can alter a person’s response to caeine ingestion, 
so that giving dierent people the same amount of caeine at the same time 
during the same exercise protocol will not necessarily generate comparable 
results. Some of these potential factors have been identied.

@ The amount of caeine that a person habitually consumes in their diet can 
inuence the relative eect of a caeine supplement before and during 
exercise. People who generally consume less caeine in their diet may receive 
a greater ergogenic eect from a caeine supplement then someone who 
habitually consumes large amounts of caeine (Kalmar, Cafarelli 1999).

@ People may fall into “responder” or “non-responder” groups regarding 
caeine intake during exercise, particularly of short duration (Astorino, 
Roberson 2010). This means that some people simply do not respond to 
caeine intake during exercise for as yet unknown reasons. These rst two 
points are important, as they suggest that caeine is not a universal ergogenic 
aid, i.e. it will not necessarily work for all athletes, or even dierent athletes 
within the same sport or team.

@ The training status of an individual may aect caeine study data. Well-
trained athletes are likely to be more motivated to perform maximal or 
fatiguing exercise (Astorino, Roberson 2010). As most research studies into 
caeine require maximal and/or fatiguing exercise to be performed, it could 
be that those studies using well-trained athletes produce more reliable data 
than those using less well trained or untrained individuals. This dierence 
in study samples could contribute to the variability in research ndings.

i cn  b nc  f  p?
It is unlikely that caeine would be an appropriate ergogenic aid for athletes 
engaged in sports that require high levels of accuracy, precision and ne muscle 
control. The reason for this is that one of the side eects of caeine supplementation 
is the “jitters”, an uncontrollable shaking or tremor, particularly in the hands. 
Obviously, this would place the performance of athletes such as archers, 
shooters, golfers etc. at risk. The side eects of caeine are further discussed 
later in the chapter. 
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W cn
Many sports structure levels of competition according to weight categories or 
classes. Examples of these sports include boxing, wrestling, and powerlifting. 
Often, athletes will desire to be as close to the upper weight limit of their class 
as possible, in order to gain a potential weight advantage over their rival(s). 
This will often require the athlete to rapidly lose weight just prior to competition, 
to ensure that they qualify for the correct category. Athletes can do this by 
using starvation diets and/or drugs to induce diarrhoea or vomiting. However, 
they can also lose weight by losing body water, as the loss of one liter of body 
water is equivalent to about one kilogram of body weight. This can be 
accomplished by using dehydration techniques such as exercising in hot 
conditions, wearing suits that do not permit the body to evaporate sweat, 
therefore leading to greater sweat production, and the use of saunas. They can 
also invoke dehydration by using diuretic agents. Often, an athlete will use a 
diuretic in combination with some of the above techniques in order to achieve 
the desired outcome. 

There are also sporting situations where being as light as possible may confer 
a competitive advantage. Jockeys may attempt to be as light as possible prior 
to a race to reduce the load that the horse must carry and therefore enable the 
horse to run faster for longer. Indeed, the use of diuretics by jockeys is 
commonplace (Bahrke, Yesalis 2002).

Pc ppnc
Success in some sports is, at least partly, dependent on the physical appearance 
of the competitor. For example, female gymnasts have emphasis placed on a 
slender, lean physical appearance. Conversely, bodybuilders require excellent 
muscle denition in order to be successful. Diuretics can, and have, been used 
to help gymnasts get a slender, lean appearance, and to help bodybuilders get 
a “cut” look and maximize muscular appearance and denition before 
competition (Bahrke, Yesalis 2002).

hn c bnc 
As was briey mentioned earlier, diuretics can be used by athletes in an attempt 
to hide, or mask, the use of other illegal substances that can be detected via 
urine analysis. This is primarily achieved by increasing the volume of urine 
output, thereby diluting the illicit substance so that it appears that less is present 
in the athlete’s body, or by making detection of the substance altogether impossible. 
The rst athlete to be disqualied at an Olympic Games for the illicit use of 
diuretics was a Bulgarian powerlifter in Sydney in 2000 (Bahrke, Yesalis 2002). 
It was reported in the media that the athlete was using diuretics in order to mask 
the use of anabolic steroids, however this was not conclusively proven.

hl issus ssocid wi us of  

non-nuiionl gognic ids
Most, if not all, non-nutritional ergogenic aids will cause changes in the 
physiological and/or mental function of the individuals who use them. That 
is how many exert their benecial eect. However, prolonged and/or excessive 
use of some can cause potentially serious, even fatal, conditions.

anbc 
Prolonged use of anabolic steroids can potentially aect the body in many 
ways. The common adverse eects of prolonged anabolic steroid administration 
are summarized in Table 9.4.

 TO DO

cn y n xmp f h

p wh wh   ky f?

 TO RESEARCH

Fn h h xmp f 

hh p ppp bn 

q fm w  

mpn f n bnn 

bn. 
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h pbm
Prolonged anabolic steroid use can cause disease of the heart muscle (termed 
cardiomyopathy). Additionally, anabolic steroid use can signicantly reduce 
the concentrations of a particular form of cholesterol called high density 
lipoprotein (HDL) cholesterol. This form of cholesterol helps to protect the 
arteries of the heart from clogging up, and therefore lowers the risk of 
developing coronary artery disease or of suering a heart attack. Low levels 
of this form of cholesterol signicantly increase the risk of encountering 
these conditions.

lv pbm
The liver is closely involved in the metabolism of chemicals that compose 
anabolic steroids. Long-term use of steroids can cause liver toxicity and can 
also cause liver disease (hepatitis). Prolonged steroid use can lead to the 
development of liver tumours which can be cancerous.

hmn pbm
Prolonged use of anabolic steroids reduces the production of gonadotropic 
hormones, a group of hormones that control the function of the testes in 
males and the ovaries in females. Reduced production of these hormones 
in males can cause testicular atrophy (a reduction in size, or shrinkage, of 
the testicles), a reduction in testosterone concentration and a reduced sperm 
count, therefore aecting fertility. It can also lead to an enlargement of male 
breast tissue. 

Reductions in gonadotropic hormone production in females can signicantly 
disturb the menstrual process, again aecting fertility, and can reduce the 
production of estrogen. This can lead to “masculinization” eects in females 
(i.e. the development of male characteristics). These include a reduction in 
breast size, enlargement of the clitoris, deepening of the voice and the 
development of facial and body hair.

skn pbm
Anabolic steroids increase the amount of free fatty acids and cholesterol present 
in the skin. This can cause oily hair and skin, increased acne, alopecia (hair 
loss) and hypertrophy of the sebaceous glands.

Mn pbm
The potentially damaging eects of anabolic steroids are not limited to physical 
issues. Prolonged steroid use can signicantly alter an individual’s mental state. 
It is commonly reported that individuals using steroids demonstrate a marked 
increase in aggressive and/or violent behaviour. Increased feelings of depression 
are also reported. There is also evidence to show that anabolic steroid use can 
become addictive. However, it should be noted that, mainly for ethical reasons, 
well-controlled studies into the psychiatric eects of steroid use in humans are 
lacking. Furthermore, the eects of steroids on psychiatric variables can be 
individual and overall conclusions are dicult to make (Kutscher et al. 2002).

It is very important to note that the potential long-term (i.e. lifelong) eects of 
anabolic steroid use in humans are unknown. It is known, however, that long-
term intake of anabolic steroids can signicantly reduce the lifespan of mice 
(Bronson et al. 1997).

 KEY POINT

un nb  n  

bh phy n mn hh, 

wh pbm nn fm y 

kn n h  h .
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2 Table 9.4: Possible physical and mental adverse eects associated  

with anabolic steroid use

epn
It is impossible to predict how many new red blood cells will be produced 
with rEPO use. Therefore, there is always a risk of increasing blood viscosity 
due to the production of a large number of new red blood cells. This increased 
blood viscosity can increase the risk of blood clots, which could lead to a 
number of health problems including stroke, heart failure and heart attack. 
The risk of blood clots is also increased as EPO initiates activities associated 
with platelets and the inner lining of blood vessels that increase the likelihood 
of developing blood clots.

Athletes who use rEPO may also combine this with injections of iron in an 
attempt to further boost the oxygen carrying capacity of the blood (Bahrke, 
Yesalis 2002). Excess iron in the body can cause a number of serious problems 
in many organs, most notably the liver.

Blood pressure during submaximal exercise after rEPO administration is higher 
than before its use. This is not solely due to increased blood viscosity, and the 
exact cause is currently unknown. This elevation in blood pressure infers a 
greater stress on the heart during exercise, despite the lower exercising heart 
rate, and may contribute to the unexpected deaths of some athletes that have 
used rEPO (Bahrke, Yesalis 2002). In cycling alone, the use of rEPO is strongly 
thought to have caused the deaths of more than 20 athletes (Szygula 2010).

B bck
The main health concerns result from prolonged use of beta blockers. Beta 
blockers can cause bronchospasms in people suering from asthma. They can 
also cause cardiac failure in people with underlying cardiovascular issues. Beta 
blockers increase the secretion of insulin in the blood and can therefore cause 

209



N o N - N u t r i t i o N a l  e r g o g e N i c  a i d sC   p    9

hypoglycemia, especially in people with type II (non-insulin dependent) diabetes. 
Some of the most common side eects with beta blockers are brachycardia 
(abnormally low heart rate), orthostatic hypotension (a drop in blood pressure), 
a feeling of dizziness or light-headedness due to reduced blood pressure, and 
potentially life-threatening heart arrhythmias. Beta blockers can also cause 
feelings of fatigue, obviously not benecial for optimal sports performance. 

Cn
Many people are familiar with some of the common side eects of caeine 
ingestion. They include nervousness, restlessness, insomnia, and tremors. 
These side eects are exacerbated in people who are not familiar with caeine 
ingestion, who are sensitive to caeine or who consume high doses. Disturbed 
sleep caused by caeine ingestion can lead to fatigue. Some people also suer 
gastrointestinal upset. Caeine acts as a diuretic and can lead to dehydration, 
particularly during exercise in hot and/or humid conditions. Clearly, all of 
these issues could negatively inuence sports performance, but are not of 
serious danger to health. 

Caeine is an addictive substance, and people who rapidly stop taking it can 
suer withdrawal symptoms including headaches, irritability, fatigue and 
gastrointestinal upset. High doses of caeine can also be associated with more 
serious health risks, such as heart arrhythmias and mild hallucinations. There 
is also a possible link between continued ingestion of caeine and problems 
in pregnancy, risks of cancer, problems with calcium levels and with bone 
health (Bahrke, Yesalis 2002).

dc
The use of diuretics can hinder the ability of the body to thermoregulate. 
During exercise, a greater skin blood ow is required so that heat can be lost 
from the body to the environment. However, diuretics reduce plasma volume 
(the liquid portion of the blood). In this situation, more blood is required in 
the central/core areas of the body in order to maintain an adequate blood 
pressure. Therefore, less blood would be available to travel to the skin, reducing 
the potential for body heat loss.

Diuretic use is associated with a number of potentially performance-aecting 
issues such as fatigue, drowsiness, muscle cramps and soreness, a feeling of 
numbness/tingling in limbs/extremities, nausea and vomiting, diarrhoea, mood 
changes and blurred vision. 

Increased sensitivity of the skin to light is also a possible side eect, likely due 
to an allergic reaction or sensitivity to a specic type of diuretic. Use of diuretics 
can increase electrolyte loss, particularly sodium and potassium, and it is 
thought that many of the above issues are caused by this loss of electrolytes, 
especially potassium. Excess loss of potassium can also contribute to life-
threatening conditions such as heart arrhythmias and cardiac arrest. Loss of 
potassium can also cause changes to metabolism such as a reduced ability to 
synthesize glycogen. Clearly, this would be an issue aecting sporting performance.

210



Wy  som non-nuiionl gognic  

ids bnnd in so?

ec n m bn
All athletes competing at the Olympic games are sworn to an oath, taken by a 
representative athlete, to perform and abide by the rules of their sport and to 
abstain from doping and drug-enhanced performance. This represents a non-
legal binding agreement between the athletes, the sporting governing bodies 
and, indirectly, the spectators and fans of the sport to compete to a certain 
ethical and moral standard. However, this standard is not always maintained, 
for a variety of reasons (Table 9.5). 

We know from earlier sections of this chapter than some non-nutritional 
ergogenic aids have the potential to improve sporting performance. We also 
know that these same ergogenic aids can contribute to, or directly cause, 
signicant health issues, some of which can prove fatal. If athletes decide to 
use a banned non-nutritional erogogenic aid (anabolic steroids, EPO etc.), they 
are not only compromising their own ethical and moral participation, but could 
also be compromising that of other athletes who may feel great pressure to also 

 THEORY OF KNOWLEDGE

i  wy p h mn h  bh by h  f 
pfmn-nhnn bn h n v h  b phy 
nn n n hp hm wn n mpn p mpn. a nmb 
f w-knwn h hv bn h hn n h, by fn 
 n ,  pn b h  f h bn. in 
n ,  nmb f h hv h  v bk oymp m 
n, ny, h  f nn v pn  nn p. th W 
an-dpn any (Wada) w bh n 1999 wh h mn “to 

promote, coordinate and monitor the ght against doping in sport in all its 

forms”. Wada y pbh p f h  f phb bn, 
m f whh n b  by b . Hwv, m n-pn 
n   by n ny. rny,  vy nn y by 
sh  . p f h  m h n f   nmb 
f nb pn bn n h  (,  n) 
n  mb n ww. a  p f h y, hy 
mn ww fm  n n wh h nnn f h 
bn w py hh, b  mnp ww, wh h 
nnn w  y  b. th nk f h fmnn 
y wh h p mmny  h, f h  m, nvnmn 
mnn  n hp n-pn h nhn h  
n f h bf n n mj h vn. 

(Source: Katsoyiannis, A., Jones, K.C. 2011. Environ. Sci. Technol. Vol 45, number 2.
Pp 362–363.)

in p f h,  hw y w pn n n  h y  
nv h  f phb bn by h, zn h w 
ym f p v.
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employ the use of banned substances in order to remain competitive. Not only 
that, they may also be endangering the health of fellow athletes by applying 
indirect pressure to use banned and potentially dangerous ergogenic aids.

Having said that, elite athletes, certainly Olympic athletes, tend to be fully 
grown, legally recognized adults. Therefore, they are deemed to have certain 
social responsibilities, one of which is taking responsibility for their own actions. 

@ P  wn

@ a h pn  ny  

@ Pb xpn b nn 

@ Fnn w f wnnn

@ d  b h b n h w

@  gn n f  h fm vnmn n pn, nk  

pfmn

@ chn h f pn wnnn  h ny 

@ Pyh bf h pfmn   by  “m p”

@ expn f h p, fn n fmy

@ P f h mpv n

2 Table 9.5: Possible reasons for the ethical dilemma regarding the use of banned 

ergogenic substances in sport

Another perspective is this: some athletes are still taking banned substances, 
despite knowledge of the health risks and the illegality of these substances in 
their sport. Despite improvements in drug testing and detection, it is still not 
possible to catch 100 per cent of athletes using banned substances. Therefore, 
rather than spending large amounts of time, eort and money in trying to 
detect “cheating” athletes, why not legalize the substances? Indeed, there is a 
school of thought that argues that legalization of drugs in sport may be the 
most eective way of levelling the playing eld and ensuring the safety of 
athletes (Savulescu et al. 2004). 

However, in this situation it is plausible that factors such as performance 
pressure, desire to succeed, and suspicion of drug use by competitors may 
drive athletes who normally would not consider using potentially dangerous 
performance-enhancing substances to use them. Should an athlete who does 
not wish to risk their career, health, even their life, by taking a banned substance 
on the grounds of personal morals, ethics, or safety concerns be penalized or 
hampered in their ability to succeed in their chosen sport, or be forced into 
engaging in this unwanted behaviour/practice, by the legalization of these 
substances, or by their fellow athletes being willing to take that risk? 

It is likely that some athletes who have used banned substances in sport 
see this as a positive example of their competitive spirit and unbreakable 
will to do anything necessary to succeed and win. Whether this is seen as 
a valid view or an attempt to distort the facts and provide an excuse for 
their behaviour is probably going to depend on the personal beliefs of the 
individual observer. However, the view of the International Olympic 
Committee is unequivocal:

 TO THINK ABOUT
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“In the name of all competitors 

I promise that we shall take part 

in these Olympic Games, 

respecting and abiding by the 

rules which govern them, 

committing ourselves to a sport 

without doping and without 

drugs, in the true spirit of 

sportsmanship, for the glory  

of sport and the honour of  

our teams.”
The Olympic Oath sworn by 

Chinese table tennis player Zhang 
Yining on behalf of all competing 

athletes prior to the Olympic 
Games in Beijing, 2008
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“The use of doping agents in sport is both unhealthy and contrary 

to the ethics of sport. It is necessary to protect the physical and 

spiritual health of athletes, the values of fair play and of competition, 

the integrity and unity of sport, and the rights of those who take part 

in it at whatever level.”
International Olympic Charter against Doping in Sport

It is therefore clear that the use of potentially dangerous substances in sport 
that enable athletes to perform to a level they would not naturally be able to 
achieve is a moral and ethical mineeld and will be seen dierently by dierent 
people/athletes/coaches, depending on their own personal moral and ethical 
perspectives. It is precisely for this reason that an independent, objective 
consensus is required as to the use of certain ergogenic substances in sport, 
and that it is not left to the ethical and moral compass of individuals, as these 
values are exactly that, individual, and subject to widely dierent interpretation. 

Cn ppcv
The discussion and debate regarding the status and level of acceptance of the 
use of banned ergogenic aids in sport has continued for many years and is an 
extremely complex area. Currently, most of the rationale for excluding certain 
ergogenic agents revolves around two key areas.

@ The ethical and moral dilemma and incompatibility between the values of 
sport and the use of illegal, dangerous substances with the sole aim of 
gaining a competitive advantage.

@ Safeguarding the health of athletes.

Despite this, the intentional use of banned substances by athletes continues. 
Additionally, there are calls from some to legalize currently banned substances, 
in the belief that this will provide a more level playing eld on which athletes 
can compete. Clearly this is an area for debate, with moral, ethical, medical, 
philosophical, idealistic and personal perspectives, that will no doubt continue 
for many years to come.
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“In the name of all competitors I promise that we shall take part in these 

Olympic Games, respecting and abiding by the rules which govern them, 

committing ourselves to a sport without doping and without drugs, in the true 

spirit of sportsmanship, for the glory of sport and the honour of our teams.”
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Slf-sudy qusions
1 Dene the term “ergogenic aid”.

2 What are the ve classications of ergogenic aid? List as many specic 
ergogenic aids in each classication as you can.

3 What is meant by the term “placebo eect”?

4 Why is it important to include a placebo when researching the ergogenic 
eect of a substance/piece of equipment/technique?

5 List the ve main classes of non-nutritional ergogenic aid.

“Drug use in sport is contrary 

to the very principles upon 

which sport is based. Sport is 

considered as character building, 

teaching the virtues of 

dedication, perseverance, 

endurance and self-discipline.”

“… sport helps us to learn from 

defeat as much as from victory, 

and team sports foster a spirit of 

co-operation and 

interdependence … import(ing) 

something of moral and social 

values and … integrating us as 

individuals, to bring about a 

healthy, integrated society.”
Commission of inquiry into the use 

of drugs and banned practices 
intended to increase athletic 

performance, 1990
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6 For each non-nutritional ergogenic aid listed in the previous question, 
identify two potential benets and two potential health risks.

7 Explain why caeine is a legal non-nutritional ergogenic aid, despite its 
proven performance benets and potential negative health eects.

8 Outline why our understanding of the eects of anabolic steroid and 
erythropoietin use is limited.

9 Discuss the moral and ethical debate regarding the use of non-nutritional 
ergogenic aids in sport.

 DATA BASED QUESTION

a y w   nvn h nn f n (cr) 
ppmnn, n mbn wh n (cr + caF) ppmnn, 
  pb (Pla) n p pn pfmn. Ppn mp 
x 10-n y pn, wh 60 n  bwn h pn. evy
ppn mp  h . Pk pw p f h pn n  
h   n h ph bw.

CRCR CAFPLA

0

2

4

6

8

10

12

14

1 2 3 4 5 6P
e

a
k

 p
o

w
e

r 
o

u
tp

u
t 

(w
a

tt
s 

p
e

r 
k

g
)

Sprint number

(Source: Lee, C., Lin, L. and Cheng, C. 2011. “Eect of caeine ingestion after 
creatine supplementation on intermittent, high-intensity sprint performance.” 

European Journal of Applied Physiology. Vol 111. Pp 1669–77.)
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pn 6 n w  nn   whh n ppmn p n 
b pn pfmn mp  h h p .
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Individual differences in sport

C h a p t e r  1 0

Inoducion 
On British television in December each year the BBC screens a two-hour show 
entitled BBC Sports Personality of the Year. The programme is a review of domestic 
and international sport and is watched by millions of sports fans. The awards 
ceremony culminates in the presentation of a trophy to the “Sports Personality 
of the Year”. Think carefully about how the word “personality” is being used 
in this context. The award winner is clearly successful, and popular, but the 
use of the term personality, as we will discover, is not accurate. Perhaps a more 
apt title for the programme should be “Most Popular Sportsperson of the Year”. 

psonliy in sycology 
To understand what the term “personality” really means we need to consider 
how it is has been developed. Psychology is a new science—it is barely
120 years old. Since the birth of psychology, the only constant seems to be the 
continual scientic advances as psychologists seek to understand, predict and 
modify human behaviour. In so doing, psychologists are continually rening 
scientic techniques to investigate who we are as individuals and why we think 
and behave in the ways that we do. 

As advances in our understanding of how we think and behave are made, new 
knowledge adds to or conicts with previous understanding. In order to get 
to the forefront of current thinking, psychology students have to consider the 
contribution and limitations of work carried out as far back as the 19th century. 
Therefore, it is important to appreciate what each theory concerning personality 
adds to our understanding of the way that human beings think and behave—this 
chapter seeks to do just that. 

If psychologists are going to realize the goal of helping people to help themselves, 
it is important that the views of the individuals are taken into consideration. 
Therefore, theories of human personality are necessarily accompanied by 
techniques of collecting information about human personality. 

Unsurprisingly, sport and exercise psychology is a comparatively recent branch 
of psychology. It has been endorsed by mainstream psychologists such as the 
British Psychological Society (www.bps.org.uk), the American Psychological 
Association (www.apa.org), the European Federation of Psychologists’ Associations 
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(www.efpa.eu), and the Australian Psychological Society (www.psychology.org.
au), alongside other important areas of practice and inquiry, such as clinical 
psychology. 

There are two broad functions that a sport and exercise psychologist performs. 

@ The rst is to research, create and evaluate knowledge.
@ The second is to improve human performance and health. 

Applied sport psychology can be subdivided into two roles.

@ The rst is to help performers from the novice/learner to top level sportsmen 
and sportswomen achieve their potential in sport. 

@ The second is to guide individuals in the use of exercise as a means of 
coping with, or reducing the risk of acquiring, a physical and/or psychological 
illness. 

Therefore, the interest in theories of personality for sport and exercise 
psychologists tends to dier depending on what they are seeking to understand 
or achieve. In this chapter, theories of personality are reviewed, and the 
implications for those who play sport will be outlined. 

In a brief review such as this, the list of theories related to personality is 
necessarily incomplete. A further note of caution: just because a theory of 
personality is widely accepted and endorsed, it does not mean that it can be 
applied uncritically to performers and exercisers. There is an important rule 
that is observed by applied psychologists that is relevant here: test before you 
try. It simply means that a psychologist needs to understand what factors are 
inuencing a performer’s personality before an intervention can be attempted. 
(MacPherson 2009.  Doctoral Thesis, University of Edinburgh.) The uncritical 
application of mainstream psychology theories related to the study of personality 
has led some sport and exercise psychologists to take a negative view of the 
potential impact of personality theory on sport and exercise. However, after 
reading this chapter it is important that you make up your own mind as to 
what is and what is not important for sports scientists to understand as they 
seek to assist performers and exercisers alike. 

Dening personality 
Personality has been dened as “those relatively stable and enduring aspects of 
individuals which distinguish them from other people, making them unique but 
at the same time permit a comparison between individuals” (Gross 1992). The 
implications of this quotation are important: if aspects of personality were not 
stable or enduring they would be very dicult to study.  After all, we need to be 
able to predict others’ behaviour, and other people need to be able to predict 
how we are going to respond to all kinds of interpersonal behaviours. 

Our respective personalities dene in our own eyes and in other peoples’ 
opinions who we are and what we are likely to think and feel. Having relatively 
stable and enduring patterns of behaviour allow us to develop, forge and 
maintain relationships. Children learn from a very young age to predict what 
their parents or guardians will be angry about. Imagine growing up in an 
environment where you could not predict what your parent or guardian would 
get angry about because that adult had an unstable personality. Living with 
someone like this can do a lot of emotional damage to the people for whom 
they are responsible. 

One way of understanding the functions of human personality is to consider 
what happens to people when they are experiencing mental illness, for example, 
bipolar or manic depression. This form of depression results in swings between 
manias—bursts of energy and fantastical notions of self are followed by feelings 
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of low self-worth and, in some cases, accompanied by suicidal thoughts. Famous 
sportspeople such as the Great Britain boxing legend Frank Bruno, the American 
John Daly, Open Golf champion, John Kirwan, the great All Blacks rugby union 
winger and the very tragic case of Robert Enke, the national soccer goalkeeper 
for Germany, have experienced periods of mental illness: it is not uncommon 
and it does aect how these individuals see themselves and how other people, 
some of them misinformed, see them. 

Aside from the serious stigma associated with mental illness, one of the main 
reasons that people with bipolar depression report feelings of isolation is the 
diculty for friends and family to predict and make allowances for changes 
in their patterns of behaviour. This inconsistent pattern of behaviour inhibits 
the development and maintenance of close relationships, but can the study of 
personality make us healthier and perform better in sport? 

Personality in sport psychology 
Personality theory in mainstream psychology is dominated by researchers and 
thinkers who have developed psychometric tools to measure personality in a 
reliable and consistent fashion. These tools include questionnaires such as 
Eysenck’s extrovert personality questionnaire (EPQ), or Cattell’s ve factor 
model. Despite the fact that they accurately measure traits (relatively enduring 
patterns of attitudes and patterns of behaviour), and despite a substantial 
amount of research, psychologists have yet to determine what types of personality 
characteristics are associated with elite performance. 

At the conclusion of the Florida Conference on Personality and Sport in 1975, 
Robert Singer, an eminent sport psychologist, observed: “We have tried to sh 
for minnows with a net designed for whales; we cannot really complain about 
the size of the catch.” 

The crucial point appears to be that general personality factors, and the 
instruments which are used to measure them, are just not sensitive to the more 
subtle dierences that determine sport performance. For many, this comment 
seemed an eective epilogue to a long debate on the role of personality theories 
in sport, an area of study which was a dominant topic in the early days of sport 
psychology. An earlier comment by Rushall (1970), another eminent sport 
psychologist, was even more explicit: “Personality is not a signicant factor in 
sport performance”, a statement that will be considered at the end of this chapter.

Set against this critical backdrop, the main aim of this chapter is to identify 
theories of personality that have the potential to deepen our understanding 
of human performance in sport and exercise, and to enable us to prepare 
athletes to perform beyond what they consider to be their potential. The aim 
is not to classify aspects of peoples’ personalities into being high in one factor 
and low in another. Rather, it is concerned with change: how can psychologists 
maximize an individual’s performance in a specic activity? The answer lies 
in possessing a thorough appreciation of social learning theory and by considering 
what an interactionist view of personality holds for psychologists and the 
people they work with. 

an incionis viw of sonliy 
In the 1930s, a group of psychologists based in Germany developed the 
principle of interactionism in human personality. One of the main supporters 
of this principle was Kurt Lewin who became one of the most inuential social 
psychologists of the 20th century. Lewin suggested that neither nature (inborn 
tendencies) nor nurture (life experiences) can account for an individual’s 
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behaviour and personality. Instead, he proposed that our personalities are 
developed through a constant interaction between the person and their 
environment. 

To neatly summarize this contention, Lewin formulated the following equation: 

B 5 f (P, E )

In essence, Behaviour is a function of the Person and their Environment. 

This has important ramications for the way we not only think about improving 
human performance, but also how, as psychologists, we think of and treat 
illness associated with poor lifestyle choices. Therefore, exercise psychologists, 
if they are going to succeed in their goal to promote a healthier lifestyle, need 
to be aware of the eect the environment is having on the individual. 

An interactionist view of personality holds that the individual’s experiences 
cannot be understood if personal and situational factors are separated (Mischel, 
Shoda, Smith 2003). While the interactionist view of personality is still a 
matter of some debate among certain psychologists, the principle of interactionism, 
that organisms and environment interact to determine behaviour, is widely 
recognized, particularly in the elds of biology and genetics. Lewontin (2000) 
states that genetic and environmental inuences are intertwined making 
development “contingent on the sequence of environments in which it occurs”. 

Yet, a fundamental part of who we are is dependent on our genes. If Lewin’s 
equation is correct, then our genetic prole will interact with the environment 
in which we work and live. In terms of understanding why people behave and 
think in the way that they do, there are two distinct ways of describing the 
function and eect of genes on human personality. 

@ Emergenesis is the rst scientic principle that has a bearing on our 
understanding of personality. A trait is called emergenic if a specic 
combination of several genes interact. Emergenic traits will not run in 
families, but identical twins will share them (Lykken et al. 1992). Certain 
forms of mental illness, aspects of leadership and genius may, according to 
Lykken et al. be emergenic. If emergenesis can be substantiated then it has 
the potential to undermine part of the premise upon which Lewin’s equation 
and, therefore, interactionism is based.

@ Epigenesis is the second scientic principle that informs our understanding 
of personality. The study of why and how genes interact with the environment 
and, in turn, shape human behaviour is termed as epigenetics. The eld 
of epigenetics has emerged to bridge the gap between “nature” and “nurture” 
and is therefore “interactive” in its focus. If genes are epigenetic then this 
lends substantial support to Lewin’s equation.

Using scientic techniques at the forefront of medical science, further support 
for the interactionist perspective can be derived from the work of Srvakic and 
Cloninger (2010), who state that: “DNA (deoxyribonucleic acid) is no more 
considered to be the master blueprint for physical and behavioral features that 
operates in an ecological vacuum. Rather, DNA outlines the overall adaptive 
potential of an organism.” Therefore the person and their genome respond to 
the environment—they interact.

In terms of understanding why mental illness occurs, Srvakic and Cloninger 
believe that strong biogenetic dispositions interact with environmental factors 
(e.g. factors that cause chronic physical and psychological stress) which then 
act as a tipping point where an individual’s adaptive potential to negative life 
events becomes compromised, which in turn negatively inuences their 
psychological well-being. Therefore, as we are concerned with optimizing 
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human performance, we need to think carefully about how sources of negative 
stress aect dierent performers in dierent situations. 

A more contemporary model of interactionist theory than that provided by 
Lewin can be found in the work of the psychologist Walter Mischel who takes 
what is known as a social-cognitive approach. He is interested in four personality 
variables (Beneckson 2011): 

@ competencies—our skills and knowledge 
@ encoding strategies—our particular style and the schemas we use in processing 

information
@ expectancies—what we expect from our own behaviour and our anticipations 

of our performance levels
@ plans—what we intend to do. 

The interaction of these cognitive factors with environmental situations results 
in the expression of personality (Mischel et al. 2003). 

Essential to understanding personality from an interactionist standpoint is 
that you consider how an individual’s personality unfolds, or develops, across 
a number of social situations. Behavioural instances, if repeated, have the 
potential to demonstrate the inner workings of a meaningful characteristic, 
or what may be considered a behavioural signature, of an individual’s personality 
(Mischel et al. 2003). Mischel’s work, as it is epigenetic in nature, has much 
in common with the research conducted by Albert Bandura (to be discussed 
in the next section). 

In summary, it is important to get an insight into an interactionist approach 
to personality because as psychologists, and sports scientists, we need to 
understand the role that emergenic and epigenetic factors can play in athletes’ 
behaviour, particularly, for example, when we consider the central role that 
talent development plays in human performance. 

Socil lning oy nd sonliy 
One of the most inuential theories in psychology is social learning theory 
(SLT) (Bandura 1977; 1997; 2001). One of its most remarkable features 
concerns our capacity to learn without reinforcement (either rewards or 
punishments). According to the principles derived from extensive research, 
SLT states that we have a capacity to learn by observation, even in the absence 
of rewards (Pervin, Cervone,  John 2005). It further emphasizes our individual 
capacity to inuence our destiny and to try to achieve our potential. 

The personality structures of SLT are mainly cognitive: that is, they are 
related to the processes of knowing, being aware, thinking, learning and 
judging. According to Pervin et al. to get a full understanding of SLT and 
how it relates to personality there are four constructs that must be taken 
into account: 

@ competencies and skills
@ beliefs and expectancies
@ behavioural (evaluative) standards
@ personal goals. 

Competencies and skills
How someone speaks or looks is noticed and is often used to make judgments 
about their personality, for example, whether they are sad or outgoing. Bandura 
(1982) argues that how we are perceived by others is inuenced by our own 
feelings of competence. Therefore, an individual can appear shy and introverted 
because they are not condent at carrying out a particular task or role, not because 
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that is how they behave all the time. In summary, how you behave depends on 
the actual skills you have and whether you expect to be good at something. 

According to Pervin et al. (2005) there are two important implications relating 
to competency. The rst involves context specicity and the second relates to 
psychological change. 

@ Context specicity means that certain psychological structures that are 
relevant in one situation are not relevant in another. For example, an 
individual may be a condent and enthusiastic surfer but might not be a 
conscientious pupil in art classes. Albert Bandura has demonstrated that 
we can work on our weaknesses and in some cases cope with, and even 
improve at, the tasks that we struggled with previously. 

@ Psychological change refers to the manner in which competencies are 
acquired. Bandura (1986) states that competencies are acquired through 
observation and social interaction; therefore, a person who lacks particular 
skills in an area of their life, for example, sporting performance, can learn 
to improve them. 

While this may seem obvious and something most people recognize in the 
behaviour of others, Bandura has developed ways to eect change in behaviour 
which in turn inuences personality. 

Beliefs and expectancies
A crucial component of psychological change and self-improvement is concerned 
with beliefs and expectancies. In very general terms, beliefs relate to how the 
world is, while expectancies concern what an individual thinks will happen 
in the future. 

A sub-category of these two concepts is what the world should be like. According 
to Bandura (1986) and Pervin et al. (2005) this sub-category of thinking 
concerns evaluating the worth and quality of a particular event. For self-
improvement to occur a person needs to hold a belief about an action they 
perform, have expectations as to the outcome of that action and think about 
what the execution of that action should be like. According to social learning 
theory, these are the three factors that create the dynamic necessary for change 
to occur in the personalities of humans. 

Behavioural standards
A mental “standard” is a criterion for judging the goodness or worth of a person, 
thing or event. Behavioural (evaluative) standards are standards concerning 
one’s self or personal standards, and personal standards are fundamental to 
human motivation and performance. Thus, you use behavioural (evaluative) 
standards to judge the goodness or worth of your own behaviour. 

According to Bandura (1986) we evaluate our own actions and then respond 
in an emotionally satised way (e.g. we meet our standards for performance) 
or dissatised way (e.g. we fail to meet our standards for performance). It is a 
kind of “internal guidance/psychological system” through which people consider 
their own actions, and contrasts with behaviourist theory which argues that 
ongoing behaviour is determined by forces in the environment.  

Goals
A key concept that relates to inuencing change in our personalities is the 
identication and realization of goals. (Towards the end of this section of the 
chapter, goals and goal-setting will be revisited.) 
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Socil cogniiv oy: slf-ccy 
Before we examine athlete case studies of performance proling and goal 
setting, it is necessary to understand how performance can be improved on 
an individual basis. Self-ecacy refers to the expectation that people have of 
their own capabilities for performance. 

Research conducted by Baumeister et al. (2003) and Bandura and Locke 
(2003), demonstrated that the relationship between self-ecacy and physical 
performance was robust. If you can increase feelings of self-ecacy then a 
consequent increase in physical performance can be observed. Self-ecacy 
has been dened as condence towards learning. There is a famous quote 
by Henry Ford who said, “If you think you can do it or think you can’t do it, 
you’re right.” While it is an extreme viewpoint, the essence of what Henry 
Ford said is correct. However, the important dierence between what he 
said and where SLT is of great value to everyone, is that SLT, as we are about 
to discover, demonstrates how meaningful change that is personal to an 
individual can be achieved. 

It is important to understand that self-ecacy is distinct from self-esteem. The 
latter refers to a person’s global evaluation of their personal worth, whereas 
self-ecacy refers to what someone feels that they are able to achieve in a 
given setting. 
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In order to measure perceived self-ecacy, Bandura states that a micro-analytic 
research strategy be used. What he means by this is that an individual be 
measured immediately before the performance of specic behaviours in 
specic situations (i.e. putting not golng). Now, recall what Singer (1975) 
was quoted as saying earlier in this chapter regarding shing for minnows 
with nets designed to catch whales and the relative imprecision with which 
personality has been investigated in relation to sports performance. If we 
extrapolate from social learning theory, taking into account individuals’ beliefs 
and expectations regarding their future performance, human personality 
should be studied in relation to specic areas of a person’s life, and not 
examined as a whole. 

how cn slf-ccy b mniuld?

Self-efficacy 1. Performance accomplishments

2. Vicarious experiences

3. Persuasion

4. Physiological state 

2 Figure 10.1: Antecedents of self-ecacy

An antecedent is dened as previous or pre-existing factors that are known
to increase self-ecacy. To improve performance the four factors shown in 
Figure 10.1 can be used in isolation or in combination to increase self-ecacy. 

Performance accomplishments
Performance accomplishments are described by Morriss and Summers (1995) 
as the most potent antecedent of self-ecacy. Before we discuss this particular 
type of antecedent it is important to recognize what is perceived by a particular 
athlete to be a performance accomplishment. 

A technique commonly used by psychologists to ascertain how athletes see 
themselves is termed “performance proling” (Butler, Hardy 1992), originally 
introduced to sport and exercise psychologists some twenty years ago (Butler 
1989; 1991). It stems from Kelly’s work on personal construct psychology 
(PCP) which emphasizes that psychologists need to try and understand the 
ways in which athletes perceive the world in which they train, live and perform 
(Gucciardi, Gordon 2009). The performance prole encourages practitioners 
and researchers to regard an individual’s perception or meaning of their 
performance as a vital source of information to optimize performance. 

The information that is being elicited from an athlete concerns their view of 
their performance. It is their opinion about what makes them eective, and 
also how they could improve aspects of their performance in relation to the 
best performer they can think of. You may be thinking that what is being 
described does not sound very dierent from a questionnaire that you may 
have had experience of lling in. However, questionnaires impose constructs 
on performers (i.e. they tell you whether you are an extrovert or an introvert) 
whereas a performance prole allows an athlete to create a personalized prole 
that gives them a central role in its construction. 

 TO THINK ABOUT
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Once the categories are generated by an athlete, and in some cases compared 
to a prole completed by a coach, the performer is encouraged to take ownership 
of their prole. This gives the performer a central role in how to close the gap 
between their current performance self and their ideal performance self. 

CASE STUDY
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2 Figure 10.2: Performance prole

Goal setting
Another powerful tool to improve self-ecacy with regard to physical 
accomplishments is goal setting, also looked at in chapter 13 on psychological 
skills training. In 1990, Locke and Latham published their book entitled A 
Theory of Goal Setting and Task Performance, in which they outlined the characteristics 
of purposeful and accurate goal setting practices. Most of us are familiar with 
the acronym SMARTER goals (Specic, Measurable, Attainable, Realistic, 
Time-locked, Exciting, Review). However, Locke and Latham (1990) also stated 
that goals needed to be perceived as moderately dicult. If the goal was 
perceived as being too easy then it did not engage the individual in question. 

Furthermore, a goal setting programme should include negative and positive 
goals. An example of a negative goal is to stop conceding fouls close to the 
penalty area, whereas a positive goal might encourage a soccer player to look 
for an outlet to pass to before they receive the ball. 

A further component of goal setting is goal proximity. This refers to using both 
short-term and long-term goals. Most of us nd it harder to work towards 
something that we will enjoy the benets of at a later date. Therefore, the 
solution to this is to include goals that can be achieved quickly but form the 
path to reaching a goal that is distant. Distant goals, often termed outcome 
goals, are important because they direct attention towards an objective, but 
they need to be used in conjunction with performance and process goals, the 

ancdn i  -
xiig  kw  i 
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former providing individuals with updates regarding their progress towards 
the outcome goal (e.g. a lap time in an 800 meter race), whereas a process goal 
is an action that, if realized, aids in the acquisition of the outcome goal. An 
example of this type of goal might be for a rugby union prop forward to engage 
his opposite number on his terms, to “get the hit in rst”, thereby obtaining 
an advantage for his team in an important aspect of the overall game. 

While it may be the job of a sport and exercise psychologist to increase an 
individual’s self-ecacy in order to increase the amount they exercise, or to 
improve their sporting performance, it is important to be mindful of the context 
in which the original research on goal setting was conducted. Goal setting 
research was conducted by psychologists who wanted to understand how to 
maximize productivity in the workplace. It was determined that if goal setting 
was applied correctly, managers and executives could expect an improvement 
in productivity of between 8.4 and 16 per cent. However, if goal setting is 
applied to someone who is already close to their performance potential, such 
as an elite sportsperson, then it is unlikely such an improvement will be feasible.

Vicarious experience
The second of the four antecedents is vicarious experience (VE). A straightforward 
way to understand it is to consider how you would feel if you observed one of 
your peer group successfully completing a task you were expected to perform. 
VE is sometimes described as modelling and is so-called because seeing an 
example of how to complete a task by a peer can act as a stimulus to attempt 
an activity you might not have considered otherwise, but there are positive 
and negative aspects to modelling. 

From a positive standpoint, training with a group of people who are striving 
to be better at a task, whether academic or sporting, has the potential to spur 
you on to achieve feats that you did not think possible, provided you are not 
in awe of the people completing the task in the rst place: In essence, for VE 
to inuence self-ecacy you have to think or believe it is possible that you can 
attempt to complete the target activity. 

From a negative standpoint, Bandura demonstrated that acts of aggression, if 
viewed by impressionable people, can then be unthinkingly repeated in similar 
social situations. The negative aspect of modelling has obvious implications 
for the repetition of socially undesirable behaviours, such as bullying. 

It is important that we understand how and when to use VE positively, but we 
should also be aware of the benets of VE for skill acquisition. In summary, 
VE has been shown to have a powerful change-provoking eect on the subsequent 
behaviour of the individual observing the target behaviour (Bandura, 1982). 

Persuasion
Bandura uses the term persuasion, but he is specically referring to verbal 
persuasion (Morriss, Summers 1995). However, persuasion can also come in 
the form of an act. Persuasion often comes from a high-status individual and 
is designed to encourage you to act in a particular way. It can be inspirational 
to be persuaded by someone you hold in high regard. 

 THEORY OF KNOWLEDGE
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We have seen the potential impact of persuasion when used by a high-status 
individual, used at the right time, in the right place, but can you persuade yourself 
to enact a dicult task? A specialism among psychologists concerns the use of 
imagery and evidence has shown that emotionally charged images personal to 
the performer can be used to motivate in training, or form part of a pre-performance 
routine designed to adjust the level of arousal (Morriss, Summers, 1995). 

Like vicarious experience and modelling, persuasion must come from a credible 
source. As with all the antecedents of self-ecacy, the factors in the model 
presented need to be used in a way that is not perceived as critical, but in a 
positive fashion.

Physiological state
The nal antecedent of increased self-ecacy concerns the interpretation a 
performer makes of their physiological state before a performance. Preparing 
to perform in front of an audience or trying a new but challenging activity 
often results in heightened levels of arousal. 

In term of cognitive processes, arousal often results in attentional narrowing 
and selecting the most relevant cues upon which to focus. The construct of 
attention has three dimensions:

@ Concentration (or eortful awareness) For example, listening intently 
to your sports coach during a timeout in basketball.

@ Selective attention That is, the ability to focus (“zoom in”) on relevant 
information and ignore distractors that compete for our attention, for 
example, ignoring the hostile crowd of spectators and listening intently to 
your sports coach during a timeout in basketball.

@ The ability to coordinate two or more actions at the same time For 
example, checking the score on the scoreboard while at the same time 
listening intently to your sports coach during a timeout in basketball.

Also it is important to note that attentional narrowing can have a negative eect 
on performance, for example, if you focus your attention on the hostile crowd 
rather than listening intently to your sports coach during a timeout in basketball.
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From a somatic standpoint (the physical sensations experienced), increased 
arousal can result in, for example, elevated heart rate, breathlessness, a dry 
mouth, a churning stomach (“butteries”) and sweaty hands (Morriss, 
Summers 1995). If you are not familiar with these sensations you would be 
forgiven for thinking you are having a panic attack. However, as you prepare 
for action, your body automatically enables hormones to enter the bloodstream 
which have a corresponding eect on how you feel. 

Understanding the changes your body is making before physical exertion helps 
to reassure the performer and as a result increases self-ecacy. Therefore, a 
key antecedent to increased self-ecacy lies in understanding how and why 
your body works in the way that it does. 

However, not all physical activities require us to experience high levels of 
cognitive and somatic anxiety. In fact, in some sports you may want low levels 
of somatic anxiety but require high levels of focus, for example, in self-paced 
target sports like archery, whereas in sports like weightlifting, experienced 
performers have learned to realize that high levels of arousal accompanied by 
somatic anxiety can reassure the performer that they are going to exceed, or 
perform close to, their personal best. 

Almost 2 000 years ago, philosopher and Roman Emperor Marcus Aurelius 
wrote that: “Everything is but what your opinion makes it; and that opinion 
lies within yourself.” Therefore the capacity to change established traits in our 
personalities lies within us. 

Reecting upon what was discussed earlier in this chapter, by taking the interactionist 
approach advocated by Lewin, we have come to understand that the environment 
inuences our genetic make-up throughout our lives. Studies of the causes of 
mental illness have illustrated the importance of understanding human behaviour 
from an epigenetic viewpoint. With regard to social learning theory, Bandura has 
demonstrated the eect of four powerful antecedents (performance accomplishments, 
persuasion, vicarious experience, and physiological states) that can inuence our 
condence in approaching learning (i.e. self-ecacy). 

Therefore, the role of psychologists working in the realm of human performance 
is to show clients that the power to determine their future really does lie in 
their own hands. People can, with the right tools, focused on specic factors, 
inuence and alter their own personality. However, before change occurs 
psychologists need to collect reliable information.

Msuing scs of sonliy
There are LOTS of ways to gather scientic data regarding personality but 
there are four main ways. Psychologists working in the eld of personality 
have developed an acronym, LOTS (Block 1993), to make it easy to remember 
what these four categories of data are. 

LOTS stands for: 

@ L-data—lifetime history
@ O-data—observations from knowledgeable others including parents and 

friends
@ T-data—experimental procedures and standardized tests 
@ S-data—information provided by the client. 

To develop an understanding of how to measure personality it is important to 
consider how a psychologist might use the information gathered from these 
dierent sources. The goal of a psychologist working with personality data is 
to consider how these factors are inuenced by the environment in which that 
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individual lives, and therefore how personalities alter over time and according 
to experiences. 

To be condent in the assertions they make, psychologists need to know the 
information they are collecting about someone’s personality is reliable. To do 
so they need to understand the condence limits of the data they are working 
with and consider what might be reliable and unreliable information.

L-data
Firstly, consider how L-data (lifetime history) might be used. This data might 
include IQ (intelligence quotient) tests, academic performance at school or at 
university. It might also include other personal performance data such as 
achievements in other hobbies or sports. L-data could also include information 
about where somebody grew up, who raised them, whether any family members 
had any criminal convictions or used illegal substances, and if they have/had a 
spouse and any children or dependents. More positively, it might also focus on an 
individual’s career aspirations and history of employment (Pervin et al. 2005). 

Clearly, there is a large volume of information that comprises L-data and it is 
vital that a psychologist understands what information is relevant and what 
data is misleading. For example, if someone has a high IQ it doesn’t necessarily 
mean they are going to be successful when they leave school. L-data needs to 
be considered very carefully in order to build up a pattern of behaviour over 
an extended period of time so as to determine why individuals behave in the 
way they do, and why they have made certain choices that aected outcomes 
in their lives and the lives of those they are related to. 

O-data
O-data concerns the observations and insights of knowledgeable others, such as 
friends, teachers, peers and family members. According to Pervin et al. (2005), 
O-data is often collected using questionnaires that are designed to focus on a 
specic facet of the target individual’s personality, for example, extroversion 
(Michaelis, Eysenck 1971), or conscientiousness (Pervin et al. 2005). 

O-data can also be collected by trained observers who might use Davies and 
West’s (1991) multi-modal approach for gathering information on an individual 
which they call BASIC-ID. This is another acronym, which stands for Behaviour, 
Aect, Sensations, Imagery, Cognition, Interpersonal functioning, and Diet 
and drugs. Briey, trained observers consider and collect data on:

@ how someone is behaving (B)
@ their emotional state (A)
@ what bodily sensations they experience (S)
@ what mental pictures they are aware of (I)
@ what they are thinking (C)
@ how they interact with other people and peers (I)
@ whether they are eating properly and/or using medication or drugs (D). 

This allows a researcher to develop a considered picture of how an individual 
is functioning in a particular setting. 

There are a number of important factors to consider when evaluating the worth 
and accuracy of O-data. In the case of questionnaires, how reliable is the 
questionnaire? Furthermore, what are the biases of the people providing this 
information—what do they really think the psychologist wants to nd out? 
Finally, if observers are being used what are they being instructed to monitor, 
and is there a risk of them conrming their own biases? 
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There are a quite a number of data collection and measurement techniques that 
fall into the category of O-data which may yield varying degrees of accuracy. The 
important factors for psychologists to be aware of are the limitations and aws in 
the measures themselves and in the expectations of those administering them. 

T-data
T-data refers to specic tests that might be used to assess someone. These can 
be used to assess someone’s suitability for a specic occupational role, but the 
use of this type of data by sports scientists, particularly sport psychologists, is 
comparatively rare. 

S-data
S-data, information provided by the individual, is widely used. The problem 
with self-report data is that it may be inaccurate for two reasons. Firstly, an 
individual may want you to evaluate them in a favourable light and present a 
more attering, though inaccurate, picture of what they are and what they do. 
It is described by psychologists as self-presentation. The second reason this 
form of data may be inaccurate relates to a tendency among certain individuals 
referred to as denial. Individuals with substance abuse problems or mounting 
nancial debts can erect mental barriers that prevent them from consciously 
assessing their true emotional and behavioural state. 

In summary, personality data can be collected in dierent ways, in dierent 
circumstances. While error and bias will always be present in any assessment 
of personality, the important factor for psychologists to be aware of is the 
sources of bias. Finally, consider the nature of the assessment of personality 
that is being advocated in relation to sport and exercise: it is situation specic, 
it is individually oriented and it is micro-analytic.
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Slf-sudy qusions
1 List the four factors that allow psychologists to collect “LOTS” of data.

2 State the component parts of Lewin’s Interactionist Equation.

3 According to epigenesists, what two principal factors interact? 

4 Identify the four antecedent factors in Social Learning Theory.

5 In relation to human personality, identify the four factors that interest 
Walter Mischel.

6 Describe why it is important for a performer or exerciser to have an 
awareness of the following facets related to eective goal-setting practices: 

{ outcome
{ process
{ performance goals.

7 Applied sport psychology is often concerned with bringing about change 
in order to optimize human performance. According to Social Learning 
Theory, explain how the four antecedents outlined in this chapter have 
the potential to increase an individual’s self-ecacy.  

8 What are the implications of epigenetics for the way young athletes are 
trained and subsequently developed?

9 Social Learning Theory states that we have a capacity to learn by observation, 
even in the absence of rewards. In your own words, explain why this research 
nding provides us with an important insight into an individual’s motivation 
for performing or taking part in physical activity.

 DATA BASED QUESTION
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Inoducion

Sport and exercise oer opportunities to participate in physical activities that 
enhance cardiovascular health, relieve stress and help maintain healthy minds 
and bodies. In order to gain these potential health benets, individuals need 
to be motivated to participate. It is, therefore, important for sport psychologists, 
coaches, teachers, parents and participants to understand motivation, its impact 
on sports performance and how it inuences physical activity levels. This 
chapter will begin by dening motivation and then go on to outline some of 
the most inuential motivational theories including intrinsic and extrinsic 
motivation, self-determination theory, achievement motivation, attribution 
theory, achievement goal theory and motivational climate.

Dniions of moivion

In simple terms, motivation can be dened as the direction and intensity of 
one’s eort (Sage 1977). The direction of eort refers to whether an individual 
is attracted to, seeks out, or approaches certain situations. For example, a 
student may be motivated to try and gain a place on the school soccer team 
but not on the gymnastics team. The intensity refers to how much eort a 
person exerts in a particular situation. For instance, an athlete may attend a 
training session but not put much eort in. Alternatively, athletes can sometimes 
become too intense and consequently perform poorly in competitions. 
Individuals, therefore, dier in the direction and intensity of their behaviours. 
Two dierent people may be motivated to play tennis, but one of them may 
be more strongly motivated (have greater intensity) than the other. Or one 
person may be interested (directed) in participating in sport for social reasons, 
whereas another may be more interested in exercising for health benets. 
Gage and Berliner (1984) use the analogy of a motor car, where the engine is 
the intensity and the steering is the direction of motivation. For the majority 
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of people, however, direction and intensity of behaviour are closely related 
and are dicult to separate. For example, athletes who regularly and punctually 
attend training typically expend good eort during participation.

Others dene motivation as an internal process that activates, guides and 
maintains behaviour over time. In other words, motivation is “what gets you 
going, keeps you going and determines where you’re trying to go” (Slavin 2003). 
According to Roberts (2001) “the study of motivation is the investigation of the 
energization, direction and regulation of behaviour” and motivational theories 
need to address all three aspects in order to be recognized as a theory. Goal 
setting is an example of a theory that addresses the direction and/or regulation 
of behaviour, but not why the behaviour was energized and is, therefore, not a 
true theory of motivation according to Roberts’ criteria. Motivational theories 
ask why we do things and the history of motivational research has been a search 
for the “right” theory. 

tys of moivion
An important distinction in the types of motives for human behaviour is 
between intrinsic and extrinsic motivation. Intrinsic motivation comes from 
within the person and is associated with doing an activity for itself and for the 
pleasure and satisfaction derived from participation. Intrinsic motives for 
taking part in sport and physical activity include excitement, fun, enjoyment 
and the chance to improve skills (Deci, Ryan, 1985). Extrinsic motivation 
results from external rewards such as money, trophies and prizes, and less 
tangible rewards such as praise and status. 

Cmiig irisic a exrisic miars
The “additive principle” suggests that intrinsic motivation can be boosted by 
extrinsic motivators. However, contrary to popular belief, this is not always a 
good idea. In fact, in some situations where the task is being performed because 
of intrinsic motivation, extrinsic rewards can lower the person’s intrinsic 
motivation. 

Deci and Ryan (1985) developed cognitive evaluation theory to explain this 
phenomenon. This theory states that rewards can be divided into two types: 
controlling rewards and informational rewards. Controlling rewards include 
praise and trophies and are given to inuence (control) an individual’s behaviour. 
Informational rewards on the other hand convey information about an 
individual’s competence at a particular task. According to Deci and Ryan, 
rewards perceived by the recipient as controlling decrease intrinsic motivation, 
whereas rewards viewed as informational increase intrinsic motivation. 

While some motives are clearly intrinsic (e.g. “I go cycling because it’s fun”) and 
some are clearly extrinsic (e.g. “I play professional sport because I get paid to do 
so”), others are less clear. For instance, how would you classify the motive “I exercise 
to control my body weight”? It seems more intrinsic than extrinsic but it’s not 
totally intrinsic as the motive involves reasons for participation other than fun and 
enjoyment. For this reason Deci and Ryan proposed that viewing motives as either 
intrinsic or extrinsic is too simplistic and they developed a continuum of motivation 
called self-determination theory to explain this. 

Se-eermiai her
At one end of the continuum lies intrinsic motivation, where participation in 
the activity is for pure enjoyment and pleasure. On the other end of the 
continuum lies amotivation which is a complete lack of desire to participate 

 KEY POINT

itsc motato comes fom 

wth the eso a s assocate 

wth og a actty fo tself a 

fo the leasue a satsfacto 

ee fom atcato. Etsc 

motato esults fom eteal 

ewas such as moey, tohes 

a zes.

 TO THINK ABOUT

Thk about you ow ecto 

a testy of eot  eet 

sots o hyscal acttes that 

you atcate . Whch sots o 

hyscal acttes ae you ecte 

towas a oes you testy 

ay fo these eet acttes?

 TO THINK ABOUT

Thk about the sots o hyscal 

acttes that you atcate  

a cose whethe you motes 

ae moe tsc o etsc. 
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in the activity. In-between these two extremes lie the dierent levels of extrinsic 
motivation, moving from the less intrinsic to the more self-determined levels 
(see Figure 11.1). 

Amotivation

Controlled

extrinsic motivation

Autonomous

extrinsic motivation

Intrinsic

motivation

External

regulation

Low self-determination High self-determination

Introjected

regulation

Integrated

regulation

Identified

regulation

2 Figure 11.1: The self-determination continuum

@ External regulation refers to behaviour that is driven by external forces 
rather than our own desire. 

@ Introjected regulation is the rst level of internalization and at this level 
we participate because we feel that we should in order to avoid disapproval 
or feelings of guilt. 

@ At the identied regulation level we participate because we feel it’s 
personally important to do so and we value the activity. 

@ At the integrated level of self-regulation we participate because we feel 
the activity is a key part of ourselves. 

Table 11.1 provides an example for each level of self-determination. 

Amiai paul has o ese to atcate  sot o hyscal 

actty a aos og ay eecse.

Exera regai Saa slkes eecse but atcates  walkg 

a cyclg because he octo has ase he to  

o so  oe to euce he obesty leel a moe 

he health.

Irjece 

regai 

debosh s  the school tes team but oes’t eally 

ejoy t a oly atcates because hs aets a 

teaches wat hm to a he feels gulty f he oes’t.

Ieie regai Kate attes aeobcs classes because she wats to 

look goo, as ths s motat to he. 

Iegrae regai Aa s a kee ue who gets esoal satsfacto 

a acheemet whe she eaches he goals. She 

etes heself as a ue whe she touces 

heself to othes.

Irisic miai dae atcates  a aety of acttes clug 

golf, tes, ug a swmmg. He takes at fo the 

ue fu a ejoymet of t.

2 Table 11.1: Examples of levels of self-determination in sport and exercise
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Self-determination theory is based on the premise that there are three 
psychological needs that motivate all human behaviour (see Table 11.2).

AutonoMy CoMpEtEnCE RElAtEdnESS

The ee to feel 

autoomous, that s, to 

make ou ow ecsos 

a to be  cotol of 

oe’s ow behaou, e.g. 

eecsg because you 

wat to, ot because you 

ae tol to o so. 

The ee to feel 

cometet a able 

to accomlsh thgs, 

e.g. masteg a sots 

skll o mog you 

eetse  a actty. 

The ee to elate 

to othes a feel a 

sese of belogg, e.g. 

beg at of a team 

a feelg accete 

a alue by you 

teammates. 

2 Table 11.2: The three psychological needs

As individuals, we strive to fulll these needs in order to create a healthy 
psychological environment for ourselves. Sport and exercise activities provide 
many opportunities to fulll these needs and quite often, this doesn’t happen 
by chance. For instance the coach can give players the opportunity to lead 
parts of the session or to set their own goals for improvement in order to 
facilitate their self-determination. 

McClllnd–akinson toy of acivmn 

Moivion
The link between the desire to achieve and sporting success is an obvious one. 
A strong need to achieve will be an important factor in determining how hard 
you train and how much eort you exert in competition. The need achievement 
theory of motivation was rst put forward by McClelland and taken forward 
by Atkinson (Atkinson 1974; McClelland 1961) and argues that motivation 
is a balance between the motive to achieve success and the motive to avoid 
failure. When people enter into a sport or exercise situation, they do so with 
an approach–avoidance conict. On the one hand, they are motivated because 
they want to succeed, but on the other hand they are also motivated because 
they want to avoid failure. 

Achievement motivation 5 The desire to succeed 2 The fear of failure

According to McClelland and Atkinson, achievement motivation is a personality 
trait. For some, the desire to succeed outweighs the fear of failure and these 
individuals are said to be high in achievement motivation. For others, the fear 
of failure is the more important factor and these individuals are said to be low 
in achievement motivation. However, it is not only personality factors that 
predict behaviour but situational factors as well, such as the probability of 
success and the incentive for success. Thus, even if individuals are low in 
achievement motivation, if the probability of success is high and the rewards 
are great, they are likely to be motivated to participate. 

There are ve components that contribute to need achievement theory, 
including personality factors, situational factors, resultant tendencies, emotional 
reactions and achievement-related behaviours (see Figure 11.2). 

 KEY POINT

nee acheemet theoy agues 

that motato s a balace betwee

the mote to achee success a 

the mote to ao falue.

 TO THINK ABOUT

rate you ow leels of self-

etemato  the sots o 

hyscal acttes that you cuetly 

atcate , o hae eously 

atcate . Thk about 

whch oes you ae most lkely to 

cotue, o why you oe out.
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2 Figure 11.2: Need achievement theory 

An individual’s resultant behavioural tendency is derived by considering the 
personality factors in relation to the probability or incentive value of success. 
Weinberg and Gould (2003) suggested that the theory is best at predicting 
situations when there is a 50–50 chance of success. 

The dierent behaviour patterns of high achievers and low achievers is outlined 
in Table 11.3. In such situations, high achievers seek out challenges because 
they enjoy competing against others of equal ability and performing challenging 
tasks. Low achievers, on the other hand, avoid challenges, opting for easier tasks 
where failure is less likely, or very dicult tasks where no one expects them 
to win. Low achievers avoid the negative evaluation associated with failure 
and a 50–50 chance of success causes maximum uncertainty and worry. Both 
high and low achievers want to experience pride and minimize shame, but 
high achievers focus more on pride, whereas low achievers focus more on 
shame and worry. High achievers select more challenging tasks, display high 
levels of eort, focus on the pride of success and continue to try hard in dicult 
situations. Low achievers avoid challenging situations, exert less eort and 
persistence and focus more on the shame of failure. 

High achieers lw achieers

@ Select challegg tasks

@ dslay a hgh leel of eot

@ Cotue to ty ha  cult 

stuatos

@ Focus o the e of success

@ Ao challegg acttes

@ Eet less eot whe they take at

@ Eet less esstece whe they 

take at

@ Focus o the shame of falue

2 Table 11.3: Behaviour of high achievers versus behaviour of low achievers

Gill (2000) reviewed the research into need achievement theory on the 
choice of high and low diculty tasks and found strong support for high 
achievers seeking out dicult tasks and low achievers’ preference for easy 
tasks. However, according to Gill, the theory does not reliably predict sporting 
performance. That said, this approach has been very important in developing 
an understanding of motivation and serves as the framework in more 
contemporary motivational theories.

aibuion oy
Attribution theory focuses upon the reasons people use to explain their successes 
and failures. Information about the reasons for the outcome of an event aects 

 KEY POINT

Fo uals who ae hgh  

acheemet motato, the ese 

to succee outweghs the fea of 

falue. Fo othes, the fea of falue 

s the moe motat facto a 

these uals ae sa to be low 

 acheemet motato.

 TO THINK ABOUT

do you seek out o ao tasks 

whee thee s a 50–50 chace of

success? Why?

Personality
factors

Situational
factors

Resultant
tendencies Emotions

Achievement
behaviours

Motive to

achieve

success

Motive to

avoid failure

Approach

success

Pride of

success

Shame of

failure

Probability

of success

Incentive

value of 

success

Seek out

achievement

situations   

Look for challenges

Enhanced

performance 

Avoid achievement

situations 

Avoid challenges

Perform poorly
Avoid failure
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the expectancy of future success and failure and also the feelings people 
experience, which in turn aects achievement behaviour. 

Originally, Heider (1958) classied the attributions for success and failure 
into four categories: ability, eort, task diculty and luck. However, Weiner 
(1985) identied that these attributions did not cover all possible reasons for 
success and failure. Consequently, Weiner provided a classication system 
that can be used for all possible attributions, not just the four that Heider 
originally proposed. These categories are: locus of stability (stable or unstable), 
locus of causality (internal or external) and locus of control (under control or 
not under our control) (see Figure 11.3).

Basic attribution
categories

Stability

Stable Unstable Internal External In one’s
control

Out of one’s
control

Locus of causality Locus of control

2 Figure 11.3: Weiner’s attribution categories

Consider the following example. A middle distance runner could attribute 
winning or losing a race to:

@ a stable factor such as ability, or an unstable factor such as luck 
@ an internal cause such as eort, or an external cause such as the quality of 

the opposition
@ a factor they could control such as the race plan, or a factor out of their 

control such as the weather conditions.

Following a defeat there is a tendency for most people to adopt external attributions 
and blame other factors (e.g. luck), whereas after a success most of us tend to use 
internal reasons (e.g. eort or ability) to explain the outcome. This is known as the 
“self serving bias”. If, however, an individual perceives that his or her failure is due 
to a lack of ability (which is both stable and internal) and their actions have no 
eect on the outcome of the task (are out of their control) then a state of “learned 
helplessness” can exist. In this situation, the individual feels doomed to failure 
and feels that nothing can be done about it. 

Attributions have an important eect on expectations of future success or 
failure and aect emotional reactions. Attributing performance to stable, 
internal factors has been linked to pride and expectations of future success. 
For instance, taking the earlier example of the middle distance runner, if the 
athlete attributes his performance success to an internal cause (e.g. the training 
programme), he is more likely to feel pride and expect the outcome to occur 
again in the future. This in turn is likely to inuence his future achievement 
motivation and to motivate him to continue to train hard. 

Weiner (1985) established an interesting link between attribution theory and 
need achievement theory. It seems that individuals with a high need to achieve 
attribute their success to internal causes of ability and eort and their failure 
to lack of eort, while low need achievers attribute their failure to external 
factors and in some cases to a lack of ability. 

Despite the logic and appeal of attribution theory, its popularity has decreased. 
It has been criticized on the basis that, although it may be useful in telling 

 KEY POINT

Attbuto theoy looks at whethe 

a athlete uts the successes 

o falues ow to luck, skll, the 

ccumstaces o the ay o othe 

factos.

 TO THINK ABOUT

Thk about a ecet successful a 

a usuccessful sotg eeece 

a cose whethe you success 

was ue maly to ablty, eot, 

culty of the task o luck.
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us why things go wrong, it does not tell us how to put them right, as well as 
its lack of application to sport. It has also been criticized for focusing on why 
people expect to succeed, but not on why they want to succeed (Dweck, 
Elliott 1983). 

acivmn gol oy
Achievement goal theory (Nicholls 1989) proposes that in achievement settings 
such as sport and exercise, an individual’s main concern is to demonstrate 
high ability and to avoid demonstrating low ability. Ability, however, can be 
viewed in dierent ways based upon two states of goal involvement known as 
task involvement and ego involvement. When individuals are task involved, 
they focus on mastery of the task, the learning of skills, exerting eort, and 
self-improvement. In contrast, ego involved individuals focus on demonstrating 
superior ability compared to others and on winning in competitions with less 
eort than others. 

According to achievement goal theory, three factors combine to determine 
motivation: 

@ achievement goals 
@ perceived ability 
@ achievement behaviour. 

Nicholls (1989) argued that perceived ability has a moderating effect on 
an individual’s behaviours and that this effect is dependent on whether 
the individual adopts task or ego goals. When task goals are adopted and 
the individual is task involved, perceived ability is not relevant, since the 
criteria for success is self-referenced rather than comparative to others. In 
such circumstances, behaviours are most likely to be positive and the 
individual is predicted to persist in the face of difficulty, exert effort, choose 
challenging tasks and be interested in the activity. 

On the other hand, when an individual adopts ego goals and is ego involved, 
perceived ability is of greater importance because the demonstration of ability 
compared to others is now highly signicant to the individual. According to 
Nicholls (1989), in such circumstances, if perceived ability is high, positive 
motivational behaviours are predicted, as it is likely that high ability will be 
demonstrated. However, if perceived ability is low then more negative behaviours 
such as avoiding challenges, lack of eort, reduced persistence and the devaluing 
of tasks are predicted. 

Achievement goals

•  Outcome-oriented

   goals

•  Task-oriented goals

Achievement behaviour

•  Performance

•  Effort

•  Persistence

•  Task choice

   realistic tasks or opponents

   unrealistic tasks or opponents

Perceived ability

•  High perceived ability

   or competence

•  Low perceived ability

   or competence



2 Figure 11.4: Three key factors in the achievement goal approach 
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Achievement goal theory states that an individual’s goal involvement in a 
particular situation is the combined result of his/her achievement goals (goal 
orientations) and the prevailing situational factors (motivational climate). 
Achievement goal orientations are an individual’s proneness to be task or ego 
involved, which result from childhood socialization experiences at home, in 
the classroom or through previous experiences of sport and exercise activity. 
Although there is some evidence that these goal orientations can be inuenced 
over time, they are relatively stable and unlikely to change in the short term. 
Nicholls argued that task and ego goal orientations are independent dispositional 
tendencies, which means that an individual can be high or low in either, or 
both, at the same time. 

tsk nd ego Oinion in So Qusionni
In order to study dierences in dispositional goal orientations in sport and 
exercise settings, Duda and Nicholls (1989) developed the “Task and Ego 
Orientation in Sport Questionnaire” (TEOSQ). Research has found a consistent 
pattern of motivational responses for task versus ego oriented individuals in 
sport and physical education settings. Task orientation has been positively 
related to eort, enjoyment, persistence, satisfaction and interest. In contrast, 
ego orientation has been negatively associated with enjoyment and interest 
and positively related to boredom. Furthermore, task oriented individuals have 
been found to be more intrinsically motivated than ego oriented individuals 
(Roberts 2001).

 KEY POINT

iuals who ae task ole 
focus o mastey of the task, the 
leag of sklls, eetg eot, 
a self-moemet. Wheeas, 
ego ole uals focus 
o emostatg sueo ablty 
comae to othes.

CASE STUDY

Oe of the st stues to eame the eects of combe 
leels of task a ego oetatos was coucte by Fo 
et al. (1994). i ths stuy, fou gous wee ceate fo 
aalyss base o mea slts of the leels of task a ego 
oetato, as measue by the TEOSQ. The gous wee: 
– hgh task/hgh ego
– low task/hgh ego
– hgh task/low ego
– low task/low ego.

The hgh task/hgh ego gou emege as hag the hghest 
ecee sot cometece a ejoymet  sot, 
wheeas, the low task/low ego gou ha the lowest. Fo et al. 
coclue that chle omate by a task oetato 
wee moe hghly motate tha those omate by a ego 
oetato, but the ato of ego oetato to a omat 
task oetato may ehace sot ejoymet a oes ot 
aea to be motatoally etmetal. Futhe, the low task/
low ego gou was at hghest sk of o-atcato. 
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 TO DO

Use the TEOSQ below to eseach the goal oetatos of 
you classmates a wok out the class aeage scoe fo 
both task a ego oetato out of 5. Also cose how 
may of you classmates ae hgh  both task a ego 
oetatos. 

Dicions: please ea each of the statemets lste below 
a cate how much you esoally agee wth each 
statemet by cclg the aoate esose.

Whe o you feel most successful  sot? i othe wos, 
whe o you feel a actty has goe eally well fo you?

I feel most successful in sport when ....

1 2 3 4 5

1 i’m the oly oe who ca o the skll. Stogly sagee dsagee neutal Agee Stogly agee

2 i lea a ew skll a t makes me 
wat to actce moe.

Stogly sagee dsagee neutal Agee Stogly agee

3 i ca o bette tha my fes. Stogly sagee dsagee neutal Agee Stogly agee

4 The othes ca’t o as well as me. Stogly sagee dsagee neutal Agee Stogly agee

5 i lea somethg that s fu to o. Stogly sagee dsagee neutal Agee Stogly agee

6 Othes mess u a i o’t. Stogly sagee dsagee neutal Agee Stogly agee

7 i lea a ew skll by tyg ha. Stogly sagee dsagee neutal Agee Stogly agee

8 i wok eally ha. Stogly sagee dsagee neutal Agee Stogly agee

9 i scoe the most ots/goals. Stogly sagee dsagee neutal Agee Stogly agee

10 Somethg i lea makes me wat to 
go a actce moe.

Stogly sagee dsagee neutal Agee Stogly agee

11 i’m the best. Stogly sagee dsagee neutal Agee Stogly agee

12 A skll i lea eally feels ght. Stogly sagee dsagee neutal Agee Stogly agee

13 i o my ey best. Stogly sagee dsagee neutal Agee Stogly agee

Scrig
A the task scoes (questos 2, 5, 7, 8, 10, 12, 13),  
the mea. A hgh scoe = hgh mastey oetato.

A the ego scoes (questos 1, 3, 4, 6, 9, 11),  the 
mea. A hgh scoe = hgh ego oetato.

The achievement goal theory approach has been criticized for having a Western 
and male bias and for only considering the two goals of task and ego. Fontayne 
et al. (2001) argued that people may hold multiple goals, each of which may 
inuence their level of motivation for a particular social domain. Furthermore, 
limiting the study of motivation to the study of task/mastery and ego/social 
comparison goals could be considered reductionist, particularly when people 
from minority cultural groups are concerned.

Moivionl clim

In addition to an individual’s goal orientations, the particular environment or 
motivational climate created by the teacher, coach, peers or parents can induce a 
state of task or ego involvement in sport and exercise situations. Ames (1992) 
contended that the perceived motivational climate inuences an individual’s 
thoughts, feelings and achievement behaviours. Consistent with task and ego goal 
orientations, two climates have been found to be dominant in sport and educational 
environments: a performance (ego) climate and a mastery (task) climate. 

@ In a performance climate, comparison with others is the most important 
source of information for self-evaluation; the focus is on winning and 
improvement is of little or no signicance. 
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@ In a mastery climate, performance is evaluated in terms of personal 
mastery and improvement and not in comparison to others. 

Research into perceptions of the motivational climate in sport and physical 
education (e.g. Carpenter, Morgan 1999) has demonstrated that perceptions 
of a mastery climate are related to a task goal orientation, intrinsic motivation, 
a preference for challenging tasks and beliefs that success is due to eort. 
Furthermore, a positive attitude, high satisfaction, low boredom and anxiety, 
high self-rated improvement, continued involvement and self-determined 
reasons for participation have also been associated with perceptions of a 
mastery climate. 

In contrast, perceptions of a performance climate have been associated with 
high levels of worry, a focus on comparative ability and a preoccupation with 
enhancing one’s social status. 

Ames identied the dimensions of achievement situations that inuence the 
motivational climate as the task, authority, recognition, grouping, evaluation 
and time structures (TARGET) (see Table 11.4). Manipulating these TARGET 
structures to be mastery focused has been found to improve pupils’ motivation 
in physical education lessons, resulting in greater satisfaction with the activities, 
a more positive attitude towards the activity and a preference for more 
challenging tasks (Morgan, Carpenter 2002).

tARGEt

bEHAvIouR

MAStERy/tASk pERfoRMAnCE/EGo

tsk Self-efeece goals, 

eetate 

Comaate goals, 

ueetate 

auoiy Stuets ge leaesh oles 

a ole  ecso-makg 

Teache makes all the 

ecsos 

rcogniion pate ecogto of 

moemet a eot

publc ecogto of ablty a

comaate efomaces

Gouing Me ablty a cooeate 

gous

Ablty gous

evluion Self-efeece; ate 

cosultatos wth teache base 

o moemet a eot scoes

Comaate a ublc 

tim Fleble tme fo task comleto ieble tme fo task 

comleto 

2 Table 11.4: TARGET behaviours that inuence motivational climate

Combining motivational climate theory with attribution theory may help us 
to understand why a perceived mastery motivational climate has consistently 
been associated with positive motivational outcomes. As Table 11.4 shows, a 
mastery motivational climate is associated with eort and self-referenced 
criteria for success. Attribution theory tells us that eort is seen as internal, 
controllable and unstable, thus allowing individuals to view success as achievable 
in the future with continued application of eort and, perhaps more importantly, 
to view failure as redeemable with greater eort. 

 THEORY OF KNOWLEDGE

Theoes lay a motat ole  sot a eecse sychology. Why ae theoes 

useful fo sot coaches a hyscal eucato teaches?

 THEORY OF KNOWLEDGE

Cose the followg sceao  

gous.

You ae a hyscal eucato 

teache a you leag outcome 

s to moe ball cotol/bblg 

sklls  a socce lesso. The 

task you ece to use s a ace 

betwee gous to be the st 

team to comlete a bblg elay 

ug aou e make coes. 

i the ese to w, a umbe 

of atcats cheat by cuttg 

coes o ug oe the coes 

stea of aou them.

dscuss the followg  you gous:

@ Hae you achee you 

leag outcome?

@ Ae you omotg a mastey- 

o ego-olg clmate?

@ How coul you chage the 

sesso to omote a moe 

mastey-olg clmate?

@ How mght a moe mastey-

olg clmate mact o the 

leag outcome?
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Slf-sudy qusions
1 Dene motivation.

2 List three dierent theories of 
motivation.

3 State the additive principle of 
intrinsic and extrinsic motivation.

4 Describe attribution theory.

5 Distinguish between task and ego 
goal orientations.

6 Identify the six levels of the self-
determination continuum.

7 Explain the dierence between 
integrated and introjected 
regulation in self-determination 
theory.

8 Compare the typical behaviours 
of high achievers versus low achievers
in achievement motivation theory.

9 Discuss the dierence between 
goal orientations and motivational 
climate.

10 Suggest strategies that teachers 
or coaches can use to create a 
mastery motivational climate.

 DATA BASED QUESTION

The goal oetatos of a gou of hgh school olleyball 
layes wee measue usg the Task a Ego Oetato 
 Sot Questoae (TEOSQ) (dua, ncholls 1989). The 
esults of thee of the layes ae slaye  the table below, 
out of a mamum scoe of 5. Use ths ata to aswe the 
followg questos:

Student Task orientation Ego orientation

1 4.53 4.0

2 2.97 4.28

3 4.13 2.69

a descbe the goal oetato ole of each of the thee 
stuets by escbg the task o ego oetato as 
“hgh” o “low”, e.g. hgh task,  
low ego. [1 mak]
i Stuet 1 
ii Stuet 2 
iii Stuet 3

 Calculate the mea task a ego oetato  
scoes fo all thee layes combe to two  
ecmal laces. [2 maks]
i Mea ego = 
ii Mea task = 

c Base o you kowlege of acheemet goal theoy 
a assumg the layes all hae smla leels of 
ecee ablty:
i  deteme whch of the layes you thk s most 

lkely to “o out” of the team f they lose the 
majoty of the games, ee though they ae 
mog  the efomaces. [1 mak]

ii Ela the easo fo you ecso.  [2 maks]

S U M M a r Y

@ Motato s ee as the “ecto” a “testy” of oe’s eot.
@ Thee ae tsc a etsc motes fo atcato.
@ The self-etemato cotuum of motato ages fom amotato to tsc motato.
@ McClella a Atkso’s theoy of acheemet motato s base uo the mote to achee success a to 

ao falue.
@ Attbuto theoy focuses o how eole attbute success o falue to ablty, eot, task culty o luck.
@ Acheemet goal theoy coses thee to be thee factos that eteme motato: acheemet goals, ecee 

ablty a acheemet behaou.
@ i task oete goals a ual focuses o the mastey of the task, whle  ego oete goals the focus s o beg 

bette tha othes.
@ Thee ae mastey a efomace ecetos of the motatoal clmate.
@ The TArGET teachg/coachg behaous uece ecetos of the motatoal clmate a the esultat 

motatoal esoses.
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Asa, a ad pac

C h a p t e r  1 2

O B J e C t I V e S

B th  f ths hat stuts shu b ab t

@ sb th ts “stss” a “ausa” a th aat t 
hua bhavu

@ tf th sh-hsga sss that u wh 
huas a aus

@ sb th tasata  f stss a at 

@ stgush btw tw ts f at (sat a gtv)

@ vauat stv ths f th at–fa 
atsh

@ suss th has f attt  ag hw at 
us fa

@ sb th  f wkg 

@ vauat asut aahs t vstgat th at–
fa atsh.

Inoducion

In this chapter we are going to look at the relationship between stress, arousal 
and anxiety and the eects these have on performance. Sport is a setting that 
individuals enter voluntarily and stress and anxiety are experienced regularly 
in both competitive and training situations. At the elite level it is considered 
by some that “the deciding factor is not the skill but the ability to perform it 
under stress” (Patmore 1986). This idea is often supported by elite athletes 
themselves and the occasions on which top level performers “choke” testies 
to the fact that athletes must be able to control their internal states, in spite of 
the stressful situation, in order to produce peak performances.

The discipline of sport psychology has devoted much attention to understanding 
what happens under stress and, more importantly, how performers can be 
helped to perform under stress. In this chapter as well as developing an 
understanding of the key concepts and terms related to stress you will start to 
understand how our knowledge of it has progressed and developed.

Sss in umns

Although humans are highly developed in many ways, they are still animals 
and still respond to situations in a way that secures their evolutionary survival. 
As animals, we are programmed to respond to the stress of dangerous situations 
using rapid and pronounced arousal of the sympathetic division of the 
autonomic nervous system. This response is understood to be eective in 
preparing the individual to either run away from danger or to ght, either in 
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self-defence or for food. This is sometimes referred to as the “ght–ight” 
response and is a highly functional response to prepare the body for high-
intensity physical work. For example, increased heart rate assists in the 
transportation of oxygen while adrenaline promotes the release of stored 
energy such as liver glucose (glycogen). Together these increase the availability 
of energy to working muscles. 

Stressful situations in modern life where the need for a highly physical response 
is less pronounced (think of an oce worker being stressed) still prompt some 
of the same kinds of responses even though physical danger is not prevalent. 
Some of these responses may even have a negative impact on our performance. 
Imagine hurrying to school late on a day when you are reading in front of your 
class; rushing to take o your coat, open your bag and use ne motor control 
to get out the reading and hold it steady are tasks that would be impaired by 
the stress of being late. 

Sport is interesting because it can benet from some of the responses but be 
negatively aected by others. Even more interesting is that some performers 
have dierential responses benetting from some positive changes and with 
reduced levels of other more negative changes. 

Early sport psychologists recognized the stressful nature of sport and sought 
to apply existing knowledge and research from other areas, such as clinical 
psychology and medicine to help them understand experiences and reactions. 
One particularly important source of understanding was the work of Hans 
Selye (1936, 1979), a medical doctor and endocrinologist who was an applied 
pioneer of stress research.

CASE STUDY

Has S p  sss sach
S  stss as “a -s ss f th b t a a a u t” (S 1979). Usg th t 
“-s” S was suggstg that th sa sts f sss wu b t b a vat f stssfu stu 
 stsss. S’s ta wk (ubsh  th jua Nature  1936) was bas  sg hs sah subjts t 
vaus stsss suh as , suga ju, ut f sa shk, ssv usua s  tats 
wth sub-tha ss f vs ugs. 

Ths subjts w atua ats a ths s th  k fatu that ts th va f hs wk t ustag 
hua sss baus u ba tas a hug t whh s t st  ats. Th t s wh huas gag 
 ava thught ssg ug futu-tat thkg, w a ttg stuats wth ag. Th 
atvt  th t as huas  t s t a stsss uf k S’s ats a as thkg sts as 
 btw vuas v th sa stss a u qut t sss.

S’s a wk s st tat a h tbut tw th tat ts. Fst h  stss as a ss. 
Ths s   wth th  vw f stss as a tasat btw th vua a th vt. S h 
tu th a that stss was t ssa a gatv ss. F a, hsga aatat thugh 
tag s a ss t stss, as s th ss f jt  haat that s vuas gt f takg at  
ttv st  hsa atvt. 

S us th ts “stss” a “ustss” t tat btw gatv a stv stss sss. Thughut 
ths hat k   that wh at a w a b gatv squs f stss, stv squs 
as u.
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Pschca ad phsca spss  sss
What happens to us when we are stressed? This question assumes that stress 
is one specic thing and in fact it may be easier to think of dierent categories 
of stress.

T-t “vuta” 
stss

Aatu v tt—usua t s just f fu 
a s t t th asts f f.

T-t 
“us” stss

A st vt t j a aa  ga a sts 
shash—th s fs  t tak 
at   t ahv ath stat ga.

Stssfu vt 
squs

A ha f at vts—at as vg 
hus, hagg shs, sg fs, havg t 
a u wa au t.

ch stss lg-t ss  vtag—vas f a 
has uta t us  ut.

dstat stsss A  (usua tauat)  th ast that 
tas s at  futu sss.

2 Table 12.1

The impact of stressors often depends on the specic type of stressor encountered. 
The danger of workplace stress to health is well documented in terms of coronary 
heart disease and is usually attributed to it being chronic (lasting for a long 
period of time). So it is important to remember that while stress is a very commonly 
used term it lacks precise meaning. 

Furthermore the word “stress” can be used to mean an external force or 
inuence, such as ambient temperature as a source of stress for desert marathon 
runners. Or stress can be used to describe an internal response that may be 
moderated by individual factors, so core body temperature may show that an 
acclimatized individual is under less stress than a non-acclimatized individual.

Stress can also be considered in terms of whether it involves a physical threat 
or danger to the individual (or someone close to them), or whether it relates 
to social evaluative concerns in which the persons feels that their status or 
position will be aected. A high school baseball elder waiting for a high-ball 
is usually most concerned about messing it up because of social evaluative 
concerns—they don’t want their skill to be shown as inadequate and they want 
their team to win. When going in to bat against a fast pitcher some of the 
concern now may be about getting hurt or injured (physical threat).

 TO THINK ABOUT

D sss

Th t “stss” s  us but wh u ha abut th ts f 
stss ask usf what k f stss s st. dt ts f stss w 
hav qut t ts.

Wh st shgsts wk wth t athts g stss th 
ust tak t a a t auat tf th t a su f stsss 
that th f s g. itstg wh t s as t thk just 
abut th k ts  st, f a, a at  f thw sht t 
w th ga, ts gvg tas abut t athts shw stsss a as 
k t  wth gazat (sts ta  ata sttut), ats wth 
th ah  uts wth tag a fst. A ss ts stss 
 gua a b s uh  sgat tha a stss 
ut just   tw a a.

 TO DO

Tak a bak sht f a a st 
a f th hags that u  
a as wh u  
a t-t stss. Thk abut 
hags t hw u bhav, what 
u ft, hsa sts a 
what u thught.

 TO RESEARCH

lk at as f fssa 
sts sug f th 
gatv at f stss. yu a 
sah wbsts suh as yuTub 
f s. 

o a wu b Ja va 
 V  th a stags f th 
Btsh o gf hash  
 1999.
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aousl nd fomnc
Under stress humans usually report symptoms of arousal. This concept of arousal 
exists along a continuum with states ranging from a very deep sleep-like state 
to excessive and uncontrolled activation of numerous systems that might be 
seen in the instance of a panic attack. Arousal is most commonly used to refer 
to arousal of the sympathetic division of the autonomic nervous system. 

Parasympathetic

Sympathetic ganglia

Sympathetic

Cervical

Thoracic

Lumbar

Dilates pupilConstricts pupil

Stimulates salivation

Inhibits heart

Constricts bronchi

Inhibits salivation

Relaxes bronchi

Accelerates heart

Inhibits digestive activity

Secretion of adrenaline

and noradrenaline

from kidney

Stimulates glucose

release by liver

Relaxes bladder

Contracts rectum

Stimulates digestive 

activity

Stimulates 

gall bladder

Contracts bladder

Relaxes rectum

2 Figure 12.1

 TO RESEARCH

itvw a f  fa b wh as a st a has t b  a tt that was tat t th. 

yu a gg t ask th abut th t ag u t th tt, th a bf a  hu bf th t. 

Th tvw w tak btw 20–25 uts. Wt w th qusts u w ask a tak ts  what th sa. 

Tg s tat a s aat ts a shw bw t h u.

Gv th a sht aat f what u wu k t tak abut, a wh. Gt th agt th a ha t  ths. 

(2 mins)

Stat b askg th t sb th tt t u a t a wh t was tat t th (4 mins)

nw ask th t thk sa abut hw th w 24 hus bf  

th vt. (8 mins)

@ Hw  th f hsa?

@ What thughts  th hav  at t th tt? Hw ft ug ths t  th thk abut th vt?

@ What fgs  ts  th ?

@ What ats a bhavus  th tak that w t a sut f fg  thkg abut th tt?

nw ask th t thk sa abut hw th w  hu bf  th vt.

Ask th sa qusts as bf  at t ths t . (8 mins)

Thak u tvw f th t a th fat th hav gv  

u abut th sss t ths stuat.
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Arousal, or autonomic arousal, is often considered to be the immediate response 
(“ght or ight”) to a stressor and is governed by the sympathetic nervous system 
and corresponds to the alarm reaction of the general adaptive system. Autonomic 
arousal causes the sympathetic nervous system to close down any of the body’s 
physiological systems that are non-essential to ght or ight and accelerates those 
that are essential. Generally as a consequence all parasympathetic activity is curtailed. 

There are however some exceptions to this rule as the last item on the list of 
arousal symptoms for second world war combat pilots in Table 12.1 shows.

During CombAt miSSionS

DiD you feel

often % SometimeS % totAl %

ug hat, a us 30 56 86

uss ts 30 53 83

tab 22 58 80

 that a uth 30 50 80

“ swat” 26 53 79

“butts” 23 53 79

tbg 11 53 64

a ss f uat 20 49 69

fus 3 50 53

wak  fat 4 37 41

uab t b tas 

 vts f th ss 

at aftwas

5 34 39

sk t th stah 5 33 38

uab t tat 3 32 35

that u ha wt  s 

u ats

1 4 5

2 Table 12.2: Symptoms of fear in combat ying based on reports of pilots during 
the second world war (from Shaer, LF. 1947. “Fear and courage in aerial combat.” 
Journal of Consulting Psychology. Vol 11(3). Pp137–143.)

One of the most obvious changes that occurs with arousal is an increase in 
heart rate and it remains one of the most frequently measured physical changes 
associated with an individual experiencing stress. 
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CASE STUDY

Ha a d sss

iag stag at th t f a agg watfa a 
ag t abs  th g t th us f sa a 
th afg a as th wat ugs v a k shf 
a fas w 50 ts. iag t that u hav v 
abs bf. What t  u thk ths  
wu hav  u hat at?

lk at th gah bw f a 22-a- fag ths at task. 

2 Figure12.2

Clipped on to the
abseil rope at this
point (157 bpm)

Average heart rate in this
8 minute waiting period was

100 bpm

Abseil
max

at 185

nt that at ts A a B th vua was gttg t a 
hass (A) a th bg v th ttv ags 
t sta  th k g a th abs t [B]. Th 
th f was  t th abs  a v 
twas th g. Th sa “th” just bf th  
shs s a ta “aa at” just bf 
gg v th g. Ths th has b s  tastg 
stuats (gf uttg) a s assat wth th t 
wh th f ts t a at. 

What ght hav b th k fatus f stss f ths 
f? rsah suggsts stuats that a v, 
utab a wh th s fs th  t hav 

t a that th ght b subjt t sa vauat, 
a k t aus shga stss.

nw s th hat at f a 22-a- a v 
tg a sa stag f a aj tata vt, sa 
 abt tatus f 24°c ( a 34°c), wth t s 
v ugh ta ahg 130 kh. Th v has t v 
a hgh-w a, auvg sha wth a bakg 
a ga hags. T  s ta th v ust b 
th sus f fat abut th stag: a) th vsb 
gu at  ft f th a t av bstas; b) 
th gu 100–200 ts futh aha t a sss 
a ) st t th a ts a ut b th -v that 
sb th stag a -a vg statg.

nw thk abut th stsss fag ths f a 
fats that ght tbut t a vat hat at. 

i th st as th vat u b u u t th 
at assat wth th stuat. Th s k t 
b a hgh v sk (thugh as t s w aag b 
sast sta t s atua qut sa). Hwv th 
s tt hsa a, ta t  sgat 
vta a. Th hat at vat s “taba 
aat” f th stuat a wu b ast t 
attbutab t th v stss. masug hat at 
wh th s  th aus f a hag a v a g 
su f fat abut at ss.

i tast th a v’s hat at a b s 
a st f th stsss ut b wth 
ta a hsa wka. it wu b ssb 
t attbut vaus  a agfu wa t th aa f 
fats, ah f whh wu b t t vat hat 
at. i ths stuat, wth s a fats, hat at at 
v a a  f at.
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 THEORY OF KNOWLEDGE

ehca pcps  sach h ha pacpas

Th daat f Hsk was a  1964 b th W ma Assat 

t attt t su that a a sah f t th sa tha 

s. it was sg t su that th ghts f hua atats w 

afu s a tt. mst sah waas, whth a 

 t, ss th tt f atats a ssta t a 

fws sa f t th sa s stat  ths vt.

ra th daat at htt://www.wa.t//30ubats/10s/b3/

.ht.

Fus sa  aagahs A6, A9, B14, B15, B18, a B24.

A stu that st ut t u s stss  atats wu  t 

s a at  aa wth ths s   t b tha. 

is sahg stss tha? 

What shu b  t tt atats?

What stts  t b a  avag kwg?

Early attempts to understand changes to performance under stress attempted 
to describe these in terms of elevations in arousal. In fact as far back as 1908 
Yerkes and Dodson suggested that for complex tasks there was an optimal 
level of arousal above and below which performance levels would decrease. 
Over time this idea has become known as the inverted-U approach because 
of the graphical shape of the proposed arousal-performance relationship (see 
Figure 12.3). 

Optimal arousal

optimal performance

Low

High

P
e
rf
o
rm

a
n
c
e

Arousal

Low High

2 Figure 12.3

The data on which the inverted-U approach was based was collected from a 
study examining the performance of mice learning to get through a maze 
under dierent conditions of electric shock. Surprisingly it is still often 
presented to explain performance of humans in sport settings even though 
there is little supporting evidence for this. Conceptually the inverted-U 
approach provides a simple description and this simplicity may partly explain 
why it is often used and remembered. However there is signicant doubt over 
the value of this model, not least when we consider real-life examples of 
performers experiencing stress where the decline in performance level is not 
slow and progressive but rapid and dramatic.
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 TO DO

th sdd ad daac s  “chk”  sp

ra th at bw sbg  ta th at f 

stss  fa  ths faus ts a f a 

Wb a.

Source : John Roberts, tennis correspondent, Independent, Monday 5 July 1993

http://www.independent.co.uk/sport/tennis--wimbledon-93-too-much-choke-ruins-the-novotna-engine-czech-challenger-

descends-into-kafkaesque-selfdestruction-as-graf-seizes-chance-to-take-her-fth-singles-title-1482979.html
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CASE STUDY

Th utw t a aj sts vt s a stssfu t 
f tts a as th t gts sht th sts 
f stss wu b t t as. Usg ths g, 
t-t-vt sgs hav b us t vstgat -
tt at. 

i  suh stu 10 tata staa aath 
asts w asu f hags  ha 
tats at th t ts: 24 hus bf 
tt, 2 hus bf a 1 hu bf. i at, 
 ths stu th asts w v t gus bas 
 whth th t, va qusta, that th 
ft th at sts w hfu a ba t 
fa (fatats)  uhfu a tta t 
fa (btats). 

A gat stgth f ths stu was that t was ut 
wth ata staa fs tg  a gu 
tt f hgh ta t th as suss wu 
a t st f th w hashs. 

Th suts shw that vuas wh ft th sts 
w stv (fatats) f fa shw a 
t att f ha ss t ths wh ft 
th sts w gatv (btats).

2 Figure 12.4a
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shw that th  t ts vs (th 
hgh  w) a a asts f gtv fut 
suh as , vga a s-akg. i ths 
atua stu t wu aa that hgh vs shw  
btats as that th a  at sk f a 
thught sss.

i tast th aa ss shw th st t 
wth fatats bttg f a at sug  ths h 
that s stv assat wth hsa fa, a 
vta gt t a g ag fa. 

2 Figure 12.4b
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eubak, m a cs, d. 1997. “ivua ta 
s  -tt at a ha 
tat.” Personality and Individual Dierences.  

V 23, ub 6. p 1031–9.

 THEORY OF KNOWLEDGE

eag th was  whh t fs s s 
fasatg baus th aa t b aab f ahvg 
b vs f fa. Ths s tu t  f just 
hsa fats f ua, sk  stgth but as f th 
ta abt t fus u th ts sut f s 
f stats a stat vs f tt that 
a bs f th uat at fu h. 

Wkg wth ths taa gu f  thws 
u a fuata qust f sahs wh at a 
st   atttg t stabsh th   t 
gaz gs t a t th uat a ak 

ts. i shga ts th s  as t 
t th vuas  ths “gu” t a b sa 
t  ath as attts t tf th sat f 
“has” hav sstt fa. Th aat f 
sgs a statsta tsts sg f akg fs 
t uats a gaz ts u b 
hag as ga a aat. 

is th a avatag t stug ths gu? Hw ght 
sah qusts b fa a ata aas f th s 
 w uat t whh th t athts bg?
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To summarize there are several limitations to conceptualizing the arousal–
performance relationship using the inverted–U relationship and in attempting 
to use an arousal-based approach to understanding the real-life experiences 
of sports performers. 

The limitations of the inverted-U approach are:

@ a lack of credible weight of evidence on responses in sport
@ real-world performances are often comprised of several components and 

anxiety may aect dierent components in dierent ways
@ real-life declines are often sudden and rapid
@ descriptions of relationships do not provide explanatory mechanisms for 

the eects
@ arousal is not accurately dened (dierent elements may change independently 

of each other) 
@ anxiety or other important cognitive processes associated with stressful 

performances are not included.

Sports performers certainly have elevated arousal levels when they experience 
stress; however, it is evident through systematic interview-based research that 
the most salient aspect of being stressed is anxiety. The construct of anxiety 
holds much more likelihood for explaining changes in performance and has 
been a serious focus for researchers of human performance for the past 60 to 
70 years.

anxiy
Anxiety has been dened as the “subjective evaluation of a situation, and 
concerns jeopardy to one’s self-esteem during performance or social situations, 
physical danger, or insecurity and uncertainty” (Schwenkmezger, Stegen 
1989). Central to understanding anxiety is the view that it is based on the 
subjective experience, often called “relational meaning”, of an event. In this 
way a situation is not stressful to an individual unless they perceive it to be so.

Anxiety has been found to be multidimensional comprising of both cognitive 
and somatic anxiety and possibly also a behavioural component. 

@ Cognitive anxiety is the worry component and has been eectively dened 
by Borkovec as a chain of thoughts and images negatively aect-laden and 
relatively uncontrollable (Borkovec 1993). 

 TO THINK ABOUT

th asaca d  sss

Hw a tw   th sa a, vt a t 
 t vs f stss?

iag tw hthta athts  th 100 t o 
a. o atht s th tug ha a a 
favut, wth t as’  tg at th t 
v. Th th atht was a ju just ast a a b 
ha ba a sus st t th ta a has 
ah ut vs f fa t ah th a. 

Th st atht as th wght f tat that th 
w w. i fat t w  ts tat a a 
th a s a fau. Ths stuat s ths atht v 
tt tut (aat f stag th w’s t st) 

a a v ag that, s athg ss tha a w w 
u th st a status. 

Th s atht hwv has aa suass a 
tats t ah th a a shg ast wu t 
hav a sgat gatv at. i fat ths atht 
has thg t s (w that) a vthg t ga (hgh 
hag).

Th k   ths s s  hw 
fs sa tt th ag f th stuat 
f th (ths s t th "tasat" btw s 
a stuat). Th at f v hag a that 
s thught t  at th hat f whth a f fs 
aus  t.
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@ Somatic anxiety is closely linked to physiological arousal and is best 
explained in terms of an awareness of physiological changes that provides 
a signal to the individual that they are anxious. So a performer who 
experiences some trembling and nausea may feel more anxious because 
these symptoms conrm to them that they are becoming anxious. This 
kind of physiological feedback and interpretation would support and 
enhance feelings of anxiety.

Determining levels of anxiety has one fundamental problem which is that 
it is primarily a cognitive function. Despite the very best technological 
advancements in brain imaging and scanning there is no immediate prospect 
of determining specic types of thought from such data sources. Consequently 
the only mechanism to assess what a person is thinking is to ask. 

In anxiety research, questionnaires and interviews are the primary sources of 
data collection. Other techniques, such as diaries or real-time think aloud 
recordings, all fall same into the same general class of “self-report” data.

 TO THINK ABOUT

las  s-p daa

Askg  t t at stats as a ub f tats. lk a 

st asuts t s tusv a ha t a  a, t-ssu 

stuats. Hwv sf-t ata as has tats f th st aks 

sut awass t auat asw th qusts. 

Th s as a ag that sts a “aag” th sss t 

aa  a stv ght. Ths s a social desirability. Qustas a 

as ss bust t th ts f aguag hs, ag abt a 

uata bakgu a t a s hsga asu. 

Th a sts that a b tak t u, athugh t v, s f th 

tats abv. ca u thk what u b   at t ah f th 

ssus st?

In sport several questionnaires have been developed to assess anxiety, and one 
of the most used is the Competitive State Anxiety Inventory (Martens 1990). 
This questionnaire comprises 27 items and measures 3 related constructs: 
cognitive anxiety, somatic anxiety and self-condence. Using this questionnaire 
during the time leading up to a competition, it has been reliably shown that 
somatic and cognitive anxiety are distinct from each other as they change at 
dierent rates over time.
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CASE STUDY

ic  a  v hav
rsah shwg that at has a gatv at  
fa ut s t fu asw th qust f 
wh ths wu ha. o th t a ths t s 
that wh vuas  at th vt 
bs ss u a t. rb pjs a agus 
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w at 0.3 ts. Tta b t was  a, usg 
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h, th tta h t a vt t w aas.

o avag tta bg t tk uh g (22–50%) 
wh th ut was hgh a t wh t was w. 
patats as t sgat  at a 
sa sgat vat hat ats (145.9 bats  
ut at th gat hght a t 126.3 b).

2 Figure 12.6
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t was as ssb t t th t f vt—
th t btw th ha  ft avg  h a 
tggg th t. F bth has a ft th vt 
t was sgat g bg at hght. A a 
stu as fu that bg at hght stuat  
“at” vts atv f th bs bg 
uta a hsttat  th vts.

Th ts f at  vt  ths stu wu s 
t hav t just as tta t, but as ha a gatv 
at  th atu f vts whh w sw a 
hstat. Th auths ft ths ata was sstt wth  
f th ag ths f ag fa hags 
u ssu, th sus ssg hthss. 

Ths hthss suggsts that u ssu fs 
attt t as th g f sus t  
vt. Hwv a atv w-a vts 
b ss tv, sth a t wh tght st-
b-st t s a. i sht as ts t v 
fa atua sut  ws fa (“hkg”).

rc 
pjs, J.r., oujas, r.r.d. a Bakk, F.c. 2005. “At 
u hags  vt bhavu ug th 
ut f a  wh-b task.” The Quarterly 

Journal of Experimental Psychology. V 58A. p 421–445.

 THEORY OF KNOWLEDGE

Wh vstgat f a t  aa 
f tst suh as at sts  
ata sus that  t f t 
th tata st a f bg 
t bjtv, a th 
st v fat f vau t 
ststs? is th a avatag 
t assssg at vs f 
fs bf tt 
a ustag hw ths 
hag ta? is sstat 
t f ata thugh a 
stabsh th suh as a 
qusta sut bust t 
quaf as st sah? if a 
stut s t  t t 
bjtv asut, s t wth 
sahg?

 THEORY OF KNOWLEDGE

rsahg stss  huas qus that th sah atats atua 
 stss. i stus ut  abat-st ts,  
 aah t ug at s t ask atats t t a 
sht ub sakg task. i ths sg th t ats a stssfu 
stuat a asus sss a fa. 

What th ks f was  u thk t ght b ssb t at s 
stss f atats? 

cs stsss  as at f a t shga 
t wth gu hgh v stsss suh as that fatu  th stu 
 asts b eubak a cs (s as stu  ths hat). lst th 
avatags a savatags f tv (abat-bas) vsus a-f 
sah  stss.

rb th tha ssbts f sahs t tt sah 
vuts f hsa a ta ha   wth tata 
agts (suh as th Hsk cvt that u a abut a 
 ths hat).
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The concept of multidimensional anxiety formed the basis for a stronger 
understanding of the relationship between anxiety and performance among 
sport psychology researchers. In 1987 Hardy and Fazey presented the Catastrophe 
Model to explain the varied eects seen in real-life sports performances. The 
model presented was three-dimensional and centered on the concept of a 
“performance surface” to describe the combined eects of physiological arousal 
(closely allied to somatic anxiety although not the same) and cognitive anxiety 
on performance levels. The performance surface is best thought of as a soft 
sheet with a large fold at the front and a small ridge at the back.

Unlike inverted-U theory, the Catastrophe Model suggested that when cognitive 
anxiety was high (towards the front of the performance surface), continued increases 
in physiological arousal would result in a catastrophic decline in performance.

At the back of the model you will see the performance surface is shaped in a 
gentle inverted-U shape and suggest that at low cognitive anxiety physiological 
arousal will inuence performance with a gradual increase to an optimal level 
followed by gradual decline.

One aspect of this model not evident from the diagram relates to what happens 
following a sudden catastrophic decline. Hardy and Fazey proposed that small 
reductions in physiological arousal were not sucient to regain the level of 
performance. Instead they suggested that signicant reduced arousal was required 
before the performers could begin to approach the same performance level again. 
The crucial aspect of this part of the model is that performance does not follow 
the same path when physiological arousal is increasing as when it is decreasing.

Limiions of cso oy
Catastrophe theory was a signicant development in understanding what 
happens to performance when anxiety increases because it considered the 
interaction between physiological arousal and cognitive anxiety. However the 
contribution of catastrophe theory failed to address two important issues.

@ A key requirement of any “theory” is that it identies a mechanism to 
explain events. Catastrophe theory, whilst suggesting a relationship between 
anxiety, arousal and performance, did not oer any explanation as to why 
this relationship is thought to occur.

@ The model of catastrophe theory presented the idea of a “performance 
surface” (see Figure 12.7) but did not explain how it would be possible to 
accurately determine where a performer was on this surface. This signicantly 
limited the potential for this theory to have real-world application.

The failure of catastrophe theory to oer a clear mechanism to explain the 
consequences of anxiety on performance, or to be practically useful, suggest that 
an alternative explanation was required. A viable explanation that has been linked 
to anxiety relates to the changes in attention. For many years it has been recognised 
that attention changes under conditions of anxiety, with increased anxiety being 
associated with decreased breadth and exibility of attention. Under anxiety 
people seem to attend to less information, even ignoring information that is useful, 
and are not able to quickly move attention to dierent areas even when the 
situation demands this. However attention changes are not just symptoms of 
anxiety but have been suggested as a causal explanation of performance changes.

anion, nxiy nd fomnc
The work of Michael Eysenck and colleagues has been instrumental in 
developing a clear explanation of the way in which anxiety aects performance 
through attention processes. Attention is fundamental to performance, not 

Performance

Physiological
arousal

Cognitive
anxiety

2 Figure 12.7: Catastrophe Model 
(Hardy, Fazey 1987)
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only inuencing the quality of information on which decisions are made by 
selecting all the correct cues to attend to, but of equal importance, by avoiding 
all of the distractions. Distractions can be deliberate (a dummy pass), due to 
conditions (a large noisy crowd), internal (fear of failing) and external (lots of 
moving opponents). Sometimes attending to factors normally of the highest 
relevance is a mistake and shows the performer has failed in attending to the 
most important cue at the time. Consider the example from the start of this 
chapter of Jean van de Velde in the nal stages of the British Open golf 
championship in 1999. In golf the main objective is to get the ball in the hole 
in less shots than your opponent. However on this nal hole, the situations 
demanded that he attend to a dierent and unusual goal. The well learned 
goal of “fewest shots” may have distracted him from the new goal that would 
have resulted in him winning the tournament. 

Attentional processes are assumed to take place in and be organised by working 
memory (see case study “What is working memory?”). This limited capacity system 
is also easily aected by worry and the “uncontrollable thoughts and images of 
failure” that characterise worry use up valuable working memory capacity. 
Ultimately the combined demands of skilled execution and worry exceed capacity 
and, because worry dominates attention it can occupy attention space required 
for performance and produce a decline in performance level (see Figure 12.8). 

Spare capacity

Personal

concerns

Personal

concerns

Impaired

performance

Performance

demands Performance

demands

Pressure increases personal concerns, eventually impairing performance

2 Figure 12.8: Limited working memory capacity can be used up by anxiety

The concept of working memory capacity being exceeded suggests there is a 
period in which performance eciency gradually declines although absolute 
performance level is maintained. You can think of this like energy consumption 
in two swimmers completing the same distance in the same time. One swimmer 
may be skilled and have a very ecient stroke requiring less energy to complete 
the swim. The novice can keep up to begin with by applying more eort but 
this reduced eciency means they have less capacity in reserve. Performers 
also expend mental eort in performance and similar to physical energy may 
expend dierent amounts. As tasks increase in complexity more eort is 
required to complete them and as more distractions occur even more eort is 
required to maintain correct focus. Processing Eciency Theory (proposed 
by Eysench and Calvo in 1992) emphasizes that the relationship between 
anxiety and performance is best explained by changes in eciency rather 
than changes in absolute performance level.

Processing eciency 5
Performance

Eort
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This theory explains the sudden drop in observed performance level is actually 
the end phase of a more gradual reduction in processing eciency which has 
then reached capacity limits. The role of attention in explaining anxiety eects 
has been further developed by identifying three key functions of attention 
which are illustrated below with reference to athletic sprinting.

Attention 

funCtion

role CHAnge witH Anxiety

ihbt
pvt st f fusg 
 aat w a hsa 
abts f vas

Fus  vat “that” f 
t's hsqu 

Shftg

eab fus  t fats 
 squ: wa-u, ah 
stuts, hg  a 
k ausa v  baa wth 
bathg, a stv s, 
ta has a.

cat st t ah  
whst tg wa-u. 
rhasa f a ats  
v wakss  stat.

Uatg
K awa f t, wh t b 
a wh, t ta stat.

cstat hkg qu t 
av staks.

In summary, the work of Eysenck and colleagues on attention–based theories 
explaining anxiety and performance has resulted in proposing the following 
key relationships.

@ Anxiety increases are associated with performance eciency decreases.
@ Cognitively complex tasks are aected more than simple tasks (because 

they require more capacity).
@ Anxiety results in attention being led more by immediate sensory input 

(e.g. what you see) and less by goal-directed plans (game strategy).
@ Susceptibility to distractions increases with increases in anxiety.
@ Performances requiring switching between two or more sub-tasks are more 

prone to error under anxiety.
@ Anxiety will reduce the frequency and accuracy of performers’ ability to 

monitor and update information.

 TO RESEARCH

Using the relationships between 

anxiety and attention described in 

this section, see if you can think of 

sport specic research designs that 

could test if these were correct. 

CASE STUDY

wha s k ?
iag a basktba a bgg a ath. i hs ha 
h s -ug th ast stuts th ah sa “real 

fast in attack; don’t let them boss you; keep the defensive 

shape”. H as as g t s abut hs 
ts a th vua sks a fs—a 
a wh awas ss t hag t, a a wh 
awas ts t g au th uts a ath wth a 
gat th-t sht. F ah t h s hw t 
a agast th w. Sutaus h bs awa 
h fs a tt suggsh, s as hs has a s a 
u f jus tg hsf t b sha. 

Ths atvts a stat wkg   at; 
ag aut ata, tatg fat f g 

t , akg ss, a ag ut 
wth a stuats. Wkg  has b k 
t a “ut skt”, whh sss (t just sts) 
ta a ta gat fat. Hwv 
wkg  s t a t a sss at 
 w a s a vk  t t. 
it s as tast whh athugh as t s t 
b ub, s a t a at g v 
ssg whh s sa vat wh w s 
hw t ss t at a ws thughts.

Ths t s atua vt wh  a tavg 
a fqut hk tkts a tav uts, but 
ft at b wh th a wh th a 
qust f st.
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CASE STUDY
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aus. it s as a that a f th atats a 
 t  th hgh ssu t.
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Wilson, M. et al. 2006. “The role of eort in moderating the 

anxiety-performance relationship: testing the prediction 

of processing eciency theory in simulated rally driving.” 

Journal of Sports Sciences. Vol 24. Pp 1223–1233.
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Msumn of sss & nxiy
To research stress and anxiety eectively it is necessary to devise ways to 
measure these “constructs” in ways that are suciently valid and reliable to 
provide valuable information and understanding. The term “construct” is used 
to label an idea or concept that does not have a tangible form (e.g. you cannot 
touch or see it), but is created to explain a phenomenon. Some examples of 
other constructs might include fatigue, aggression or center of gravity. Each is 
determined through examining the outcome of usually two or more other 
primary measurements. The construct of anxiety has been measured in several 
dierent ways in the research outlined in case studies presented in this chapter. 

One way of measuring the anxiety construct is to measure the changes we 
know that are associated with increased anxiety. So the symptoms and responses 
discussed earlier in this chapter, for example increases in heart rate, oer ways 
to measure anxiety. We can very broadly group these symptoms under ve 
category headings (though note that strictly speaking biochemical would be 
a subset of physiological – but it warrants specic attention). 

 THEORY OF KNOWLEDGE

Th t f wkg  has tat ats 

f a asts f f that qu gtv atvt. Tasks 

that a ta ts a u wkg  

sa, suh as vsats, vtab sut  ss sa 

f th tasks. cvsats a t a 

ttat f th ag f ths as w as gat 

f ’s w ss. Ths a u ag 

fat f th ast a sg what s u 

wat t sa  th vsat. mst f us a as h a 

vsat but stugg wh w t t b vv  

tw vsats at . rt sah has as shw 

that wh  h a vsat  a b h 

th wakg a s sw suggstg that ts f 

wkg  vv  tg wh u a 

wakg t a s a t as avaab a t 

wthut vsat.
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a has-f b h us. J ca a agus 
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sthsz a aas tgth vg uh stg 

v tha a sg stu a. 
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sw  avag b 0.25 ss as a sut f hg a 

vsat. Th was  sgat  btw 

ha-h  has-f vs. S hav agu that 
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a as statg. Hwv assg vsat 

a b ss uta f assgs as  at 

vsat wh th bsv as vg 

t. Ths  st f vsat wu 
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 at t.
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Caird, J.K., Willness, C.R., Piers, S., Scialfa, C. 2008. “A meta-

analysis of the eects of cell phones on driver performance.” 

Accident Analysis and Prevention. Vol 40. Pp 1282–1293.
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2 Figure 12.9: Categories of stress responses and symptoms

Measuring changes under just one of these symptoms is a weak approach to 
determining if someone is anxious because changes may be due to other 
factors. For example if we measured the cortisol of football players turning up 
to training in the morning we might nd it was higher than during the afternoon. 
However high cortisol does not mean the player is stressed or anxious as it is 
aected by other factors including a signicant diurnal (daily) peak in the 
morning. To overcome this problem good research designs use a combination 
of measurements. When the results converge to provide a consistent picture 
then researchers can be more certain the measurement is valid. This process 
is often referred to as triangulation. Even though the word “triangulation” 
suggests three measurements are used, the term is used for any combination 
of two or more measurements to increase validity.

Cortisol higher 

than usual at this 

time of day

Heart rate 

elevated 

compared to 

other times 

in climb

Verbal comments 

focus on safety and 

concerns of falling

2 Figure 12.10  Triangulating measurements improves validity of research

Msumn vi slf-o
Determining what a person feels or thinks (emotion and cognition) is largely 
dependent on asking them and usually this occurs via a questionnaire or 
interview. There are several potential problems associated with this approach 
that you were challenged to think about earlier in this chapter. There are 
strategies that can help to minimise, though never remove, the potential for 
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this source of information to be inaccurate. Some of the more obvious problems 
and solutions are shown below.

Problem Solution

ra f thughts a fgs aft a 
vt s t   

esu sf-t s as s t vt as ssb (us -bas ata t 
 va h?) Stuat a thqus (f a b  ftag) a 
ha a. 

patats ’t wat t aa wak 
 aus

esu atat fat s tat ta, a vuas a t 
tab. Bu tust wth sah ta. cs th tvw wth a 
sah wh s t kw st’s tt.

out f vt us hw 
th f a what th b. 
(suss 5 stv a;  suss 
5 gatv)

masut “-vt” (sa  sts wth baks); us quk  
“a-t” st  sht sg qusts t b at (.g.  a sa f 1-10)

patats  t usta what 
fat s qu f th.

Ta atats ug gvg th fbak  t f quatt a th 
f tt (but av basg tt v). chk qusts a as 
ust.

There are several questionnaires that have been developed for use in sport 
settings that have established reliability and validity, this is important to enhance 
the quality of information. Non-sport specic questionnaires should not be 
used unless they are assessing the general tendency or predispositions of 
participants which are expected to aect general life as well as sport. Despite 
the limitations, self-report contains too much information of value to ignore 
so it has to be used, but with care, to provide the best possible information 
whilst accepting its limitations. 

Conclusion

Performers in sport will always experience heightened arousal and very commonly 
stress and anxiety. Performing in such environments is directly associated with 
meeting challenges, excitement and later satisfaction and pride at one’s achievement. 
So it seems that we should not strive to reduce or remove the stress or anxiety 
inherent in sporting situations. Performing in the presence of stress in sports 
settings may also teach people something that is of  benet them away from 
sports settings, in other parts of their life. Viewing sport in this way places it as a 
valuable learning opportunity to experience and practice a general life skill. 

Understanding stress and anxiety in sport also emphasises the important 
distinction between performance situations that require physical and mental 
factors, such as most sports, in contrast with performance in an oce or school 
setting where there is little physical component. Deep physical relaxation may 
help counter anxiety but is inappropriate for a sport performer who needs 
signicant arousal levels to perform well. In contrast physical relaxation before 
a school exam may actually help performance in this mental task.

Finally, understanding how performers learn to eectively cope with anxiety 
provides useful information to develop better coping skills training. The research 
also shows clearly that how people respond to situations is partly dependent 
on the transaction between them and the stress source(s). This means that it 
is possible for a person to be taught how to modify their anxiety experiences 
through their own thinking processes, and by managing and using eective 
coping responses. In this way understanding developed through sport psychology 
research on performers who are good at coping can help provide the basis for 
helping all of us cope more eectively.
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SUMMarY

@ Stss ts th hsga sst t b aus thugh 
atvat f th aut vus sst.

@ Th “ght-ght” ss s a gba u-guat f th b t a f 
fast hgh tst at.
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t s vuta   t.
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atgs; 1) hsa that  ag, a 2) sa-vauatv s.
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a ss t stss but ths asus a b s  st 
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@ ivuas s t t stss a a tt th v 
at as ba (fatatv)  tta (btatv) t fa.

@ ittatv s hghght th tasata atu f stss whh 
has a t that s t  hw th vua vs a stuat 
(a t just baus f th atu f th stuat tsf).

@ Fatatv ttats shw a t bha ss  
(ts) t btatv ttats. Ths suggsts that hsga 
sss a u b shga fats.

@ cgtv at (w) s  tat tha ausa  ustag 
wh a hw fa s at u stss.

@ cgtv at a t as attts t sus t 
vts, aaa sutg  ss t a tv fa.

@ Attt bas s v a stg thta aat f hw a 
wh at us fa.

@ cgtv at us wkg  sa tg avaabt f 
attta sus f th tasks.

@ pfa  s u b at, but fa 
tvss a b ata b asg t—u t a t.

@ masut f at  st qus b aahs, 
taguat a afu us f sf-t ata.

@ rsah  stss a at tus a stg tha s t 
sgg a utg stus.

@ ct st ts a a stss a at at 
tsts quvat t a w s.

@ St s a ft tut t stu th at f stss a at 
 fa. St atats vuta a fqut  
stss a assat sts, hav v hgh tvats t  a 
gag  ag vus f at t b sk.
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Slf-sudy qusions
1 Provide a denition for the following terms:

a stress

b arousal

c anxiety.

2 Selye’s idea of  “a non-specic stress response” does not appear to hold true. 
What process do humans go through that may account for dierent responses?

3 Outline three major criticisms or weaknesses of the Inverted-U description 
of the arousal-performance relationship.

4 Sketch a graph showing the temporal patterning of physiological arousal 
and cognitive anxiety in the period prior to competition.

5 Identify two symptoms of stress that occur under each of the following 
ve category headings:

a physiology

b biochemistry

c emotions (feelings)

d cognitions (thoughts)

e behaviour.

6 Describe the concept of working memory and why it is relevant to sport 
performance.

7 Place the following key terms in the statements to match the ideas proposed 
by Processing Eciency Theory.

Key Terms: Eort, Performance levels, Cognitive anxiety, Eciency

may not be aected by anxiety or stress.

of performance will be impaired by anxiety and stress.

High can be applied to oset potential threats to 
performance.

occupies working memory capacity reducing availability 
for other tasks.

8 Explain two key issues that are relevant to designing and conducting 
research in stress and anxiety.
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 DATA BASED QUESTION

Ha a patt (1991) a hags  basktba f thw 
fa  th a bf (hgh at) a a aft (w at) a 
tat tt. Th auat hsga ausa b gttg 
atats t t shutt us a stat th wth th atat at 
a au hat at, asg  bawths f 10 bats--ut 
(f au -10, -20, -30, -40),  statg f 40 bats bw au 
a asg. At ah bawth atats t a ub f f 
thws t asu fa.

Bw u a s th basktba sht ss f th a bf tt, 
th hgh at t.

Ha a addhs Asa cas Asa dcas

ma -40 19.88 21.25

ma -30 21.13 20.63

ma -20 21.25 12.75

ma -10 24.00 12.00

ma 11.37 12.63

Skth ut a gah wth th v hat at bawths ag th -as (a 
-40 t a) a basktba fa  th -as. nw t   f 
asg ausa (ut a aw  t tg f ft t ght) a   f 
asg ausa (aw tg  th th t).

1 What fa ss w fu wh ausa was a -20? 
2 What t was ausa vg  t u th hghst fa 

s at a -20? 
3 dsb what has t fa wh ausa ass f  

a -10 t a?
What s ths ata suggst wu b th bst hsa ausa stat 
(tst a t) f fg  hgh at ts?
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Pschgica sis training 

C h a p t e r  1 3

O B J e C t I V e S

After read th hapter, tudet hud be abe t:

@ du what  meat b pha  tra ad 
detf fur e mept abut prt ph

@ ute deret tpe f a ad ther ue

@ udertad wh a ett wr

@ evauate the ue f meta maer ad prvde exampe f 
hw t ma be mpemeted  prate

@ ute reaxat tehque ud prreve mue 
reaxat (PMR), breath tehque ad bfeedba

@ ute ef-ta tehque ud thuht tpp ad ef-ta.

Inoducion
Even highly successful performers sometimes get aected by pressure during 
competitions. One big dierence between those performers who succeed and 
those that don’t is the way they manage their emotions and actions in dicult 
situations (e.g. Krane, Williams 2006).

One aim of a sport psychologist is to help athletes learn skills that they can 
use to take control, cope eectively and perform well under pressure. However, 
it is important to note that the application of sport psychology also has a major 
role to play in helping athletes manage their development, training and lifestyle 
over the course of their careers. This section examines several key interventions 
and evaluates their benets and limitations.

Dvloing sycologicl skills 

What ar pschgica sis?
Many people think that highly successful athletes are born winners or just 
happen to have the right type of personality to thrive. In fact, research into 
personality and sport performance has shown that personality factors account 
for only a very small percentage of eventual success. For example, a study by 
Rowley et al. (1995) concluded it was less than 1 per cent. 

On the other hand, many researchers have shown that psychological skills can 
be learned in formal teaching settings through consistent training, as well as 
more informally through life or sport experiences. In other words, anyone can 
learn and improve their ability to use mental skills eectively, at any stage in 
their life. 

Given the dierences that have been identied between personality and 
psychological skills, it is important to clearly dene what “psychological skills” 
are and present them in a form through which they can be learned and used 

 THEORY OF KNOWLEDGE

Du the qute b Her Frd 
that “The wh beeve the a 
ad the wh beeve the a’t 
are bth rht.”

“I don’t care who you are, 

you’re going to choke in certain 

matches. You get to a point 

where your legs don’t move and 

you can’t take a deep breath. You 

start to hit the ball about a yard 

wide, instead of inches.”
Arthur Ashe

“We all choke. Winners know 

how to handle choking better 

than losers.”
John McEnroe
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easily. Vealey (1988) made an important distinction when she highlighted the 
dierence between useful psychological states (e.g. condence, motivation, 
concentration) and the skills that can be applied (e.g. goal setting, imagery, 
self-talk, relaxation) to help improve them. This is important because it is very 
dicult to just “be condent” without guidance, especially when someone 
feels low in condence. For example, coaches often assume that athletes know 
how to “concentrate” or “relax” when they are told to do so from the touchline. 
However, they probably have never thought about how the athlete can do those 
things and are even more unlikely to have trained such skills. Because of this, 
it is important that athletes (and coaches) know what practical steps need to 
be taken to improve psychological states, and take time to practice them. 

What vidnc is thr that th wr?
While the evidence shows that psychological skills can be taught, it is necessary 
to understand the importance of psychological training in improving performance. 
Anecdotally, it is clear to see that our mental state has a big role to play. For 
example, there are often stories in the media about sports people choking 
under pressure, and many top sports stars have been quoted highlighting 
psychology as one of the most, if not the most, important features of their sport.

However, while research supports the contention that psychology is very 
important, the evidence shows the need to take a more balanced, interdisciplinary 
view. For example, Kunst and Florescu (1971) highlighted the need to recognize 
that a range of dierent factors were important, with psychology accounting 
for approximately 35 per cent of performance variance. 

Main factors for talent
identification in wrestling

Main factors for
performance in wrestling

Psychological capacity Motor capacity Biometric qualities

2 Figure 13.1: Relative importance of psychological, motor and biometric factors in 

talent identication and performance in wrestling

Research into the impact of psychological interventions in sport generally 
shows they have a positive impact on performance and many Olympic athletes 
place a high importance on psychological preparation for success (Gould et 
al. 2002). While not all coaches and sports performers place a high value on 
sport psychology (Pain, Harwood 2004), there has been an overall increase in 
athletes seeking out sport psychology training over the last decade (Wrisberg 
et al. 2009).

Th dvpnt prcss 
For the most eective results, psychological skills must be trained systematically. 
In fact, they are acquired in much the same way as physical skills are and 
normally lots of commitment and perseverance is needed to make 
permanent changes.

 KEY POINT

“Pha tate” derbe the 

athete’ tate f md r atttude 

whe “pha ” are mre 

tabe tep tae b the athete t 

mprve ther pha tate.

“Golf is 90 per cent mental, 

10per cent physical.”
Jack Nicklaus
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Research by Pain and Harwood (2004) highlights there are a number of 
common misconceptions about sport psychology support. 

Four common misconceptions

@ Psychology is a quick x. 
@ It is only required for problem athletes. 
@ It is only pertinent for elite athletes. 
@ Psychology isn’t useful in a sport context. 

There are three phases to the process of developing psychological skills.

Phas 1: Gnra dcatin phas
It is very important to incorporate a general education phase into psychological 
skills training (PST). This can be used to clarify what psychological skills are, 
how they can be trained, what role and level of commitment is required on 
the behalf of the psychologist, coach and athlete, and what improvements such 
training can bring. This helps to clarify expectations and understand the 
potential usefulness for any given individual. 

Of course, every person has specic needs and circumstances and PST can be 
adapted to take on many dierent forms to best suit each individual. Equally, 
PST is not for everyone, which must also be respected. 

Phas 2: Acqisitin phas
The acquisition phase focuses on learning and understanding specic strategies 
and skills that will help to develop positive change where required. This phase 
will typically involve a thorough needs analysis of the athlete in their development 
and performance environment to ensure that PST is targeted at the athlete’s needs. 
It will also focus on teaching the athlete how to implement strategies within the 
context of why they work. This is important because helping athletes to understand 
themselves, their emotions and behaviour in dierent situations will enable them 
to become independent problem-solvers when new or novel challenges arise. 
This forms part of the process of helping athletes self-regulate eectively (Richards 
2011), which is an important overriding aim for many sport psychologists, and 
one that ultimately enables the athlete to function independently. 

Phas 3: Practic phas
The nal phase of the PST programme is the practice phase, which according 
to Weinberg and Gould (2011) has three primary objectives:

@ to automate skills through overlearning
@ to teach athletes to systematically integrate psychological skills into 

performance situations
@ to simulate skills athletes will want to apply in actual competition. 

It is well documented that psychological skills cannot be taught eectively 
in isolation from the context in which they need to be applied (MacNamara 
et al. 2010). This is why in more formal PST settings, “homework” is set where 
the athlete practises dierent strategies under more realistic, sometimes 
increasingly pressured, situations. Regular evaluation is important as are 
meetings with the sport psychologist and/or personal reections (e.g. logbook 
or journal) on the eectiveness of the strategies in dierent situations. These 
will enable the athlete to gain feedback, identify improvements and adjust 
and develop the strategies over time as required. 

In addition to formal PST education, more informal experiences can occur 
through life and sport, leading to the development of increased mental toughness. 
For example, Bull et al. (2005) found that in young cricketers, a number of 
experiences facilitated psychological growth, including parental inuence, 
exposure to foreign cricket, opportunities to survive setbacks, and needing to 

 TO THINK ABOUT

What experee d u have frm 

the -prt area f ur fe that 

hep u  tra r  a math r 

perfrmae?
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“earn” success. More recent research has highlighted the need for a more 
explicit use of real-life challenges to teach and embed coping skills (MacNamara 
et al. 2010), as well as the need for sport coaches (and signicant others) to 
help develop mental resilience in athletes through the experiences they set 
up in their development environments (Martindale, Mortimer 2011). 

Gol sing
As you can see from the quotes on this page, there are many anecdotes 
highlighting goal setting as an essential activity for success in life. As such, it 
will come as no surprise that goal setting is a well-established cornerstone 
technique in sport psychology.

Essentially a goal has broadly been dened as “what an individual is trying to 
accomplish; it is the object or aim of an action” (Locke et al. 1981). Locke and 
Latham (2002) highlighted that goals stimulate motivation and improved 
performance through one or more of the following mechanisms.

@ Goals focus attention.
@ Goals mobilize eort in proportion to the demands of the task.
@ Goals enhance persistence.
@ Indirectly, having goals encourages the individual to develop strategies for 

achieving them.

In other words, goals help direct and mobilize effort, while encouraging a 
problem-solving approach. Alternatively, goal setting has been shown to 
indirectly facilitate performance through knock-on effects on other 
psychological states. For example, Burton (1989) showed evidence of the 
positive effects of goals on performance through the manipulation of 
confidence and anxiety levels.

Tps f gas
Dierent types of goals have been identied: outcome, performance and 
process goals. 

@ Outcome goals relate to the outcome of an event, and usually involve a 
comparison with others (e.g. winning a race or being selected for a team).

@ Performance goals relate to a specic product of performance, which is 
normally relatively independent of others (e.g. swimming a certain race 
time or jumping a certain height).

@ Process goals relate to the processes that a performer will focus on during 
the performance (e.g. high knees or long stride pattern). 

There are clear distinctions between the nature of these three types of goals 
(e.g. the extent of control the performer has over reaching their goal) and each 
of these goals has their own advantages and disadvantages within dierent 
contexts. For example, outcome goals can be useful for facilitating motivation 
in training, but have been shown to increase anxiety and irrelevant thoughts 
if used just prior to competition (Weinberg, Gould 2011). On the other hand, 
performance goals can help provide specic feedback about progress, and 
process goals can help provide a relevant focus in the middle of a race. Given 
these dierences, it is perhaps unsurprising to see that using a combination 
of goal types has been shown to be more eective than using one alone (e.g. 
Filby et al. 1999).

Research into goal setting suggests that it is a technique that generally works 
very well. However, it has also been shown that if goals are not set properly 
they can impair the athlete’s progress and be a major source of stress. Having 
said that, a broad review of the goal setting literature with collegiate, youth 

 KEY POINT

Pha  eed t be 

eared  the ame wa that 

pha   prt are eared. 

The  mut be tared t the 

eed f the dvdua athete 

ad t tae tme ad prate t 

devep them.

“Goals are not only absolutely 

necessary to motivate us. They 

are essential to really keep us 

alive.”
Bill Copeland

“Our goals can only be reached 

through a vehicle of a plan, in 

which we must fervently believe, 

and upon which we must 

vigorously act. There is no other 

route to success.”
Vincent van Gogh

 TO DO

Wrte dw ve a u have 

fr deret area f ur fe, e.. 

h, hme fe, hbbe.
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and Olympic athletes revealed that almost all of the athletes used goal setting 
of some sort and found it to be eective.

Stting ctiv gas
The acronym SMARTER is often used for guidance when setting eective 
goals. While there are some merits in following the SMARTER guide (for 
example, it is easy to remember), rather confusingly many authors often use 
the acronym dierently.

SMarter gol sing
1) Specific

2) Measurable

3) Achievable

4) Realistic

5) Time-based

6) Exciting

7) Review

2 Figure 13.2: SMARTER goal setting guidelines

Also, SMARTER guidelines do not present a full picture of the evidence, 
providing a rather simplistic overview. For a more full review of the goal setting 
literature see Hardy et al. (1996). Having said this, summary guidelines are 
still very useful, so a more substantial set of evidence-based goal setting 
principles are presented below. 

1 St spcic gas 
Research has shown that specic goals often lead to better performance 
than “do your best” goals or no goals (e.g. Tenenbaum et al. 1991). The more 
well dened you can make your goals the better. For example, “I want to be 
better at golf ” can be made more specic, observable and measurable by 
changing it to “I want to lower my handicap from 5 to 3, by improving the 
accuracy of my iron play to the green from 100 yards”. The more specic 
the goals, the more easily you can plan, practice and identify when you have 
been successful.

2 St drat dict bt raistic gas
Kyllo and Landers (1995) found that “moderately dicult” goals lead to the 
best performance, but they must be accepted by the athlete. However, Bueno 
et al. (2008) warned that if goals are perceived to be too dicult it can lead 
to learned helplessness. As such, it is important to try to nd the right balance 
for the individual and adjust your goals when necessary—you will probably 
know if you are challenging yourself to the right level.

3 St bth shrt- and ng-tr gas—stpping stns t sccss
A combination of short- and long-term goals has been shown to be most 
eective (Kane et al. 2001). This is particularly true if long-term goals are 
broken down into relevant short-term goals which act as stepping stones, 
providing more regular feedback, ongoing focus and success experiences. 
Starting with a long-term goal in mind, then working backwards in time to 
form stepping stones to achieving your long-term goal is a common technique. 
Leading on from this, it is important to nish by identifying relevant practice 
goals and a good understanding of “what I want to achieve today”.

 TO DO

Brea dw ur a ver tme 

ad detf what u eed t d t 

mae them happe.

What do I want to achieve?

Are there any milestones I need to 

reach along the way?

l term:

Medum term:

shrt term:

What do I need to do to give myself 

the best chance of achieving these 

goals?

1

2

3
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4 St a cbinatin f tc, prfranc and prcss gas
For every outcome goal that an athlete sets, there must be a range of dierent 
performance and process goals to support and underpin it (Filby et al. 1999). 
Remember the outcome goal (e.g. winning, getting selected, beating someone) 
often drives motivation while the process goals (e.g. technical, tactical, mental 
and/or physical tasks) and performance goals (e.g. specic times, splits, distances, 
shots) provide timely feedback and focus for day-to-day activities.

Outcome goal

•  Get selected

Performance goal 

•  Swim a specific

   time in the trials

Process goals 

1.  Quality training 

    programme

2.  Race plan 

3.  Minimize negative self-

    talk before and during race

Personal control Higher Lower

Confidence in achieving

goals

Higher Lower

2 Figure 13.3: Process goals can help improve a performance goal which, in turn, 

can lead to reaching an outcome goal

5 Awas hav training and cptitin gas
Athletes spend a lot of time practicing and relatively little time performing. 
Given the importance and specic nature of the deliberate practice required 
to improve (Ericsson et al. 1993), it is crucial that training goals are set, in 
addition to competition goals. Interestingly, Orlick and Partington (1988) 
found that one of the factors that dierentiated between successful and less 
successful athletes was “setting practice goals”. Doing this will ensure you 
remain focused, motivated through training and in competition.

6 Rcrd r gas and a sr  gt fdbac n r prgrss
Research has shown the importance of recording goals and placing them where 
they can be seen as constant reminders. Furthermore, getting regular feedback 
on progress is an essential part of the process, enabling athletes to build 
condence and motivation eectively over time. This will ensure you recognize 
and understand any progress and success on a regular basis.

7 Awas idntif stratgis t hp  b sccssf 
Locke and Latham (2002) highlighted that goals work by encouraging someone 
to develop a plan of action. As such, this is a crucial part of the process of goal 
setting. It is common for sporting careers to have plenty of ups and downs, 
where challenges and barriers are encountered regularly. As such, identifying 
potential barriers, problem-solving and perseverance become crucial skills 
for negotiating the journey successfully. 

8 Fstr individa citnt t r gas and nsr  hav 
adqat spprt 

It is important that the aspirations of the individual are developed through 
goal setting in order to foster intrinsic motivation and commitment. As such, 
it is important to understand what an athlete really wants, encourage choice 
and perceptions of ability through the process. Furthermore, Dishman (1988) 
found that good support networks facilitated adherence to goal pursuit. 
As such, both of these aspects should be incorporated into the goal 
setting process. 

 KEY POINT

sett a  a uefu t fr 

athete. The bet wa t ue them 

 t et a rae f deret tpe 

f a.
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Mnl imgy
Imagery is “using all the senses to recreate or create an experience in the 
mind” (Vealey, Walter 1993) and is also sometimes known as mental practice 
or mental simulation. Imagery is a “central pillar” of applied psychology 
practice (Perry, Morris 1995) and has been shown to enhance motor task 
performance, increase muscular strength, and increase movement speed 
(e.g. Yue, Cole 1992; Pascual-Leone et al. 1995). The questions relating to 
“why” and “how” imagery works have intrigued researchers for decades and 
numerous theories have been proposed to explain the phenomenon (e.g. 
psychoneuromuscular theory, symbolic learning theory, attention-arousal 
theory and bio-informational theory). In addition, another possibility is 
“Possunt quia posse videntur” (they can because they see themselves as being 
able, Virgil, 20 BC), a concept that has been around for centuries. This 
suggests that imagery can have a positive eect on self-belief (e.g. sources of 
self-ecacy, Feltz 1984) and intrinsic motivation.

Currently, the most favoured theoretical stance for how imagery works is Lang’s 
bio-informational theory (1977). This theory proposes that the same neural 
pathways in the brain used in performing skills are activated during the use 
of vivid imagery. This carries important implications for applied interventions 
as the same areas of the brain should be activated during imagery as during 
performance itself. 

Indeed, Holmes and Collins (2001) suggest the extent to which this happens 
will determine the success of the imagery technique. They went on to devise 
seven elements to consider in the delivery of motor imagery-based interventions: 
Physical, Environment, Task, Timing, Learning, Emotion, Perspective (PETTLEP). 
The PETTLEP model of imagery is built on Lang’s theory, but still requires 
testing and is far from complete. Nevertheless this model provides a way of 
incorporating all the relevant senses into an imagery intervention.

PETTLEP ELEmEnT Judo ExamPLE

Pha: imaer hud reembe a e a 
pbe the atua pha perfrmae. 

stad  the mat wth fu jud t . oberve the e ad 
attempt t tae part  ur md r muate mpett fatue 
b u maer after a hard e 

Evrmet: Th hud reembe a e a 
pbe the atua perfrmae evrmet. 

cmpete maer tra e  the jud ha rather tha at 
hme. Ue pht r vde f ew veue.

Ta: Mrrr the attet demad ad hae f the 
atua prate. 

Fu ver pea  perfrmae ad the tera fee 
ad emt expereed. 

Tm: Prepare fr ad exeute mvemet  rea tme. Experee the rhthm that u wud rma ue  perfrm 
thrw tehque. 

lear: if dute are evaed, thee hud be 
uded t eep t reat. 

yu a t tr ew tehque  meta muat. A, t  
mprtat t hae ur maer ard a rea  devep.

Emt: Tr t experee the fee ad emt 
that u wud f u were d t fr rea.

Fee f buttere  ur tmah a the ht be. Ue 
mu t hep fatate thee emt.

Perpetve: Frm the de  ut a f u were 
atua perfrm (tera perpetve) r vew 
frm the utde a f u were wath a rerd f 
ur perfrmae (extera perpetve). 

Ue tera perpetve fr pa ad exeut tehque. 
Ue extera perpetve t experee the aethet quat f 
the exeut.

2 Table 13.1: The PETTLEP model—a judo example
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Of course, individuals will use imagery techniques dierently depending on 
what type of activity is being performed (e.g. number of natural breaks in play 
and frequency of set plays/shots) and what level the athlete is performing at 
(e.g. novices may image a specic aspect of the skill, while experts may image 
the whole skill). Similarly, there may be a whole host of reasons why an athlete 
is using imagery as part of their preparation or performance (e.g. concentration 
enhancement, self-condence, skill acquisition, emotional control, practice 
strategy, and coping with pain and injury—see Table 13.2). In addition, imagery 
may be integrated with other psychological skills as part of a wider performance 
intervention (e.g. imagery may feature as part of a pre-performance routine 
along with relaxation and self-talk techniques).

ImAGeRy uSe exAmPle

cetrat 
ehaemet

Rub er u maer a part f a pre-
perfrmae rute.

sef-dee Jud paer ee themeve thrw ther 
mpettr.

s aqut nve te paer mae perfrm a erve 
befre mpet the ta.

Emta tr gfer meta prate ma a mprtat 
putt uder preure.

Prate trate Muta ber meta reheare the rute ad 
hw the w apprah eah part f the ure.

cp wth pa ad jur A jured wmmer ee hmef mpet the 
ext part f h rehabtat uefu.

2 Table 13.2: Various uses of imagery with examples

 THEORY OF KNOWLEDGE

Ead  tatta the wrt terata ftba  
team whe t me t peat ht-ut. Th arte  
(see Fure 13.4) ute me teret rea wh 
me paer true t re peate uder preure. 

Baed  the frmat  th arte ad ther reevat 
frmat u a d, de the tet f a tra 
hedue that wud hep paer t ear t re peate 
uder preure mre reuar. 

 KEY POINT

la’ b-frmata ther 
prpe that the ame eura 
pathwa  the bra ued  
perfrm  are atvated 
dur the ue f vvd maer.

 TO DO

ca u th f exampe fr eah 
PETTlEP eemet f meta maer 
u ather prt?

 TO THINK ABOUT

ca u th f ther exampe fr
eah f thee ue f maer? D 
u th u maer wud hep 
athete t perfrm t ther bet?

7th June 2010

Penalty takers must ignore keeper, study shows
Penalty takers hoping to snatch World Cup glory from their opponents in the nal few shots of a match should  

completely ignore the goalkeeper and focus on where they want to kick the ball, scientists said on Monday.

Highlighting a new scientic study on how anxiety aects players 
in penalty shootouts, Greg Wood, a psychologist from Britain’s 
Exeter University, said players under pressure needed to work to 
stay calm and not be distracted by the goalkeeper.

“We are naturally pre-conditioned to focus on things in 
our environment that we nd threatening, and in a penalty 
competition the only thing that threatens the success of the kick 
is the goalkeeper, so we tend to focus on him and monitor his 
movements,” he told a brieng in London.

“But instead, we should just look to where we’re going to hit the 
ball... (and) ignore the goalkeeper.
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rlxion cniqus
Top level sports performers use a variety of skills and strategies to help them 
cope with pressured situations and among these relaxation is prominent. The 
ability to relax is considered important as a form of anxiety control and to 
ensure arousal levels are such that they will facilitate rather than debilitate 
performance. Additionally, literature in the area has identied that being 
relaxed during performance is one characteristic of peak performance although 
this is dependent on the sport (Krane, Williams 2006). For example, a golfer 
may benet from feeling relaxed before performing, but a judo player almost 
certainly won’t. This is because, in general, a higher level of arousal is required 
for certain sports such as combat sports than for others such as target sports.

Prgrssiv sc raatin
Progressive muscle relaxation (PMR) is one of the most common forms of 
relaxation used in sport. Modern techniques are all variations of Jacobson’s 
PMR (1938), so this is not a new phenomenon. The technique involves the 
systematic focus of attention on various gross muscle groups throughout the 
body and requires the individual to progress through the body, tensing and 
then releasing each of the muscle groups in turn. 

aousl a bed f pha 

ad pha atvt  a 

per, var frm deep eep t 

tee extemet

anxiy a eatve emta 

tate  whh fee f 

ervue, wrr ad 

apprehe are aated wth 

arua f the bd

Coking the urree f ferr

perfrmae depte trv ad 

etve fr uperr perfrmae

2 Figure 13.4: Newspaper article related to penalty performance

“e control is with the kicker, and he must realize that, get 
condence from it, and then align his eyes and let the eyes provide 
the brain with the necessary information for accurate shooting,” 
he said.

Wood studied university-level soccer players who were tted with 
eye-tracking technology and then subjected to various situations 
that would make them more or less anxious while they were trying 
to score penalties.

His study, which is due to be published in the Journal of Sports 
Sciences, found that the more anxious the players were, the more 
they focused on the main threat -- the goalkeeper -- and the more 
likely they were to shoot the ball at or near him -- making it easier 
for him to save the shot.

Goalkeepers, for their part, tended to focus on the ball or on the 
lower limbs of the kicker, not at the face or eyes, so there is little 
potential risk in a shooter focusing on his aim.

Penalty shootouts are likely to come into play in the nal phase of 
the World Cup, which begins in South Africa on June 11.

In the knockout phase, which starts on June 26 and ends with the 
nal on July 11, games which are drawn aer extra time will be 
decided by penalties. Five players from each side take a kick, and 
then, if the scores are level, a “sudden-death” process starts. Since 
the format was introduced in 1982, there have been 20 shootouts 
in seven tournaments.

Wood said his research showed that the more a goalkeeper tried 
to distract a player -- for instance by jumping up and down or 

waving his arms about, the more likely the kicker was to focus on 
him and shoot the ball in his direction.

SPAGHETTI LEGS

His study quoted the former Liverpool goalkeeper Bruce 
Grobbelaar, who described in 2005 how he thought his 
distraction techniques had paid o in a big match.

“e biggest memory I have is the 1984 European Cup nal 
against Roma and my ‘spaghetti legs’ routine during the penalty 
shootout that won us the trophy,” Grobbelaar said.

“People said I was being disrespectful to their players, but I was 
just testing their concentration under pressure. I guess they failed 
that test.”

Wood said his study backed Grobbelaar’s suggestion.

“Whether it is a ‘spaghetti legs’ routine or simply the waving of 
arms, it seems that Bruce Grobbelaar was right,” he said.

And if jumpy goalkeepers were not bad enough, the negative 
pressure of a history of poor performance in penalty shootouts is 
something a few teams will have to battle with, said Wood.

Teams such as England, the Netherlands, Yugoslavia, Mexico and 
Switzerland have all lost all of the World Cup penalty shootouts 
they have had to play in the past.

“When they’re going up to take the kicks, this might play heavily 
on the minds of a penalty-taker,” said Wood. “It almost becomes a 
self-fullling prophecy.”

Source: Reuters
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PMR enhances greater self-awareness of degrees of body tension and the 
impact of this on performance. The goal of relaxation is to be able to achieve 
a relaxed state in seconds; however, as with developing any skill, it takes practice 
in order to be able to achieve this. 

The PMR training schedule below illustrates how PMR can be practiced to 
reduce the amount of time it takes to achieve a relaxed state. 

@ The rst phase of training involves a 15–20 minute PMR session practiced 
twice a day (the use of PMR scripts or tapes can assist with this). 

@ You can then move on to a release-only phase, which should take between 
5–7 minutes to complete. 

@ The time is reduced to a 2–3 minute version with the use of the self-
instruction “relax”. 

@ The time is further reduced until only 20–30 seconds are required and 
then the technique is practiced in specic situations.

Progressive Relaxation
Sess.

3
2

4

5

6
7

8

9
10

Release-only Relaxation

Cue-controlled Relaxation

Differential Relaxation

Rapid Relaxation

15–20 min

5–7 min

2–3 min

60–90 s

20–30 s

Application

training

2 Figure 13.5: Dierent components of applied relaxation (adapted from Hardy, 
Jones, Gould 1996, with permission)

It is extremely important to consider how the use of relaxation ts into athletes’ 
pre-performance and performance routines. For example, the use of PMR just 
before a competition may not leave the performer in an optimum state. It is a 
technique that could be adapted for use both in the build up to and on the day of 
competition, however it would be most benecial in its trained form as a rapid 
relaxation technique or if used as an aid to heighten awareness of unwanted 
tension. Only if sports performers are aware of any tension that may adversely 
aect their performance can they take measures to reduce or eliminate it. 

Brathing tchniqs
Breathing techniques can be used to calm the body and distract the mind from 
the pressures of competition by giving the performer a specic task to focus 
on. The power of deep breathing as an aid to relaxation should not be underestimated. 
Not only does it increase the amount of oxygen in the blood, carry more energy 
to the muscles and facilitate the removal of waste products (Williams, Harris 
2006) but a deep, regular and slow pattern of breathing is very relaxing to the 
body and mind (Cox 2007). Breathing techniques require regular practice in 
order for them to be used eectively in the build up to and during competition. 

 TO RESEARCH

l t hw deret prt ue 

tehque uh a PMR. Hw ud

t be uefu  the prt u pa?

 TEST YOURSELF

Dtuh betwee tve 

axet ad mat axet.

 TO DO

stemata tee ad reeae 

eah f the majr mue rup 

 ur bd. start wth ur arm 

ad had, ad the mve  

t ur e ad a t ur 

fae. ca u fee the deree 

betwee te ad reaxat? 
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As with relaxation an awareness of eective and ineective breathing is the rst 
step towards breathing control. For example, under stressful conditions performers 
may hold their breath (e.g. just before a performance) or breathe rapidly and 
shallowly; both of which limit the amount of oxygen in the blood and increase 
muscle tension (Williams, Harris 2006; Weinberg, Gould 2011). One of the 
simplest forms of slow breathing is to breathe in to the count of four and breathe 
out to a count of eight. This technique encourages breathing control and provides 
a focus for the performer, so they are less likely to be distracted by irrelevant or 
unhelpful thoughts. When used in combination with relaxation and mental 
imagery, breathing techniques can assist athletes in reaching a hypnotic state. This 
may be particularly useful during a break or time out during a match or just before 
a performance (Weinberg, Gould 2011).

 TO DO

Tr deep ad w breath b breath  t the ut f fur ad breath 

ut t a ut f eht. What happe t ur bd whe u d th?

Bifdbac
Biofeedback is the use of instruments to measure physiological systems (e.g. 
heart rate, muscle activation, brain waves, skin temperature) and feed that 
information back to the athlete (Wilson, Peper, Schmid 2006). Awareness of 
these systems and in particular whether they are operating to the optimal level 
can assist athletes in controlling them. For example, it has been shown that 
pistol shooters can not only lower their heart rates through the use of relaxation 
and breathing techniques, but can train themselves to shoot between heart 
beats, so as to reduce the amount of physiological variability involved at the 
point of release (Hateld, Landers, Ray 1987). 

Slf-lk cniqus
Self-talk is the internal dialogue that performers experience or in simpler 
terms, what athletes say to themselves. Although unseen and often unheard 
to the outside world, self-talk can have a powerful eect on a performer’s self-
image, perceptions, condence, expectations and ultimately on their performance. 
The goal of self-talk interventions is to encourage the use of positive self-talk 
and limit the use of negative self-talk. The rst step in ensuring eective self-
talk is “awareness”—you can’t change negative self-talk if you don’t know it’s 

 TO RESEARCH

1 oute the reathp betwee 

tve axet, pha 

arua ad perfrmae;

2 Wth referee t the fw

hdre’ urer rhme expa 

wh b th t muh ad 
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abut what we are d we 

metme d’t perfrm a we:

A centipede was happy quite,

Until a frog in fun

Said, ‘Pray which leg comes after 

which?’

This raised her mind to such a pitch,

She lay distracted in the ditch

Considering how to run

sure: kathere crater,  

“The cetpede’ Demma”, 1871

 THEORY OF KNOWLEDGE

Mdfue  a whe-bd-ad-

md awaree f the preet 

mmet that  a rerte f 

Buddht prate. Mdfue  
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there. Changing self-talk can be carried out through the use of thought logs 
(where athletes record thoughts and identify whether they are positive, negative 
or neutral), thought stopping (where negative thoughts are stopped by use of 
a verbal command such as “stop” or a visual image such as a “no entry” sign), 
and cognitive restructuring (where negative thoughts are restructured into 
positive ones).

 TO DO

ca u detf whether thee exampe f ef-ta are ptve, eatve r 
eutra? 

SELf-TaLk REaSon PoSiTivE, nEgaTivE

oR nEuTRaL?

“i a’t d th.” Med  r ht

“get tu .” Made a d ear re

“keep pa 
ptve.”

nte the ppet  
v up

“yu’re  w.” Uabe t mae a retur 
ht

“i mut remember her 
brthda.”

saw her ar the area

“Wh  t t wr?” Htt erve wde

“That’ t. cme !” Fred the ppet t 
ma a errr

The use of self-talk can help performers to control their thoughts before, during 
and after performance. There are a number of benets to this approach as the 
table below illustrates, along with example of each type of self-talk.

TyPe oF SelF-TAlk exAmPle

Atteta tr (e wrd/ue wrd) “Puh.”

Mtvat “Th  m tae.”

neatve thuht tpp “stp.”

itrut “Deep breath.”

s aqut (t fu attet  a partuar 
 eemet)

“Jump ad .”

Axet tr (ed wth atteta tr ad 
thuht tpp)

“Jut fw m rute.”

cutvate ptvt (aet ef-ea) “i a d th.”

2 Table 13.3: Types of self-talk with examples

As with all applied interventions, consideration needs to be given to when 
and where self-talk would be most benecial for the athlete. For example, 
positive self-talk can be built into an athlete’s preparation plan or into their 
pre-shot routine as appropriate. It should be monitored regularly to ensure it 
is positive and that the correct type is being used to meet the required 
performance goals.

 TO THINK ABOUT

ca u th f mre exampe that
ud be ued fr eah f the tpe 
f ef-ta?
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SUMMarY

@ sprt ph  uefu fr perfrmae ehaemet a we a fr 
maa tra ad a prt fete. 

@ Tw mprtat ept wth PsT are pha tate (e.. dee, 
mtvat) ad the pha  that a be apped t hep mprve 
them (e.. a ett, maer, ef-ta, reaxat).

@ Whe there are a rae f fatr aated wth d perfrmae, 
ph ha bee hw t pa a at re. 

@ Pha  are aqured  muh the ame wa a pha , 
ad a uh, pe tra  requred.

@ cmm mept abut prt ph ude: 1) ph  
a qu x; 2) t   requred fr prbem athete; 3) t   pertet 
fr ete athete; ad 4) ph ’t uefu  a prt text. 

@ Pha  a be deveped bth thruh frma teah a  
we a mre frma experee. Hwever, PsT fte ha three phae: 
1) eera eduat phae; 2) aqut phae; ad 3) prate phae.

@ ga wr thruh e r mre f the fw meham: 1) fu 
attet; 2) mbze ert  prprt t the demad f the ta;  
3) ehae pertee; ad 4) eurae the dvdua t devep 
tratee fr ahev a.

@ it  bet t ue a mbat f deret tpe f a (e.. utme, 
perfrmae ad pre a).

@ The arm sMARTER prvde a mpe wa t remember me e 
apet f eetve a ett, hwever, mre -depth udee  
are preferred.

@ imaer  “u a the ee t rereate r reate a experee  
the md” (Veae, Water 1993) ad  a metme w a meta 
prate r meta muat.

@ Hme ad c (2001) deved eve eemet t der  the 
dever f mtr maer-baed tervet: Pha, Evrmet, Ta, 
Tm, lear, Emt, Perpetve (PETTlEP).

@ imaer a be ued fr etrat ehaemet, ef-dee,  
aqut, emta tr, prate trate ad p wth pa 
ad jur.

@ Tp eve prt perfrmer ue a varet f  ad tratee t hep 
them pe wth preured tuat ad am thee reaxat  
prmet. 

@ Prreve mue reaxat (PMR)  e f the mt mm frm f 
reaxat ued  prt. Th tehque vve the temat te ad 
reea f varu r mue rup thruhut the bd.

@ Breath tehque a be ued t am the bd ad dtrat the md 
frm the preure f mpett b v the perfrmer a pe ta t 
fu .

@ Bfeedba  the ue f trumet t meaure pha tem 
(e.. heart rate, mue atvat, bra wave,  temperature) ad feed 
that frmat ba t the athete (W, Peper, shmd 2006).

@ sef-ta  the tera daue that perfrmer experee r what athete 
a t themeve. Athuh uee ad fte uheard t the utde wrd 
ef-ta a have a pwerfu eet  a perfrmer’ ef-mae, perept, 
dee, expetat, ad utmate  ther perfrmae.

@ The a f ef-ta tervet  t eurae the ue f ptve ef-
ta ad mt the ue f eatve ef-ta.
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Sf-std qstins
1 List four common misconceptions about sport psychology.

2 Outline some evidence that suggests psychological skills can help improve  
performance.

3 Describe why goal setting works.

4 Outline three types of goals that Olympic athletes might use. 

5 Describe guidelines for setting eective goals in a training programme.

6 Distinguish between internal and external imagery in sport.

7 Outline two examples of what imagery can be used for in an exercise 
setting.

8 Discuss why imagery works according to Lang’s bio-informational theory 
(1977).

9 Explain what the acronym PETTLEP (Holmes, Collins 2001) stands for 
when using imagery. 

10 Discuss how you would use PETTLEP imagery guidelines as part of imagery 
training. 

11 Compare two dierent relaxation techniques.

12 Evaluate the use of relaxation techniques prior to sport performance.

13 Write a paragraph on the basic concepts of psychological skills training, 
and then list the key psychological skills with some examples of how these 
could be applied in practice.

 DATA BASED QUESTION

A tud wa duted exam ete ( = 65) ad -ete ( = 50) rub 
paer’ ue f pha  (maer; ef-ta), ther experee f 
mpett axet ad ther eve f dee dur a math. The reut 
are hw  the tabe bew. 

i reat t pha , hher re  the tabe are aated wth 
reater ue f the . Wth mpett axet, hher re fr axet 
repreet mre axet, ad a hher re fr dee  aated wth 
mre dee. 

Ete (=65) – mea (sD) n-ete (=50) – mea (sD)

imaer 15.29 (3.19) 13.10 (2.99)

sef-ta 16.32 (2.47) 14.71 (2.52)

cmpett 
axet

14.06 (3.80) 15.26 (3.79)

cdee 29.35 (4.55) 23.20 (5.18)

(Source: Neil et al. 2006. “Psychological skills usage and the competitive trait 
anxiety response as a function of skill level in rugby union.” Journal of Sports 

Science and Medicine. Vol 5. Pp 415–23)
1 state whh rup ued mre ef-ta. (1 mar)
2 Derbe the deree betwee the ete ad -ete rup

 reat t axet ad dee experee. (2 mar)
3 Du the mpat f thee d fr pha 

 tra. (3 mar)
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C h a p t e r  1 4

Overtraining, stress and burnout in 
adolescent athletes

Inoducion 
Participation in organized youth sports has increased in the last decade. Sports 
participation is now more accessible to all young people, from recreational 
play and school activities, to highly organized and competitive travelling teams, 
to pre-Olympic training opportunities. The variety of activities on oer has 
also grown from the traditional physical education activities such as football, 
hockey, netball and rugby, to include activities such as triathlon, rowing, 
boxercise, sports acrobatics, handball and various dance disciplines. 

There are numerous physical, psychological and social benets to engaging 
in sport from an early age. For example, youth sports programmes provide 
opportunities for individuals to build self-esteem, enhance social skills such 
as leadership and teamwork, acquire discipline, ght obesity, and improve 
general tness and basic motor skills. However, because training has become 
more sport specic and continuous, overuse injuries are now common among 
young athletes (DiFiori 1999). 

In 1992, up to 50 per cent of all injuries seen in pediatric sports medicine 
were related to overuse (Dalton 1992). If left unchecked, such overtraining 
can lead to burnout and, subsequently, complete withdrawal from sporting 
activity. Consequently, it is important that as youth sports participation continues 
to grow, the proper knowledge and support is available to athletes, parents and 
coaches in order to prevent the rise of overtraining injuries and burnout, while 
promoting the many benets of continued participation. This chapter aims to 
highlight some of the issues associated with overtraining and burnout, and 
how they can be managed when working with adolescent athletes. 

Ovining
Frequently, children are being directed into specializing in one or two sports 
from an early age (Matos, Winsley 2007; Brenner 2007; Gerrard 1993). This 
phenomenon is the product of coaches and parents who believe that in order 
to succeed and excel at senior level, it is necessary to start specic, intensive 
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training well before puberty (Baxter-Jones, Mundt 2007). This “catch them 
young” philosophy has meant that many young athletes are training intensively 
and consistently by the time they become adolescents. As a result of this, they 
are often asked to engage in a level of training that would be considered exhaustive 
even for adults. This can often result in a syndrome known as overtraining. 

Overtraining refers to a “syndrome that results when excessive, usually physical, 
overload on an athlete occurs without adequate rest” (US Olympic Committee 
1998). Kreider et al. (1998) expanded on this by further examining the dierence 
between overreaching and overtraining, already discussed in chapter 7. 
Overreaching refers to training beyond usual limits which leads to a short-term 
decrease in performance but can be eectively overcome with a short period 
of rest and recovery (Kreider et al. 1998). It is a normal part of the training 
process. However, overreaching can turn into overtraining if sucient recovery 
time is not included in the young athlete’s training programme. In this case 
overtraining will have a detrimental, long-term eect on performance. Matos 
and Winsley (2007) suggest that, in this respect, overreaching and overtraining 
are two ends of the same continuum. 

A common question asked by all those involved or associated with youth sports 
is “how much training is too much?” Unfortunately, there are no scientically 
determined guidelines to help coaches and parents dene how much exercise 
is healthy and benecial to the young athlete and what might be harmful and 
represent overtraining (Brenner 2007). In the past it was considered dangerous 
for young and adolescent athletes to engage in resilience training such as 
weightlifting. Now, however, research has shown us that when executed correctly, 
such resilience training can be safe and eective. In fact, it has the power to 
improve sport performance, enhance body composition, and reduce the rate 
of sport-related injuries (Matos, Winsley 2007). 

Likewise training can also help children and adolescents improve their aerobic 
and anaerobic capacity. Therefore, rather than demonizing training, sports 
scientists, coaches, parents and athletes must be aware of what to look for and 
how to prevent the negative impacts of overtraining. In the following sections 
we will take a closer look at the physical and psychological impacts of overtraining, 
including staleness, overuse injuries and burnout. We will identify the signs 
and symptoms of overtraining and burnout, and consider what can be done 
to prevent such occurrences in young and adolescent athletes.

pysicl imc of ovining
Today, training for success is a ne balance between pushing oneself hard 
enough to develop the necessary tness, strength and skills to achieve peak 
performance, and yet not too far so as to incur the negative consequences of 
overtraining. As mentioned above, overtraining can have a long-term negative 
impact on a young athlete’s performance. Two avenues through which this 
may occur are overuse injuries and a syndrome known as “staleness”. Each of 
these is considered in detail below along with an explanation of burnout.

Overuse injuries
Overuse is one of the most common factors that lead to injuries in the child 
or adolescent athlete. An overuse injury refers to micro-traumatic damage to 
a bone, muscle or tendon that has been subjected to repetitive stress without 
receiving sucient time to heal (Brenner 2007). These types of injuries are 
categorized in four stages relating to the seriousness of the problem.
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These are presented below in Table 14.1. 

Stage 1 P  xp     f py y.

Stage 2 P  xp      py y,  

b o o  pfom.

Stage 3 P  xp  py y  o   

’ pfom.

Stage 4 co,  p  xp   m,    

m of .

2 Table 14.1: The four stages of overuse injuries

The most common places for overuse injuries to occur in children and 
adolescents are the ankle and knee, followed by the hand, wrist, elbow, shin 
and calf, head, neck and clavicle, shoulder, foot, back, hip and hamstring
(Rice 1989). Younger children tend to sustain injuries to their head and other 
upper extremities (Adirim, Cheng 2003), such as their shoulder, clavicle and 
elbows, whereas older children are more likely to injure their lower extremities, 
such as the ankles and knees. 

Adirim and Cheng highlight that the most likely injuries to be sustained by child 
and adolescent athletes are contusions and strains. Contusion injuries are bruises, 
caused by bleeding into the muscle or an area of soft tissue. Strains occur when 
a muscle or ligament is pushed or stretched beyond its limits. The severity of 
such injuries can range from a stage 1 on the overuse injury scale to a stage 4. 
Many younger athletes with these types of injuries may not even report them 
because they do not disrupt play or cause signicant pain. Bruises are most 
common in sports such as football, hockey and rugby where contact or collision 
with another player is highly likely. Strains can occur in any sport, but are more 
common in sports where running is a key aspect of the game or event. 

Muscle strains are common in older adolescents or adults, whereas younger 
athletes are more likely to experience strains at points in the body where 
tendon or cartilage meets the bone. Strains at these points are often caused 
by repetitive actions and overuse during periods of rapid growth. This explains 
why overuse injuries are commonly found at joints in the body, such as the 
ankle, knee and elbow. Treatment for child and adolescent injuries such as 
those described above includes rest, ice, compression and elevation (RICE). 
Athletes are often allowed to return to play when pain has subsided, and 
strength and range of motion in the aected body part has been restored 
(Adirim, Cheng 2003). 

The risk that overtraining will lead to overuse injuries is more likely in child 
and adolescent athletes. There are physical, physiological and psychological 
dierences between the young athlete and the mature, adult athlete that may 
cause them to be more vulnerable to such injury. Most of the physical and 
physiological reasons relate to the fact that the bodies of younger athletes have 
not nished developing yet. Below are some reasons that younger athletes are 
more susceptible to injury. 

@ The growing bones of a young athlete cannot handle as much stress as the 
mature bones of adult athletes (Mauli et al. 1992; Carter et al. 1988). 

@ Compared to the rest of their bodies, children have larger heads, which 
can lead to a higher proportion of head injuries than in adult athletes 
(Adirim, Cheng 2003). 

@ Because children are smaller and vary in size, generically produced protective 
equipment may not be appropriately sized and therefore not provide suitable 
protection. 
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2 Figure 14.1: Contusion injuries are 

likely to occur in contact sports 

such as rugby
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@ Growing cartilage is more susceptible to stress which can be a factor in 
overuse injuries. 

@ Repetitive activities can damage underdeveloped bones, muscles and 
tendons leading to adolescent-associated injuries such as spondylolysis, a 
stress fracture of the spine, commonly found in sports which promote 
repetitive hyperextension of the lower back, such as gymnastics. 

Another reason that younger athletes are more susceptible to injury is that 
they are still developing the correct skills and techniques required to participate 
in specic sports. Their lack of developed motor skills can put them at risk of 
injury. A common example of this is an injury referred to as “Little League 
Elbow”, named such because it is frequently found among young baseball 
players. Little League Elbow is caused by micro-tears where the cartilage meets 
the bone in the elbow joint. It commonly develops because the young player 
has not yet learned the proper throwing mechanics and is repeatedly throwing 
using just the arm rather than using the entire kinetic chain from foot to hand 
(Brenner 2007). Despite being named after baseball, Little League Elbow is 
an injury risk in any sport which requires athletes to execute a throwing action, 
including rounders, cricket, javelin, shot-put, dodgeball and handball. 

Psychologically, younger athletes are also more at risk of overuse injuries because 
they simply do not have the cognitive ability to associate vague symptoms of 
overtraining, such as fatigue and poor performance, with injury. Because of 
this, they are more likely to continue training when they are tired or even 
suering from a stage 1 overuse injury, risking further, more serious injury.

2 Figure 14.2: Repetitive hyperextension of the lower back makes young gymnasts susceptible to spondylolysis

 TO THINK ABOUT
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2 Figure 14.3: If the correct techniques are not mastered, repetitive skills such as throwing may lead to injury
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There are also added external psychological pressures on athletes at a younger 
age now in organized and competitive sports. Overenthusiastic parents or 
coaches may inadvertently place pressure on young athletes to compete, or 
overemphasize the importance of winning. Likewise, an increasing number 
of younger pupils are being given opportunities to compete for sports bursaries, 
which provide nancial support throughout school, college or university.

Staleness
As we learned in chapter 7, training can be mapped onto a continuum, with 
the planned desirable training eects of overreaching at one end and the 
negative, detrimental training eects of unplanned overtraining at the other. 
In this respect overtraining is a process; it is something we do. Left unchecked, 
the process of overtraining can lead to a syndrome known as staleness.

Staleness refers to the initial failure of the body’s adaptive mechanisms to cope 
with psychological and physical stress (Silva 1990). In practice, this manifests 
itself as a plateau, or drop, in performance. Despite continued or enhanced 
training, the individual’s sporting performance remains at a consistent level, 
or even decreases, rather than improving as is expected with training. This 
concept is reected in the American Medical Association’s (1966) denition 
of staleness as the physiological state of overtraining which manifests itself as 
deteriorated athletic readiness.

Morgan et al. (1987) were very clear on the fundamental dierence between 
overtraining as the process and staleness as the end result, or product, of that 
process. The concept that staleness is the result of overtraining is shared by 
many researchers within sports science (Morgan et al. 1987; Kenttä, Hassmen 
1998; Polman, Houlahan 2004; Weinberg, Gould 2010). This inability to deal 
with training overload stress has resulted in performance decrements in athletes 
of all descriptions and disciplines (Polman, Houlahan 2004).

Bunou

In addition to the concepts of overtraining and staleness, there is also burnout 
to consider. Confusingly, the terms overtraining, staleness and burnout are 
often used interchangeably within medical and sports science literature to 
refer to the same construct. It is more accurate to consider these terms as 
separate entities, which are all linked together as part of the same continuum-
based process (Kenttä, Hassmen 2004). As mentioned above, Morgan et al. 
(1987) were very clear that overtraining and staleness are fundamentally 
dierent as one refers to a process and the other a product, or outcome, of that 
process. However, staleness is not the nal piece in the overtraining, staleness 
and burnout relationship.

Although some researchers and sports scientists have used staleness and burnout 
to refer to the same negative end state, Raglin (1993) has argued that burnout 
should be viewed as separate from staleness. Raglin suggests that there is a 
psychological dierence between the two constructs, specically stipulating that 
burnout is characterized by a loss of motivation that is not necessarily present in 
staleness. For example, a young swimmer suering from staleness may be eager 
to continue training and competing but demonstrate a plateau or increase in his 
times in the pool. Comparatively, a young swimmer suering from burnout would 
also demonstrate a drop in performance but this would also be coupled with a 
lack of motivation, or desire, to attend training or continue competing. The link 
between overtraining, staleness and burnout is shown in Figure 14.4.
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Burnout

Overuse
injuries

Staleness

OvertrainingOverreaching

2 Figure 14.4: The continuum-based process of how overtraining can lead to 

staleness, overuse injuries and, ultimately, to burnout

The concept of burnout did not actually develop within the sports science 
domain. It was rst an area of interest and research within the occupational 
setting. Herbert Freudenberger (1974) was working with volunteers at a 
rehabilitation center in New York when he rst dened burnout as a state of 
physical and emotional depletion resulting from work conditions. This was 
elaborated on by Christina Maslach, a social psychologist, who was investigating 
the gradual process of exhaustion, cynicism and reduced commitment in 
poverty lawyers. In 1984, Maslach and Jackson proposed that burnout comprised 
of three areas: 

@ emotional exhaustion
@ depersonalization 
@ a reduction in performance. 

As with many constructs that develop in other domains yet are relevant to 
sports science, it is often necessary to assimilate the information and develop 
it in a way which is relevant and specic to the sporting environment and 
individuals. Questions regarding the appropriateness of the Maslach and 
Jackson (1984) conceptualization of burnout in a sporting domain prompted 
Raedeke et al. (2002) to develop an athlete-specic denition. They proposed 
that burnout refers to a withdrawal from sport because of a reduced sense of 
accomplishment, devaluation or resentment of the sport, and physical and 
psychological exhaustion. 

Within the occupational domain it is widely accepted that burnout does not 
simply occur because of the presence of environmental or organizational 
stressors. Rather, it is considered to be the result of the interaction between 
these stressors and the intrapersonal characteristics which may help or hinder 
the development of burnout. This has been somewhat reected in current 
sports science literature. In 2007, Gustafsson et al. found that there was no 
correlation between training load and burnout scores in 980 athletes from
29 dierent sports. These results suggest that not all athletes with high training 
loads will experience burnout. They also provide support for Raglin’s (1993) 
proposal that staleness and burnout are dierent constructs, highlighting that 
while staleness results from overtraining, overtraining and staleness are not 
the only precursors to burnout in adolescent athletes. 

Burnout in adolescent athletes has been an important issue for sports scientists 
over the past two decades, not least because of a large media interest in reporting 
and sensationalizing the dramatic demise of high prole sportspeople and the 
decline of young sports stars who fail to live up to their potential at senior level 
(Goodger et al. 2007). In 2002, the media reported that Martina Hingis, a 
tennis player who had won Wimbledon at the age of 16, was retiring from 
tennis at the age of 21 due to “burnout” and “repetitive ankle injuries”.

Models of stress and burnout
A common understanding is that burnout involves a psychological and emotional 
element that is not present in overtraining or staleness. Often burnout is associated 
with a lack of motivation to continue participating within the sport (Morgan 
et al. 1987) and, in extreme cases, a complete withdrawal from a formerly enjoyed 
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activity. However, the exact reasons why burnout occurs are still being debated. 
Two predominant models are Smith’s (1986) Cognitive-Aective Stress Model 
and Coakley’s (1992) psychosocial model (the Coakley Model). In order to 
understand Smith’s model within the sporting context, we must rst understand 
some generic principles of stress.

Transactional Model of Stress
It is now widely understood that stress is not a simple, linear process based 
on a stimulus–response basis. Instead, it is regarded as a complex, multidimensional 
relationship that results from an interaction between personal characteristics 
and environmental factors. 

Lazarus and Folkman (1984) suggest that an individual will experience stress 
when they believe that an environmental stressor outweighs their ability to 
cope, or represents threat, loss or harm to their person. At the core of this 
Transactional Model of Stress lies the concept of appraisal: a particular 
environmental factor is only stressful if the individual appraises it to be so. 
This theory explains why people perceive dierent experiences or situations 
to be stressful and will react in dierent ways to the same situation.

Lazarus and Folkman highlight two stages of appraisal that are key in determining 
whether or not the stimulus will be determined as stressful: primary appraisal 
and secondary appraisal. 

@ The primary appraisal process will determine whether the situation is: 
a) relevant or irrelevant to the individual, and b) benign-positive or representing 
potential harm, threat or loss to the individual. If the situation is relevant 
and presenting harm, threat or loss, it is likely to be viewed as stressful. 

@ The secondary appraisal process assesses what might and can be done 
about the situation, including an assessment of relevant coping strategies 
and potential outcomes. If the potential harm, threat or loss outweighs the 
available coping resources, the person will experience stress. This process 
is depicted in the diagram below.

Coping outcome

Coping

No coping

Primary appraisal

•  Is it relevant?

•  Is it benign-positive or

   does it present threat,

   loss or harm?

Secondary appraisal

•  Can it be coped with?

•  What coping resources

   are available?

•  What are the likely

   outcomes?

Perception of demands or potential stressors

Environment

2 Figure 14.5: The appraisal process (adapted from Richards 2004)

The outcome of the appraisal process directly inuences whether or not an 
individual makes an attempt to cope with the situation. Coping is the constantly 
changing cognitive and behavioural eort exerted by an individual to manage 
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a particular stressful situation (Lazarus, Folkman 1984). Both the appraisal 
process and the subsequent attempt to cope will have a direct inuence on 
the individual’s emotions.

The Cognitive-Aective Stress Model
The Cognitive-Aective Stress Model (Smith, 1986) denes burnout as “the 
psychological, emotional and physical withdrawal from a formerly pursued 
and enjoyable sport as a result of chronic stress.” In this model Smith proposes 
that burnout in the young and adolescent athlete is due to an imbalance 
between perceived demands and coping strategies, which results in the negative 
experience of chronic stress.

Smith’s model of burnout maps directly onto the Transactional Model of Stress 
proposed by Lazarus and Folkman. The burnout model consists of the following 
four stages: 

1 situational demands

2 cognitive appraisal 

3 physiological response

4 behavioural responses.

These progressive stages reect environmental, psychological, physical and 
behavioural components that interrelate to create the burnout process. 
Furthermore, Smith stipulated that each stage of the process will be inuenced 
by the young athlete’s personality and level of motivation. This model is depicted 
in Figure 14.6 below.

Situational
demands

Cognitive
appraisal of:

•  Demands

•  Resources

•  Consequences

•   “Meaning” of

consequences

Physiological
responses

Coping and task
behaviours

Personality & motivational factors
Stress

•   High or conflicting

 demands: overload

•   Low social support

•   Low autonomy

•   Low rewards

•   Boredom

•   Low perceived

 predictability and

 control: helplessness

•   Perception of few

 meaningful

 accomplishments

•   Lack of meaning and

 devaluation of

 self-activity

•   Tension, anxiety,

 anger, depression

•   Insomnia, fatigue

•   Illness susceptibility

•   Rigid, inappropriate

 behaviour

•   Decreased

 performance

•   Interpersonal

 difficulties

•   Withdrawal from

 activities

Personality & motivational factors

Burnout

2 Figure 14.6: Smith’s (1986) Cognitive-Aective Stress Model of athlete burnout 
(adapted from Weinberg, Gould 2010)

As can be seen above, Smith’s model of burnout suggests the following.

@ Stage 1 High demands or pressures will be placed on the young athlete. 
Such demands may include an intense training schedule, pressure to win 
or external pressure such as schoolwork or exams. 

@ Stage 2 This stage is the athlete’s appraisal process. As highlighted above, 
the outcome of this process will determine whether the environmental 
demands are perceived as stressful or not. Individuals will view the same 
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situation in dierent ways. For example, one young dancer may thrive on 
the prospect of giving a public performance while another may nd the 
idea highly stressful.

@ Stage 3 The outcome of the young athlete’s appraisal process may lead to 
physiological changes; an athlete under chronic stress may experience 
burnout symptoms such as anxiety, fatigue, insomnia and illness susceptibility. 

@ Stage 4 The physiological symptoms stimulate some sort of coping or 
behavioural action. For a burned-out athlete this may be a decrease in 
performance, a lack of desire to attend training sessions or, in extreme 
cases, complete withdrawal from the activity.

According to Smith’s model the likelihood of whether an athlete will cope 
with stress or experience burnout will depend on individual personality 
characteristics and motivational factors. These moderating factors help explain 
why not all individuals with heavy training schedules burn out.

The Coakley Model of burnout
In 1992, Coakley introduced a model that would challenge stress-induced 
burnout theories such as Smith’s Cognitive-Aective Stress Model. Coakley 
argued that burnout is a social phenomenon rooted in the social organization 
of sport itself. 

According to the Coakley Model, burnout occurs for two main reasons. 

@ The structure of high performance sport does not allow the young athlete 
to develop a normal, multi-faced identity.

@ The social environments of young athletes are organized in such a way that 
they have little or no control over events, and decisions about their own 
experiences. 

Coakley suggests that high performance sports programmes are organized 
with the primary goal of producing peak performance outcomes as opposed 
to creating opportunities for overall social development, and self-assessment 
of the relationship of sport and non-sport life. Because of this goal, the social 
environment of an elite young athlete is usually highly constrained and 
organized, with either the coaches or parents making decisions on behalf of 
the individual. This leads to the athlete becoming disempowered to the point 
of realizing that participation in their particular sport has become a developmental 
dead end and that they no longer have any meaningful control over the 
important parts of their lives. 

Coakley’s model was based on 15 informal interviews with young athletes 
who had burned out of elite sport. Fourteen of the people interviewed had 
participated in individual sports (skiing, figure skating, gymnastics, 
swimming and tennis) with only one from a team sport (baseball). During 
the interviews all participants spoke of feeling stressed, usually relating 
it to a perceived lack of control over their lives in general. Consequently, 
Coakley acknowledges that stress is a factor in burnout but proposes it is 
a symptom rather than a cause, and emphasizes that the root of burnout 
in young athletes goes far beyond simply chronic stress, stress management 
abilities, emotional demands and consequences of sport participation, 
and individual resources.

Rather, Coakley concludes that adolescent burnout is best explained as a social 
problem rather than a personal failure, and is grounded in social organization 
as opposed to an individual character. According to this model, the young 
individuals more likely to experience burnout are highly accomplished athletes 
who have been heavily involved in a single sport for a relatively long period 
of time.
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Empirical studies into athlete burnout
In 2007, Goodger et al. conducted a review of all athlete burnout studies 
within the then current peer-reviewed literature. They identied that there 
were only 27 empirical studies that related to athlete burnout. Perhaps the 
most inuential of these is a series of three studies conducted by Gould et al. 
(1996a, 1996b, 1997) which together formed a large-scale investigation of 
burnout in junior tennis players from the United States. 

The rst study presented by Gould et al. (1996a) highlighted the need for 
research to test the burnout models that were predominant within the literature 
(such as: Smith 1986; Coakley 1992). In this primary study, Gould et al. used 
quantitative methods to compare the psychological dierences between 30 
burned out junior tennis players and 32 of their non-burned out counterparts. 
Gould et al. asked the young players to complete a number of psychometric 
tests designed to assess psychological characteristics such as motivation, 
perfectionism, trait anxiety, athletic self-perception and coping strategies. 

Results indicated that the burned out players demonstrated signicantly 
dierent psychological characteristics to their non-burned out colleagues, with 
burned out athletes demonstrating the following:

@ higher burnout scores
@ less input into training
@ more likely to have played in high school tennis
@ more likely to have played up an age division
@ higher withdrawal from training sessions
@ lower levels of external motivation
@ higher levels of a motivation
@ higher levels of withdrawal
@ higher levels of perfectionism
@ fewer uses of coping strategies
@ lower levels of positive interpretation and growth coping.

Following their initial study, Gould et al. concluded that in addition to a variety 
of personal and situational predictors, perfectionism plays a particularly 
important role in the development of burnout. 

The second study in the Gould et al. series (1996b) adopted a more qualitative 
approach to investigating burnout. Extensive interviews were conducted with 
10 of the junior tennis players identied as being the most burned out during 
the rst study. These interviews identied that burnout symptoms fall under 
two major categories: physical and mental. They also highlighted that the 
reasons for burning out can be grouped into four main categories: 

@ physical
@ logistical
@ social-interpersonal 
@ psychological concerns. 

Gould et al. point out that while their study suggested burnout was the result 
of an interaction between personal and situation factors, it was also heavily 
inuenced by psychosocial factors. The data from the interviews was examined 
in relation to the major models of burnout. 

Gould et al. (1996b) concluded that burnout is best viewed in terms of the 
general stages of Smith’s Cognitive-Aective Stress Model of athlete burnout. 
They propose that this is because the model recognizes the importance of both 
personality and situational factors in the burnout process. However, Gould et 
al. also suggested that there may exist sub-strains of burnout within this process. 
Specically, they identied a “social psychologically driven” form of burnout, 
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which was further reduced into “athlete perfectionism” or “situational pressures” 
sub-strains. These conclusions are shown in Figure 14.7, which maps out 
Gould et al.’s (1996b) perception of how burnout may occur within a cognitive-
aective stress-induced model. 

Physically driven strainSocial psychologically driven strain

Cognitive-affective stress

induced burnout

Situational

pressure

Athlete

perfectionism

2 Figure 14.7: The process of cognitive-aective stress-induced burnout in junior 
tennis players (adapted from Gould et al. 1996b).

The more qualitative approach to the second study allowed Gould et al. (1996b) 
to identify the importance of individual dierences in the burnout experience. 
Because of this, the third study focused on identifying and recording the unique 
experiences of three individual players. 

Gould et al. examined the proles of three players who each represented 
dierent sub-strains of social psychologically driven and physically driven 
burnout (see Figure 14.7). The three case studies included: 

@ a player characterized by high levels of perfectionism and overtraining
@ a player who experienced pressure from others and a need for a social life
@ a player who was physically overtrained and had inappropriate goals. 

This study provided further support for the existence of various sub-strains 
within a stress-induced burnout model and highlighted the importance of 
recognizing the unique experience of each individual athlete when working 
with young, burned out athletes. 

Idnifying ovining nd bunou in cild 

nd dolscn ls
When it comes to phenomena such as staleness and burnout, prevention is 
better than cure. Therefore it is important that sports scientists, coaches, 
parents, support sta and the young athletes themselves are made aware of 
the symptoms of overtraining and burnout. That way they can identify onset 
early on and take appropriate steps to curtail it. Symptoms of overtraining and 
burnout include:

@ decline in physical performance
@ decrease in appetite and weight loss
@ muscle tenderness
@ chronic muscle or joint pain
@ a higher incidence of head colds and allergic reactions
@ occasional nausea
@ disturbed sleep
@ elevated resting heart rate
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@ elevated blood pressure
@ emotional instability
@ changes in personality/mood swings
@ fatigue
@ lack of enthusiasm regarding training and competition
@ diculty completing usual routines.

(Note: the italic bullet points specically characterize burnout, where as the 
other symptoms may reect overtraining or burnout.) 

Of course, the presence of just one of these symptoms may not represent overtraining 
or burnout. However, if several symptoms are persistently present in a young 
athlete it may imply something more serious. There are several physiological and 
psychological ways to identify if overtraining or burnout is the cause. 

Sports scientists can run physical tests to check for increased oxygen consumption 
in the young athlete or check for increased heart rate following standard bouts 
of activity. All those involved can be mindful of any plateau or drop in 
performance of the young athlete. Furthermore, because burnout is not just 
a physical construct, it is also sensible to use psychometric measures to monitor 
changes in mood and general demeanour. A very simple way to monitor the 
athlete is to ask them to keep a training log detailing not only exercise but also 
diet, emotions, and general perceptions. There are also several psychometric 
tools that can be administered by a sports scientist. These include the perceived 
exertion scale, the Prole of Mood States (POMS) and the recovery-stress 
questionnaire for athletes. While these tools are not designed for the sole 
purpose of diagnosing burnout, they do measure characteristics or symptoms 
associated with burnout, such as changes in mood and stress levels.

pvning bunou in cild nd dolscn 

ls
Certain precautions can be taken by coaches, parents and sports scientists 
in order to help prevent overtraining, staleness and burnout at all stages of 
the process. 

Brenner (2007) highlights that to prevent overuse injuries, a sound training 
regime is essential, and while repetition in training can be benecial, it can 
also cause harm. As such, it is useful to remember that some sport-specic 
drills can use a variety of modalities. For example, aqua-jogging can prove a 
useful alternative to running on the track for athletics training. It provides the 
same benets to the body without placing as much stress on developing muscles 
and joints. 

Brenner also refers to the recommendation from the American Academy of 
Pediatrics Council on Sports Medicine and Fitness that training for a specic 
sporting activity should be limited to a maximum of ve times per week, with 
at least one full day of rest. Furthermore, child and adolescent athletes should 
have two to three months o per year from their particular sport. During this 
they can take a physical and mental break from that sport, allow injuries to 
heal and work on strength conditioning and proprioception, an awareness of 
movement within joints and joint position, in an attempt to reduce the risk of 
future injury. 

Based on the result of their second study, Gould et al. recommend that in order 
to prevent the onset of burnout, young athletes should take part in a sport for 
their own enjoyment rather than because of external pressures. They should 
also be encouraged to balance their primary sport with other activities in order 
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to develop as an all-round athlete. Young and adolescent athletes should be 
allowed to take time o, do relaxing things and stop participation in that 
particular sport if it is no longer fun. 

Furthermore Gould et al.’s studies amplify the importance of raising awareness 
among parents and coaches of the external pressures they can sometimes put 
on the young athlete and how this might aect them. 

Some of the key preventative measures to prevent overtraining, staleness and 
burnout are:

@ alternate between easy, moderate and hard training sessions
@ eat sucient carbohydrates to prevent glycogen depletion
@ keep workouts interesting, with age-appropriate games and fun 

practice sessions
@ take time o from organized or structured sports once a week to allow 

complete body rest
@ allow the young athlete to participate in other activities to keep them happy 

and allow them to develop a multi-faced identity
@ schedule in a two- to three-month break from a primary sport; this time 

can be used to focus on other activities or cross-training so skill and tness 
levels are maintained

@ focus on wellness and teaching young athletes to be in tune with their 
bodies for cues to slow down or alter their training methods. 

If a child is displaying symptoms of overtraining or burnout:

@ reduce their training intensity for several days
@ allow them to rest completely for a week
@ seek counselling or help from a sport psychologist. 
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Slf-sudy qusions
1 Dene overtraining, staleness and burnout.

2 Describe the four stages of overuse injuries.

3 List ve of the psychological characteristics that burned out athletes 
displayed in Gould et al.’s (1996a) study of junior tennis players.

4 Compare Smith’s Cognitive–Aective Stress Model of burnout and Coakley’s 
Model of burnout in adolescent athletes. 

5 Explain why child and adolescent athletes are more susceptible to overuse 
injuries than mature adult athletes. 
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DATA BASED QUESTION
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Inoducion

In the 1850s average life expectancy was less than 50 years in most, if not all, 
countries worldwide. Over the last 150 years average life expectancy has 
increased in many countries and it is predicted that most babies born in 
developed countries since the year 2000 will celebrate their 100th birthdays. 

This change in life expectancy is due to improvements in living standards resulting 
from the industrial and technological revolutions which have taken place in 
recent centuries, but one negative consequence of these revolutions is that 
modern-day life requires low levels of physical activity. The ndings of many 
studies indicate that a physically active lifestyle is essential for optimal health. 

According to the World Health Organisation (http://www.who.int/en/) “health 
is a state of complete physical, mental, and social well-being and not merely 
the absence of disease or inrmity”. Thus, health is not dened solely by the 
absence of sickness and optimal health involves the ability to pursue life with 
physical and mental vigour.

This chapter will explore the ways in which physical activity can assist in 
lowering the risk of disease as well as aiding in the treatment of disease.

“All parts of the body which 

have a function, if used in 

moderation and exercised in 

labours in which each is 

accustomed, become thereby 

healthy, well-developed and age 

more slowly, but if unused and 

left idle they become liable to 

disease, defective in growth and 

age quickly.”
Attributed to the Greek physician 

Hippocrates (c. 460–370 BC)

“In their struggle for survival 

primordial humans had to 

maintain a high level of physical 

tness. In their struggle for 

longevity, modern day humans 

are dying because of lack of 

physical exercise.”
Dr Gunnar Erikssen, 2001
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W is ysicl civiy?
Physical activity may be dened as “any bodily movement produced by 
contraction of skeletal muscle that substantially increases energy expenditure” 
whereas exercise is “a subcategory of leisure-time physical activity in which 
planned, structured and repetitive bodily movements are performed to improve 
or maintain one or more components of physical tness” (Howley 2001). Thus, 
the terms “physical activity” and “exercise” are distinct from each other but 
this distinction is not always helpful or necessary, and in this chapter the terms 
are used interchangeably. 

Physical tness can be divided into two main components: health-related 
tness and skill-related tness. These components can in turn be subdivided 
as indicated in Table 15.1 below. 

HealtH-related fitness 

comPonents

skill-related fitness comPonents

@ Caroascuar tss @ Agt

@ Muscuar strgth @ Baac

@ Muscuar urac @ Coorato

@ Fxbt @ Sp

@ Bo composto @ Powr

@ Racto tm

2 Table 15.1: Health-related versus skill-related tness

hyokinic diss
One of the earliest studies to suggest that exercise is important for health was 
conducted by Professor Jerry Morris who examined the prevalence of heart 
disease in bus drivers and bus conductors working on double-decker buses in 
London. Professor Morris discovered that the bus conductors experienced 
roughly half the number of heart attacks and sudden death due to heart attack 
than the drivers and he suggested that this was due to dierences in the amount 
of occupational or working activity performed. It was estimated that the bus 
conductors climbed 600 stairs per day and they did this for 11 out of every 
14 days, for 50 weeks per year, often for decades. In contrast the sedentary 
drivers sat for 90 per cent of their shift. 

Many studies have since conrmed a link between high levels of physical 
activity and a lower risk of heart disease and these ndings have been extended 
to other conditions and diseases also. This has led to the term “hypokinetic 
disease” meaning a disease associated with a sedentary (inactive) lifestyle. A 
variety of hypokinetic diseases have been identied including cardiovascular 
disease (CVD), some forms of cancer, obesity, type 2 diabetes, osteoporosis 
and mental ill-health. 

Although the term hypokinetic disease is useful for emphasizing a central role 
for exercise in the maintenance of health, it is important to be aware that health 
is aected by a variety of factors beyond exercise including genetic predisposition, 
diet, smoking, alcohol consumption and other social and environmental factors, 
hence it would be an oversimplication to suggest that the sole cause of 
hypokinetic diseases is a lack of exercise. 

The prevalence of a particular disease (or disease risk factor) may be calculated 
by dividing the total number of people with that disease (or disease risk factor) 

 TO THINK ABOUT

Or th ast two to thr cturs 

soct has chag  ma was 

u to th cts of cras 

mchazato. Fwr a fwr 

occupatos o phsca 

actt a humas ow tra 

usg cars, tras, buss a pas. 

Thk of th arous was  whch 

mchazato a automato 

has rmo phsca actt from 

a s. How ma xamps 

ca ou thk of?

hyokinic diss a sas 

assocat wth a star or 

act fst
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by the total number of people in a sample group or population. It is used as 
an estimate of how common a particular disease (or disease risk factor) is in 
a population. It is contrasted with the term incidence which is an estimate of 
the number of new cases of a disease or disease risk factor. Many studies have 
observed a lower prevalence/incidence of disease in active/t people than in 
inactive/unt people.

Much of the evidence linking physical inactivity to an increased risk of disease 
comes from a branch of medical science known as epidemiology. Epidemiology 
studies the occurrence, transmission and control of epidemic (widespread) 
diseases and it usually involves studying large groups numbering tens of 
thousands, hundreds of thousands or even millions of individuals. Such studies 
are known as population-based studies. 

Some epidemiological studies have examined physical tness which may be 
considered an outcome of the volume and intensity of physical activity. In such 
studies the type of physical tness most often examined is cardiovascular tness. 
Many of these studies have found that people classied as physically t are less 
likely to suer from disease than people classied as physically unt.

eidmiology a brach of 
mca scc that stus th 
occurrc, trasmsso a 
cotro of pmc sass

CASE STUDY

A stu of m g  Cafora, USA stgat th 
assocato btw phsca tss a a-caus 
mortat rsk (.. th rsk of ath from a caus). Ths 
stu us a maxma tram tst to quatf xrcs 
capact  mtaboc quat of tasks or MeTs, whch 
pros a cato of caroascuar tss. 

Ftss was assss  th m at bas a th wr 
th obsr for a arag of sx ars aftr ths (kow 
as th foow-up pro). At bas 3,679 of th m wr 
agos wth caroascuar sas (Cvd) whras 2,534 
of th m  ot ha Cvd. durg th foow-up pro 
1,256 of th m  a wth ach group of m (.. 
thos who ha a thos who  ot ha Cvd) thos wth 
th owst s of tss at bas wr approxmat 
four tms mor k to  urg foow-up tha thos wth 
th hghst s of tss at bas. 

Ths gs suggst that hgh s of tss ma owr 
th rsk of ath urg a g pro both  hath m 
a  m who ha pr-xstg Cvd.  

2 Figure 15.1
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Mrs, J t a. 2002. “exrcs capact a mortat amog 
m rfrr for xrcs tstg.” New England Journal of 

Medicine. vo 346. Pp.  793–801.

m ph 
The abbreviation MET stands for metabolic equivalent of task and it is a measure 
of the energy expenditure of physical activity. For reference purposes 1 MET 
represents the oxygen consumption/energy expenditure at rest, equal to 3.5 
millilitres of oxygen per kilogram of body mass per minute (ml O2·kg 1·min 1) 
or 4.184 kJ·kg 1·hr 1 (1 kcal·kg 1·hr 1). 

The MET unit can be used to describe the intensity of exercise by expressing 
oxygen consumption/energy expenditure during exercise as a ratio of that at 
rest. Hence a person running at 10 METs would be consuming 35 ml O2·kg-1·min-1

and expending 41.84 kJ·kg 1·hr 1. 

294



METs are often used as a method of classifying physical activities in epidemiological 
studies. Moderate-intensity activities are dened as those requiring three to 
six METs whereas vigorous-intensity activities are dened as those requiring 
greater than six METs. Examples of moderate-intensity activities are brisk 
walking and slow cycling while examples of vigorous-intensity activities are 
jogging, playing soccer and skipping.

Cdiovscul diss

Cardiovascular disease (CVD) is the term given to a group of disorders of the 
heart and blood vessels. These disorders include hypertension (high blood 
pressure), coronary heart disease (CHD) also known as ischaemic heart disease, 
and stroke. According to the World Health Organisation CHD is the leading 
cause of death worldwide and was responsible for 7.25 million deaths in 2008 
(13 per cent of all deaths worldwide). Stroke was the second leading cause of 
death globally in 2008, responsible for 6.15 million deaths (11 per cent of all 
deaths worldwide). 

Coronary heart disease and stroke are particularly common in high income 
countries where they may account for more than 30 per cent of all deaths. A 
major cause of CHD and stroke is atherosclerosis which is a hardening of the 
arteries due to the accumulation of fat, cholesterol and other substances in the 
walls of the arteries forming hard structures called plaques. Atherosclerosis 
leads to a narrowing of arteries and eventually these can become blocked by a 
blood clot (thrombus). Pieces of plaque can also break o blocking arteries. If 
a blockage occurs in the coronary circulation (the blood vessels supplying the 
heart) then this will lead to a heart attack (also known as a myocardial infarction). 
If the blockage occurs in a blood vessel in the brain then the result is a stroke.

As the plaque grows, 
it narrows the arterial 
opening and impedes 
blood ow. Lipids in the 
blood, specically 
low-density- lipoprotein 
cholesterol (LDL-C), are 
deposited in the 
plaque. When pieces of 
the plaque break loose 
they can start clots 
that lodge in other 
parts of the vessel.

Blood platelets and 
circulating immune cells 
known as monocytes are 
then attracted to the site of 
the injury and adhere to the 
exposed connective tissue. 
The platelets release 
a substance referred to as 
platelet-derived growth 
factor (PDGF) that promotes 
migration of smooth muscle 
cells from the media to the 
intima.

A blood-borne 
irritant
injures or 
scratches the 
arterial wall 
exposing the 
underlying 
connective 
tissue.

A plaque, which is
basically 
composed of
smooth muscle 
cells,
connective tissue, 
and
debris, forms at 
the site of injury.

2 Figure 15.2: Atherosclerosis 

There are a variety of risk factors for CVD and these may be divided into 
modiable and non-modiable risk factors. Modiable risk factors are those 
which may be inuenced by lifestyle. Physical inactivity is a major modiable 
risk factor for CVD. Many epidemiological studies have demonstrated an 
association between high levels of exercise and a lower risk of CHD. 

Exercise may lower the risk of CHD by a variety of mechanisms. 

@ Exercise may have direct eects on the heart, increasing the size of the 
coronary arteries and making them less likely to get blocked. 

@ Exercise also improves endothelial function which means that arteries are 
able to vasodilate (open up) on demand to increase blood supply, reducing 
the chances of ischaemia. 

 TO RESEARCH

Phsca actt s cut to 
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mthos ar aaab to masur 
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phsca actt qustoars, 
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caormtr, rct caormtr 
a oub ab watr. 

F out about th mthooog 
us for ach of ths tchqus 
a crat a tab stg th 
aatags a saatags  
of ach. 

 KEY POINT

Thr major forms of caroascuar 
sas ar hprtso, coroar 
hart sas (CHd) a strok. 
CHd a strok accout for a 
arg prctag of aths  hgh 
com coutrs.

 TO DO

F out th ag causs of 
ath  our coutr. How ma 
pop  our coutr  ach 
ar from CHd a strok a what 
prctag of tota aths s u to 
ths two sass?
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@ Exercise may also reduce the risk of CHD by having a positive eect on 
other heart disease risk factors, for example, helping to prevent obesity, 
diabetes, hypertension and high blood cholesterol thus reducing the risk 
of blood clots forming. 

@ One major positive eect of exercise is helping to maintain high levels 
of protective high density lipoprotein cholesterol (HDL-cholesterol). This 
lipoprotein is thought to play an important role in removing excess 
cholesterol from the body in a process termed “reverse cholesterol 
transport”. Cholesterol is insoluble and is therefore carried within the 
bloodstream in lipoproteins. Two major lipoproteins are low density 
lipoprotein (LDL) and high density lipoprotein (HDL). These lipoproteins 
have dierent relationships with CVD. High levels of LDL-cholesterol 
increase the risk of CVD whereas high levels of HDL-cholesterol appear 
to protect from CVD. One important eect of exercise is that it raises 
HDL-cholesterol concentrations.

modifiable risk factors non-modifiable risk factors

@ Cgartt smokg @ Ag

@ Hgh boo prssur @ Sx

@ Hgh boo chostro @ ethct

@ Obst @ Fam hstor

@ dabts

@ Phsca actt

2 Table 15.2: Risk factors for coronary heart disease

Risk factors can sometimes cluster together. A clustering of three or more risk 
factors together is sometimes referred to as the metabolic syndrome. Major 
components of the metabolic syndrome include dyslipidemia (high triglyceride 
(blood fat) concentrations and low levels of HDL-cholesterol), impaired glucose 
regulation or diabetes, obesity (particularly visceral/abdominal obesity, i.e. fat 
within and around the abdomen) and hypertension. This clustering of risk 
factors greatly increases the risk of CVD.

 KEY POINT

Hgh s of ldl-chostro 
cras th rsk of Cvd wh hgh 
s of Hdl chostro protct a 
ua from Cvd.

 TO THINK ABOUT

Ama xprmts ar usfu for xporg th mchasms 
b whch xrcs ca owr th rsk of CHd. O xamp 
s a stu couct  moks. Ths stu o 
a star group o a athrogc (k to caus 
athroscross) t a a xrcsg group aso o a 
athrogc t. Th xrcsg group ra o a tram for 
o hour thr tms ach wk or a two-ar pro. 

At th  of th stu both groups wr fou to ha 
at tota chostro coctratos but th xrcsg 
moks ha hghr s of Hdl-chostro. i ato, 
th gr of coroar artr arrowg caus b th 
athrogc t was much owr  th xrcsg moks 
tha th star moks. Th authors cocu 
that “th bts r from such morat xrcs 
for o hour thr tms pr wk  th prsc of 
hprchostroma (hgh boo chostro) wr ss 

athroscross  wr coroar artrs suppg a argr 
hart that fucto at a sowr rat” (Kramsch t a. 1981, 
p 1488). 

Athough ama xprmts ar usfu for xporg 
mchasms whch ma b cut to assss  humas th 
gs ma ot b rct appcab, .. humas ma ot 
rspo  th sam wa as amas. Thr ar aso thca 
ssus ratg to ama xprmtato. Thk about th 
aatags a saatags of ama xprmtato 
a raw up a st of rasos for a agast ama tstg.     

r 
Kramsch, dM t a. 1981. “Ructo of coroar 
athroscross b morat cotog xrcs  
moks o a athrogc t.” New England Journal of 

Medicine. vo 305. Pp 1483–9.
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Aside from playing a valuable role in lowering the risk of CVD (referred to as 
primary prevention), physical activity also has an important role to play in the 
treatment of CVD and in preventing a recurrence of cardiovascular disease events 
such as a heart attack (termed secondary prevention). In the past people who 
suered a heart attack and survived were told to rest for many weeks afterwards 
but today people are encouraged to exercise soon after having a heart attack if 
possible. Studies suggest that heart attack patients who adopt a habit of regular 
exercise have a lower risk of death in the following years than those who remain 
sedentary. Exercise has also been shown to benet people suering other forms 
of CVD such as hypertension, peripheral vascular disease (narrowing of peripheral 
arteries, e.g. the femoral artery in the legs) and heart failure (inability of the heart 
of pump sucient blood around the body for all of the body’s requirements).  

Obsiy
Obesity is an excess of body fat to the point where health is endangered. Obesity 
is most commonly dened using the body mass index (BMI) which is calculated 
by dividing a person’s weight in kilograms by their height in meters squared, 
i.e. kg·m–2. 

A BMI ≥25 kg·m–2 indicates a person is overweight while a BMI ≥30 kg·m–2

represents obesity. The BMI provides an indirect assessment of body fat percentage. 

In large groups of people BMI usually correlates highly with measurements 
of body fatness but BMI values can be misleading in some cases, e.g. weightlifters, 
bodybuilders, rugby players and American football players may have high BMI 
values due to a large muscle mass rather than high levels of body fat. 

Very accurate assessments of body fat can be gained using sophisticated imaging 
techniques, including dual energy X-ray absorptiometry (DXA), magnetic 
resonance imaging (MRI) and computed tomography (CT), but these methods 
are costly and time consuming, and in the case of DXA and CT scanning the 
methods involve exposure to low doses of radiation. 

Another method of classifying obesity is using a person’s waist circumference 
(≥102 cm in men and ≥88 cm in women).   

risk relative to normal weigHt 

and waist circumference

bmi (·–2) men <102  

women <88 

men ≥102  

women ≥88 

Urwght <18.5 not cras not cras

norma 18.5–24.9 not cras icras

Orwght 25.0–29.9 icras Hgh

Obst (cass i) 30.0–34.9 Hgh vr hgh

Obst (cass ii) 35.0–39.9 vr hgh extrm hgh

extrm obst 
(cass iii)

≥40.0 extrm hgh extrm hgh

Note: 102 cm = 40 chs, 88 cm = 35 chs

2 Table  15.3: Classication of overweight and obesity by body mass index, waist 
circumference, and associated disease risk (i.e. type 2 diabetes, hypertension 
and cardiovascular disease)

There is concern about obesity worldwide because the prevalence of obesity 
has increased in most countries over the last few decades; in some countries 

Obsiy a xcss of bo fat that 
agrs hath

Body mss indx a masurmt 
of bo fat, cacuat b g 
wght  kograms b hght  
mtrs squar
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one-quarter or more of the adult population are obese. Obesity increases the 
risks of many diseases and conditions, most notably type 2 diabetes but also 
cardiovascular disease, osteoarthritis and some forms of cancer. 

Increases in the prevalence of obesity have been noted in children and 
adolescents as well as in adults in recent decades. This is a cause for concern 
because obese children have an increased risk of obesity in adulthood. Another 
concern is that obese children may experience stigmatization and bullying as 
a result of their condition. 

 TO RESEARCH
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e 
According to the energy balance equation body mass is determined by energy 
intake and energy expenditure as follows:

@ Energy intake > energy expenditure = weight gain
@ Energy intake < energy expenditure = weight loss
@ Energy intake = energy expenditure = stable body weight 

Underlying this apparently simple equation is a complex set of factors which 
aect energy intake and expenditure. 

Energy intake and energy expenditure also inuence each other. A reduction in 
energy intake will eventually lead to a reduction in metabolic rate and hence energy 
expenditure. An increase in energy intake will eventually lead to weight gain and 
an increase in metabolic rate to support a larger body mass. A variety of hormones 
inuence appetite including the appetite stimulating hormone ghrelin and the 
appetite suppressing hormone leptin. Many environmental factors also inuence 
food intake, including the availability and aordability of palatable (tasty) food.   

Physical activity can assist in the prevention and management of obesity by 
increasing the energy expenditure side of the energy balance equation. Exercise 
helps by reducing both subcutaneous fat (fat underneath the skin) and abdominal 
visceral fat (fat within the abdomen). The American College of Sports Medicine 
recommends between 150 and 250 minutes of exercise each week (approximately 
20 to 35 minutes of exercise each day) for preventing obesity. Some organizations 
recommend higher levels of exercise for preventing obesity, i.e. 45 to 60 minutes 
each day (approximately 5 to 7 hours each week). Even greater amounts of 
exercise may be required for weight loss. People who are successful at losing 
weight and maintaining weight loss frequently report high levels of exercise 
and moderate food intake. 

Studies have also demonstrated that there are individual dierences in the 
weight loss response to exercise, i.e. some people lose more weight than others, 
and it is dicult to predict which individuals will lose most weight. This may 
be partly due to individual dierences in appetite and food intake responses 
to exercise. While most people do not appear to overeat after exercise this may 
happen in some cases. 

298



CASE STUDY

Obst s caus b a combato of gtc 
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2 Figure 15.3
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Farooq, i.S. a O’Rah, S. 2005. “nw aacs  th 
gtcs of ar ost obst.” International Journal of 

Obesity. vo 29. Pp 1149–52. 
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l, J. A. 2005. “itrua arato  postur aocato: 
possb ro  huma obst.” Science. vo 307. Pp 584–6.
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ty 2 dibs
Diabetes is a disease characterized by elevated blood glucose concentrations, 
a condition known as hyperglycemia. In untreated diabetics blood glucose 
concentrations may be elevated to 10, 20 or even 50 mmol·L 1 in comparison 
with values of around 5 mmol·L 1 in healthy people. 

There are two main forms of diabetes, namely type 1 and type 2 diabetes. 

@ Type 1 diabetics do not produce insulin—type 1 diabetes is caused by an 
autoimmune destruction of the beta cells in the islets of Langerhans within 
the pancreas. These cells produce insulin which plays an important role 
in moving glucose from the blood into the liver, muscle and adipose tissue 
cells (where glucose provides a useful store of energy in the form of glycogen). 

@ Type 2 diabetics are insensitive to insulin—type 2 diabetes is also characterized 
by hyperglycemia but this is due to insensitivity or resistance to the eects 
of insulin (known as insulin resistance) rather than a lack of insulin. People 
with type 2 diabetes often have high insulin values (hyperinsulinemia) and 
high glucose values.   

If left untreated both forms of diabetes cause severe hyperglycemia, ill health 
and premature death.

The worldwide prevalence of diabetes has increased in recent years and is at 
approximately 10 per cent now. Most of these cases are type 2 diabetes. The 
major risk factors for type 2 diabetes are obesity (relating to overconsumption 
of food and physical inactivity) and family history. There is a particularly high 
prevalence of type 2 diabetes in certain ethnic groups. A well-documented 
example is that of the Pima Indians living in southern Arizona. A high prevalence 
is also observed in those of South Asian descent, e.g. those from India, Bangladesh 
and Pakistan. 

 TO THINK ABOUT
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sk at th bas of hr ck a  th xurs. i rcogz 

acathoss grcas, charactrstc of su rsstac. 
Maagmt w b a chag, what tratmt optos 
shou i broach? 

Ths ar tpca stors of th ma patts wth obst-
rat chroc sas s b mca practtors. But 
what f i t ou that th cc s  a chr’s hospta, wth 
both patts ag o 11 ars, a thr t at hgh 
schoo?”

Q

1 What factors mght cotrbut to such hgh s of 
obst?

2 What ca parts o to hp chr  ths posto?

3 What ro shou schoos pa  prtg a 
maagg chhoo obst?

4 How o ou thk obs chr mght f?

5 What soca a pschoogca factors ma act obs 
chr?

r 

Baur, l. A. 2011. “Chagg prcptos of obst – 
rcoctos of a paatrca.” Lancet. vo 378. Pp 762–3. 
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CASE STUDY
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wth su. Musc wastg s car t  th pa

o th ft. Th pa o th rght shows th sam oug gr 

aftr tratmt wth su. 

r 

Bss, M. 2007. The discovery of insulin. Chcago, il. Th 

Urst of Chcago Prss.

2 Figure 15.4

Diabetes is a cause for concern because it is associated with a variety of health 
risks and premature mortality. The major health risks of diabetes are:  

@ cerebrovascular disease (stroke)
@ retinopathy (a common cause of blindness)
@ coronary heart disease
@ nephropathy (damage to the kidneys)
@ peripheral vascular disease
@ neuropathy (damage to the nerves)
@ diabetic foot (resulting in ulceration and amputation).

In recent decades cases of type 2 diabetes have emerged in children. Before 
this type 2 diabetes was considered to be an adult onset disease and this form 
of diabetes was often termed adult onset diabetes. The emergence of type 
2 diabetes in children is thought to be related to environmental factors, i.e. 
poor diet and low levels of physical activity. 

Many observational studies have demonstrated that active people are less 
likely to develop type 2 diabetes than inactive people. Intervention studies 
have also shown that a healthy diet and physical activity lower the risk of 
developing type 2 diabetes. Physical inactivity is an important risk factor for 
type 2 diabetes even in those with a family history of diabetes; those who are 
more active are less likely to develop type 2 diabetes than their inactive 
counterparts (although both groups are at greater risk than those without a 
family history of diabetes). 

One of the main benets of exercise is that it enhances insulin sensitivity and 
glucose tolerance. This eect can be seen after a single bout of exercise but 
frequent exercise is necessary for continued benet. In contrast, periods of 
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inactivity reduce insulin sensitivity and glucose tolerance as shown by bed rest 
studies. The enhanced insulin sensitivity achieved through exercise assists in 
maintaining healthy blood glucose concentrations by moving excess glucose 
out of the bloodstream. By preserving and/or increasing muscle mass, exercise 
also maintains a large storage area for glucose in the form of muscle glycogen. 
In addition to its role in lowering the risk of type 2 diabetes, exercising (and 
maintaining high levels of tness) also benets those aicted with type 2 
diabetes by reducing the risk of CVD and all-cause mortality. 

Bon l

Bone is a dynamic tissue with high levels of metabolic activity. It acts as a 
support structure for the body as well as providing a reservoir for minerals, 
particularly calcium. The term bone health relates to the structure and density 
of bones. 

Optimal bone health provides both strength and lightness so that moving the 
body around does not expend too much energy. The main determinant of bone 
strength is bone mineral density (BMD) which increases during growth, reaching 
a peak at between 35 and 45 years of age and decreasing gradually thereafter. 
Peak bone mass is higher in men than women and the decrease in bone mass 
with age accelerates sharply in women from the menopause to about 10 per 
cent per decade, levelling o to about 3 per cent per decade after the age of 
75. Some women lose as much as 30 per cent of bone mass by the age of 70. 

Decreases in BMD lead to lower bone strength making the bones more fragile 
and more likely to fracture. If BMD becomes too low this leads to the disorder 
osteoporosis (literally meaning “porous bones”). Osteoporotic fractures lead to 
disability, loss of independence and impairment of quality of life. They can also 
lead to the development of secondary complications as a result of long term 
hospitalization. Those most at risk of developing osteoporosis are females, 
people over 60 years old and people with a family history of osteoporosis. Other 
factors that increase the risk of osteoporosis include having a low BMI, a low 
calcium intake, cigarette smoking, experiencing early menopause and physical 
inactivity (although excessive exercise in young females who limit their food 
intake and maintain a low body mass can increase the risk of osteoporosis). 

 KEY POINT
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ag 60, o-fth of wom ag 70, two-fths of 

wom ag 80 a two-thrs of wom ag 90.
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fracturs, as w 1  5 m.
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for mor as spt  hospta tha ma othr 

sass, cug abts, mocara farcto a 
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ostoporotc fractur  m or th ag of 50 s 30 pr 

ct.

Sourc: itratoa Ostopoross Fouato 

http://www.ofbohath.org/facts-a-statstcs.htm 
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Osteoporosis is diagnosed by measuring BMD which can be assessed by 
dual energy X-ray absorptiometry (DXA) and computed tomography (CT). 
The World Health Organisation denes osteoporosis as a bone density 2.5 
standard deviations below the mean for young, white, adult women, based 
on DXA scans. 

Osteopenia (low BMD not reaching a threshold for diagnosis of osteoporosis) 
is identied when BMD is between 1 and 2.5 standard deviations below this 
mean. The photographs below show healthy lumbar vertebrae in early adult 
life (left panel) and lumbar vertebrae aected by osteoporosis (right panel). 

2 Figure 15.5: Eects of osteoporosis

Weight-bearing physical activity is essential for bone health. Two main factors 
inuence whether or not a person develops osteoporosis: their peak bone mass 
as a young adult and the rate of bone loss with ageing. Exercise can inuence 
both of these factors. Childhood is a crucial time for optimizing bone health 
through exercise. Indeed some commentators have suggested that osteoporosis 
is a pediatric disease, implying that if bone mass is not optimized in childhood 
then osteoporosis is far more likely to occur in later life. 

Aside from its role in increasing BMD early in life, weight-bearing exercise 
can also help to reduce the rate of bone loss from middle age onwards. Any 
weight-bearing exercise may be helpful but improvements in BMD are site 
specic (relating to the specic bones being stressed by exercise) and resistance 
training is more eective than endurance exercise. 

Optimization of bone health in later life is particularly important for women. 
Women with a physically active lifestyle, including walking for exercise, have 
a lower risk of osteoporotic fracture of the hip than sedentary women. Moreover, 
many fractures are caused by falls and exercise can decrease the risk of falling 
by improving balance, strength and possibly coordination. 

 TO RESEARCH
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cug hrt, thc group, 
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psycologicl wll-bing
So far this chapter has focused on the eects of exercise on physical health 
but there is also evidence to suggest that physical activity can benet psychological 
well-being and mental health. Much of this evidence comes from cross-sectional 
and observational studies but some evidence is available from intervention 
studies. A variety of aspects are associated with psychological well-being but 
possibly the most frequently measured aspect is mood. 

Mood refers to a set of feelings experienced on a day-to-day basis. Particular mood 
states may last for hours, days, weeks or even months. The term “mood” is distinct 
from the term “emotion” in that mood tends to be a longer lasting state whereas 
emotions are feelings generated in response to specic events and these feelings 
last for minutes or hours but not longer. Mood states are generally positive or 
negative in nature. Examples of positive mood states are happiness and vigour 
while examples of negative mood states are anger, anxiety, depression and fatigue.

Across a variety of study designs exercise and physical activity are consistently 
associated with positive mood, e.g. enhanced feelings of happiness and energy, 
decreased feelings of tension, fatigue and anger. There is also evidence supporting 
a role of exercise for enhancing self-esteem (due to changes in self-perceptions) 
and sleep quality (enabling people to fall asleep more quickly and to sleep 
more deeply and for longer). In addition there is some evidence that regular 
exercise has positive eects on women’s experiences of menstruation, pregnancy 
and menopause. Such ndings may apply both to healthy individuals and to 
those with disease and disability. 

CASE STUDY

Chhoo a aoscc ar k pros for th 
opmt of BMd. Ths s car mostrat b a 
stu of th rcs  bo mra cott (BMC) 
btw th pag a o-pag arms of fma ts 
a squash pars (ma ag 28 ars). Th rc 
btw ach arm was two to four tms gratr  pars 
who start pag bfor or at march (th start of 
mstruato) tha  thos who start pag mor 
tha 15 ars aftr march. Ths suggsts that phsca 

actt bfor a arou th tm of pubrt s partcuar 
ct for crasg BMd.  

r
Kaus, P. t a. 1995. “ect of startg ag of phsca 
actt o bo mass  th omat arm of ts a 
squash pars.” Annals of Internal Medicine. vo 123. 
Pp 27–31.

2 Figure 15.6
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One key mood state linked to psychological well-being is depression. Here a 
distinction may be drawn between short-lived feelings of depression (a few 
hours to a few days) which may be considered non-clinical depression and 
longer term depression (lasting months or years) which interferes with personal 
and professional life and may be considered a mental illness. Clinical depression 
is a common disorder aecting about 121 million people globally and it is one 
of the leading causes of disability worldwide. High levels of physical activity 
are consistently related to lower levels of depression in population-based 
surveys, and meta-analyses of studies that have used exercise as a treatment 
for depression generally show a large eect size. 

Less clear is the role of exercise in treating anxiety, dened as excessive worry over 
prolonged periods causing distress and interfering with everyday life. While 
exercise appears to have a small to moderate eect on reducing non-clinical (short-
lived) levels of anxiety, there is insucient evidence to make rm conclusions 
about the role of exercise in preventing and treating clinical anxiety disorders.

“Depression is a common mental disorder that presents with 

depressed mood, loss of interest or pleasure, feelings of guilt or low 

self-worth, disturbed sleep or appetite, low energy, and poor 

concentration. These problems can become chronic or recurrent and 

lead to substantial impairments in an individual’s ability to take care of 

his or her everyday responsibilities. At its worst, depression can lead to 

suicide, a tragic fatality associated with the loss of about 850 000 lives 

every year.”
World Health Organization 

H   p ph -?
A variety of mechanisms have been proposed to explain how exercise enhances 
psychological well-being. These mechanisms may be broadly divided into 
physiological, biochemical/metabolic and psychological. No single theory 
explains the process fully and the eects of exercise are likely to operate through 
interacting mechanisms.  

The following possible mechanisms link physical activity to psychological 
well-being (Biddle, Mutrie 2008).

@ Changes associated with an increase in core body temperature during and 
after exercise—the thermogenic hypothesis. 

@ Increases in cerebral blood ow and oxygen supply to the brain as a 
consequence of frequent exercise.

@ Increases in endorphin production during and after exercise—the endorphin 
hypothesis. Endorphins may be considered an endogenous (produced 
within the body) form of morphine which function as neurotransmitters 
and are able to induce pain relief and feelings of well-being.

@ Changes in central serotonergic systems from exercise—the serotonin 
hypothesis. Serotonin is a neurotransmitter which contributes to feelings 
of well-being and happiness. A deciency in serotonin may be a contributing 
factor to anxiety and depression. 

@ Increases in the neurotransmitter noradrenaline, also known as norepinephrine. 
This may lead to a heightened sense of alertness and heightened vigour.

@ A “feel better” eect from exercise. This may enhance body image and 
feelings of self-worth and self-esteem from mastering new tasks. This in 
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turn may provide a sense of personal control and serve as a distraction from 
negative or stressful aspects of life. Exercise may also make people feel 
better due to the positive social interactions it can facilitate. 

Although it is clear that there are psychological benets of exercise, it is 
important to realize that there are also barriers to exercise which may have 
psychological elements. These may be divided into: 

@ Physical barriers for example, perceptions of being too old or too fat
@ Emotional barriers for example, shyness or embarrassment about exercising
@ Motivational barriers for example, lack of energy for, or enjoyment of, 

exercise
@ Time barriers for example, a perceived lack of time due to work and/or 

family life
@ Availability barriers for example, perceptions about a lack of equipment/

facilities and the feeling that there is no one to exercise with. 

These factors need to be taken into consideration when planning and promoting 
physical activity programmes. Finally, it is important to recognize that too 
much exercise can have adverse psychological consequences, leading to negative 
addiction and adverse mood states with withdrawal. 

aging
A major risk factor for many of the disorders discussed thus far is age and as 
people are living longer than ever before the prevalence of many of these 
disorders could increase in the coming years. Exercise has an important role 
to play in minimizing age-related deterioration in functional capacities and 
therefore the risk of disease in later life. 

The role of exercise in preserving bone mass has already been addressed but 
exercise does far more than this. Regular exercise helps in preserving maximum 
oxygen uptake, muscular strength, muscular endurance, exibility, balance 
and possibly coordination. Such benets have been demonstrated even in 
adults in their 90s. The preservation of functional capacities is crucial for older 
adults so that they can maintain their independence. Tasks which young people 
take for granted can become a real challenge for older adults. These tasks 
include unscrewing the lids from jars, putting socks on, kneeling down to tie 
a shoelace, climbing in and out of a bath, climbing ights of stairs, getting out 
of an armchair, crossing the road in the time allotted at a pedestrian crossing 
and stepping onto and o buses and trains. Regular exercise helps to preserve 
mobility, reduces the risk of disability and maintains the capacity to perform 
a large variety of tasks essential for independent living.   

Aside from its role in maintaining physical tness recent research shows that 
exercise also plays an important role in helping to preserve mental function 
and reduce the risk of Alzheimer’s disease as well as other forms of dementia. 
Several observational studies have shown that those who exercise more in 
middle and old age are less likely to experience cognitive impairment than 
their less active peers. Observational studies have also demonstrated a lower 
risk of dementia in active compared with inactive older adults. Support for a 
positive role of exercise for preserving brain health comes from very recent 
research demonstrating an association between physical activity levels and 
grey matter volume as well as a longitudinal training study showing that 
exercise can increase the size of the hippocampus and improve memory in 
older adults. 

 KEY POINT

exrcs hps us to mata 

fuctoa a mta capacts 

as w ag a rucs th rsk of 

sas  atr f, prsrg our 

pc.

 TO THINK ABOUT

k   azh’ 



@ Mor tha 35 mo pop 

worw ha Azhmr’s 

sas. 

@ Azhmr’s sas s a 

trorato of mmor a 

othr cogt omas that 

as to ath wth thr to 

 ars of agoss.

@ Azhmr’s sas s th most 

commo form of mta.

@ Th prcpa rsk factor for 

Azhmr’s sas s ag. 

Th cc of th sas 

oubs r 5 ars aftr 65 

ars of ag.

@ data o ctaras show 

that Azhmr’s sas s ot 

cssar th outcom of 

agg.

@ nrthss, th os of 

rcg a agoss of 

Azhmr’s sas aftr 85 

ars of ag xc o  

thr. 

r 

Qurfurth, H. W. a laFra, F. M. 

2010. “Mchasms of Azhmr’s 

dsas.” New England Journal of 

Medicine. vo 362. Pp 329–44.

306



psciion of xcis fo l
Physical activity recommendations for health are provided by a variety of 
national organisations and also by the World Health Organization (WHO). 
The WHO provides guidelines for three specic age groups: 5 to 17 years, 
18 to 64 years and 65 years and older. A summary of the guidelines for each 
of these groups is provided in Table 15.4 below. Further details can be found 
on the WHO website.

wHo exercise recommendations for tHose aged 5 to 17 years 

@ Accumuat at ast 60 muts of morat- to gorous-tst phsca 

actt a.

@ Phsca actt of amouts gratr tha 60 muts a w pro 

atoa hath bts.

@ Most of a phsca actt shou b arobc. vgorous-tst actts 

shou b corporat, cug thos that strgth musc a bo, at 

ast thr tms pr wk.

wHo exercise recommendations for tHose aged 18 to 64 years

@ At ast 150 muts of morat-tst arobc phsca actt 

throughout th wk, or o at ast 75 muts of gorous-tst arobc 

phsca actt throughout th wk, or a quat combato of 

morat- a gorous-tst actt.

@ Arobc actt shou b prform  bouts of at ast 10 muts urato.

@ For atoa hath bts, auts shou cras thr morat-

tst arobc phsca actt to 300 muts pr wk, or gag  

150 muts of gorous-tst arobc phsca actt pr wk, or a 

quat combato of morat- a gorous-tst actt.

@ Musc-strgthg actts shou b o og major musc 

groups o two or mor as a wk.

wHo exercise recommendations for tHose aged 65 years and above

@ At ast 150 muts of morat-tst arobc phsca actt 

throughout th wk, or at ast 75 muts of gorous-tst arobc 

phsca actt throughout th wk, or a quat combato of 

morat- a gorous-tst actt.

@ Arobc actt shou b prform  bouts of at ast 10 muts urato.

@ For atoa hath bts: 300 muts of morat tst arobc 

phsca actt pr wk, or 150 muts of gorous tst arobc 

phsca actt pr wk, or a quat combato of morat- a 

gorous tst actt.

@ Auts of ths ag group wth poor mobt shou prform phsca actt to 

hac baac a prt fas o thr or mor as pr wk.

@ Musc-strgthg actts shou b o og major musc 

groups, o two or mor as a wk.

@ Wh auts of ths ag group caot o th rcomm amouts of 

phsca actt u to hath cotos, th shou b as phsca act 

as thr abts a cotos aow.

2 Table 15.4: WHO physical activity guidelines
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The WHO physical activity guidelines are designed to lower the risk of hypokinetic 
diseases but exercise is also important as a therapy for disease. The key aims 
of therapeutic exercise in people who have a hypokinetic disease are: 

@ to allow them to make the most of their functional capacities
@ to alleviate or provide relief from symptoms
@ to reduce the need for medication
@ to reduce the risk of disease recurrence (secondary prevention)
@ to help overcome social problems and psychological distress. 

When encouraging people to become more active it is important to bear in 
mind that there are a variety of barriers to physical activity including the risks 
of accident and injury during exercise. Exercise can also be dicult and/or 
dangerous for those with an uncontrolled disease such as unstable angina, 
poorly controlled diabetes or poorly controlled hypertension.

 TO RESEARCH
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Daily Mail, Wednesday, August 7, 2002 Page 25

Top athlete killed by a heart attack at 33 may have trained too hard 

Fatal dedication of man who ran himself to death

A TOP athlete who died from a heart attack 
may have run himself to death because he 
trained too hard, it emerged yesterday.

John Taylor, 33, a fell and mountain runner who 
represented Britain, collapsed in his bedroom aer 
he awoke with severe breathing diculties.

His ancee Kirstin Bailey, 29, tried to revive 
him, but he was found to be dead on arrival at 
hospital on Monday.

Now a post-mortem has found that the fell 
runner may have trained so hard he caused his 
heart to enlarge.

Doctors say this can happen to athletes who 
regularly undergo strenuous exercise.

On Saturday Mr Taylor, who ran for Bingley 
Harriers, helped his team win a gruelling fell 
race championship in Snowdonia despite a 
foot injury.

He completed the race comfortably and trained 
again on Sunday without any ill-eects.

Mr Taylor, who worked as a green-keeper at 
the Bradley Park Golf Club near his home in 
Skelmanthorpe, West Yorkshire, arrived early every 
day so he could run ve miles around the course.

Last night, his parents said they were devastated 
that their son’s commitment to the sport he 
loved had apparently led to his death.

Mr Taylor’s mother June, 59, said: ‘John was 
very t and always took care of himself. He was 
never ill, and it is […] probably caused by all that 
exercise. John was a sought-aer runner and 
under pressure to take part in competitions all 
over the country.

‘He loved running and found it dicult to say No. 
It seems his dedication to the sport has cost him 
his life.’

Miss Bailey, who was to have wed Mr Taylor 
next year, was being comforted by relatives.

Peter Moon, 54, a member of Bingley Harriers, 
said: ‘John was a brilliant International athlete 
and a harrier for ten years.

Club coach Dennis Quinian added: ‘John would 
compete on a weekly basis and trained every day.

‘It is bizarre that he should collapse and die 
like this.

‘If something like this could happen to John it 
could happen to anyone.’

Mr Taylor had been planning a trip to Switzerland 
next week where he was to have run in a mountain 
race and then had a holiday with his ancee.

Medical experts say that if athletes develop an 
enlarged heart it can increase the volume of 
blood being pumped out.

j.narain@dailymail.co.uk

By Jaya Narain
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Slf-sudy qusions
1 Dene the term “health”.

2 Dene the terms “physical activity” and “physical tness”.

3 Briey explain the ndings of the bus driver/bus conductor study conducted 
by Professor Jerry Morris.

4 Discuss the meaning of the term “epidemiology”.

5 Dene and give a brief explanation of METs.

6 Identify and dene three major forms of CVD.

7 Identify the major risk factors for CVD.

8 List the BMI cut-o points for underweight, normal weight, overweight 
and obesity classes I, II and III.

9 Explain the energy balance equation.

10 Explain what is meant by the term “benign obesity”.

11 Discuss the exercise recommendations for weight control.

12 Explain the function of leptin.

13 Dene and explain the term NEAT.

14 Distinguish between type 1 and type 2 diabetes.

15 List the health risks of diabetes.

16 Explain how exercise reduces the risk of type 2 diabetes.

17 Explain the term “osteoporosis”.

18 Discuss the role of exercise for bone health.

19 Dene the terms “mood” and “depression”.

S U M M a r Y

@ Mor a f s charactrz b ow s of phsca actt thus 
crasg th rsk of hpoktc sorrs. 
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bo fat s a b hacg su sstt a gucos torac.
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ostopoross a bo fracturs  atr f, partcuar  wom. 

@ exrcs prsrs pschoogca w-bg b hacg moo a 
hpg to combat axt a prsso. 

@ exrcs maks a mportat cotrbuto to hath agg b 
prsrg phsca a mta fucto a, as a rsut, th abt to  
pt a pursu f to th fu.

@ exrcs s mportat as a thrap for a art of sass a cotos. 
@ Phsca actt gus for hath rcomm at ast 60 muts of 

xrcs ach a for chr a 150 muts of xrcs ach wk (a 
arag of 30 muts ach a) for auts.
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 DATA BASED QUESTION

1 Bow s a st of arous actts a thr assocat MeT aus. For ach 
actt cacuat th oxg cosumpto  trs pr mut (l·m-1) 
a rg xptur  kojous pr hour (kJ·hr 1) urg 60 muts 
of xrcs for: 
 a ua wghg 70 kg
 a ua wghg 90 kg.

Basktba, comptt 
Basktba, rcratoa 
Mouta bk racg 
Rug at 19 km·hr 1

Soccr, comptt 
Swmmg, frot craw, gorous ort 
Wakg at 6.4 km·hr 1 o a  rm surfac 

8 
6 
16 
19 
10
10 
5 

MeTs
MeTs
MeTs
MeTs
MeTs
MeTs
MeTs

2 What o ou obsr about th ratoshp btw bo mass, oxg 
cosumpto a rg xptur? 

3 Ca ou thk of a mtatos of th MeT sstm of cassfg xrcs 
tst? 

To  out mor about MeTs a th MeT aus for a w art of 
phsca actts go to th foowg wbst: http://sts.goog.com/st/
compumofphscaactts/hom.

20 Explain the role of exercise in psychological well-being.

21 Explain the role of exercise in healthy ageing.

22 Give a brief summary of the WHO physical activity guidelines for health.

23 Briey discuss the hazards of exercise.
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Nttn f t nd c

C h a p t e r  1 6

O B J e C t I V e S

By h n  h h n hl b bl :

@ ln h mnn  h gv ym

@ b h nn  nzym

@ l h nzym nbl  h gn  bhy,  

n n

@ b h n w  nl  hmn

@ ln hw h by nl  w nn

@ ln h   hyn n why mnng hyn 

n hl  mn

@ ln h n  ngy nk, ngy n n ngy 

bln n why h  mn  hl

@ nn h mn  bhy n nng ngy 

lvl ng 

@ nn h n n’ b  n h by b m b n 

vy y  mnn hlh

@ b h   lmn n h   hl.

Inoducion
Good nutrition is one of the foundations of good health. Nutritional intake 
below or in excess of our requirements can cause, or increase the risk of, 
numerous health problems, therefore making changes to a person’s diet can 
help maintain and restore health. 

In the general non-athletic population, good health cannot be improved further 
simply by adding nutrients to the diet. However, the diet of those involved in 
sport and exercise can be manipulated in a way that can have rapid, clear 
benets for performance.

Historically the inuence of diet on sports performance was not recognized. 
Indeed some thought that food and uid ingestion during exercise would 
damage performance. This is the opposite to today’s view of the link between 
nutrition and exercise with huge growth in an industry built around commercial 
sports drinks and foods. How things have changed in 100 years!

Digsion nd bsoion

T dt t
The digestive system is a group of organs that are involved in the digestion 
of food (Figure 16.1). Digestion is the chemical and mechanical breakdown 
of food into nutrients. Table 16.1 summarizes the components of chemical 
and mechanical digestion. The function of the digestive system is controlled 
by the nervous system and a variety of hormones.

“Don’t get into the habit of 

eating or drinking in a marathon 

race: some prominent runners 

do, but it is not benecial.”
JE Sullivan, 1909

“To enjoy all the benets of 

sport, athletes, whether they 

compete at the elite level or 

exercise on a recreational basis, 

should adopt specic nutrition 

strategies that can optimise 

mental and physical 

performance and support good 

health.”
International Olympic Committee, 

2010
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Mouth

Esophagus

Liver

Gall bladder

Stomach

Pancreas

Small intestine

Large intestine

Rectum

Salivary glands

2 Figure 16.1: Organs of the digestive system

DigesTive CompoNeNTs ChemiCal DigesTioN meChaNiCal DigesTioN

th ✓

slv ✓

smh mvmn ✓

G  ✓

smh nzym ✓

smll nn nzym ✓

Bl ✓

pn j ✓

G b ✓

2 Table 16.1: Summary of how the dierent components of digestion can break 

down food mechanically and chemically

mt nd 
Digestion begins in the mouth. We break down the food with our teeth mechanically 
by chewing. The saliva, secreted by salivary glands, contains enzymes which 
digest the food chemically. The ground food in the mouth is called a bolus. Saliva 
is also made of mucous which coats the bolus. This makes swallowing the bolus 
into the esophagus easier. With wave-like movements (peristalsis action) the 
esophagus transports the food into the stomach. 

stc 
The stomach is a hollow and muscular organ with an inner layer of expandable 
folds. These folds are called rugae and the hollow space is called the lumen. 
The stomach expands according to how much food and uid we have in the 
lumen. This allows the stomach to store food for a short time. 

The muscular contractions have further functions; they physically grind and 
mix the bolus into smaller particles (called chyme) and they regulate the 
emptying of the chyme into the small intestine. In the stomach the enzymatic 
digestion is initiated by the secretion of gastric juice by specic glands. The 
gastric juice contains hydrochloric acid, mucous, enzymes and hormones.
The hydrochloric acid (gastric acid) activates digestive enzymes. Mucous is 
secreted to protect the stomach wall from damage by the acid. 

s nttn
The small intestine has an upper part (duodenum), a middle part (jejunum) 
and a lower part (ileum). In the upper part the mixing of chyme with digestive 

 TO DO

tk  l  wh b n hw

; hw, hw, hw nnly 

wh wllwng. Y my n 

h  lwly bgn   w. 

Wh  hnng?
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uids from the liver and pancreas results in further chemical digestion taking 
place. The absorption of nutrients begins here and this is the main function 
of the middle and the lower part of the small intestine. 

Absorption is the process where nutrients enter the bloodstream, either by 
diusion or active transport. The wall of the small intestine is wrinkled and 
on each wrinkle there are small, nger-like structures called villi. Every single 
cell of the small intestine also has nger-like structures attached which are 
called microvilli (see Figure 16.2). The function of the wrinkles, villi and 
microvilli is to increase the surface area that can absorb nutrients. 

The small intestine also transports undigested food and unabsorbed nutrients 
to the large intestine by characteristic contractions of intestinal muscles.

Intestine Fold of
Intestinal lining

Fold of intestinal lining Villi

Arteriole

Intestinal gland

Lacteal

Capillaries

Lymph vessel

Microvilli

Venule

2 Figure 16.2: Wall structure of the small intestine

l nd  bdd
The liver is an organ with multiple functions. In the process of digestion and 
absorption the liver has two functions:

@ the production and secretion of bile for digestion into the small intestine
@ the production of lymph for the transport of fat.

Bile is a complex uid containing bile acid, cholesterol, bile salt, electrolytes, 
enzymes and fatty acids. The function of bile is to digest fat. When there is no 
need to digest fat, for example, when people are fasting, bile is stored in the 
gall bladder. 

pnc
The pancreas produces a mixture of digestive enzymes and uids that is secreted 
into the upper part of the small intestine. The uids neutralize gastric acid 
which enters the small intestine with the chyme, therefore the uids protect 
the wall of the small intestine from acid damage.

l nttn
The large intestine is wider but shorter than the small intestine. The surface of 
the wall is characterized by intestinal glands instead of villi and microvilli. Digestion 
no longer takes place in the large intestine and most of the nutrients have been 
already absorbed. In the large intestine water and electrolytes from the chyme 
are absorbed. This contributes to the regulation of the water balance in the body. 
It also is the main organ in the formation of solid faeces. The large intestine can 
store faecal matter until it is discharged by intestinal muscle movements. 

The large intestine is important in the absorption of vitamin K, produced by 
the gut bacteria. The gut bacteria play an important role in the breakdown of 
undigested carbohydrates. 

 TO THINK ABOUT

Why n' h mh  

g l?
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Mouth 1 minute

Esophagus 4–8 seconds

Stomach 2–4 hours

Small intestine 3–5 hours

Large intestine 10 hours to several days

2 Figure 16.3: The time it takes for food to pass through the digestive system

Dt n
Enzymes are a class of proteins that support biochemical reactions, that is, 
they speed up or catalyse those reactions. Digestive enzymes are essential for 
the breakdown of carbohydrates, fats and proteins into small, absorbable 
molecules. For each macronutrient there are specic enzymes. Digestive 
enzymes are produced and secreted by salivary glands, stomach, pancreas, 
liver and small intestine. Table 16.2 shows the enzymes involved in macronutrient 
digestion and the organ of production and secretion. 

maCroNuTrieNT eNzyme orgaN

Carbohydrate amyl slvy gln

pn

s smll nn

Ml smll nn

iml smll nn

L smll nn

Protein pn smh

tyn pn

chymyn pn

el pn

cby a pn

cby B pn

p smll nn

Fat L slvy gln 
(nly n nn)

smh

pn

cl pn

phhl pn

chll  Lv

2 Table 16.2: Sources of enzymes for the digestion of carbohydrates, proteins and fats

 KEY POINT

th gv ym  m   
 nmb  gn, h wh h 
wn l  ly n bkng wn 
  h  nn n b 
bb n h by.
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Digestive enzymes are secreted in an inactive form and are only activated at the 
site of function to protect the secretion organs from any damaging, premature 
enzymatic action. Enzymes work most eciently when the environment is optimal 
in temperature and pH value. The optimum temperature and pH is dierent for 
each enzyme. For example, dierent parts of the digestive system have a specic 
pH (Figure 16.4). This determines which enzymes we can nd from mouth to 
large intestine and where the macronutrients are digested and absorbed. 

Mouth

pH: 5.5 to 7.5

Stomach

pH: 1.0 to 4.0

Small intestine

pH: 6.0 to 8.0

2 Figure 16.4: Typical pH values found throughout the digestive system

Dtn nd btn f cntnt

Cbdt
Carbohydrates are digested and hydrolysed to the sugars glucose, fructose and 
galactose. 

The digestion of carbohydrates begins in the mouth. Complex carbohydrates 
such as starch and glycogen are broken down enzymatically by salivary amylase. 
However, once the food enters the stomach the low pH value of the stomach 
inhibits the enzyme. A more important role in the digestion of carbohydrates 
is played by the pancreatic amylase which is secreted into the upper part of 
the small intestine. 

Amylase hydrolyses carbohydrates into the oligosaccharides maltose, maltotriose 
and -limit dextrin. The enzymes needed to digest these molecules further 
are located in the microvilli-rich cell membrane, also called the brush-border 
membrane, of the small intestine. Maltase and isomaltase hydrolyse maltose, 
maltotriose and -limit dextrin to glucose molecules. Other carbohydrates 
such as sucrose and lactose which enter the small intestine undigested are 
broken down by specic brush-border enzymes. Lactose is digested by lactase 
into glucose and galactose molecules, and sucrose is digested by sucrase into 
glucose and fructose molecules.

Monosaccharides are mostly absorbed in the upper and middle part of the small 
intestine. They travel through the brush-border membrane and the cytosol of 
the absorptive cells, pass the basolateral membrane and enter the capillary blood 
system. Figure 16.5 illustrates the transport of monosaccharides in the small 
intestine. Glucose and galactose are transported actively, which means that the 
molecules pass the cell wall with help of a transporter located in the brush-border 
membrane. The transport requires energy which is generated by the transporter 

called sodium glucose co-transporter (SGLT). 

 TO THINK ABOUT

lct ntnc

L  h nlly ng 
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m, h n n. 
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n h gn  b 
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hng n  h m b 

wh h mn  nml 

n h nmn  nml 

mlk n y  l  l 

hln n l ng  

 h nzym. 

sm ln, h  an, 

Nv amn, an n 

Mnn l,  m 

l nln hn nhn 

en l. f ml,

90  n  h chn l 

ln n m hn 50  

n  sh amn hv 

blm wh h gn  

mlk whl nly b 5  n 

 nhn en  l 

nln. 

th ymm  l 

nln n b vn, h 

by nmn  nlly 

m l- mlk n y 

  by kng h nzym n 

bl m b hvng  ml.

 KEY POINT

dn nzym  n n 

n gn, h wh  
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Fructose passes the intestinal wall by a process called facilitated diusion. 
Another transporter (GLUT5) supports the transfer process of fructose into 
the cytosol. Glucose, galactose and fructose cross the basolateral membrane 
of the small intestine cells in a similar way to that used by fructose to enter 
the cell but facilitated by a GLUT2 transporter. All GLUT transporters transport 
the monosaccharides from the site with a high concentration (lumen of small 
intestine or cytosol) to the site with a low concentration (cytosol of intestinal 
cell or blood). 

There are a few carbohydrates that escape digestion in the small intestine. 
A reason for this is that these carbohydrates have a particular chemical structure 
where the bonds can not be hydrolysed by the enzymes of our digestive system. 
Another reason is that these carbohydrates are enclosed in whole grains or 
are otherwise physically inaccessible for the digestive enzymes, for example, 
in ber. These carbohydrates pass into the large intestine where they are 
digested by bacteria. In this so-called fermentation process carbohydrates are 
broken down to short-chain fatty acids. These two- to four-carbon fatty acids 
are easily absorbed by the cell of the large intestine. 

Lumen

Fructose

Glucose

Glucose/galactose

ATP

Na

Na

K

K

Fructose

Enterocyte Blood

GLUT2

GLUT5

SGLT1

2 Figure 16.5: Transport of monosaccharides through the brush border of a cell of 
the small intestine (enterocyte) 

ptn
Before proteins can be absorbed they need to be broken down into small 
peptides and amino acids. As shown in Table 16.2, there are numerous enzymes 
involved in the digestion of proteins. Most of the enzymes act on dierent 
parts of the molecular structures depending on the chemical characteristics 
of each protein. 

The digestion of proteins starts in the stomach where the enzyme pepsin breaks 
proteins into larger peptides. About 15 percent of the dietary proteins are 
digested in the stomach. Most protein digestion takes place in the small intestine 
involving enzymes (proteases) secreted by the pancreas and brush-border 
enzymes. The pancreatic protease breaks proteins down into smaller peptides 
which are further digested into amino acids and peptides with chains of two 
to four amino acids by the brush-border proteases. 

Amino acids are absorbed in the middle and lower part of the small intestine. 
They are carried across the intestinal cell into the blood by a range of mechanisms 
(passive diusion, facilitated diusion or active transport) depending on the 
type of amino acid, that is, whether they are hydrophobic, acidic, basic, neutral 
or aromatic. Most of the transporters are sodium dependent co-transporters. 
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Peptides, not longer than four amino acids, enter the cytosol with support of 
an H+-dependent active transporter. In the intestinal cytosol these peptides 
are hydrolysed by cytoplasmatic peptidases into amino acids. 

Ft

A challenging characteristic of fat for digestion and absorption is that it is not 
soluble in water, but has to be transferred through a watery environment in 
chyme (found in the stomach and small intestine), intestinal uids, cytosol, 
lymph and blood. 

Furthermore, the fat-specic digestive enzymes are all water-soluble and 
insoluble in fat so that they cannot access the molecules for their breakdown. 
The following processes overcome this problem. 

@ Emulsication In the process of emulsication fat is dispersed into small 
globules. Stomach movements initiate emulsication which is completed 
in the small intestine. Bile, secreted from the liver and gall bladder into 
the small intestine, is required to emulsify dietary fat. Bile-coated fatty 
droplets can now circulate in uids. Emulsication increases the surface 
area accessible to fat-hydrolysing enzymes (listed in Table 16.2). The 
products of fat digestion are free fatty acids, monoglyceride, cholesterol, 
cholesterol ester and lysophospholipids.

@ Micelle formation A micelle is a fat particle which consists of about 20 
fat molecules. With bile acid all products of the fat digestion including 
fat-soluble vitamins form so-called mixed micelles. The “water-hating” 
(hydrophobic) part of fat digestion products is located in the center of the 
micelle while the “water-loving” (hydrophilic) parts form the surface. This 
enables the micelle to travel to the intestinal cell where the molecules 
diuse into the cytosol (Figure 16.6). Fats eventually enter the blood via 
the lymph system.

Lysophospholipid

Bile salt

Intestinal cellMicelle

In the presence of bile,
monoglycerides form
into micelles, allowing them
to be soluble in the watery
environment of the intestines.

The fatty acids and
monoglycerides 
leave the micelle 
to be absorbed into
the intestinal cells. 

Inside the 
intestinal cells the 
monoglycerides 
once again reform 
into triglycerides.

2 Figure 16.6: Micelle formation and diusion of fat molecules into the intestinal cells

@ Repackaging into chylomicrons The majority of fat is absorbed in the 
middle and lower part of the small intestine. Glycerol and fatty acid chains 
with less than 12 carbon atoms diuse directly through the intestinal cell 
into the blood stream. Longer chain fatty acids, cholesterol, monoglycerides, 
and lysophospholipids are resynthesized into triglycerides, phospolipids 
and cholesterol esters in the cytosol. Together with specic transport proteins 
(apolipoproteins) resynthesized molecules are then incorporated into 
chylomicrons. Chylomicrons are another form of fat droplet; needed to 
transfer the water-insoluble molecules into the lymphatic vessel and later 
into the blood. 
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W nd lcoly blnc
Water is one of the dening features of all biological systems. It is essential for 
life in humans and in every other organism. There are multiple reasons why 
water is so essential.

@ Water is an eective solvent and this allows it to transport nutrients to cells, 
remove waste products from cells and transport other metabolites produced 
by cells such as hormones. 

@ Water allows us to redistribute heat around the body and reduce body 
temperature through evaporation from the surface of our skin as we sweat.

@ Water makes an excellent lubricant as it is dicult to compress. For example, 
it is present around sliding surfaces in the body such as joint spaces and 
around tendons and muscles.

@ Finally water provides the aqueous medium essential for the biochemical 
reactions of metabolism inside and outside cells.

Bd wt
Around 50 to 70 per cent of total body mass is made up of water. The gure can 
vary greatly between people depending on how much body fat they have. The 
reason for this is that the fat present inside fat storage cells (called adiposites) does 
not contain any water. Therefore in overweight people a large proportion of body 
mass can be made up of tissue containing little water. Fat-free tissue on the other 
hand is comprised of 60 to 80 per cent water, so the leaner we are, the greater the 
percentage of our body mass that is water. The distribution of water in a typical 
healthy, non-overweight person is shown in Figure 16.7 below.

Blood plasma
Lymph
Saliva
Fluid around cells, nerves & spinal cord
Fluid in the eyes
Fluid secreted by:
   –glands
   –digestive tract
   –skin (sweat glands)
   –kidneys

Total
body
water
42L

Extracellular
water 19L

Intracellular
water 23L

Body mass
70kg

2 Figure 16.7: The proportion of water in the body of a typical 70 kilogram person, 

and its distribution inside and outside cells

Intracellular (ICF) and extracellular (ECF) uids are not just dened by their 
dierent locations; they are also very dierent in terms of the composition of 
solutes. One principle dierence is that in ICF potassium (K+) salts dominate while 
in ECF sodium (Na+) salts dominate. The resulting concentration gradients across 
cell membranes are maintained by active transport (requiring ATP) which results 
in substantial, continuous energy expenditure. Although dierent in composition 
the overall concentration or osmolarity of ICF and ECF is the same.

Wt bnc
Day-to-day uctuation in body mass is relatively small; even though there is a 
turnover of around 2.5 liters of body water per day in healthy people there is 
usually no substantial net gain or net loss of water (Figure 16.8). In non-exercising 
people the water losses of around 2.5 liters per day are replaced through ingestion 
of food, drinking uids and oxidation of substrates (metabolic water).
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Water loss

2.5 liters per day

Urine    1.5L

Sweat    0.45L

Breathing    0.35L

Faeces    0.2L

Water intake

2.5 liters per day

1.5L

0.3L

Fluid

Intake

0.7L
Water

in foods

Metabolic
water

2 Figure 16.8: Water loss versus water intake

Nt fdbck t wt bnc
When water balance is threatened and there is a net loss of body water, the 
concentration of body uid increases. This change is detected in the hypothalamus 
and it responds by doing two things:

@ activates the sensation of thirst increasing the desire to drink uids
@ secretes anti-diuretic hormone (ADH) which causes the kidneys to retain 

uids and reduce urine production.

These two mechanisms “gain and retain” water; the consequence is increased 
water availability in ECF. The resulting dilution of solutes in ECF is detected 
in the hypothalamus and the response is the opposite of that described above. 
Thirst is “switched o” and ADH secretion is reduced (Figure 16.9).

Hypertonicity

Hypotonicity

Water

loss

↑   ADH

(water retention)↑   Thirst
(water intake)

↓   Thirst
(no water intake)

↓   ADH

(water excrention)

Set
point

2 Figure 16.9: Control of water balance; negative feedback in action

The mechanisms above are a good example of how subtle changes in a biological 
variable are monitored by receptors which trigger a response that corrects the 
detected uctuations within a remarkably narrow range of normal functioning 
(set point). This process is called negative feedback.

Diuic  bn h 

n h   whh n 

 

 KEY POINT

th mn  w n  b 

y nbly bl m y 

 y, wh w l hgh 

n n w bng l by 

w n   n nk.

319



N u t r i t i o N  f o r  s p o r t  a N d  e x e r c i s eC    t   16

T kdn
The kidney controls retention and loss of water. Water and electrolytes are 
small molecules and are physically ltered from blood cells and large molecules 
in the glomerulus. This ltered uid moves into the descending loop of Henlé 
into the medulla of the kidney (Figure 16.10).

@ The wall of the descending loop is permeable to water but not electrolytes. 
Since the surrounding medulla has a high osmolality water is absorbed 
passively into the medulla due to the concentration gradient; this increases 
the concentration and reduces the volume of uid in the tubule. 

@ The wall of the ascending limb of the tubule actively transports sodium 
chloride but is impermeable to water. Sodium chloride, but not water, is 
transported out of the uid in the tubule therefore resulting in redilution 
of the now reduced volume of uid. 

@ In the collecting duct the reabsorption of water occurs and it is at this point 
that ADH is involved in regulation. The presence of ADH increases the 
permeability of the collecting duct wall increasing passive water reabsorption 
and reducing urine volume. Thus it is this phase which dictates the nal 
urine volume and concentration.

Glomerulus

Interstitial
osmolality
(mOsm.kg 1)

Outer
medulla

Inner
medulla

H2O NaCI

NaCI

NaCI

NaCI

NaCI

H2O

250

400

C
o

lle
ctin

g
 d

u
ct

600

900

1200

H2O

H2O

H2O

H2O

2 Figure 16.10: Movement of uid along a nephron (➜) results in: a) exposure 
to osmotic gradients causing passive diusion (➞) and b) active transport 
mechanisms (➔). This concentrates, dilutes and nally regulates urine  
volume and concentration.

mntn dtn tt n tt
The sensation of thirst is an indicator that our hydration status is not optimal 
and that we need to take in uid to restore homeostasis. However, sometimes 
there is a need to have a more precise measure of hydration status, for example, 
in certain groups of patients or athletes. While becoming dehydrated is a 
potential health risk for all, a principle concern for athletes is that being 
dehydrated can impair performance in both competition and training. Current 
thinking is that athletes should aim to keep net uid losses within an amount 
not exceeding two percent of their body mass. A number of methods exist to 
monitor hydration status; changes in body mass is one of the simplest.
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CASE STUDY

un bd  t nt ddtn—  
an hl’  l n  lmn gy  bng mn ng 
n  h nng n. th by m  mn b n  
nng n h nkng bhv . thy n nng wh  
yl 750ml nk bl n nm ll  h ng nng.

By m   nng 75.8k

By m  w h nng 74.1k

fl nm ng nng 750

un  ng nng 0

fm h  w n m:
tl w l m wng (wh  lmn)…

75.8 – 74.1 + 0.75 = 2.45l

tl w  mnng   lmn (750ml)…
75.8 – 74.1 = 1.70l

th   qvln …
1.70 / 75.8 = 2.2%  l by m

@ Wh  h mn n h ml h?
@ Wh w h hl’ wng rate?
@ Wh v l h hl b  b n h ?

ann n t nt ddtn– c

1

Urine colour chart

2

3

4

5

6

7

8

 th l  n n b    bjv n  
hyn, wh  k l ggng hyn. 
u  l l n  h m bjvly.

  a hym m h  gvy  n  
n   ml wy  ng h nnn 
 n.

ung n mm  m zng n n n. 
in l nnn  h zng n 
n h n b   qny h mly  n.

2 Figure 16.11: Simple ways to analyse urine
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The analysis of urine oers another means of monitoring the hydration status 
of athletes. Loss of body water results in smaller amounts of more concentrated 
urine due to the eect of ADH. This means that concentrated urine is indicative 
of a dehydrated state and this is easily seen just by looking at the colour. Large 
amounts of pale urine are associated with a normal hydration while small 
amounts of darker–coloured urine indicate risk of dehydration.

W d tt nd  d?
Water balance can be disrupted dramatically when we exercise or are exposed 
to hot environmental conditions. Much of the metabolic heat generated from 
muscle contraction during exercise is lost to the environment because of 
evaporation of sweat from the surface of the skin. Therefore sweat losses, which 
are small at rest, tend to be greater during exercise. Similarly, exposure to a 
warm climate will cause water loss due to an increased sweat rate. Both of 
these scenarios mean that uid intake must be increased to compensate for 
losses and maintain uid balance. 

 TO THINK ABOUT
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2 Figure 16.12: Eect of exercise intensity on sweating rate 
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engy blnc nd body comosiion

en ntk 
Energy intake is conned to the chemical energy we ingest in foods. It is the 
macronutrient content (carbohydrate, protein and fat) of food which inuences 
energy content.

@ Carbohydrate 1760 kJ.100g 1

@ Protein 1720 kJ.100g 1

@ Fats 4000 kJ.100g 1

For example, foods which are high in fat are referred to as “energy dense” since 
fat has a higher energy content than both carbohydrate and protein. 
High energy content is directly linked to the ability to generate a large amount 
of ATP.

en ndt
There are three routes by which the body expends energy:

@ basal metabolic rate (BMR)
@ thermic eect of feeding (TEF)
@ thermic eect of physical activity (PAL).

 THEORY OF KNOWLEDGE

hnt

Hynm   nn wh h nnn  
m n by    lw. i  l   lm 
m nnn <135 mml.L 1. on   h 
 n  w n ll. Bn ll, nn by h 
kll,  vly  by h n  n 
h n l  h n v . 

Hynm n  n  nmb  lnl n. 
e   wh hynm n n 
nn n h h bn ml n nl 
h. Mny l, hwv, vl hynm 
wh ymm.

e f nt nkd t c

Bn Mhn 2002
13%   ml  489 nn vl hynm.
Lnn Mhn 2003
12.5%   ml  88 nn vl hynm.

Hw mgh h ? Lng l n  hgh wng 
n h nn n lng nly wh w, h “lng” 
h bl, h bn gg   bl . th 
mk h   l-nnng  nk m lgl. 
Hwv,   n h ml!

cn  gg h - hynm
  nlly by v nkng   ng 
lng-n  (mm vn by gn h 
hn l  wgh ng ). 

cnmng mml  nk my mk ll 
n n h nnn  N+  vy lw. on 
n  h  l-l; ly-ng nk  
l bl n my  l mng h gnl 
ln, h bgg h  h mk.

th h bn m nvy b whh h 
nvlvmn  mml  nk mn h 
nn h vlbly  n nmn n hw 
mmn hynm  n v n nkng bhv 
ng  (shh 2011; Nk 2011).

any kn  nh by  mml mny n 
 n  n whh hl b mn lly. 
@  a mny my lbly  nvnly wnly 

n vn h n wh hy y b  
h .

@  a mny my b m lkly  w nn  
n vn h  h .

Dehydration during participation in sport and exercise is often unavoidable, 
however, the degree of uid loss must be controlled. Exercise in a dehydrated 
state has health risks (e.g. heat stroke) and it can also impair sporting performance. 
Current evidence suggests that athletes should aim to not drop more than two 
percent of their body mass due to uid losses.
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The basal metabolic rate (BMR) refers to the minimum energy requirement 
for maintenance of biological activity in the body, in other words to stay alive! 
These basic demands are the repair of body tissues, brain activity, membrane 
transport and the energy requirement for breathing and circulation. Since all 
metabolism in the body is ultimately aerobic BMR can be estimated by 
measuring the rate at which we consume oxygen from the air while at rest. 
Utilization of 1 liter of oxygen equates to expenditure of around 20 kJ of energy.

Tc ct f fd
This describes the energy needed to process food, that is, the energy needed 
to digest food and to absorb, transport and store the nutrients derived from it. 
This can be measured using the same approach as BMR whereby energy 
expenditure at rest is compared after fasting and after eating a meal. 

pc ctt
Physical activity is dened as any muscle-driven movement which increases 
energy expenditure. This can include subconscious activities like dgeting, or 
conscious eorts involving movement such as day-to-day activities, activity at 
work, walking and more vigorous eorts such as running, exercise training or 
participation in sports. Because there is so much variation in people’s levels 
of physical activity this domain of energy expenditure is the most variable. 
The longer we exercise for, and the higher the exercise intensity, the greater 
the energy expenditure.

rtn btwn ntk nd ndt
Energy intake only occurs intermittently throughout the day when we eat food. 
However, we constantly expend energy and the rate at which this occurs is 
very variable. Therefore between meals the only way to ensure that we have 
sucient energy to meet our requirements is to have stores of energy available 
in the body which can be used to synthesize ATP via the energy systems 
(Figure 16.13). Therefore our energy stores in the body even out the uctuations 
in energy intake. 

Intermittent

energy

intake

CO2  H2O  Urea

ADP  Pi

ATP

Continuous but

variable

energy

expenditure

Energy storage

2 Figure 16.13: Energy stores, including carbohydrate and fat, allow continuous energy 

expenditure even at times when energy from nutrients is not being ingested

The energy stores in the body comprise fats which we store in adipose 
tissue under the skin and carbohydrates in muscle and the liver. Although 
proteins in the body are plentiful and can be used as an energy source, they 
are not an energy store as such. This is because all proteins present in the 
body have a distinct biological role—breaking these down to meet an energy 
requirement will always be at the expense of other biological requirements 
and functions.

2 Measurement of BMR. The Perspex 

hood over the head allows 

measurement of O2 use and CO2

production.
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en bnc
In the long term, energy intake and energy expenditure tend to be closely 
balanced in healthy adult humans, hence this relationship is referred to as the 
energy balance (Figure 16.14). In this state body mass does not change. If 
people habitually ingest food with an energy content which is greater than 
their total energy expenditure then chemical energy is stored in the body. 
Likewise if the diet has an energy content which is less than total energy 
expenditure then the energy stores must compensate for the decit. Therefore 
disturbing the energy balance causes either a net gain in body mass or a net 
loss in body mass.

Bd ctn
When body mass gets heavier or lighter we can not be certain what has 
changed without exploring the composition of the body. Conversely the 
composition of the body can change without necessarily inuencing body 
mass in a noticeable way.

Body composition is complex as there are many dierent tissues and materials 
which make up the body. A simple approach to describe body composition 
involves estimating the fraction of body mass which is made up of fat mass 
(FM) and the remainder which is termed fat-free mass (FFM). 

Fat mass

Fat-free

mass

Ft  (Fm)
th m  ll l n h by 

whh n b 

Ft-f  (FFm)
th m  ll mnng  

n ml whh  n 

nl fM

2 Figure 16.15: A simple body composition model based on two compartments

You can visualize this in the legs shown in Figure 16.16, with the bone and 
muscle representing FFM and the adipose tissue contributing to FM. At the 
whole body level we can express the proportions of FM and FFM as a simple 
way of describing an individual’s nutritional status. 

Weight gain Weight loss

Weight maintenance

Food intake Energy expenditure

2 Figure 16.14: The energy balance

 KEY POINT

engy bln    l 

mh bwn h ngy nk

n ngy n   n, 

lng n n hng  by m.

 TO THINK ABOUT

Hw wl  n’ by wgh 

b  by n ngy mbln 

  nng m wh 
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SM SAT SM SAT

2 Figure 16.16 MRI image representing a “slice” through the mid thigh of a trained, 
active person (left) and a sedentary, inactive person (right). There is a clear 
distinction between the fat-containing subcutaneous adipose tissue (SAT), 
skeletal muscle (SM) and the skeleton (femur). 

hw cn Fm nd FFm b d?
Expressing the amount of FM and FFM in kilograms or as a percentage of body 
mass is a simple idea but the actual measurement of this is problematic. The 
only truly reliable means of achieving this is by directly quantifying the amounts 
of tissues in the body. This can be done by the dissection of cadavers but of 
course this cannot be used on living people! Therefore more indirect approaches 
are needed but these give a less accurate measurement.

Wt  t tc  f Fm nd FFm?
The amounts and relative proportion of FM and FFM vary with gender, age, 
genetics, diet and level of physical activity. Women tend to have a greater 
proportion of FM than men. If FM is either too low (<5 per cent for men and 
<12 per cent for women) or too high then health is threatened. For competitors 
in a range of sports the gender dierence persists but there is also variation in 
FM and FFM across dierent sports (Table 16.3).

sporT geNDer %Fm %FFm

Mhn
Ml 3% 97%

fml 15% 85%

sh-
Ml 17% 83%

fml 28% 72%

Lng jm 
Ml 8% 92%

fml 11% 89%

Gymn
Ml 5% 95%

fml 15% 85%

2 Table 16.3: Relative amounts of fat mass (FM) and fat free mass (FFM) in male 
and female competitors in a range of sports

These data suggest that a low body fat may be important for weight-bearing 
endurance sports like running a marathon, “anti-gravity” sports like the long 
jump and aesthestic sports like gymnastics. However it seems even a relatively 
high body fat may be not a disadvantage for power sports like shot-put.

 TO RESEARCH

th llwng mh n b  
  by mn. fn 
hw h llwng m n 
  mk m  fM  
n ffM. 
1 sknl ll m
2 Bll mn
3 unw wghng
4 dl -y bmy (dxa

 dexa)

 TO DO

Lk  tbl 16.3 n nw h 
llwng qn.
@  cn y hnk why  lw 

ng  fM my b 
vng  wgh-
bng, n-gvy n 
h ?

@  d h  gg h 
h- hl hv h l 
mn  ml?
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a dnt  nd 
All aspects of shape, size and composition of the body are linked to sporting 
success. Observation of athletes reveals obvious dierences between sports, with 
endurance athletes tending to be small and slender while strength and power 
athletes tend to be muscular. In strength and power sports where body mass is 
not a limiting factor, the athletes may also have high levels of adipose tissue. This 
suggests there is optimal body morphology for success in dierent types of eort. 

 TO DO

74

sprint 400 m

800–1500 m

steeplechase

5000–10 000 m
marathon
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)

72
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173 175 177

Height (cm)

179 181

2 Figure 16.17 Height and body mass of international runners between 1960 and 
2005 (from O’Connor et al. 2007)

@ Why  n (100 m n 200 m)  h m  
h n  h ?

@ Hw mny k hl  h l olym Gm g ml n more hn 
n nnng n?
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What if body morphology diers from what is “ideal” for success in a sport? 
If we are too tall or too short there is of course nothing that can be done. 
However, body mass and body composition can be inuenced, to some degree, 
by a combination of training and dietary behaviours.

@ Gaining muscle mass (increasing FFM) Appropriate strength training 
programmes can cause muscle hypertrophy. Bigger muscles mean more 
FFM. On the one hand this may increase muscle strength but there is a 
trade o since this must be oset against an increase in body mass. Not 
only must the correct training take place but the athlete must be in a positive 
energy balance and this must include an adequate protein intake. Any 
change occurs slowly over a long period of time.

@ Reducing fat mass (decreasing FM) Fat mass represents “dead weight” 
so a reduction may benet performance in some circumstances. However 
the low energy intake associated with lean athletes, particularly women, 
has a number of potentially serious health problems. 

@ Dehydration In sports such as rowing and judo athletes may compete in 
weight categories. Since an ocial weigh-in will often take place several hours 
before competition, there is a tendency for some competitors to deliberately 
restrict food and uid intake in order to temporarily achieve a body mass 
which makes them eligible to compete in a weight class below their “normal” 
day-to-day body mass. The aim is to attempt to gain a weight advantage over 
an opponent, however, the trade o here is dehydration and low energy stores, 
both of which threaten rather than benet performance. But the consequences 
can be much more serious than poor performance (see case study).

CASE STUDY

in 1997 t ct wt dd ft d wt  bf 
n c w-n.
“on Nvmb 21, v  4-h ,  22-y-l mn n Wnn 

m  l 4 lb  m n h 153-lb wgh l   wlng 

nmn hl  Nvmb 22. H n wgh n smb 

6 w 178 lb. dng h n 10 wk h l 21 lb,  whh 8 lb w l 

ng Nvmb 17–20. 

on Nvmb 21  5:30 .m., h w  v–mmbl  n  n 

wm-  n  vgly n  h nvnmn. an h l, h 

mln  hn  bh b nn ng. By 8:50 .m., h 

h l 3.5 lb. H nk mly 8 z  w,   30 mn, n 

m . a 9:30 .m., h  ng n n h w n 

lng wll. e w m  l hm, n h lhng w mv. H 

bm nnv n vl y ; n w 

nl.”

s: cdc Mby & Mly wkly , 20 fby 1998, h://www.

.gv/mmw/vw/mmwhml/00051388.hm

Nuiionl sgis
Nutritional intake can have a profound eect on exercise performance; the 
intake of carbohydrate can have a particularly noticeable eect. 

Cbdt
Carbohydrate is used by both the aerobic and anaerobic systems to synthesize 
ATP. This means that carbohydrate plays a key role in driving muscle contraction 

 TO RESEARCH

in ln  hlh blm h 

n  n wmn n  wh  

mn by h “fml ahl t”.
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across a very wide spectrum of exercise intensities. This can range from 
short-duration high-intensity exercise lasting less than one minute to longer 
duration endurance-type eorts lasting several hours, such as marathon running.

Despite the importance of glycogen for muscular work, the amount of 
carbohydrate in the body is relatively small. There is around 400 grams in 
muscle, 100 grams in the liver and a few grams circulating in the blood. 
Because the energy density is relatively low (1760 kJ.100g 1 compared to 
4000 kJ.100g 1 in fat) it represents a limited source of energy. In healthy, 
active people there is sucient glycogen to allow between one and a half and 
two hours of continuous activity. However, exercise intensity can aect the 
way glycogen is used up.

During moderate intensity exercise most muscular work is due to the activation 
of slow twitch bers. As intensity increases fast twitch bers are recruited too. 
Since glycogen is only used for energy metabolism within the cells in which 
it is stored exercise intensity changes the pattern of glycogen use within a 
muscle. Figure 16.18 shows how glycogen is depleted in type I bers but more 
muscle glycogen remains in fast twitch muscle bers after a long period of 
moderate cycling. This is because the slower twitch bers would have been 
activated.

Since glycolysis is a very fast metabolic pathway it has the potential to use up 
glycogen very quickly! All-out cycling exercise of just 30 seconds can substantially 
reduce glycogen stores.

 TO THINK ABOUT
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60 min 120 min

2 Figure 16.18:  Relative muscle glycogen content of slow and fast twitch 

muscle bers before, during and after two hours of moderate intensity 

cycling exercise

alyng wh y knw b h vn  h n ml b hw 

mgh h n  glygn  n  n lw wh ml b hng  

h n, m nn  w m n?

Figure 16.19 shows the data from a classic exercise physiology study in 
1966. Jonas Bergström (J.B.) and Eric Hultman (E.H.) sat on different 
sides of the same exercise bike, the first turning the left pedal with their 
right foot and resting the left, and their companion doing the opposite. 
Measures of muscle glycogen in each leg of both cyclists were made before 
and after one-legged cycling which they continued until they were 
exhausted. During recovery over the next three days the cyclists consumed 
a high carbohydrate diet. 
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endognous gnng nnlly

exognous gnng nlly

 TO THINK ABOUT

i h bn bv h h 
fj gby m ly m 
 h lvl  n mj 
mn  mngly 
q n n nng. 
fg n h n hl  
mh my b  . on 
n  h l b glygn 
ln. 

a vy  h ng hb  h 
fj gby m gg h hy 
nm nn mn 
 bhy  mnn hgh 
nn   hgh 
h ll n   gby mh. 
th my b h l  ll  
n n vlbly  
(Lk  l. 2010).
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2 Figure 16.19: Glycogen content of each leg of two cyclists (J.B. and E.H.) 
immediately after exhausting one-legged cycling and during three days of 
recovery (Bergström, Hultman 1966)

The study demonstrated several important concepts;

@ Muscle glycogen is utilized locally within the muscle in which it is stored. 
@ Depletion of glycogen is connected with fatigue and exhaustion; when 

carbohydrate is limited, exercise is limited or prevented. The fatigue and 
drop in exercise capacity when carbohydrate runs out is sometimes referred 
to as “hitting the wall” by athletes who experience this.

In addition the study suggested that:

@ high carbohydrate intake during recovery can restore glycogen stores in 
24 hours

@ rest and carbohydrate intake results in a “supercompensation” where 
additional glycogen is stored; in this example glycogen stores have more 
than doubled the initial levels seen in the rested legs.

The research of Bergström and Hultman started the idea that ingestion of 
carbohydrates can increase muscle glycogen stores. A similar eect can be 
achieved simply by reducing training and increasing carbohydrate intake; this 
avoids the need for hard exercise to empty the muscles of glycogen. This process 
is known by athletes as carbohydrate loading or carbo loading. Athletes do 
this because a larger glycogen store represents a greater energy store; this permits 
exercise to continue for longer before the glycogen store becomes depleted. 
This delaying of fatigue may be of particular value in long-duration endurance 
events or tournament-type situations where glycogen might run low.

If sports allow, it is possible to eat foods or drink uids containing carbohydrate 
during exercise or between breaks in exercise. This is not replacing endogenous 
glycogen but it is providing an exogenous source of glucose in the blood which 
can be taken up by muscles and used as a substrate. Maintaining blood glucose 
helps reduce perceived level of eort and maintains concentration, both of 
which can benet performance.

 TO THINK ABOUT

Hw l y  ml 
n   m  glygn 
nn?
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T f cbdt
A plentiful supply of carbohydrate-containing foods is important in the lives 
of sportspeople. However not all carbohydrate-containing foods are equal! The 
physical structure of food and the chemical form of carbohydrate within it 
inuence how eciently carbohydrate is extracted and the rate and extent to 
which it increases the concentration of glucose in the blood after ingestion.

One approach to classifying foods is termed the glycemic index (GI). If a range 
of carbohydrate-containing foods are ingested, even if they contain the same 
amount of carbohydrate, the rate of its appearance in the blood can be very 
dierent (Figure 16.20). 
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2 Figure 16.20: The eect on blood glucose of foods with a high and low 

glycemic index
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rc f tnn
The same principles which allow carbohydrate loading can be applied to 
recovery after exercise. As athletes nish one training session they may already 
be thinking about the next one; this may be the following day or even later the 
same day. Therefore it is important to maintain high levels of muscle glycogen 
and replace quickly what has been used in training. It is the foods with a high 
GI value which provide the fastest, most ecient way of replacing glycogen.

 TO DO

th wb  gvn blw lnk 
  bln whh nn n 
nnnl bl  Gi vl m 
 m n h wl: h://
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ptn
Unlike fat and carbohydrate there is no storage capacity for protein in the body. 
All protein is present with a specic biological function (e.g. as enzymes or 
structural proteins such as muscle). All protein in our bodies is in a state of 
ux, that is, molecules are constantly being broken down into their constituent 
amino acids and resynthesized (Figure 16.21).

The steady loss of amino acids from the body along with no storage means 
that a regular daily intake of protein is required to sustain biological function 
and health. The current level of intake recommended for healthy adults is 
0.8 grams per kilogram of body mass per day (0.8 g. kg 1. d 1).

De novo

synthesis

Oxidation

Amino

acid pool
FLUX

Body

proteins

Dietary

protein

Digestion

Protein degradation

Protein synthesis

CO2, H2O

Urea

2 Figure 16.21: Processes of protein and amino acid turnover

innc f tnt tnn nd ndnc tnn
The basic requirement for protein intake can increase in certain groups at 
certain times, such as in growing children, in people recovering from illness 
and in breastfeeding mothers. Also when people are engaged in exercise and 
training the requirements increase.

Table 16.4 shows how proteins are used in dierent groups of people.

populaTioN amiNo aCiD

oxiDaTioN

musCle

repair

musCle

hyperTrophy

DieTary proTeiN

requiremeNT

unn 

l
✓ ✓ ✗ 0.8 g. kg 1.  1

enn 

hl
✓✓✓ ✓✓ ✓ 1.2  1.4 g.kg 1. 1

sngh 

hl
✓ ✓✓✓ ✓✓✓ 1.2  1.7 g.kg 1. 1

2 Table 16.4: Use of proteins in dierent groups of people

mtn t nt
Although protein degradation yields both essential and non-essential amino 
acids, net losses due to oxidation and metabolism means that dietary intake 
must include all amino acids.

Nuiionl gognic ids
Sports drinks, bars and gels are products formulated around macronutrients 
and micronutrients. They are intended as a convenient means of ingesting 
uid and/or macronutrients in an exercise setting when “normal” food may 
be impractical.

 TO THINK ABOUT
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There are also numerous compounds and supplements that are not based on 
essential components of the diet which are marketed as commercial sports 
nutrition supplements. However there are few real “quick xes” in sports 
nutrition and only a handful of these products are supported by good evidence 
(Table 16.5).

meChaNism oF aCTioN Dosage BeNeFiTs aDverse  

eFFeCTs

Caeine

cNs mln whh n  h 
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nmn, ml 
, wkly 
v

Creatine

in ml n nn, 
l  pc ynh n h  
 ng  hgh-nny 
. cn ngn my l 
gmn h   ngh nng 
by mlng ml nblm.

15–20 g  y  
4–7 y llw by  
 mnnn   
 2 g  y

Bn  
h l n h pc 
ngy ym h 
 ngh, w 
n nng .

in n by 
m my b 
mnl  
 m.

Bicarbonate

Bbn   b whh n 
bl H. th n n ln 
 h H+ gn by h l  
ym ng hgh nny .

0.3 g  kg kn 
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in 
mn ng 
hgh-nny 
 lng 
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.

CASE STUDY

Dt ntn  t cttn

2 These pictures show the dierent body shape of a long 

distance runner and a sprinter. Manipulation of the diet 

can be used to modify body weight and composition.

Nnl mnln  h  n lly b 
  my by wgh n by mn. 
sm  q mll   m n  lw 
wgh l (.g. bng),  mv h n 
(.g. gymn)   n hyl mn 
(.g. n nnng). ahl  v g  
h  lw by wgh. f  by wgh l, hl
 wn h  n l ngy nk. oh hl y 
 mv h v wgh-gnng   by 
 by llwng   hgh n bhy (60–70  
n  l ngy nk) n lw n  (15–20  n  
l ngy nk). Bh  n hv  hml  n 
hlh n n m mn  n ly n v  
lng   m.
1 Why   mn  hl  mnn  hlhy 

 n j h  ng  h ngy 
n n hylgl qmn?

2 Wh  h n   mnln   
mn?

2 Table 16.5: Dietary supplements

333



N u t r i t i o N  f o r  s p o r t  a N d  e x e r c i s eC    t   16

 TO RESEARCH
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SUMMarY

@ ogn nvlv n gn n bn  h mh, hg, 
mh, lv, gll bl, n, mll nn n lg nn.

@ s nzym n lv, h mll nn n gv j  
n h mh, lv, n n  nl  bk wn bhy, 
n n  mll n mll l h n b bb.

@ cbhy n nly b bb n h blm whn bkn 
wn n ml g (gl, , gl).

@ pn mll n nly b bb n h blm whn hy  
bkn wn n   mn . 

@ dgn n bn     ml  b   n 
lbl n w, b h  b n hgh h wy nvnmn 
 h gv ym, lymh n bl.

@ f  g n bb hgh h   mln, 
mll mn n kgng n hylmn.

@ f mll  g n  y , mngly, 
hll, hll  n lyhhl whh  n 
n h lymh m b hy n h blm.

@ W  nl n hmn;     n n hmgln, 
n    lbn.

@ th mjy  hmn by m n  w (50–70%), h 
n  g h l by  w hv.

@ in hlhy hmn w nk (m  n nk)  lly ml  w 
l (m w n n) h l n mnnn   bl by m

@ tnv  n 2.5 l  w  y ylly  n hlhy hmn.
@ W nk  nll by h n w l  nll by h kny.
@ sv hyn n l  h, hyn  m hn w n 

by m n  h  y  hl.
@ ahl my n v bnlly m hn 2.5L  y   

n w l ng m  n nng lly  h 
 n  h nvnmn.

@ engy nk b h qn  hml ngy v ngn  
 ; bhy 1760 kJ.100g 1, n 1720 kJ.100g 1 n  
4000 kJ.100g 1

@ engy n b   hml ngy  m mbl 
wk bh   n ng .

@ engy bln   h lnh bwn ngy nk n 
n;  v ngy bln l  n by m n  
ngv ngy bln l  l  by m.

@ By mn   h lv mn  n  whn 
h by.

@ a ml ml  by mn v h by n w 
mmn m   m (ll bl l) n   
m (ll mnng ).

@ th l n  fM  ffM mng hl v m   .
@ cbhy    ngy   w ng   nn.
@ a lm mn  bhy    glygn n h lv n ml.
@ Glygn    ng ; whn  n    lm  

vn – g .
@ ahl my nm bhy b   n glygn 

 (b lng), during   v nl bhy, 
  h ml glygn, n after   m vy  
glygn .
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Slf-sudy qusions
1 Dene the main processes involved in digestion.

2 List the products of digestion of the macronutrients.

3 State the dierence between fat mass and fat–free mass.

4 Describe the hormonal mechanism which helps maintain body 
water balance.

5 Distinguish between the eects of a positive and negative energy balance.

6 Outline the nutritional needs of a sprinter and a marathon runner.

7 Suggest why sports drinks are a popular nutritional intervention for athletes.

8 Explain why protein intake needs to be both regular and consist of high 
quality protein.

9 Discuss the ways in which poor nutrition might impair athletic performance.

 DATA BASED QUESTION

a y (nm, -v gn; w  y) 
m h vn  h  lw- hl 
mlk   bhy-lly bvg (G 
 nk) n vy bwn mnng n nn 
nng n. th bvg (240 ml) w nm 
mmly  h mnng nng n. th bl 
blw hw h mn  h w bvg.

Ntnt lw ft  

cct k

gtd

engy (kJ)
pn (g)
f (g)
cbhy (g)
clm (mg)
sm (mg)

669
8
3

27
300
240

209
0
0

14
0

110

*The data are from www.tuscandairy.com and  
www.gatorade.com.

immly llwng h nn nng n h 
bj hn ml  20 m hl   g. th 
mn (±sd) m  g  bh l  hwn blw.
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(Source: Spaccarotella, K.J., Andzel, W.D. 2011. “The eects of 
low fat chocolate milk on postexercise recovery in collegiate 

athletes.” J of Strength & Con Res, Vol 25, number 4.  Pp 
3456–3460)

1 s whh bvg nn h m n. 
(1 mk)

2 iny m h gh whh bvg nmn 
l n h b mn (1 mk)

3 ung h  n h bl gv  nnl lnn 
 h n n mn hwn n h gh. 

(1 mk) 
4 Wh mgh hl n h ln m h 

l? (4 mk) 

@ Glym n (Gi) v  m  hw bl h bhy 
nn  n  ; cHo  wh  hgh Gi  b   
- vy.

@ pn n h by  nly n wh   blgl nn – 
h  n   n nlk  n bhy.

@ cnn nv  by n mn h hmn hv  ly 
qmn  n 0.8 g.  kg by m  y n h m 
nl nl mn .

@ th ly qmn  n  n n hl b hy 
z mn   ngy, n ml  n hyhy.

@ ahl my lmn h  wh nnl ggn   
n  mn n ln.
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Iera assessme ad raia r

C h a p t e r  1 7

Inoducion

The internal assessment (IA) for the IB Diploma Programme course in sports, 
exercise and health science (SEHS) includes 40 hours of hands-on work in 
the laboratory and/or out in the eld. The practical work is a chance for you 
to gain and develop new skills and techniques beyond your theory lessons. 
You should nd this stimulating and challenging! This time includes 10 hours 
for the group 4 project, an interdisciplinary activity that all Diploma Programme 
science students must take part in. 

Your performance is internally assessed by your teacher and externally 
moderated by the IB. Your work is marked against the ve IA assessment 
criteria, with each criterion having a maximum mark of 6. The marks for each 
of the criteria are added together with the rst three criteria each being assessed 
twice to determine the nal mark out of 48 and this is then scaled to give a 
total out of 24 per cent. This is the contribution the practical work makes to 
your nal mark for the course.

You will need to maintain a portfolio of your assessed written work for possible 
external moderation. External moderation aims to ensure that the practical 
component of the course has been carried out and that the standard of marking 
is standardized across all schools in the world doing the course.

When carrying out your IA work keep calm and remember that you are not 
penalized for seeking guidance; we encourage you to initiate discussions with 
your teacher to obtain advice and information. However, if you could not 
complete this work without substantial support, you will not be able to gain 
full marks. As part of the learning process, you will also be pleased to know 
that your teacher can provide you with feedback on your rst draft of any 
internally assessed work.

Aims  SEHS raia r
The practical work has several aims.

@ It provides you with experience of methods and techniques used in sports, 
exercise and health investigations.

@ It develops your ability to analyse, evaluate and synthesize scientic 
information.

@ It strengthens your experimental and investigative scientic skills.
@ It engenders your awareness of the need for, and the value of, eective 

collaboration and communication during scientic activities, which is one 
of the main aims of the group 4 project.

@ It develops information and communication technology skills for the study 
of sports, exercise and health science.

How you will be assessed for each of these is described in Table17.1 with the 
actual criteria appearing at the end of the chapter.

Ivesigais 
(30 hrs = 42 mars)
A mixture of short- and ong-term 
investigations

Gr 4 rje 
(10 hrs = 6 mars)
Interdiscipinary project, assessed 
for persona sis (PS) criterion ony

W   ssssmn 

cii?

The ve assessment criteria are: 

@ design (D)
@ data coection and processing 

(DCP)
@ concusion and evauation (CE)
@ manipuative sis (MS)
@ persona sis (PS).
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Desig (D)
Ase 1: deig he rem ad seeig variaes
Your teacher will give you an open-ended problem to investigate and you must 
generate your own focused problem or specic research question. Make sure 
you choose an area you are interested in. Consider exploring an issue that you 
genuinely wonder about.

Examples of teacher prompts and specic research questions relating to them 
appear in Table 17.1 below.

topIc tEAcHER pRoMpt

Starting strategies Investigate starting strategies to optimize acceeration in sprinting.

Sensory deprivation Investigate the eects of sensory deprivation on performance.

Practice Does practice mae perfect?

Feedbac Investigate the eect of feedbac on performance.

Physica performance Investigate environmenta factors on physica performance.

Fitness Design an investigation on variations in the tness eves of individuas.

Musce fatigue Investigate factor(s) that aect fatigue during isotonic and/or isometric contractions in  
specic musce groups.

Ventiatory response Design an investigation to characterize the cardiovascuar response to various stimui.

Joint movement Investigate factors aecting the range of movement of joints.

Nutrient intae Design an investigation that aos a comparison and evauation of nutrient intae in 
dierent individuas.

Center of mass Investigate ho the position of the center of mass can aect athetic performance.

Trajectories Investigate the trajectory characteristics of thron objects.

Body responses Investigate factors aecting heart rate, bood pressure, breathing rate, CO
2
 production, sin 

temperature or rate of seat production.

Assessment of physica 
activity

Using one or more methods, design an investigation to assess habitua physica activity  
in dierent groups.

Diet Investigate the persona and/or socia factors that inuence dietary preferences.

Body composition Using dierent methods, design an investigation to assess body composition.

Reaction time Investigate reaction time as a component of the psychoogica refractory period.

2 Table 17.1

Aspect 1: Formuate a focused 
probem/research question and 
identify the reevant variabes.

First of all you need to decide which of the following types of investigation 
you are going to do.

@ Manipulate one independent variable to see the eect this has on another, 
the dependent variable, and examine the relationship between cause and 
eect.

@ Simply measure rather than manipulate variables, and look for relationships 
between them. Correlation research measures the degree of relationship 
between pairs of independent variables in a sample and because no 
independent variable is manipulated, no cause–eect relationship can be 
determined.

You can begin by modifying the general aim and indicating the variable(s) chosen 
for investigation. A clear, focused research question must state the dependent 
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(measured) and the independent (changed) variables. The variables stated in the 
research question must be those that are directly measured. It is also good practice 
to include measurements in the research question, e.g. beats per minute (bpm), 
and this information must be included when you state your dependent variable.

Also, to ensure you gain a full range of data, you should use a minimum of two 
to three dierent values for the independent variable. Obviously, this will vary 
depending upon the time you have available for your investigation and the 
complexity of the task; for example, if your independent variable is temperature, 
you could collect data at 15oC, 20oC, 25oC and 30oC.

In addition, list all the relevant controlled variables (or monitored variables, if 
carrying out eld work) along with the confounding variables. It is vital that your 
investigation is well controlled, and that the only thing that changes is the 
independent variable. Relevant variables are those that can reasonably be expected 
to aect the outcome and the number will vary from one investigation to another. 
Do not be afraid to say that there are variables that cannot be controlled but that 
you need to monitor (confounding variables) as they may inuence your results. 

Stating a hypothesis is no longer necessary; however, it is good practice and it will 
help you focus your investigation and provide a starting point for your conclusion. 
Your research hypothesis will predict the relationship between the independent 
variable and the dependent variable, in short, what you predict will happen. 

Ase 2: rig variaes
You must give clear descriptions of how you will control variables to ensure 
that only the independent variable changes. You could set this out as a table 
and also state why it is important to control the variable.

VARIAblE How IS It contRollED? wHy?

Skill level A participants i have 
payed competitive 
tennis for at east 5 
years.

A payers i be sied experienced 
payers and they shoud be in the 
associative phase of earning, as their 
performance i be more consistent 
and reiabe.

Sample: 

Age, sex, 
number

20 femaes seected from 
a poo of 50 experienced 
payers. 

Resuts can be generaized and trends 
can be found for this sampe if they 
are randomy seected.

Type of 

serve

kic serve. Resuts can be more reiabe if a the 
participants are using the same type 
of serve.  

Time of 

day

The experiment i tae 
pace beteen 3.00 – 
4.00pm.

A participants i have reativey the 
same outside air temperatures and 
humidity eves.

Rest 

period 

between 

trials

A rest period of 10 
minutes i be given 
after 10 serves, during 
hich time participants 
i be aoed to drin 
ater if desired.

A participants have a standard 
recovery time.

Feedback No feedbac from 
the test conductor or 
observers.

This ensures consistency and no 
externa factors i aect the resuts.

2 Table 17.2

exml of  sc qusion: 

After a standardized exercise test, 
is the rate at hich heart rate 
(bpm) returns to the pre-exercise 
eve dierent for trained and 
untrained individuas?

Indndn vibl: Trained 
athetes and untrained athetes.

Dndn vibl: Heart rate 
measured in beats per minute 
(1/26bpm).

Conolld vibls: Temperature, 
age of participants, position/
posture of participants after 
exercise, measurement of heart 
rate, types of exercise.

Confounding vibls: Dierence 
in hydration status, energy eves, 
arousa eves, eather conditions.

exml of ximnl 

yosis: The heart rates of 
trained athetes i return to 
the resting heart rate eve more 
quicy than untrained athetes.

Aspect 2: Design a method for the 
eective contro of the variabes.
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Participants in your investigation must be described with justication for your 
sampling method (random, opportunity, self-selected). It may be enough to 
say that opportunity sampling was the easiest option and you chose whoever 
happened to be there at the time and was willing to participate.

Write a clear numbered method that will allow someone who does not know 
what you are doing to follow your experiment—imagine it is a recipe. A diagram 
along with a list of the apparatus is also helpful. You must quantify experimental 
details such as timings, concentrations, exercise intensity or duration and 
ensure that these variables are monitored and controlled. For example, ensure 
that all participants recover in the same supine position after exercise and in 
the same room with controlled environmental conditions. You must ensure 
that the time taken from completing the exercise to adopting the supine position 
and the rst measurement being taken is constant, along with the frequency 
of measurements. 

Remember to document how ethical guidelines were followed and explain 
how the brieng and debrieng were carried out. A copy of the consent form 
should be included in the appendices. Sometimes you may not want to let 
your participants know the exact aim of the study as it may aect your results. 
If this does not cause stress to the participant it is ne to inform participants 
at the end of the study.

If you use a test or standard measurement technique as part of your investigation, 
it should be referenced using a recognized citation style. For example, while 
planning an investigation to study the eect of habitual dietary intake on body 
composition you can select a method to measure body composition. This 
method may be found by referring to a primary source, a textbook, a website 
or teacher’s notes. 

Ase 3: deveig a mehd r ei  daa
The investigation must allow you to generate sucient numerical data for you 
to be able to demonstrate an analysis. A lack of data means that specic averages 
cannot always be processed (required for DCP aspect 2). It is ideal to have three 
to ve repeats for each variable (e.g. temperature). In the heart rate experiment 
you would need to decide on the length of time the heart rate is recorded for 
and the frequency of taking measurements. A minimum of ve subjects is also 
needed to undertake further statistical analysis such as standard deviation.

Daa ei ad ressig (Dcp)
Ase 1: rerdig ra daa
The numerical raw data you collected (not averages) must enable you to answer 
the research question and enable you to carry out basic processing along with 
statistical analysis. This raw quantitative data should be recorded with a 
standardized predetermined degree of precision, e.g. to within one decimal 
place such as 5.5cm, 8.5cm etc. Appropriate raw quantitative data could consist 
of the heart rate readings and the time elapsed after nishing exercise. In 
addition the heart rate of the participant before taking exercise and the 
temperature of the room could be recorded. 

You are encouraged to make additional observations about your experiment 
as they may help you interpret or evaluate your results. Such data is often 
qualitative and it can be challenging to analyse, for example, the characteristics 
of the participant (age, gender, athletic history) or resting position/posture.

When a “design” has been set by the teacher, it may be that data gathered as 
a class has to be used in order for you to have sucient data to carry out 
signicant processing and the determination of uncertainties. If class data is 

Aspect 3: Deveop a method 

that aos for the coection of 

sucient reevant data.

Aspect 1: Record appropriate 

quantitative and associated 

quaitative ra data, incuding units 

and uncertainties here reevant.
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to be used and DCP is to be assessed you must clearly present your own data. 
This can be achieved by either presenting your own data rst or by clearly 
identifying your own data in a pooled data table. You must plan and produce 
your own data table; copying a table from other students will be counted as 
collusion.

Degrees  reisi
All measured values have an associated uncertainty, therefore, all headings/
columns in data tables are required to have an accompanying uncertainty 
gure (1/  gure). The error is usually 1/  one half of the smallest unit that 
can be measured. You may want to include human systematic error (e.g. when 
using a stopwatch) rather than mechanical error, for example, (1/  0.5 seconds) 
would be appropriate for a stopwatch.

Examples of other appropriate degrees of precision appear in Table 17.3 below.

weight (g)  1/  0.5g 
Height (cm) 1/  0.5cm
Nomogram 1/  2 g.m.sec 1

Heart rate monitor 1/  6 beats min 1

Stop atch (sec) 1/  0.5 sec (e.g. 17.6 sec)

2 Table 17.3

Tips for data collection and using tables

@ Tabe tites shoud be descriptive and incude both the independent 
(changed) variabe and the dependent variabe (measured) and may start 
ith the ords: “Tabe shoing the eect of…”

@ Try to t a your data into a singe tabe. Setch the tabe beforehand, and try 
dierent ays of presenting the information if the rst one does not or out.

@ Ensure the tabe headers are descriptive, for exampe, “Temperature of room 
1” is much better than just “Temperature”. 

@ Every header requires appropriate units aong ith the error margin. 
@ The number of decima paces must reect the precision of the measuring 

instrument, for exampe, a thermometer can give one decima pace 
precision at best. You coud read to the nearest 0.5ºC ony so don’t pan to 
coect data to to decima paces..

@ A decima paces in a coumn must be consistent. For exampe, if you have 
a reading of 4 seconds and another one of 5.8, you must decide hether you 
i round up to hoe numbers (in hich case the vaues oud be 4 and 6) 
or hether to have a vaues at one decima pace (4.0 and 5.8 respectivey).

@ In your data tabe, repeats shoud be caed “Tria 1”, “Tria 2” etc.

Ase 2: ressig ra daa
Data processing involves combining and manipulating raw data and 
transforming numbers into a form suitable for presentation, be it graphical, 
written or verbal. Within the heart rate investigation, data on the time taken 
to return to a normal heart rate could be recorded in a table or by graphical 
means such as a bar chart.

Your processed data can be presented separately or attached to the raw data 
table if it is clearly distinguishable. You must make sure your processed data 
is to the same level of precision as the raw data, i.e. to the same decimal places.

Identify any anomalous results (if any) in your raw data by highlighting them 
in the tables or on the graph. If a reading is very dierent from your other data, 
you may leave it out of the processing and analysing stage. If you omit them, 
you must justify your decision. 

There are numerous ways of 

processing your data. Common 

ways include:

@ adding, subtracting
@ squaring, dividing
@ mean, mode, median range
@ percentage of the hoe
@ percentage increase 
@ rate
@ standard deviation
@ statistica tests.

Aspect 2: Process the quantitative 
ra data correcty.
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Ase 3: reseig ressed daa
Graph it! You are expected to decide upon a suitable presentation format for 
your processed data. Remember that when you present your data it is the 
processed data that should (usually) be graphed, not every individual trial. 

Some tips for preparing your graph(s) include the following.

@ Title your graph in the same way as your data tables. 
@ Graphs need to have appropriate scales, labelled axes with units and 

accurately plotted data points with a suitable best-t line or curve. 
@ The appropriate measurement must be on the relevant axis and it is 

good practice to include the error of measurement, e.g. time in seconds 
(+ 0.5 sec).

@ Where there is only one dependent variable it always goes on the y-axis, 
with the independent variable on the x-axis. If there are two independent    
variables they go along the x-axis, with the dependent variable on the y-axis. 
This is not always the case as there may not be an independent variable.

@ Use of data-logging software is appropriate if you decide on and input most 
of the relevant software settings (for labels, axes, units and graph title etc.) 
Reference any software used.

@ Error bars when used must be accompanied by an explanation of what these 
values mean. Remember that error bars show the spread of values around 
the mean and the more the data ranges from the mean, the less condent 
you can be that your data is statistically signicant. For normally distributed 
data, about 68% of all values lie within ±1 standard deviation of (above or 
below) the mean and this rises to about 95% for ±2 standard deviations.

csi ad evaai

Ase 1: dig
A common mistake here is that students describe their results without explaining
them. You must include data from your results to back up your ndings and 
refer to the appropriate statistical test to discuss the signicance of the data. 

Here is an example of a good format to follow.

@ Discuss the trends in your data. You must refer to your graphs by name 
(which is easy to do if you numbered them “Graph 1”, “Graph 2” etc.) and 
state what trends or patterns can be seen, if any. Do not imagine patterns 
if there are none!

@ Compare these to what you expected if measuring an already known or 
accepted value, based on background research and the ndings of others. You are 
supposed to know something about the topic, so now is the time to bring 
in external information, usually from textbooks or peer-reviewed journals. 

@ Explain your data by comparing with the literature value. Remember that 
literature must always be fully referenced. You should take care not to say 
that your results prove an explanation; the most you can say about empirical 
evidence is that it supports an explanation.

If your results are unexpected or show no pattern, discuss this. It is also ne 
to say your data is inconclusive, but attempt to suggest why this may be. Negative 
results that show no correlation when you had hoped to nd one are very 
acceptable. Don’t bend your data to t what you think should happen; rather 
draw a conclusion as to your condence in your results.

Another way to discuss ndings is to consider whether the research was valid 
and the measurement was reliable.

rlibiliy is the extent to hich 

the same reading is obtained each 

time a variabe is measured.

Vlidiy is the extent to hich the 

measure actuay measures hat it 

caims to.

There are numerous ways of 

presenting your data. Common 

ways include:

@ scatter pots

@ bar charts

@ pie charts

@ histogram

@ ite diagrams

@ spreadsheet

@ tabes

@ charts

@ o diagrams.

Aspect 1: State a concusion, ith 

justication, based on a reasonabe 

interpretation of the data.

Aspect 3: Present processed data 

appropriatey and, here reevant, 

incude errors and uncertainties.
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Ase 2: evaaig redre(s) ad ase 3: imrvig he ivesigai
The evaluation is the nal (and very important) part of the IA, so make sure 
you continue to follow the assessment criteria. Your evaluation could be 
presented as a table with three columns: 

@ weaknesses
@ signicance of weakness 
@ suggested improvement. 

The inclusion of a separate column for the signicance of the weakness helps 
draw your attention to its signicance in addition to solely identifying 
weaknesses. You should describe at least three major shortcomings, and 
more if you think there were more. For every weakness suggest a sensible 
improvement.Try not to include minor mistakes. The strongest evaluations 
will not rely on a simplistic evaluation, such as “the experimental study 
should have used a larger sample” or that more precise equipment should 
have been used. 

wEAknESSES SIGnIfIcAncE of 
wEAknESS

SuGGEStED
IMpRoVEMEnt

The nomograms used to 

measure eg poer may 

not have been an accurate 

representation as the scae 

as inconsistent in spacing 

vaues. Thus forcing the 

researchers to interpret the 

data, as investigators ere 

required to estimate the 

distance, eight and eg 

poer.

The signicance 

of this error is very 

high, as the forced 

interpretation of 

data oud ead to 

subjectivity, hich 

maes the data, and 

concusion, ess 

reiabe.

To improve the 

accuracy of the 

nomogram and reduce 

bias, an eectron 

nomogram coud be 

used or one ith equa 

caibrations.

The use of thigh 

circumference as a 

measurement of eg 

musce is subjective as 

a high vaue may be due 

to fat instead of musce. 

Some participants aso 

have onger bones, and 

thus a measurement of 

the circumference 10 cm 

above the nee may not be 

here the circumference is 

the argest. 

This is quite a 

signicant source 

of error as the 

investigation and eg 

poer reies on eg 

musce and not fat, 

and thus deimits our 

ndings.

Instead of using 

thigh circumference 

in comparison to eg 

poer, eight coud be 

used.  Measuring the 

thigh circumference 

hafay up the 

participant’s thigh 

coud eiminate the 

probem of varying 

bone engths.

2 Table 17.4

If you designed your own experiment, there are probably many areas that 
could be improved. In this section, you may be able to explain anomalous 
results, due to methodological diculties.

Diies arisig drig he rje
As you carry out your investigation, note down problems as you encounter 
them. Before you write your evaluation, list all the problems you came across 
and consider ways in which you could eliminate them if you were to carry out 
the investigation again. Now prioritize them. Make sure you can see the 
dierence between a methodological shortcoming and a mistake. 

When evaluating procedures you 

must comment on:

@ design

@ performance of procedure

@ method

@ equipment

@ precision and accuracy of 

measurement

@ quaity and reiabiity of data

@ management of time.

Aspect 2: Evauate eanesses 

and imitations.

Aspect 3: Suggest reaistic 

improvements in respect of 

identied eanesses and 

imitations.
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Essentially, you are looking to ensure you have carried out a fair test, that is, 
the only variable you have changed is the independent variable. If any other 
variable inadvertently changed, it may aect your results, thereby making your 
conclusions less reliable.

For example, it is not a methodological error to “misread non-digital scales” 
but it is an error if you fail to use the same scales for all your measurements 
as other scales may be calibrated dierently.

eics
The International Baccalaureate Organization has published a document 
called Animal experimentation policy, along with an Ethical practice poster; the 
advice given on these should be applied to all internal assessment work. When 
designing a study you must ensure that it is conducted in a way that represents 
the dignity of the participants, whether they are animals or human participants.

Ethical guidelines for IA include the following.

@ Laboratory or eld experiments and investigations will be undertaken in 
an ethical way.

@ No experiments involving other people will be undertaken without their 
written consent and their understanding of the nature of the experiment.

@ Experiments involving body uids must not be performed due to the risk 
of the transmission of blood-borne pathogens.

@ Experiments involving animals must be based on observing and measuring 
aspects of natural animal behaviour.

@ No experiment will be undertaken that inicts pain on a human or live 
animal, or compromise its health in any way.

@ No experiment or eldwork will be undertaken that damages the environment.
@ All presentations will respect the personal, political and spiritual values of 

others and there will be no intention to oend in remarks about race, 
gender or religious beliefs.

In addition to covering ethical issues in your method, another suggestion is to 
include in your conclusion how you addressed ethical issues within your IA. 
It is not a trivial matter. Sports and exercise scientists, indeed all scientists, 
must be able to demonstrate adherence to ethical principles and protocols.

tis fo submiing Ia wok
Here are some additional points to consider when submitting work for IA.

@ Title page The title page provides key information about you and your IA 
and should include your name, candidate number, the date and research 
question/problem.

@ Introduction The introduction can include literature sources and provide 
valuable background information to your IA along with your inspiration 
for this line of inquiry.

@ References In this section include a complete set of references to all the 
works cited in the study. An approved reference format should be used.

@ Citation The work of others, including information taken from dierent 
sources, should always be acknowledged and referenced using a recognized 
citation style.

@ Appendices In this section, include copies of any additional information, as 
well as materials used, such as standardized instructions, debrieng notes and 
informed consent letters. This section provides all the necessary materials so 
your research can be replicated. Each appendix should be numbered and have 
an appropriate title, for example, “Appendix 1: Nomogram to measure leg power.”

343



I N T E R N A l  A S S E S S M E N T A N D P R A C T I C A l  w O R kc h a  e r  17

Maiaive sis
Manipulative skills are assessed throughout the course and the assessment 
should be based on a wide range of manipulative skills. This is worth a total 
of 6 marks out of 48 for your internal assessment. It is your ability to follow 
instructions, carry out techniques and work safely which are assessed.

t gou 4 ojc (10 ous)
The group 4 project is a collaborative activity where students from dierent 
group 4 subjects or schools work together to investigate a scientic or 
technological topic. The project you select should address aims 7, 8 and 10 
of the group 4 subject guides. 

@ Aim 7 requires you to develop and apply information and communication 
technology skills in the study of science.

@ Aim 8 relates to raising awareness of the moral, ethical, social, economic 
and environmental implications of using science and technology.

@ Aim 10 demands that you develop an understanding of the relationships 
between scientific disciplines and the overarching nature of the 
scientic method.

The emphasis is on interdisciplinary cooperation and the processes involved in 
scientic investigation, rather than the products of such investigation.

persa sis
This assessment criterion only relates to the group 4 project. See details later 
in this chapter.

You will be assessed against the personal skills criterion in this project. This 
is worth a total of 6 marks out of 48 for your IB internal assessment. It is your 
involvement, your ability to work in a team and self-reection that are assessed. 
After the project is completed you may be given a self-evaluation form 
to complete.

There are three parts to the group 4 project: planning, action and evaluation. 
Below is one approach to the group 4 project provided by Elaine Teale, Head 
of Science at UWCSEA (Dover), Singapore (2011).

paig

the rs aig meeig 
Elect a chair and secretary in your project team. The chair should run the 
meeting and make sure that everyone gets a chance to express their views. 
The secretary should ensure that they have email addresses for every student 
in the team.

Throughout the planning and action phases, students will be documenting 
their project by collecting materials such as text, pictures, graphs and video 
relating to their work. You could store this information on a group blog. Make 
sure all members of the group know how to post information and then tag the 
information with labels that describe the aspects of the science project. 

The blog could be used in two ways: 

@ as a resource for the supervising teacher(s) to see how your group is working
@ as a collection of resources.

The organization of the group 

4 project will vary from school 

to school. You may be placed in 

a team consisting of students 

studying dierent group 4 subjects 

and asked to produce one project 

in response to an overarching 

theme, for example, “survival”. 

In schools with larger numbers 

of students there may be several 

groups and each group may 

investigate a dierent theme. 

Remember, you need to keep in 

mind aims 7, 8 and 10 as you 

develop your project.

tes  rje 

The project can be undertaen in 
a variety of ays as it may have a 
hands-on practica action phase 
or one invoving purey theoretica 
aspects.

@ Designing and carrying out 
a aboratory investigation or 
edor.

@ Carrying out a comparative 
study (experimenta or 
otherise) in coaboration ith 
another schoo.

@ Coating, manipuating and 
anaysing data from other 
sources, such as scientic 
journas, environmenta 
organizations, science and 
technoogy industries and 
government reports.

@ Designing and using a mode or 
simuation.

@ Contributing to a ong-term 
project organized by the schoo.
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All members of the team should regularly contribute to the blog. Think of it 
as an online diary where you are recording what you have achieved and 
reecting on your successes and failures. The emphasis should be on the 
cooperation between the team members and the processes involved in the 
investigation rather than the product. Your teacher may use it to help them 
make a nal assessment of your personal skills and you will need it in order 
to put together your nal presentation.

Discuss as a group a way to develop a project which can be completed in the 
time allowed. Topics are often broad, so there will be many interpretations. 
Remember you must follow the scientic method, as your project must be 
based on science or its applications.

Identify the problem (question)
collect information
from a hypothesis

Test the hypothesis
Experimental design

Make observations
Assemble tables and graphs

Support or reject hypothesis based
on data report and publish results

The scientific method

Problem

Procedure

Observations & data

Conclusions

2 Figure 17.1: The scientic method

the sed aig meeig 
At this meeting rene the question and design the investigation. If you have 
already done this in the rst planning meeting, then you might want to start 
the action phase. Equipment orders must be submitted to your teacher and 
you must carry out a risk assessment to ensure that what you are planning is 
safe for participants and those observing them.

Ai hase
During the action phase you are testing your hypothesis experimentally, 
collecting and analysing data and preparing your presentation. All members 
of the team should be engaged. 

Keep the experiment simple. Keep aims 7, 8 and 10 in mind and think about 
the time you have available. 

Remember to keep contributing to the blog. 

Evaai
In this phase of the project students share their ndings with other students.

preseai 
If you are asked to put together a presentation you could use programs such 
as keynote, PowerPoint, or prezi, or you might want to make a video. In your 
presentation you could share your ndings, along with both your successes 
and failures. Keep the aims in mind and also the collaborative eort of 
your team. 
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assssmn cii

Below you will nd the criteria that you will be assessed against.

Desig

lEVElS/MARkS ASpEct 1 ASpEct 2 ASpEct 3

DEfInInG tHE

pRoblEM AnD

SElEctInG VARIAblES

contRollInG VARIAblES DEVElopInG A MEtHoD foR

collEctIon of DAtA

Complete/2 Formuates a focused probem/

research question and 

identies the reevant variabes.

Designs a method for the 

eective contro of the 

variabes.

Deveops a method that 

aos for the coection of 

sucient reevant data.

Partial/1 Formuates a probem/

research question that is 

incompete or identies ony 

some reevant variabes.

Designs a method that 

maes some attempt to 

contro the variabes.

Deveops a method that 

aos for the coection of 

insucient reevant data.

Not at all/0 Does not identify a probem/

research question and does not 

identify any reevant variabes.

Designs a method that does 

not contro the variabes.

Deveops a method that does 

not ao for any reevant 

data to be coected.

Daa ei ad ressig

lEVElS/MARkS ASpEct 1 ASpEct 2 ASpEct 3

REcoRDInG RAw DAtA pRocESSInG RAw DAtA
pRESEntInG pRocESSED

DAtA

Complete/2 Records appropriate 

quantitative and associated 

quaitative ra data, 

incuding units and 

uncertainties here reevant.

Processes the quantitative 

ra data correcty.

Presents processed data 

appropriatey and, here 

reevant, incudes errors and 

uncertainties.

Partial/1 Records appropriate 

quantitative and associated 

quaitative ra data, but ith 

some mistaes or omissions.

Processes quantitative 

ra data, but ith some 

mistaes and/or omissions.

Presents processed data 

appropriatey, but ith some 

mistaes and/or omissions.

Not at all/0 Does not record any 

appropriate quantitative 

ra data or ra data is 

incomprehensibe.

No processing of quantitative 

ra data is carried out or 

major mistaes are made in 

processing.

Presents processed 

data inappropriatey or 

incomprehensiby.

csi ad evaai

lEVElS/MARkS ASpEct 1 ASpEct 2 ASpEct 3

concluDInG EVAluAtInG pRocEDuRE(S) IMpRoVInG tHE

InVEStIGAtIon

Complete/2 States a concusion, ith 

justication, based on a 

reasonabe interpretation of 

the data.

Evauates eanesses and 

imitations.

Suggests reaistic 

improvements in respect of 

identied eanesses and 

imitations.
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Partial/1 States a concusion based on 
a reasonabe interpretation 
of the data.

Identies some eanesses 
and imitations, but the 
evauation is ea or 
missing.

Suggests ony supercia 
improvements.

Not at all/0 States no concusion or the 
concusion is based on an 
unreasonabe interpretation 
of the data.

Identies irreevant 
eanesses and imitations.

Suggests unreaistic 
improvements.

Maiaive sis rieria

lEVElS/MARkS ASpEct 1 ASpEct 2 ASpEct 3

followInG

InStRuctIonS

cARRyInG out 

tEcHnIquES
woRkInG SAfEly

Complete/2 Foos instructions 
accuratey, adapting 
to ne circumstances 
(seeing assistance 
hen required).

Competent and 
methodica in the use of a 
range of techniques and 
equipment.

Pays attention to safety issues.

Partial/1 Foos instructions but 
requires assistance.

Usuay competent and 
methodica in the use of a 
range of techniques and 
equipment.

Usuay pays attention to safety issues.

Not at all/0 Rarey foos 
instructions or requires 
constant supervision.

Rarey competent and 
methodica in the use of a 
range of techniques and 
equipment.

Rarey pays attention to safety issues.

persa sis rieria

ASpEct 1 ASpEct 2 ASpEct 3

lEVElS/MARkS SElf-MotIVAtIon AnD

pERSEVERAncE

woRkInG wItHIn A tEAM SElf-REflEctIon

Complete/2 Approaches the project ith sef-
motivation and foos it through 
to competion.

Coaborates and 
communicates in a group 
situation and integrates the 
vies of others.

Shos a thorough aareness 
of their on strengths and 
eanesses and gives 
thoughtfu consideration to 
their earning experience.

Partial/1 Competes the project but 
sometimes acs sef-motivation.

Exchanges some vies 
but requires guidance to 
coaborate ith others.

Shos imited aareness 
of their on strengths and 
eanesses and gives some 
consideration to their earning 
experience.

Not at all/0 lacs perseverance and 
motivation.

Maes itte or no attempt 
to coaborate in a group 
situation.

Shos no aareness of 
their on strengths and 
eanesses and gives no 
consideration to their earning 
experience.
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Prparng for your xams

C h a p t e r  1 8

As you will be aware a signicant amount of your overall grade for this course 
will come from your results in the external examination.

@ Marks from internal assessment  = 24%
@ Marks from external assessment (examination)  = 76%

The examination is made up of 3 dierent papers:

Paper 1: (45 minutes) 30 multiple-choice questions on the core topics only.

Paper 2: (1 hour 15 minutes) Made up of short and long answer questions 
from the core topics only. It has two sections; In Section A all questions are 
compulsory, and in Section B you choose one question to answer from a 
selection of three.

Paper 3: (1 hour) Made up of short and long answer questions on the option 
topics only. You answer all questions on the options that you have studied inclass.

These three separate papers are completed over two days. Papers 1 and 2 are 
completed on one day, and Paper 3 the day after.

An examiner is not able to cover all aspects of the course in only three hours 
of examination, so you need to be prepared to handle all aspects of the 
curriculum. This means that you need to put in signicant time and eort in 
order to ensure that you know and understand the many dierent topics in 
the course. A simple plan such as the one on page 352 can be used to help in 
the organisation of your examination preparation. 

Much of the information that we study is linked in some way, for example your 
knowledge of anatomy (Topic 1) will support your understanding in movement 
analysis (Topic 4); your knowledge of exercise physiology will support your 
understanding in aspects of Topic 6 as well as the option topics. With this in 
mind it could benet you to approach your study by working through the core 
topics rst, then revising the options you have learnt. 

The resources you should be using to help you with your study are:

@ the curriculum guide: this has detailed information about each topic and 
teacher notes for each assessment statement, as well as the command terms 
that will be used to create the questions in papers 2 and 3

@ your textbook and any other study resource booklets
@ the Internet: it allows you to view aspects of the muscle very easily – for example, 

the “sliding lament theory” – search for it and look for the moving version.

A quck word aout th currculum gud
If we look at a part of the curriculum guide on the following page, it can tell 
you a lot of information that can help your study. You will know that each topic 
has subtopics, as indicated. Within this there are assessment statements which 
tell you what you will be expected to be able to do for the examination. As an 
example, in the examination you may be asked to:

Label a diagram of a motor unit.

In most cases the teacher’s notes can help you by providing possible answers, 
or the scope of the expected answer. In this case the possible parts that you 
would be asked or expected to label are: limit to dendrite, cell body, axon, 
motor end plate, synapse and muscle.
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What is also useful to realise is that the objective aspect is included. The objective 
refers to the type of command term (Table 2) that may be used to create the 
question you will be asked. The command terms are also available in the glossary 
of the curriculum handbook. The assessment statement above has an objective 
statement of 1. This means that it will only be asked at this level of diculty. If 
the objective indicated is a level 2 or 3 then the question could come from that 
level or the one below; never from one above. For example, Distinguish
anatomically between the axial and appendicular skeleton; Distinguish can 
be changed to any other suitable objective 2, or a suitable objective 1 command 
term such as identify, annotate, state, list, label, dene.

Topc 4: Momnt analyss(15 hours)

4.1 Nuromuscular functon
4 hours

Assssmnt statmnt O Tachr's nots

otor ed plate, sapse ad scle.

4.1.2 Eplai the role o 
erotrasitters i stilatig 
skeletal scle cotractio.

3 Liit to acetlcholie ad choliesterase.

4.1.3 Eplai how skeletal scle 
cotracts b the slidig laet 
theor.

3 Iclde the ters obril, olaet, 
sarcoere, acti ad osi, H zoe, A bad, 
Z lie, tropoosi, tropoi, sarcoplasic 
reticl, calci ios ad ATP.
Am 7: Varios olie scle cotractio 
silatios are available.

4.1.4 Eplai how slow ad ast twitch 
bre tpes dier i strctre 
ad ctio.

ast twitch (tpe IIa ad IIb).
Tpe IIa ad IIb are high i glcoge 
cotet depedig o traiig stats.
Am 8: Iplicatios o ivasive techiqes 
or takig saples, i.e. scle biopsies.
Am 9: Iplicatios o drawig coclsios 
ro idirect easreets.

Topic or optio

Teacher's otes

Sb-topic

Objective

Assesset 
stateet

Your ability to understand what the command terms mean is very important, 
so that you are then able to answer the question in the way that has been asked. 
Spend time becoming familiar with these command terms as well as the 
assessed curriculum information.

Tal 2: Command Trms

ObjeCTive 1

Dee Give the precise eaig o a word, phrase, cocept or phsical qatit

Draw Represet b eas o a labelled, accrate diagra or graph, sig a pecil. A rler (straight edge) shold 
be sed or straight lies

Label Add labels to a diagra

List Give a seqece o brie aswers with o eplaatio
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measre Obtai a vale or a qatit

State Give a specic ae, vale or other brie aswer withot eplaatio or calclatio

ObjeCTive 2

Aotate Add brie otes to a diagra or graph

Appl use a idea, eqatio, priciple, theor or law i relatio to a give proble or isse

Calclate Obtai a erical aswer showig the relevat stages i the workig

Describe Give a detailed accot

Distigish make clear the diereces betwee two or ore cocepts or ites

Estiate fid a approiate vale

Ideti Provide a aswer ro a give ber o possibilities

Otlie Give a brie accot or sar

ObjeCTive 3

Aalse Break dow i order to brig ot the essetial eleets or strctre

Coet Give a jdgeet based o a give stateet or reslt o a calclatio

Copare Give a accot o siilarities betwee two (or ore) ites or sitatios, reerrig to both (all) o the 
throghot

Costrct Displa ioratio i a diagraatic or logical or

Dedce Reach a coclsio ro the ioratio give

Derive maiplate a atheatical relatioship to give a ew eqatio or relatioship

Desig Prodce a pla, silatio or odel

Deterie Obtai the ol possible aswer

Discss Oer a cosidered ad balaced review that icldes a rage o argets, actors or hpotheses. 
Opiios or coclsios shold be preseted clearl ad spported b appropriate evidece

Evalate make a appraisal b weighig p the stregths ad liitatios

Eplai Give a detailed accot icldig reasos or cases

Predict Give a epected reslt

Show Give the steps i a calclatio or derivatio

Sketch Represet b eas o a diagra or graph (labelled as appropriate). The sketch shold give a geeral idea 
o the reqired shape or relatioship, ad shold iclde relevat eatres

Solve Obtai the aswer(s) sig algebraic ad/or erical ad/or graphical ethods

Sggest Propose a soltio, hpothesis or other possible aswer

You will notice now that every assessment statement begins with a particular 
command term. In your curriculum guide you will nd plenty of relevant 
questions that you can use to help you study. With some imagination you 
caneasily change the assessment statements into new types of questions for 
yourself that will use a dierent command term and allow you to answer the 
question a dierent way. In the example above we looked at assessment 
statement 1.1.1 – Distinguish anatomically between the axial and appendicular 
skeleton. 
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This could become:

@ Identify the axial or appendicular skeleton.
@ Annotate on the diagram provided parts of the appendicular or axial 

skeleton.
@ Dene the axial or appendicular skeleton.

You can use the assessment statements to help you condense and organise 
your notes. You should be able to condense and rene your notes by using 
techniques such as:

@ using bullet points
@ condensing paragraphs into shorter sentences or keywords
@ diagrams that summarise large amounts of information
@ cue cards.

Your new, condensed notes are what you then read over. Reading aloud is a good 
thing to do; then you see it, hear it, and you are moving too, so all of the learning 
modes are being used. It should get to a point where you use the assessment 
statement as a prompt that then triggers your notes, not reading any more, but 
simply saying the content to yourself with your notes beside you to remind you 
when needed. You need to really engage with the material so that the level of 
your understanding is as high as possible. As your understanding grows, you 
will discover connections between the dierent aspects of the curriculum and 
beyond – all of this will assist you in remembering the information.

We remember best when

@ we pay attention 
@ are deeply engaged
@ the information has meaning for us and it makes sense
@ the information has connections.

There is no getting away from it; you have to put in a lot of time to ensure that 
you understand the material in this course. Those who develop good memory 
often do some of the following:

@ Organise their time well and set goals for themselves. This can be done 
with the aid of the Study Plan chart on the following page. You must look 
at studying as you would at any training programme.

@ Build up your brain endurance slowly (progressive overload) so you will be 
able to cope with the high demands. Start early.

@ Provide plenty of rewards, treats or breaks. Exercise is a great reward as it 
will give you balance and works your heart and lungs to help you cope with 
stress. When it is really bad weather or time for just a short break, try 
juggling! Put the breaks on your chart.

@ Insert your exam times so you can see when they are. This can also let you 
see where to put your subjects to ensure you have given balance to your plan.

@ Study for periods of about 40–50 minutes with at least 10 minutes break 
between. Remember to hydrate yourself.

@ Minimise distractions. 
@ Create a glossary of terms and ideas you have diculty remembering or 

understanding. This can be done each week as you move through the topics. 
Sometimes you may feel like you are learning another language. It is 
important that you give yourself some time to understand these new terms.

@ Each day on the chart has 8 time slots to use. Adjust it to suit your needs. 
Put all of your commitments on the chart so you can plan around everything 
you do.
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Sudy pln

Dat Tm 

slot

Monday Tusday Wdnsday Thursday Frday Saturday Sunday 

insrt 

dat 

hr

insrt 

dat 

hr

examnaton stratgs
It is important that you have checked and double checked your examination 
time and place. You should also ask someone else check this with you as well. 
It would be a tragedy to have put in the many hours of study to then have this 
wasted because you had the wrong day or time written down. 

Papr 1 
@ Remember this is a multiple-choice paper with 30 questions on the core 

topics only. 
@ You have 45 minutes for this paper. 
@ Your answers will be put onto a separate answer sheet. 
@ When you are working through the questions it is critical that you take 

your time with each one by reading the question carefully and then looking 
at each of the possible answers. This will allow you to identify the best 
possible answer. If you rush yourself you may misinterpret the question.

@ Use a highlighter to identify key phrases and terms.

For example:

What is the term given to the volume of air comprising of vital capacity and residual 
volume?

@ Try to answer the question before you look at the alternatives.
@ Eliminate incorrect answers. 
@ Do not second guess yourself. Examiners do not write questions to trick 

you. Trust your instincts. Often the rst response is the correct one.
@ If you come across a dicult question which you are unsure of, skip it and 

move to the next one. This will give your brain time to process it and you 
may be assisted by any one of the questions that follow it.
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@ At the end check your answer sheet for gaps and work on these rst, then 
go back over each question again and check what you have put down. If 
there is still time, check again.

Papr 2
@ As mentioned earlier, this paper is 1 hour 15 minutes long. 
@ It is made up of short and long answer questions from the core topics only. 
@ It has 2 sections: Section A in which all questions are compulsory, and 

Section B where you answer one question from a selection of three.

You will be allowed 5 minutes reading time with this paper (but note that no 
writing can be done during this time). Use this time to look at Section B and 
identify which question would suit you best. When selecting in Section B, be 
sure to be aware of the big mark questions – it can be easy to pick one where 
you know the answers to the initial questions which will be worth fewer marks, 
but you may not be so strong in the last few questions where the marks are 
often worth the most. Also use this time to look through Section A and get your 
brain ready for what is to come.  

Once you can write in this paper it could be useful to go back to specic sections 
and jot down quick notes to yourself which will guide your answers later on 
in the paper. Then go to the start and work through Section A.

The rst question in Section A will begin with some form of stimulus, such as 
a table of data or a graph. The initial questions will possibly get you to draw 
information from this. 

Remember the following:

@ You will need your ruler and calculator.
@ Be sure you include units on any gures asked for. This includes %.
@ As with Paper 1, read the questions carefully so you are sure that you know 

what is being asked for.
@ Check the number of marks that the question is oering – this will indicate 

the number of points you need to make.
@ If you need extra space to write then use rell pages.
@ Check diagrams and tables carefully. Highlight units and look for a key to 

assist in interpreting the graph or table. 
@ Separate your ideas. Do not bundle all your answers into one long sentence. 
@ Check your spelling and use of terms. For example, Glycogenolysis, Glucose, 

Glucagon and Glycogen can all be easily confused. 

In this paper and Paper 3 your understanding of the command terms is vital. 

@ Compare questions can be assisted with the use of a Venn diagram.
@ Outline and Explain are two terms that can be mixed up. 
@ Outline requires you to give a brief account or summary. For example: The 

heart rate of X-C Skiers in the graph rises at a steady rate as intensity increases. 
@ Explain questions require you to give a detailed account of causes, reasons 

or mechanisms. The explanation would include information like: 
As the body works harder the breakdown of ATP produces a greater volume of carbon 
dioxide which is detected in the various sensory areas of the body, such as in the 
aorta, which in turn triggers a response from the medulla oblongata. So in this 
situation the heart beats faster.

Papr 3
@ This will be completed the next day and you will have 1 hour to complete this.
@ The paper will include four sections – one section for each of the four 

option topics.
@ You must ensure that you only select the two questions (20 marks each) 

that you would have done with your teacher. Sometimes the questions in 
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the other options which you have not studied look enticing, but it is very 
dangerous to assume that you will be able to answer it with the type of 
terminology and depth required.

@ You have half an hour for each section.
@ The format of the questions follows a similar line to that experienced in 

Paper 2. 
@ Your knowledge of the command terms is important.
@ As well as reading the question carefully, make sure that you are aware 

ofthe number of marks that the question is worth as this will guide you 
as to how many points you need to make if this is not already stated in 
thequestion.

@ A stimulus such as a table, diagram or graph will start the question and 
draw you into the topic.

@ The questions will come from across the sub-topics of the option, so you 
will need to be condent with the broad scope of the option.

@ Use the marks awarded as a guide to the depth of the response required.
@ There are often multiple answers to a question, however try to resist the 

urge to write down everything you know about a particular topic. Be precise 
and to the point. 

exampl 1
A1. d) Discuss one physiological response to exercising in the heat for a 

prolonged period of time. [3] 

Possible answer: 

Dehydration;

Thickening of the blood making it harder for the heart to maintain the same 
cardiac output;

Reduction of the oxygen available to working muscles;

Cardiovascular drift / increase in working heart rate.

The student would be awarded 3 marks even though they have listed four 
points. They haven’t overstated the answer but have given enough information 
to receive the full marks. 

exampl 2
D1. e) Discuss the possible advantage to a canoeist of consuming sports drinks, 

bars and gels as a nutritional ergogenic aid during an event. [2]

Possible answer:

This is a portable nutrition option whilst canoeing. It is a practical option that 
will help the athlete.

The student would only be awarded 1 mark from the possible 2 marks 
available. The two ideas listed here are similar. They haven’t developed 
or listed another advantage. 

To get full marks they need to indicate something additional. For example, 
one of the following would have been sucient:

These drinks and foods deliver uid and carbohydrate during exercise.

They are legal and ethical options.

They improve performance by increasing glycogen stores.

To help you get used to the format of the dierent papers it is a good idea to 
use and practice on as many old examination papers as you can. Ask your 
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teacher for the mark schemes to assist you with understanding how marks 
are awarded. 

Usful wsts
@ BBC website for exam preparation, revision planning, planning motivation 

and control
www.bbc.co.uk/scotland/brainsmart/success

@ Agonistic and antagonistic muscles
www.teachpe.com/multi/types_muscle_prime_movers_agonists_
synergists_new.htm

@ Revision on the heart
www.teachpe.com/cross/the_heart.htm 

@ Movements at the joint
www.teachpe.com/multi/types_movement_at_joint_exion_extension_
rotation_etc.htm

@ Types of tness
www.teachpe.com/cloze/health_related_tness.htm 

Sampl xam qustons
These questions are taken from specimen papers, © IB Organization 2012.

Papr 1
1 Which best describes at bones?

A Complex and varied in shape, such as the vertebrae

B The type of bones found in the skull and the shoulder blade

C Bones that are longer than they are wide

D Bones found in the wrist and ankle

2 The table below shows the respiratory rates and lung volumes for an 
endurance-trained athlete.

Respiratory rates and volumes Recorded results

Pulmonary ventilation 61.0 litres min 1

Tidal volume at rest 0.5 litres

Maximal tidal volume 3.9 litres

Vital capacity 6.2 litres

Residual volume 1.2 litres

[Data from W L Kenny, J H Wilmore and D L Costill, (2012), Physiology  
of Sport and Exercise, 5th Edition, Champaign, IL: Human Kinetics, 267]

What is the total lung capacity?

A 7.4 litres

B 6.7 litres

C 4.7 litres

D 10.9 litres
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3 What needs to be considered when recommending a balanced diet?

I Habitual physical activity level of the person

II Age of the person

III Climate where the person lives

A I only

B I and II only

C II and III only

D I, II and III

4 The diagram on the left demonstrates an athlete performing a leg press. 
Which correctly identies the fulcrum, eort and load for this rst class 
lever?

A X = Fulcrum, Y = Eort and Z = Load

B X = Fulcrum, Y = Load and Z = Eort

C X = Load, Y = Eort and Z = Fulcrum

D X = Load, Y = Fulcrum and Z = Eort

5 What are the information processing mechanisms that match the numerals 
in the diagram below?

I II III

A Eector mechanism Perceptual mechanism Decision Mechanism

B Decision Mechanism Perceptual mechanism Eector mechanism

C Perceptual mechanism Eector mechanism Decision Mechanism

D Perceptual mechanism Decision Mechanism Eector mechanism

6 The mean (± SD) exercise heart rate of a group in a physical education 
class is 155 beats per minute (bpm) (± 14). What percentage of the group 
has an exercise heart rate between 141 bpm and 169 bpm?

A 5%

B 68%

C 85%

D 95%

Papr 2
1 A study was undertaken of Asafa Powell during his 100m sprint for a world 

record of 9.74s in Italy in 2007. The graphs below represent the impulse 
recorded from a single footfall (from rst contact to the foot leaving the 
ground).  Each graph represents a dierent stage of the sprint.

Information

from display Sense

Organs
I II III

Muscular

System

X

Y

Z

[Source: Physical Education Exam VCE 
Units 1 and 2, Malpeli/Telford ©2008, 
Cengage Learning Australia. Reprinted 

with the permission of Cengage Learning 
Australia.]

[Source: adapted from 
J Rhodes, (2008), 
Biomechanics, PE Review, 
3 (2), pages 21–25. 
Reproduced in adapted 
form by permission of 
Philip Alan Updates.]
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a) Dene the term impulse [1]

b) Net impulses are a combination of positive and negative impulses. 
Describe the net impulse during the 100m sprint for each of the 
following stages:

i) Early stage [1]

ii) Middle stage [1]

iii) Final stage [1]

c) Compare the acceleration of Asafa Powell in the early stage to the nal 
stage of the 100m sprint. [2]

Usain Bolt, the winner of the 100m sprint at the 2008 Olympics, 
reaches his peak velocity later in the sprint than Asafa Powell.

d) Using the information above, predict how Usain Bolt’s middle stage  
force-time graph would be dierent from Asafa Powell’s for the  
100m sprint. [2]

The frames below were captured from a cyclist.

e) i) State the type of movement occurring at the cyclist’s right hip from
Frames 1 to 3. [1]

ii) State the type of muscle contraction that is occurring from Frames 
1 to 3 in the vastus medialis of the right leg. [1]

f ) Explain the concept of reciprocal inhibition in relation to the action 
occurring at the right knee of the cyclist from Frames 1 to 3. [3]

2 Compare the heart rate, stroke volume and cardiac output of trained rowers 
versus untrained rowers during rest and exercise. [5]

3 Outline the two continua of motor skills classication below. Illustrate 
your answers using sporting examples.

a) Fine and gross [3]

b) Externally and internally paced skills [3]

4 Discuss two advantages and two disadvantages of sub-maximal tests 
of tness. [4]

Papr 3
This question is a sample question from Section A

1 A study was undertaken to compare the eects of training programmes 
on 3km running performance time. The subjects were divided into 3groups 
and trained twice a week for 10 weeks. Each training session lasted for 
60 minutes.

Group Method of training

1 High-intensity running bouts with a work-to-rest ratio of 1:1

2 High-intensity running bouts with a work-to-rest ratio of 1:3

Control Steady state running

[Source: images captured by 
Siliconcoach Video Analysis Software. 

Used by permission.]
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The graph on the left shows the pre-training and post-training 3km running 
performance times.

a) i) State the two dierent methods of training used in this study. [2]

ii) Compare the pre-training 3 km running performance times of the 
three groups. [1]

iii) Identify which group had the most improved post-training 3 km 
running performance time. [1]

iv) Suggest one reason why the work-to-rest ratio has resulted in a 
dierence in the post-training running performance times between 
groups 1 and 2. [1]

v) Identify a dierent training method that could be used to improve 
a 3 km running performance time. [1]

This question is a sample question from Section B

2 a) Using an example from a sport event of your choice, distinguish 
between internal and external imagery. [4]

b) Explain when to use imagery to improve your sports performance. [3]

This question is a sample question from Section C

Regular brisk walking reduces the risk of chronic health problems. A study 
investigated the perceived barriers elderly people had against walking in their 
neighbourhood. The table below shows details of the types of perceived barriers 
pre (before) and post (after) attending a 12 month neighbourhood “walking 
the way to health” scheme led by trained walk leaders.

Perceived barriers % response  

pre–walking scheme

% response  

post–walking schemeI would walk around my 
neighbourhood, but ...

I have no one to walk with. 25.4 20.5

there is nowhere pleasant to 

walk near my home.

8.0 11.7

I worry about my personal 

safety.

30.5 19.1

I worry about being knocked 

down by a cyclist riding on 

the pavement.

10.8 17.0

I worry about tripping over 

broken paving stones.

17.9 23.5

there is too much trac on 

the roads where I live.

17.6 22.1

[Source: adapted from British Journal of Sports Medicine, 2007, 41, pages 562–568; 
reproduced with permission from the BMJ Publishing Group]

3 a) Identify which was the greatest perceived barrier before attending 
the walking scheme. [1]

b) Calculate the percentage for worrying about tripping over broken 
paving stones after attending the walking scheme. [1]

c) Comment on one positive outcome of this study in relation to the 
perceived barriers to walking. [2]

d) Describe three strategies for enhancing adherence to exercise. [3] 

This question is a sample question from Section D

4 Explain why endurance athletes require a greater water intake. [4]

580

600

620

660

680

700

640

720

740

1 2 Control

Group

Ti
m
e
/s

Post-training

Pre-training

[Source: Reprinted from Journal of Science 
and Medicine in Sport, 10/1, F Esfarjani 

and P Laursen, Manipulating high-intensity 
interval training: Eects on VO

2
 max, the 

lactate threshold and 3000 m running 
performance in moderately trained males, 

pages 27–35, Copyright (2012), with 
permission from Elsevier.]

for the ark schees or the 

qestios iclded i this chapter, 

go to:

www.oxfordscondary.co.uk/

sport
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g l o s s a r y
actin nd min contractile proteins 

responsible for movement

adenine tiphphte (aTP) a molecule
created from biochemical energy in organic 
molecules by catabolic reactions

aeent neun neurons that carry 
sensory information

anbim the metabolic process of creating 
more of a certain substance or tissue

antecedent previous or pre-existing factor 
known to increase self-ecacy

antei in front of or nearer to the front

antei cncve curves inwards at the 
front

antei cnvex curves outwards at the 
front

anxiet a negative emotional state in 
which feelings of nervousness, worry and 
apprehension are associated with arousal 
of the body

au a blend of physiological and 
psychological activity in a person, varying 
from deep sleep to intense excitement

Bnced diet a diet that provides all 
nutrients in the right amount in order to 
maintain health and prevent nutrient 
excess or deciency diseases

Bet bcke drugs that reduce the 
inuence of adrenaline on the body

Bd m index a measurement of body 
fat, calculated by dividing weight in 
kilograms by height in metres squared

Bunut a plateau in performance as a result 
of overtraining accompanied by a decrease 
in motivation to train

Ctbim the breaking down of molecules

Ce epitin the controlled release of 
energy in the form of ATP

Chkin the occurrence of inferior 
performance despite striving and 
incentives for superior performance

Ctkine proteins that regulate the process 
of inammation which is common in all 
forms of tissue damage and is an important 
part of the healing process for damaged 
tissue

Diet uideine recommended amounts 
of foods, food groups or meals

Diet ecmmendtin  recommended 
amounts of essential nutrients in the diet

Dit further away from where a limb 
attaches to the body

Diuetic a substance that increases the rate 
at which urine is produced

Diuetic substances that increase removal 
of water from the body

Dube bind expeiment an experiment 
in which neither the participants nor the 
experimenters know who has been given 
the placebo

Eect ize an objective and standardized 
measure of the magnitude of observed 
eect. We can compare eect sizes across 
dierent studies that have measured 
dierent variables, or have used dierent 
scales of measurement

Eeent tem the motoneurons that carry 
information to the muscles

Endenu originating internally

Endunce cpcit how long a person can 
continue to exercise before they become 
exhausted

Endunce pefmnce how much 
distance/work can be completed in a given 
time, or how quickly a given distance/
amount of work can be completed

Epidemi a branch of medical science 
that studies the occurrence, transmission 
and control of epidemic diseases

Exenu originating externally

Exten located on or near the surface

Ftbite the continued cooling and freezing 
of cells

Ftnip the initial freezing of the supercial 
skin tissue

g exchne the transfer of oxygen and 
carbon dioxide between the systems

Hmeti the condition in which the 
body’s internal environment remains 
relatively constant, within  
physiological limits

Hpethemi an elevated body 
temperature, usually above 39°C (102°F)

Hpkinetic diee a disease associated 
with a sedentary or inactive lifestyle

Hpthemi low body temperature that has 
dierent clinical categories depending on 
the severity

Infei below or further away from the head

Inten located inside or further away from 
the surface

Jue a unit of energy. In nutrition, joule (J) 
is the energy obtained from food that is 
available through cell respiration

lte further away from the midline of the 
body

lenin a relatively permanent change in 
performance resulting from practice or past 
experience

Mccce the name of the athlete’s 
training programme for an entire year or 
season

Mkin ent a substance or agent that 
hides the presence of another substance 
or agent

Medi closer to the midline of the body

Mecce a block of training composed of 
several week-long microcycles

Miccce a weekly training programme

Mt unit a single motoneuron and the 
muscle bres which it innervates

obeit an excess of body fat that 
endangers health

oveechin pushing the body beyond its 
limits for a short period of time to stimulate 
a training response

ovetinin the result of excessive 
physical training without adequate rest

ovetinin training too often or at too high 
an intensity over a prolonged period of time

oveue inju micro-traumatic damage to 
a bone, muscle or tendon that has been 
subjected to repetitive stress without 
receiving sucient time to heal

Pefmnce a temporary occurrence, 
uctuating over time

Pceb eect a positive eect that cannot 
be attributed to the properties of the 
placebo itself but must be due simply to 
the person’s belief that the placebo works

Ptei behind or nearer to 

Pxim nearer to where a limb attaches to 
the body

reibiit is the extent to which the same 
reading is obtained each time a variable is 
measured

sc a measurement that only has size

seep ditubnce not only fewer hours 
spent sleeping but also increased 
movement during sleep that reduces the 
quality of sleep

stene the result of overtraining where 
there is no improvement in performance 
despite continued training

steid a class of chemical substances that 
can be found in the body and can also be 
synthesized

stited appearance of light and dark stripes

supei above or nearer to the head

T ticute to form a joint

T innevte to supply an organ or other 
body part with nerves

Tinin the systematic repeated 
performance of structured exercise 
sessions over a period of time

Undetinin not providing the body 
enough stimulation for performance to 
improve by training too infrequently or at 
too low an intensity

Vidit is the extent to which the measure 
actually measures what it claims to

Vect a measurement that has both size 
and direction

Vo2mx the maximal rate of oxygen uptake 
and represents someone’s maximal 
aerobic capacity
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