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■■Getting the most from this book
Exam tips
Knowledge check

Advice on key points in the text to help
you learn and recall content, avoid
pitfalls, and polish your exam technique
in order to boost your grade.

Knowledge check answers

Rapid-fire questions throughout the
Content Guidance section to check
your understanding.

Summaries
■

1 Turn to the back of the book for
the Knowledge check answers.

Each core topic is rounded
off by a bullet-list summary
for quick-check reference of
what you need to know.

Questions & Answers

■ Exercise physiology

Exam-style questions

Diet and nutrition and their effect on physical activity
and sport
Question 13

Commentary on the
questions
Tips on what you need to do
to gain full marks.

Explain how the diet of a power athlete may differ from that of an endurance athlete.

[4 marks]

Look at the energy demands of the power athlete and an endurance athlete when
answering this question, as this will help you to decide which food groups are most
important.

Student A
A power athlete will need to eat more protein ✓ for muscle growth
and repair ✓ due to the high intensity of their activity. An endurance
athlete will participate for longer, so will need more energy-based ✓
foods such as carbohydrates and good fats ✓.
Student B
A power athlete will eat more protein ✓ and an endurance athlete
will eat more carbohydrates ✓.

4/4 marks awarded The
difference in diet is identified and an
explanation given as to why these foods
are more important for the power and
endurance athletes.

2/4 marks awarded This answer
has lost 2 easy marks because Student
B has identified the difference in diet
but not explained the reasons why.

Question 14
Evaluate the use of caffeine supplements to maximise performance.

Sample student answers
Practise the questions, then
look at the student answers
that follow.

This question asks you to evaluate, which means you need to look at both the
advantages and disadvantages of taking caffeine, and apply the advantages to
maximising performance.

Student A
Caffeine can increase mental alertness ✓ and can also reduce
fatigue ✓. Caffeine can also improve the mobilisation of fatty acids
✓ and therefore spare glycogen stores ✓. This means it is suitable
for use by endurance performers who predominantly use fats, which
are the preferred energy source for aerobic exercise over a long
duration ✓. However, caffeine can also cause dehydration ✓, insomnia
✓ and diarrhoea ✓.
Student B
Caffeine can help maximise endurance performance because it
mobilises fatty acids ✓, spares glycogen stores ✓, reduces fatigue and
increases mental alertness.
74

4

[4 marks]

4/4 marks awarded This answer
provides more than enough scoring
points. Student A has evaluated by
giving both the positives and negatives
of caffeine, and also related the use of
caffeine to an endurance performer.
2/4 marks awarded Although
this answer gives four correct answers
on the positives of using caffeine, the
question asks for evaluation of the use
of caffeine, so there is a sub-max of
2 marks for the advantages and a submax of 2 marks for the disadvantages.
Always look carefully at the command
term in the question, in this case
evaluate, as it will help you to structure
your answer correctly and ensure that
you cover everything.

Commentary on sample
student answers
Read the comments showing
how many marks each answer
would be awarded in the
exam and exactly where
marks are gained or lost.
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About this book

■■About this book
This Student Guide covers the topics required for OCR A-level specification H555
Paper 1: Physiological factors affecting performance. Remember that this is a guide,
not a textbook. It provides a summary of what you need to know and understand for
your exam, but is intended to complement, not replace, your textbook and class notes.
The Content Guidance section follows the headings set out in the OCR specification.
It is divided into three main topics:
■ Applied anatomy and physiology
■ Exercise physiology
■ Biomechanics
Use the knowledge check questions as you progress through each topic to test your
understanding, and take on board the exam tips in order to avoid falling into the traps
that most commonly result in students losing marks. At the end of each topic area
there is an overall summary of the content covered — if you are unable to offer a
detailed explanation of any part of this, you should work through this section again to
clear up any misunderstanding.
The Questions & Answers section begins by setting out the format of the exam
papers, giving you advice and important tips on how to maximise your marks on the
different elements of the paper. It also explains the levels system used for extended
questions.
This is followed by a series of sample questions. After each of these questions there
are some example answers from students illustrating both best practice as well as not
such good practice. You should attempt all of these questions yourself and compare
your answers with these while reading the detailed comments to help improve your
understanding of what is required to achieve top marks.
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Content Guidance
■■Applied anatomy and physiology
Skeletal and muscular systems
For this topic you need to be able to analyse movement in physical activities and
sport, applying your knowledge of muscular contraction.

Structure and function of bones, joints and connective tissue
The skeleton is a framework connected together by joints (Figure 1). Joints are
necessary for muscles to lever bones, thus creating movement. A joint is formed where
any two or more bones meet, and is classified according to how much movement it
allows. There are three types of joint: fibrous, cartilaginous and synovial. In your
exam you will be analysing synovial joints, which have several common features, as
shown in Table 1.

Sternum

Scapula

Rib cage

Humerus

Vertebral column
Pelvic girdle

Ulna
Radius
Carpals

Femur
Axial
skeleton
Tibia

Appendicular
skeleton

Fibula
Talus

Figure 1 The bones of the axial and appendicular skeleton
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Applied anatomy and physiology
Table 1 Structure and function of a synovial joint
Feature
Articular/hyaline cartilage
Joint capsule
Synovial membrane
Synovial fluid
Ligament
Pads of fat
Bursa

Exam tip

Structure and function
This covers the ends of the bones at a joint and is there to
prevent friction between the articulating bones
A tough fibrous layer of tissue encasing the joint, which is
present to protect and strengthen the joint
The inner layer or lining to the joint capsule; it secretes
synovial fluid
Fluid that fills the joint capsule, which nourishes the
articular cartilage and prevents friction
Strong, fibrous connective tissue that provides stability by
joining bone to bone
Areas of fat that act as shock absorbers in the joint
A fluid-filled sac located between a tendon and a bone that
is there to reduce friction

Table 2 gives you all the
necessary information, so
make sure you learn it but
also that you can apply
that knowledge to images
of joint movement.

Joint movement and muscles
For your exam you need to know the information in Table 2 for all the joints listed.
Table 2 Joint movement analysis
Joint movement
Plane
Agonist muscles
Antagonist muscles
The shoulder is a ball and socket joint. The articulating bones are
the humerus and the scapula.
Flexion
Sagittal
Anterior deltoid
Latissimus dorsi
Extension
Sagittal
Latissimus dorsi
Anterior deltoid
Abduction
Frontal
Middle deltoid
Latissimus dorsi
Adduction
Frontal
Latissimus dorsi
Middle deltoid
Horizontal flexion
Transverse
Pectoralis major
Latissimus dorsi
Horizontal extension Transverse
Latissimus dorsi
Pectoralis major
Medial rotation
Transverse
Teres major
Teres minor
Lateral rotation
Transverse
Teres minor
Teres major
Circumduction
Mix of all three Mix of the above
Mix of the above
The elbow is a hinge joint. The articulating bones are
the humerus, the radius and the ulna.
Flexion
Sagittal
Biceps brachii
Triceps brachii
Extension
Sagittal
Triceps brachii
Biceps brachii
The wrist is a condyloid joint. The articulating bones are
the radius, the ulna and the carpals.
Flexion
Sagittal
Wrist flexor
Wrist extensor
Extension
Sagittal
Wrist extensor
Wrist flexor
The hip is a ball and socket joint. The articulating bones are
the pelvic girdle and the femur.
Flexion
Sagittal
Iliopsoas
Gluteus maximus
Extension
Sagittal
Gluteus maximus
Iliopsoas
Abduction
Frontal
Gluteus medius/
Adductors (brevis magnus
minimus
and brevis longus)
Adduction
Frontal
Adductors (brevis
Gluteus medius/
magnus and brevis
minimus
longus)
Medial rotation
Transverse
Gluteus medius/
Gluteus maximus
minimus
Lateral rotation
Transverse
Gluteus maximus
Gluteus medius/minimus

➜
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Content Guidance
Table 2 Joint movement analysis (continued)
Joint movement
Plane
Agonist muscles
Antagonist muscles
The knee is a hinge joint. The articulating bones are the femur and the tibia.
Flexion
Sagittal
Biceps femoris
Rectus femoris
(hamstring group)
(quadriceps group)
Extension
Sagittal
Rectus femoris
Biceps femoris (hamstring
(quadriceps group)
group)
The ankle is a hinge joint. The articulating bones are
the tibia, the fibula and the talus.
Plantar flexion
Sagittal
Gastrocnemius/soleus Tibialis anterior
Dorsiflexion
Sagittal
Tibialis anterior
Gastrocnemius/soleus

Movement patterns associated with these joints are shown in Figures 2 and 3.

Flexion

Flexion
Extension

Flexion

Flexion
Extension

Extension

Flexion
Hyperextension
Hyperextension

Dorsiflexion

Extension
Extension

Figure 2 Movement patterns in the sagittal plane: (a) flexion and extension at the wrist,
elbow, shoulder, hip and knee joints; (b) dorsiflexion and plantar flexion at the ankle joint

Plantar
flexion

Exam tips

Horizontal
extension

Horizontal
flexion

Horizontal
extension

Horizontal
flexion

Learn the names of
the hamstring group
muscles: biceps femoris,
semimembranosus and
semitendinosus.
Learn the names of
the quadriceps group
muscles: rectus femoris,
vastus lateralis, vastus
medialis and vastus
intermedius.

Figure 3 (a) Movement patterns in the transverse plane: horizontal extension and
horizontal flexion
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Applied anatomy and physiology

Abduction
Adduction

Figure 3 (b) Movement patterns in the frontal plane: abduction and adduction at the
shoulder and hip joints

Knowledge check 1
Complete the blanks in the following movement analysis table:
Joint action
Hip abduction

Plane

Agonist

Antagonist

Rectus femoris

Functional roles of muscles and types of contraction
Roles of muscles
An agonist is the muscle responsible for creating movement at a joint. The antagonist
is the muscle that opposes the agonist. The fixator is a muscle that stabilises one part
of a body while another part moves.

Types of contraction
An isotonic contraction is where the muscles are contracting and changing length.
There are two types of movement that take place as a result:
■ Concentric contraction — when a muscle shortens under tension.
■ Eccentric contraction — when a muscle lengthens under tension.

Exam tip

An isometric contraction is where the muscle is under tension, but there is no visible
movement.

In an eccentric
contraction the muscle is
acting as a brake.
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Content Guidance

Analysis of movement

Motor unit The motor

In movement analysis you need to be able to identify in the shoulder, elbow,
wrist, hip, knee and ankle the joint type, movement produced, agonist and
antagonist muscles involved in the movement, and type of muscle contraction
taking place.

Skeletal muscle contraction
Structure and nervous stimulation of a motor unit
A motor unit consists of a motor neurone and its muscle fibres. A nerve impulse
is conducted down the axon of the motor neurone by a nerve action potential to
the neuromuscular junction. Here there is a small gap called the synaptic cleft.
An action potential is unable to cross the synaptic cleft without a neurotransmitter
called acetylcholine. In addition, the sequence of impulses has to be of sufficient
intensity to create a muscle action potential resulting in all of the muscle fibres in a
motor unit contracting, fulfilling the all-or-none law.

neurone and its fibres,
stimulated by its axon.

Action potential The
positive electrical charge
inside the nerve and
muscle cells that conducts
the nerve impulse down
the motor neurone into the
muscle fibres.

Neuromuscular
junction Where the
motor neurone and the
muscle fibres stimulated
by its axon meet.

Neurotransmitter A

Muscle contraction during exercise of differing intensities
and during recovery
Muscle fibre type and exercise intensity
Motor neurones stimulate one of three types of muscle fibre. Slow oxidative
fibres (type I) are better adapted to low-intensity, long-duration exercise. They
produce their energy aerobically and have specific characteristics that allow
them to use oxygen more effectively. Fast-twitch fibres can generate a greater
force of contraction and produce most of their energy anaerobically. Fast oxidative
fibres (type IIa) are more resistant to fatigue and are used for events such as the
1500 m in athletics, where a longer burst of energy is needed. Fast glycolytic
fibres (type IIb) fatigue quickly and are used for highly explosive events such as
the 100 m in athletics or powerlifting. Table 3 highlights the characteristics and
functions of the three fibre types.
Table 3 The structural characteristics and functions of the three muscle fibre types
Structural characteristic

Type I

Type IIa

Type IIb

Motor neurone size
Mitochondrial density
Myoglobin content
Capillary density

Small
High
High
High

Large
Medium
Medium
Medium

Large
Low
Low
Low

PC and glycogen store
Function
Contraction speed (milliseconds)
Motor neurone conduction capacity
Force produced
Fatigability
Aerobic capacity
Anaerobic capacity
Myosin ATPase/glycolytic enzyme
activity

Low

High

High

Slow (110)
Slow
Low
Low
Very high
Low
Low

Fast (50)
Fast
High
Medium
Medium
High
High

Fast (50)
Fast
High
High
Low
Very high
Very high

chemical that is released
by neurones to transmit
a nerve impulse across
the synaptic cleft to
the muscle fibre, e.g.
acetylcholine.

All-or-none law
Determines whether a
stimulus is above the
threshold required for the
fibres in a motor unit to
contract. If it is below this
threshold, then none of
them will contract.

Exam tip
Slow-twitch fibres are
aerobic and fast-twitch
fibres are anaerobic.

Exam tip
Make sure you know which
type of fibre is linked to
which sporting activity.

Knowledge check 2
Which type of muscle fibre
is linked to endurance?
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Applied anatomy and physiology

Muscle fibre type and recovery
Slow oxidative muscle fibres recover quickly, and it is possible to recruit them in
approximately 90 seconds. To maximise their use in aerobic training the work-torelief ratio needs to be low, at 1 : 1 or 1 : 0.5. Muscle fibre damage is not associated
with aerobic activity because muscle contraction is not as explosive, so training can
be performed more safely and frequently. The use of slow oxidative muscle fibres
often takes place between heavy weight training sessions to increase blood flow and
facilitate the healing process.
Fast glycolytic muscle fibres are more explosive and recruited for maximum intensity,
which can result in DOMS due to eccentric muscle fibre damage. Therefore, fast
glycolytic fibres will take longer to recover and, when used to exhaustion, recovery
can take 4–10 days. After a maximal weight training session with a high work : relief
ratio of 1 : 3, a minimum of 48 hours recovery should be taken before using the same
muscle group again.

DOMS The delayed
onset of muscle soreness
felt 24–48 hours after
exercise.

Summary
After studying this topic you should be able to:
■ identify the joint type, movement produced, agonist and antagonist muscles
involved and type of muscle contraction taking place, at the shoulder, elbow,
wrist, hip, knee and ankle
■ identify which plane of axis a joint movement takes place in
■ explain the role of a muscle as an agonist, antagonist and fixator
■ give the type of contraction as concentric, eccentric or isometric
■ understand the structure and role of motor units in muscle contraction
■ explain the following terms: motor unit, motor neurone, action potential,
neurotransmitter and all-or-none law
■ identify and explain the recruitment of the three different muscle fibre types
during exercise of differing intensities and during recovery

Cardiovascular and respiratory systems
The heart at rest, during exercise and during recovery
Measuring stroke volume, heart rate and cardiac output assesses the efficiency of
the heart.

Stroke volume
The volume of blood pumped out by the left ventricle in each contraction. On average,
resting stroke volume (SV) is approximately 70 ml, but this value is much bigger in
elite performers. Stroke volume increases as exercise intensity increases, but only up
to 40–60% of maximum effort. Once a performer reaches this point, stroke volume
plateaus because the ventricles do not have as much time to fill up with blood due to
an increased heart rate.
Starling’s law
increased venous return → greater diastolic filling of the heart → cardiac muscle
stretched → more force of contraction → increased ejection fraction
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Questions & Answers
About this section
This section explains the structure of OCR A-level Paper H555/01, and discusses
strategies for approaching the different types of question you will encounter. This is
followed by a series of sample questions covering all the question types — multiple
choice, short answer and extended writing. Each question is followed by a sample
student answer, with accompanying comments. You should practise all the questions
yourself and compare your answers with the sample student answers. Be sure to read
the comments on the answers to improve your understanding of what is required to
achieve full marks.

Exam format
Paper 1 is a 2-hour paper, worth 90 marks, and makes up 30% of your A-level. It
examines component 01, which includes three topics from the specification:
■ Applied anatomy and physiology
■ Exercise physiology
■ Biomechanics
You will be assessed on a mixture of questions requiring objective, short, medium and
extended responses. The paper may also include some multiple-choice questions. It
is divided into three sections. Section A is worth 10 marks and consists of five brief
2-mark questions. Section B is worth 60 marks with a mix of questions ranging from
1–6 marks. Finally, section C is worth 20 marks and contains one extended-response
question that requires you to draw together knowledge from more than one topic within
the component and demonstrate your understanding of how the topics interrelate. You
therefore need to link between the topics where possible — if you do not do this, you
may not be able to access the top marks. These questions assess AO1, AO2 and AO3:
Assessment
objective 1 (AO1)
Assessment
objective 2 (AO2)
Assessment
objective 3 (AO3)

Here you need to demonstrate your knowledge and understanding
of the factors that underpin performance and involvement in
physical activity and sport
This is where you are awarded marks for applying your knowledge
and understanding of the factors that underpin performance and
involvement in physical activity and sport
To gain marks here you need to analyse and evaluate the factors
that underpin performance and involvement in physical activity
and sport

The following table shows the weightings of each of these assessment objectives in
terms of the overall A-level:
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Questions & Answers

Paper 1 weightings

AO1
12%

AO2
12%

AO3
6.66%

Overall weightings

25%

25%

20%

This means that on your paper there are more marks available for knowledge and
understanding and for application than for analysis and evaluation.
(In the sample answers to extended-response questions in this section, each
assessment objective has been labelled (AO1, AO2 and AO3), so it is easier for you to
see where the answer demonstrates knowledge and understanding, application and
analysis/evaluation.)
Finally, in the exam it is important that you write clearly in the spaces provided in the
answer booklet. Avoid writing anything that you want to be marked in the margins,
and always indicate if you run out of space that your answer continues on additional
paper or at the end of the answer booklet if there is space.

Comments
Each question is followed by a brief analysis of what to watch out for when answering
the question. All student responses are then accompanied by comments indicating
where credit is due. In the weaker answers, they also point out areas for improvement,
specific problems and common errors, such as lack of clarity, weak or non-existent
development, irrelevance, misinterpretation of the question and mistaken meanings
of terms.
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Questions & Answers

■■Applied anatomy and physiology
Skeletal and muscular systems
Question 1
Complete the table below to analyse the position of the knee in the kicking leg of a
football player as he executes the kick.

[6 marks]

Joint type
Articulating bones
Plane of movement
Movement
Agonist
Antagonist

This question requires knowledge of the knee joint and an analysis of the execution
phase of the kick. This is when the football player swings his leg forward to make
contact with the ball. Make sure you look carefully at each of the headings before you
complete the table.

Student A
Joint type
Articulating bones
Plane of movement
Movement
Agonist
Antagonist

Hinge ✓
Femur and tibia ✓
Sagittal ✓
Extension ✓
Rectus femoris ✓
Biceps femoris ✓

Student B
Joint type
Articulating bones
Plane of movement
Movement
Agonist
Antagonist

Hinge ✓
Femur, tibia and patella
Sagittal ✓
Extension ✓
Quadriceps
Hamstrings

6/6 marks awarded Student A
has correctly analysed the position of
the knee as the ball is kicked using the
headings in the table.

3/6 marks awarded Student B
has made a common mistake with the
knee joint by including the patella. This
is not an articulating bone at the knee
joint. It meets at the joint but does not
move. In addition, the answer refers to
quadriceps and hamstrings. This is too
vague — you must name one of the
quadriceps and one of the hamstrings.

Question 2
Describe the nervous stimulation of a motor unit.

[3 marks]

To answer this question, you need to explain what a motor unit is and then describe
how it works.
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Applied anatomy and physiology

Student A
A motor unit is made up of a motor neurone and the muscle fibres
it stimulates ✓. An action potential travels down the motor neurone
✓ to the neuromuscular junction ✓. Here the action potential crosses
the synaptic cleft with the help of a neurotransmitter called
acetylcholine ✓ and into the muscle fibre to create a contraction.
Student B

3/3 marks awarded This
answer makes more than the required
scoring points. Student A has
explained in detail, using key words
and terminology, how a motor unit is
stimulated.

1/3 marks awarded Student
B correctly identifies what a motor
unit is, but is then too vague in their
description of how a motor unit is
stimulated. Key terminology needs to be
used to score more marks.

A motor unit consists of a motor neurone and muscle fibres ✓. It
is stimulated when an impulse travels through the neurone to the
muscle fibres, so they contract.

Question 3

Identify the main muscle fibre type used by a 100 m sprinter, and give three functional
characteristics of this fibre type.

[4 marks]

You need to name the correct fibre type and then give three functional (not structural)
characteristics. A structural characteristic refers to the make-up of the fibre type
and a functional characteristic is what it does. The question also only asks for three
characteristics, so only your first three answers will be accepted.

Student A
A sprinter would mainly use fast glycolytic fibres ✓. This is because
they produce the most force ✓ and have the fastest contraction
speed ✓. However, they are also quick to fatigue ✓.
Student B
A sprinter would use fast-twitch fibres in their race. These fibres
have a large motor neurone size, low capillary density, high
phosphocreatine store and a fast contraction speed.

Cardiovascular and respiratory systems
Question 4
Describe the neural control of the heart during exercise.     [4 marks]
Neural control involves the autonomic nervous system. To answer this question you
need to discuss the role of the receptors with regard to the cardiac control centre and
the sympathetic system.

4/4 marks awarded Fast
glycolytic fibres have been correctly
identified and then only functional
characteristics have been given.
0/4 marks awarded Fast-twitch
fibres are identified but this is too
general. The answer needs to be more
specific and identify which type of fasttwitch fibre. Student B then identifies
four characteristics of fast-twitch fibres
but has not differentiated between
structural and functional characteristics.
The first three that are identified
are all structural characteristics, so
not creditworthy. The fourth answer
correctly identifies a functional
characteristic but the question asks
for three characteristics, so the fourth
answer is not counted. Always read
a question carefully and highlight key
words to help you in your answer. In this
case, highlighting ‘functional’ might have
enabled the student to correctly identify
the creditworthy characteristics. In
addition, highlighting ‘three’ would have
ensured that three responses were given.
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Student A
During exercise, baroreceptors detect a rise in blood pressure ✓,
chemoreceptors detect an increase in acidity ✓ and proprioceptors
detect an increase in muscle movement ✓. These all send impulses
to the cardiac control centre, which controls heart rate ✓. This then
sends impulses through the sympathetic nervous system via the
accelerator nerve ✓, which stimulates the SA node ✓ to increase
heart rate ✓.
Student B
Baroreceptors, chemoreceptors and proprioceptors detect changes
during exercise and send impulses to the brain. The brain then
sends impulses down the sympathetic system ✓ and the SA node is
stimulated, causing the heart to beat faster ✓.

Question 5

4/4 marks awarded This is
a comprehensive, detailed answer,
which makes more than enough
scoring points. Student A has correctly
explained the role of the receptors,
the cardiac control centre and the
sympathetic system in working together
to increase heart rate during exercise.
2/4 marks awarded What is
written is correct, but lacks the detail
needed for full marks. Student B needs
to describe what the three types of
receptors detect — for example,
proprioceptors detect an increase in
muscle movement. Using the ‘brain’ is
too vague; the part of the brain (cardiac
control centre) must be specified.

During a game of netball, the centre player works at various intensities. Describe how
cardiac output increases when the netball performer is working at high intensity in the match.

[4 marks]

In this question remember the equation: cardiac output = heart rate × stroke volume. In
order for cardiac output to increase, heart rate and stroke volume must increase, giving
you 2 easy marks.

Student A
In the netball match the player’s cardiac output increases when
working at high intensity due to the increase in impulses from the
sympathetic system ✓. This sends impulses to the SA node to
increase its rate of firing ✓, so heart rate increases ✓. The heart will
also have a stronger contraction ✓ and this will result in an increase
in stroke volume ✓.
Student B
Cardiac output increases because the netball player needs more
blood to go to her muscles, so that they receive more oxygen. This
will mean that she can work at higher intensities throughout the
whole game.

4/4 marks awarded This
answer makes more than enough
scoring points. Student A has
correctly identified how cardiac output
increases. Answers could also refer to
increased levels of carbon dioxide, the
release of adrenaline and an increased
diastolic filling of the ventricles.

0/4 marks awarded Student B
has made a common error and not
read the question carefully, referring
to why cardiac output increases, not
how. Always highlight key words in
the question so that you are clearer on
what is required.

Question 6
Describe the mechanisms of breathing at rest and explain how these change during
exercise.

[5 marks]

In this question you need to explain inspiration and expiration, both at rest and during
exercise, and name the relevant respiratory muscles.
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