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Getting the most from this book




Exam tips

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

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






Knowledge check answers


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








Summaries


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


This Student Guide covers the topics required for AQA A-level specification 7582 Paper 1: Factors affecting participation in physical activity and sport. Remember that this is a guide, not a textbook. It provides a succinct summary of what you need to know and understand for your exam, but is intended to complement, not replace, your textbook and class notes.





How to use the book


The first section, Content Guidance, follows the headings set out in the AQA specification. It is divided into three main topic areas:


•  Applied anatomy and physiology

•  Skill acquisition

•  Sport and society



To help aid your revision, each topic area in the Content Guidance includes exam tips, knowledge check questions and definitions of some key terms. Use the knowledge checks as you progress through the guide to test your understanding, and take on board the exam tips to avoid falling into the traps that most commonly result in students losing marks. At the end of each topic area there is a 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 second section, Questions & Answers, 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. These are all accompanied by example student answers, some illustrating best practice with others showing how not to answer the questions. You should attempt all of these questions yourself and compare your answers with the examples, while reading the detailed comments to help improve your understanding of what is required to achieve top marks.





Content Guidance

Applied anatomy and physiology



Cardiovascular system


The impact of physical activity and sport on the health of the individual

In terms of health, you need to know how physical activity can have an impact on coronary heart disease, high blood pressure, cholesterol levels and stroke. Regular physical activity has a positive effect on heart disease because it keeps the heart healthy and more efficient. It lowers ‘bad’ LDL cholesterol levels and significantly increases ‘good’ HDL cholesterol levels. It can also lower blood pressure by up to 5–10 mmHg and help you maintain a healthy weight, which can reduce your risk of stroke by 27%.



Knowledge check 1

What effect does regular physical activity have on cholesterol levels?






Exam tip

HDL is ‘good’ cholesterol and LDL is ‘bad’ cholesterol.






The impact of physical activity and sport on the fitness of the individual


Stroke volume

Stroke volume (SV) is the volume of blood pumped out by the heart ventricles in each contraction. On average, resting stroke volume is approximately 70 ml, but this value is much bigger in elite performers. SV increases as exercise intensity increases but only up to 40–60% of maximum effort. Once a performer reaches this point, SV plateaus because the ventricles do not have as much time to fill up with blood due to an increased heart rate (HR).

Starling’s law explains how stroke volume increases during exercise. This occurs when there is an increase in venous return, which leads to a greater diastolic filling, so the cardiac muscle is stretched. Consequently, a more powerful force of contraction takes place, which increases the ejection fraction and therefore increases stroke volume.



Starling’s law is explained as follows:

increased venous return → greater diastolic filling of the heart → cardiac muscle stretched → more force of contraction → increased ejection fraction




Ejection fraction refers to the percentage of blood pumped out by the left ventricle per beat.






Heart rate

Heart rate is the number of times the heart beats per minute. It increases with exercise — the higher the intensity, the higher the heart rate (Figure 1). Maximum heart rate can be calculated as 220 minus age.

A trained performer has a greater heart rate range because their resting heart rate is lower and maximum heart rate increases. Regular exercise causes hypertrophy of the heart, resulting in an increase in stroke volume and maximum cardiac output, leading to bradycardia (a lower resting heart rate of below 60 beats per minute).



Knowledge check 2

How does maximum cardiac output differ for a trained performer? Explain the effect this has on performance.
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Figure 1 Heart rate responses to maximal and submaximal exercise



Knowledge check 3

How does regular training affect cardiac output, stroke volume and heart rate?






Cardiac output

Cardiac output, Q, is the amount of blood pumped out by each ventricle per minute, where:

Q = SV × HR

Cardiac output stays the same at rest for both a trained and untrained performer. During exercise, maximum cardiac output increases due to an increase in HR and in SV. Cardiac output will increase as the intensity of exercise increases until maximum intensity is reached, and then it plateaus. During exercise the increase in maximum cardiac output will have huge benefits for the trained performer because they will be able to transport more blood, and therefore more oxygen, to the working muscles.



Exam tip

Remember that resting cardiac output is the same for both a trained and untrained performer. It is maximum cardiac output that is higher in a trained performer.







The hormonal, neural and chemical regulation of responses during physical activity and sport


Cardiac conduction system

Heart muscle is described as being myogenic because the beat originates in the heart muscle itself, with an electrical signal in the SAN. From the SAN the electrical impulse spreads through the walls of the atria causing them to contract (atrial systole). The impulse then passes through the AVN, where it is delayed for approximately 0.1 seconds to enable the atria to fully contract. The impulse then travels through the bundle of His, which divides into two branches and into the Purkinje fibres, which spread the impulse throughout the ventricles, causing them to contract (ventricular systole).



The SAN is a small mass of cardiac muscle found in the wall of the right atrium that generates the heart beat. It is more commonly called the pacemaker.






Knowledge check 4

How does the SAN control heart rate?






Factors affecting the change in rate of the conduction system

The conduction system ensures that HR increases during exercise to allow the working muscles to receive more oxygen. The rate at which impulses are fired from the SAN can be controlled by both neural and hormonal control mechanisms.


Neural control mechanism

This involves the sympathetic nervous system, which stimulates the heart to beat faster, and the parasympathetic nervous system, which returns the heart to its resting level. These two systems are coordinated by the cardiac control centre located in the medulla oblongata of the brain.



The medulla oblongata is the most important part of the brain because it regulates mechanisms that keep us alive.




The cardiac control centre is stimulated by chemoreceptors, baroreceptors and proprioceptors, and then sends an impulse through either the sympathetic system to the SAN to increase HR or the parasympathetic system to the SAN to decrease HR.



Exam tip

The sympathetic system speeds up HR and the parasympathetic system slows it down.




chemoreceptors detect increase in blood carbon dioxide → cardiac control centre → sympathetic system → SAN increases in HR

baroreceptors detect increase in blood pressure → cardiac control centre → parasympathetic system → SAN decreases in HR

proprioceptors detect increase in muscle movement → cardiac control centre → sympathetic system → SAN increases HR



Knowledge check 5

How does an increase in blood carbon dioxide affect heart rate?






Hormonal control mechanism

Adrenaline is a stress hormone that is released as a result of signals from the sympathetic nerves and cardiac nerves during exercise. It stimulates the SAN (pacemaker) which results in an increase in both the speed and force of contraction, therefore increasing cardiac output.



Adrenaline is a stress hormone that stimulates the SAN.








Cardiovascular drift

Cardiovascular drift refers to an increase in HR accompanied by a decrease in SV (Figure 2). It occurs after 10 minutes in warm conditions and is caused by a reduction of fluid in the blood plasma due to an increase in sweating. The blood becomes more viscous and, consequently, venous return decreases, so HR increases to maintain cardiac output.


[image: ]
Figure 2 Graph to show cardiovascular drift



Characteristics of blood vessels


•  Veins — thinner muscle/elastic tissue layers, blood is at low pressure, valves are present and a wider lumen.

•  Arteries — experience the highest pressure (and consequently have more of an elastic outer layer to cope with these fluctuations in pressure), a narrower lumen and a smooth inner layer.

•  Capillaries have characteristics that help gaseous exchange. They are one cell thick, so there is a short diffusion pathway, have a large surface area and a narrow diameter to slow blood flow down. Training increases capillary density.





Exam tip

Make sure that you can explain why each type of blood vessel has the characteristics listed.






Blood pressure

Blood pressure is blood flow multiplied by resistance; an average reading is 120/80 mmHg. The top value is systolic pressure (ventricles contracting). The bottom value is diastolic pressure (ventricles relaxing). Blood pressure is highest in the arteries and lowest in the capillaries. Systolic pressure increases during aerobic exercise due to an increase in cardiac output, while diastolic pressure remains constant.



Venous return

During exercise, venous return increases. Active mechanisms are needed to help venous return:



Venous return is the return of blood back to the right side of the heart via the vena cava.





•  The skeletal muscle pump — when muscles contract and relax they press on nearby veins, causing a pumping effect and squeezing the blood towards the heart.

•  The respiratory pump — when muscles contract and relax during the inspiration and expiration process, pressure changes occur in the thoracic and abdominal cavities. These pressure changes compress the nearby veins and assist blood return back to the heart.

•  Valves — prevent the back flow of blood.

•  A thin layer of smooth muscle within the veins helps squeeze blood back towards the heart.

•  Gravity helps the blood return to the heart from the upper body.




The impact of blood pressure on venous return

When systolic blood pressure increases, venous return increases because the pressure in the blood vessels is higher, causing the blood to travel more quickly. When systolic pressure decreases, venous return decreases because the pressure in the various blood vessels has dropped, causing blood flow to reduce.

Venous return is determined by a pressure gradient:


[image: ]

To simplify this:


•  Increasing right atrial pressure decreases venous return.

•  Decreasing right atrial pressure increases venous return.






Transportation of oxygen

Most of our transported oxygen (97%) combines with haemoglobin (an iron-containing pigment found in red blood cells) to form oxyhaemoglobin. The rest (3%) dissolves in the plasma. Training increases levels of haemoglobin.

Myoglobin, also known as ‘muscle haemoglobin’, acts as a store of oxygen in the muscle fibres, which can be used quickly during exercise. Training also increases levels of myoglobin.



Knowledge check 6

What is the difference between haemoglobin and myoglobin?





Oxyhaemoglobin dissociation curve

The oxyhaemoglobin dissociation curve represents the relationship between oxygen and haemoglobin (Figure 3). From this curve you can see that in the lungs there is almost full saturation (concentration) of haemoglobin, but at the tissues (muscles) the
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Figure 3 The oxyhaemoglobin dissociation curve



•  a decrease in blood pH

•  an increase in blood temperature

•  an increase in blood CO2
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Figure 4 The Bohr shift




Redistribution of blood (vascular shunt)













•  increase the supply of oxygen to the working muscles

•  remove waste products from the muscles, such as a carbon dioxide and lactic acid

•  ensure that more blood goes to the skin during exercise to regulate body temperature and get rid of heat through radiation, evaporation and sweating

•  direct more blood to the heart, because it is a muscle and requires extra oxygen during exercise





Arterio-venous oxygen difference (A-VO2 diff)













•  describe the cardiac conduction system

•  explain the hormonal, neural and chemical regulation of the heart

•  describe the role of chemoreceptors, baroreceptors and proprioceptors

•  understand the impact of physical activity and sport on cardiac output, stroke volume and heart rate, and explain the relationship between them in trained/untrained individuals and during maximal/submaximal exercise

•  understand Starling’s law of the heart

•  identify how physical activity can affect heart disease, high blood pressure, cholesterol levels and stroke

•  explain cardiovascular drift

•  understand the venous return mechanisms

•  explain blood pressure using the terms systolic and diastolic, and identify the relationship venous return has with blood pressure

•  describe the transportation of oxygen, and be able to explain the roles of haemoglobin and myoglobin

•  understand the oxyhaemoglobin dissociation curve

•  explain the Bohr shift

•  explain how blood is redistributed during exercise through vasoconstriction and vasodilation

•  explain arterio-venous oxygen difference (A-VO2 diff)









Respiratory system


Lung volumes
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Figure 5 Spirometer trace of respiratory air










Gas exchange systems at the alveoli and muscles


Gaseous exchange at the alveoli



•  Thin walls create a short diffusion pathway.

•  Extensive capillary network surrounding the alveoli result in an excellent blood supply.

•  A huge surface area, as a result of the millions of alveoli in each lung, allows for a greater uptake of oxygen.





















Gaseous exchange at the muscles





Neural and chemical regulation of pulmonary ventilation during physical activity and sport





Role of proprioceptors and baroreceptors in the regulation of pulmonary ventilation


•  Proprioceptors — these detect an increase in muscle movement and provide feedback to the respiratory centre to increase breathing during exercise.

•  Baroreceptors — a decrease in blood pressure detected by baroreceptors in the aorta and carotid arteries results in an increase in breathing rate.






Impact of physical activity on the respiratory system



•  It improves the efficiency of the respiratory system due to an increase in the surface area of alveoli and capillary density at the alveoli, so the body can supply muscles with more oxygen.

•  Respiratory muscles are strengthened, resulting in deeper breathing.

•  Greater gaseous exchange takes place, so more oxygen diffuses into blood and more carbon dioxide diffuses from the blood.

•  Tidal volume and minute ventilation will increase, allowing more oxygen to diffuse into the blood and more carbon dioxide to diffuse into the alveoli.





Impact of poor lifestyle choices on the respiratory system



Impact of smoking on the respiratory system



•  irritation of the trachea and bronchi

•  reduced lung function and increased breathlessness, caused by the swelling and narrowing of the lungs’ airways

•  damage to the cells lining the airways from cigarette smoke, leading to a build-up of excess mucus in the lungs and resulting in a smoker’s cough, in an attempt to get rid of the mucus

•  reduction in the efficiency of gaseous exchange and an increase in the risk of COPD (chronic obstructive pulmonary disease)















•  understand the following lung volumes: residual volume, expiratory reserve volume, inspiratory reserve volume, tidal volume and minute ventilation

•  understand the impact of physical activity and sport on these lung volumes

•  explain gas exchange of oxygen and carbon dioxide at alveoli and muscles, through the principles of diffusion and partial pressures

•  understand the neural and chemical regulation of pulmonary ventilation during physical activity

•  explain the role of chemoreceptors, proprioceptors and baroreceptors in the regulation of pulmonary ventilation during exercise

•  understand the effect of physical activity and poor lifestyle choices on the respiratory system










Neuromuscular system


The role of the sympathetic and parasympathetic nervous systems



•  The sympathetic nervous system prepares the body for exercise and is often referred to as the ‘fight-or-flight response’.

•  The parasympathetic nervous system relaxes the body and slows down many high-energy functions. It is often explained by the phrase ‘rest and relax’.












The characteristics and functions of the three muscle fibre types
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The recruitment of muscle fibres using motor units to provide maximal contractions










•  The sequence of impulses has to be of sufficient intensity to stimulate all of the muscle fibres in a motor unit in order for them to contract, i.e. the all-or-none law is fulfilled.

•  Wave summation — where there is a repeated nerve impulse with no time to relax, so a smooth, sustained contraction occurs rather than twitches.

•  Tetanic contraction — a sustained, powerful muscle contraction caused by a series of fast-repeating stimuli.

•  Spatial summation — where the strength of a contraction changes by altering the number and size of the muscle motor units used.












The role of muscle spindles and Golgi tendon organs in PNF










PNF in practice



















[image: ]
Figure 6 PNF in practice






•  understand the role of the sympathetic and parasympathetic nervous systems

•  identify the characteristics and functions of the three fibre types: slow-twitch (type I), fast oxidative glycolytic (type IIa) and fast glycolytic (type IIx) for a variety of sporting activities

•  explain the recruitment of muscle fibres through an explanation of motor units

•  explain the terms spatial summation, wave summation, all-or-none law and tetanic contraction

•  describe the role of the two proprioceptors — muscle spindles and Golgi tendon organs — in PNF










The musculoskeletal system and analysis of movement in physical activities


Type of joint and articulating bones of the ankle, knee, hip, shoulder and elbow

















	
	
	



	
	
	



	
	
	



	
	
	



	
	
	



	
	
	







Planes and axes



•  Flexion, extension, plantar flexion, dorsi flexion and hyperextension occur in a sagittal plane about a transverse axis (Figure 7). A sagittal plane divides the body into right and left halves and a transverse axis runs from side to side across the body.

•  Horizontal abduction and horizontal adduction occur in a transverse plane about a longitudinal axis (Figure 8). A transverse plane divides the body into upper and lower halves and a longitudinal axis runs from top to bottom.

•  Abduction and adduction occur in a frontal plane about a sagittal axis (Figure 9). A frontal plane divides the body into front and back halves and a sagittal axis runs from front to back.
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Figure 7 The joint actions occurring in a sagittal plane and transverse axis: flexion and extension at the elbow, shoulder, hip and knee, and plantar flexion and dorsi flexion in the ankle
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Figure 8 Horizontal abduction and adduction take place in the hip and shoulder in a transverse plane about a longitudinal axis
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Figure 9 Shoulder and hip abduction and adduction take place in a frontal plane about a sagittal axis










Agonists and antagonists











	
	
	



	
	
	



	
	
	



	
	
	



	
	
	



	
	
	



	
	
	



	
	
	



	
	
	



	
	
	



	
	
	



	
	
	



	
	
	



	
	
	



	
	
	



	
	
	



	
	
	



	
	
	



	
	
	













	
	
	 



	
	 
	 



	
	 
	



	
	 
	 














Types of muscular contraction



•  Concentric contraction — when a muscle shortens under tension.

•  Eccentric contraction — when a muscle lengthens under tension.
















•  identify the type of joint and articulating bones for the ankle, knee, hip, shoulder and elbow

•  identify the following joint actions: flexion, extension, hyperextension, plantar flexion and dorsi flexion, abduction, adduction, horizontal abduction and horizontal adduction

•  identify which plane and axis each of these joint actions occurs in

•  state the main agonists and antagonists for the actions occurring at these joints

•  explain the types of muscle contraction: isotonic (concentric and eccentric) and isometric









Energy systems









Energy transfer during short duration/high intensity exercise


The ATP-PC system











Anaerobic glycolytic system




•  It is anaerobic and occurs in the sarcoplasm.

•  PFK is the enzyme that is responsible for glycolysis.

•  Glycogen is converted to glucose-6-phosphate and broken down to pyruvic acid.

•  Pyruvic acid is then converted to lactic acid.

•  2 ATP are produced.











Lactate accumulation/OBLA



















Factors affecting the rate of lactate accumulation


•  Intensity of exercise — the higher the intensity, the faster lactate accumulation occurs.

•  Slow-twitch fibres produce less lactate than fast-twitch fibres.

•  VO2 max of a performer/buffering capacity — the higher the level, the more reduced the rate of lactate accumulation.

•  A respiratory exchange ratio close to 1.0 means that glycogen becomes the preferred fuel and there is quicker lactate accumulation.

•  Higher level of fitness of the performer/regular training — delays OBLA because adaptations occur in trained muscles, for example increased numbers of mitochondria and myoglobin, and greater capillary density.













Energy transfer during long-duration/lower-intensity exercise


The aerobic system



•  Stage one — glycolysis (as above).

•  Stage two — the Krebs cycle. The pyruvic acid produced in glycolysis splits into two acetyl groups, which are carried into the Krebs cycle by coenzyme A. Acetyl coenzyme A diffuses into the matrix of the mitochondria and combines with oxaloacetic acid, forming citric acid. This is oxidised and CO2 is removed. Hydrogen ions are formed and passed onto the electron transport chain, and 2 ATP are resynthesised. Fats can also enter the Krebs cycle after a process called beta oxidation has taken place, where fatty acids are broken down to acetyl coenzyme A.

•  Stage three — the electron transport chain occurs in the cristae of the mitochondria, water is formed and 34 ATP are resynthesised.






Energy continuum of physical activity
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Figure 10 The energy continuum related to exercise duration










	
	
	



	
	
	



	
	
	



	
	
	



	
	
	













Differences in ATP generation between slow- and fast-twitch fibres










	
	



	
	



	
	



	
	








Oxygen consumption during exercise (maximal and submaximal oxygen deficit)




Oxygen consumption during recovery (excess post-exercise oxygen consumption — EPOC)












VO2 max



Factors affecting VO2 max/aerobic power



•  increased maximum cardiac output

•  increased stroke volume/ejection fraction/cardiac hypertrophy

•  greater heart rate range

•  increased levels of haemoglobin and red blood cell count

•  increased stores of glycogen and triglycerides

•  increased myoglobin content

•  increased capillarisation around the muscles

•  increased number and size of mitochondria

•  increased surface area of alveoli

•  increased lactate tolerance

•  reduced body fat

•  slow-twitch hypertrophy












•  Lifestyle — smoking, sedentary lifestyle, poor diet and fitness can all reduce VO2 max.

•  Training — VO2 max can be improved by up to 10–20% following a period of aerobic training.

•  Genetics — VO2 max is largely genetically determined, which limits the impact of training.

•  Gender — men generally have an approximately 20% higher VO2 max than women.

•  Age — as we get older, VO2 max declines because our body systems become less efficient.

•  Body composition — a higher percentage of body fat decreases VO2 max.






Measurements of energy expenditure


•  Indirect calorimetry measures how much carbon dioxide is produced and how much oxygen is consumed both at rest and during aerobic exercise. It is a reliable test because it gives a precise calculation of VO2 and VO2 max.

•  Lactate sampling measures lactate levels in the blood and is an accurate and objective measure. It can measure exercise intensity, give an idea of level of fitness and enable the performer to select relevant training zones. It also provides a comparison to see whether improvement has occurred. If test results show an increase, this would indicate that the performer has improved peak speed/power, increased time to exhaustion, improved recovery heart rate and a higher lactate threshold.

•  Respiratory exchange ratio is the ratio of carbon dioxide released compared with oxygen used by the body. It calculates energy expenditure and provides information about which energy source (fat or carbohydrate) is being oxidised, and hence whether the performer is working aerobically or anaerobically. An RER value close to 1 indicates that the performer is using carbohydrates; an RER value of approximately 0.7 means the performer is using fats; an RER value greater than 1 implies anaerobic respiration.

•  VO2 max tests, such as the mult-stage fitness test and the Cooper 12 minute run, only give an indication or prediction of VO2 max. A sports science laboratory can produce much more valid and reliable results using direct gas analysis, which measures the concentration of oxygen that is inspired and the concentration of carbon dioxide that is expired, for example the treadmill test/cycle ergometer.











Impact of specialist training methods on energy systems


•  Altitude training (altitude starts to have an effect at around 1500 m above sea level but most athletes choose to train at 2500 m+). Here the partial pressure of oxygen is lower, so haemoglobin is not fully saturated, which lowers the oxygen-carrying capacity of the blood.




    –  Advantages — increase in red blood cells, increased concentration of haemoglobin, increased blood viscosity and capillarisation, enhanced oxygen transport and increased lactate tolerance.

    –  Disadvantages — expensive, altitude sickness, detraining because training intensity has to reduce when the performer first trains at altitude (due to the decreased availability of oxygen), benefits quickly lost on return to sea level, psychological (e.g. homesickness).




•  High-intensity interval training (HIIT) involves short intervals of anaerobic maximum intensity exercise followed by a recovery interval of aerobic exercise.

•  Plyometric training improves power/speed. It involves high-intensity explosive activities (e.g. jumping) and works on the principle that muscles can generate more force if they have previously been stretched. An eccentric contraction occurs first, followed by a concentric contraction (stretch-shortening cycle). It has three phases:




  1  Eccentric phase — on landing, the muscle performs an eccentric contraction, which stretches the muscle.

  2  Amortisation phase — the time between the eccentric and concentric muscle contractions. This time needs to be short so that the energy stored from the eccentric contraction is not lost.

  3  Concentric contraction phase — this uses the stored energy to increase the force of the contraction.




•  Speed agility quickness (SAQ) training aims to improve multidirectional movement through developing the neuromuscular system, for example foot ladders. Activities are performed with maximum force at high speed, so energy is provided anaerobically.















•  explain how the anaerobic glycolytic and ATP-PC systems provide energy during short-duration/high-intensity exercise

•  explain how the aerobic system provides energy during long-duration/low-intensity exercise

•  understand the energy continuum and explain which energy system is the main energy provider according to the intensity and duration of exercise

•  identify the difference in ATP production depending on the fibre type used

•  understand the effects of using the anaerobic glycolytic energy system through an explanation of lactate accumulation, lactate threshold and OBLA

•  explain oxygen consumption during exercise, and recovery through oxygen deficit and EPOC

•  identify VO2 max and explain the factors that affect it

•  explain the measurements of energy expenditure, to include indirect calorimetry, lactate sampling, VO2 max test and respiratory exchange ratio

•  understand the impact of altitude training, high-intensity interval training, plyometric training and speed agility quickness on energy systems
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