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Introduction



About this guide


The aim of this guide is to help you prepare for the CCEA® A2 biology Unit 1: Physiology and Ecosystems examination.


There are three sections in the guide:




•  Introduction — this provides guidance on the CCEA® specification, and offers suggestions about how you might improve your study/revision skills and examination technique.


•  Content Guidance — this summarises the specification content of A2 Unit 1.


•  Questions and Answers — this provides two exemplar papers for A2 Unit 1, together with two students’ answers to each question and the examiner’s commentary on the performance and how it might have been improved.





The specification


You should have your own copy of the CCEA® GCE biology specification. This is available from www.ccea.org.uk.


The A2 biology course is made up of three units. Units 1 and 2 (each worth 40% of the A2 marks) are assessed by examination papers while Unit 3 (worth 20% of the A2 marks) is assessed internally. Unit 3 is based on the investigational and practical work (coursework) that you will do in biology classes. The A2 units count for 50% of the overall A-level; the other 50% is accounted for by the AS units.


Synoptic links with AS units


A2 biology often builds on learning at AS. For example, to understand the functioning of the kidney you will need to understand ‘active transport’ and, especially, the principles of ‘osmosis’; understanding the antibody–antigen reaction requires you to appreciate the specificity of ‘protein structure and shape’; and, most obviously, the adverse impact of human activity on the environment has some overlap with ‘human impact on biodiversity’. Synoptic links with AS topics are shown in the Content Guidance section.


Assessment objectives


Examinations in A2 biology test three different assessment objectives (AOs). AO1 is about remembering all the biological facts and concepts that you have covered in the unit content. AO2 is about being able to use the facts and concepts in new situations. AO3 is called ‘How biology works’. It emphasises that biology, as a science, develops through testing hypotheses.


In A2 papers the emphasis is on showing your ability to apply your knowledge and understanding.


The A2 Unit 1 paper


A2 Unit 1 is assessed in an examination lasting 2 hours. The paper consists of about nine questions, allocated between 3 and 18 marks, in two sections. In section A all the questions are structured. Section B comprises a single question which may be presented in several parts and which has to be answered in continuous prose.


Many questions, especially towards the start of the paper or in the initial parts of questions, assess ‘knowledge and understanding’ (AO1). The examination paper will also contain questions which present information in new contexts and may test your skills in analysing and evaluating data (AO2).


At A2, AO3 may be assessed by questions that ask you to formulate a hypothesis, design an appropriate experiment, evaluate the methodology used in an experiment and analyse results to work out whether a hypothesis has been supported or disproved. You may also be asked to consider the ethical implications of the way research is carried out. If so, you are expected to make informed (not emotional) comment.


You are expected to use good English and accurate scientific terminology in all answers. Preparing a glossary of terms used in each topic should help you here. Quality of written communication is assessed throughout the paper and is specifically awarded a maximum of 2 marks in section B.


Study and revision skills


Students who achieve good grades have good study strategies. This section of the Introduction gives you advice and guidance on how these strategies and therefore high grades might be achieved.


Revision is an ongoing process


Revision is not just something you do before an exam. It depends on your work throughout the course. Work consistently and complete each task as the teacher sets it. Use study periods in school to develop your understanding, and not for homework. Study thoroughly for tests. Try to find time at the weekends to go over that week’s work. Revision is a continuous process — you keep going over topics. Then you won’t panic when you have to do intensive revision come exam time.


Active learning is best


Simply reading through your notes or a chapter of a textbook is not particularly effective. This way you’ll just learn material only to forget it soon after. To develop a deeper understanding you have to use more than just the ‘reading centre’ of the brain. You should make your brain do something with the material. This is why you should write your own notes. You should also try to do things in different ways. For example, you could use:




•   a series of bullet points


•   a spider diagram


•   a flow diagram


•   a prose account


•   an annotated diagram





A spider diagram on the nerve impulse would include reference to neurone structure, the resting potential, the action potential and its propagation as an impulse, and the factors that increase the speed of transmission.


An annotated diagram of a neurone showing an area of the axon at rest, an area where stimulation has led to an action potential, the resultant local circuits in the axon membrane and depolarisation of neighbouring areas leading to the propagation of further action potentials would be a good way to revise the nerve impulse.


Compiling a glossary of terms to do with the nerve and nerve impulse will allow you to improve your understanding of how each term is defined.


An essay on the nerve impulse and its properties will let you test your understanding of the entire topic and give you practice for the section B question.


Developing your understanding


You should learn to develop your understanding so that you can apply it. Use a range of texts and the internet. These will present the information in a variety of ways so that your brain can perceive it from different perspectives. It is only when you truly understand a topic that you will be able to deal with questions given to you in a new context. If you find you are still having problems with a difficult concept ask your teacher to explain it in a different way. Teachers will be happy to help as long as they realise that you have worked at the topic yourself. Working with another student may also help. Remember too that A2 biology is a step up from AS. There will be difficult concepts and so you must learn to persevere.


Organise your notes


Organise your own notes under headings and sub-headings and build up a summary of the key points. The Content Guidance section will help you.


Planning your revision


Make a revision schedule that takes into account all the topics that you have to cover and the time that is available. Make sure each part of the unit gets its fair share of your attention, but allocate more time to difficult areas. Try to leave time in the schedule for practising past questions.


Try to revise in a quiet place where there are no distractions. You should take breaks. These could be set up as rewards — for example, you get to watch a favourite television programme after achieving a revision goal.


Keep it active


Try to keep your revision active by summarising the notes that you already have. This keeps your brain processing the information. Try to vary what you do.


Test your understanding by practising past questions, such as the exemplar papers in the final section of this guide. Practise skills, such as calculations, and write essays on various topics in the unit.


Scanning can be an effective revision technique: read the first sentence of each paragraph (the rest of the paragraph generally only provides elaboration); read sentences with key words (often in bold); and, especially, study diagrams, since these often summarise important information.


The examination


Make sure you have all the equipment you need: two black pens; two pencils; your calculator plus spare batteries; a ruler; an eraser. Try to get a good night’s sleep. When you enter the exam hall, be positive. You will always know more than you think you do. A few exam nerves are good — they will help you stay more alert during the exam.


You will have 120 minutes to answer questions worth 90 marks. That gives you over 1 minute per mark, so you have some preparation time plus some time at the end to go over your answers. Spend some time looking through the exam paper — scanning the questions, especially the question in section B. This will allow you to think of relevant points while answering other questions. If you get stuck at a question, just note down the question number and move on — you can come back later. You are advised to spend 25 minutes on section B. Try to keep to this. Your time here should include an initial period for writing a plan with all the relevant information you wish to include. Leave some time at the end of the exam to go over the paper and correct any mistakes or fill in any gaps. It is a good idea to double-check all your calculations to make sure you haven’t made any silly mistakes.


Read the questions carefully


This sounds obvious, but you can lose many marks just by not reading the questions carefully. There are two aspects to this.




•   Understand the command terms used in the question. You can find an explanation of these terms in Appendix 1 of the specification. The two terms that are most often misinterpreted are describe and explain. Describe requires you to provide an accurate account of the main points. If you are describing what is shown in a graph or a table you can often gain marks by making appropriate reference to the data, e.g. the point at which a particular change takes place. Explain requires you to provide reasons for why or how something is happening. Explain how… means that you should show the way something happens. Explain why… is asking you to give reasons for something, such as an event or outcome.


•   The stem of a question will often provide you with information that you will need in answering the question. Think about how this information helps you construct or focus on an answer that is relevant.





Depth and length of answer


The examiners give you guidance about how much you need to write.




•   Generally the number of marks indicates the number of points that you will need to provide: for a question worth 4 marks you will need to give more points than for one worth 2 marks. Occasionally, for questions testing straightforward recall, you will need to provide more points than there are marks, e.g. three points for 2 marks, though this should be obvious from the number of spaces left. Number of marks is the most important guideline with respect to the depth of answer required.


•   Generally, there will be two lines for each marking point. However, examiners expect you to keep your answer relevant and precise, so occasionally there may be one line less. In the section B question, the number of lines allocated is generous — a good answer will not use them all.


•  You are advised to spend 25 minutes on Section B. Try to keep to this. It is possible to write a longer ‘essay’ but you would be providing more points than there are marks available.





Quality of written communication (QWC)


The ability to organise thoughts, express ideas clearly and make use of the appropriate terminology is an important aspect of biology. In section A questions, credit may be restricted if communication is unclear. Where QWC is assessed in section A, the mark schemes for questions will contain specific statements. These statements will relate to the clear expression of concepts (e.g. ‘myosin heads attach to sites on the actin filaments and rotate, pulling the actin filaments towards the centre of the sacromere’, rather than ‘actin and myosin filaments slide over each other’), correct biological terminology (e.g. use of the term ‘antigen’, rather than ‘foreign substance’) and accurate spelling where words have similar spellings but different meanings (e.g. ‘tropic’ and ‘trophic’). Note that mistakes in spelling are not generally penalised as long as the examiner knows what you are trying to say. With respect to clarity in answers, a common problem is using the word ‘it’ in such a way that the examiner can’t be certain what ‘it’ refers to — it is best just to avoid using ‘it’ in answers. In section B, up to 2 marks are available for QWC. The examiners want to see well-linked sentences that present relationships and do not just list features.
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This section summarises the content of Unit A2 1. It forms the basis of what you need to know and understand in relation to the A2 1 examination paper.


The section has four sub-sections:




•  Homeostasis: The kidney, excretion and osmoregulation — covering the processes of ultrafiltration and reabsorption in the excretion of urea and the role of ADH in the homeostasis of water content (osmoregulation).


•  Immunity: Defence against disease — covering the barriers to infection, phagocytosis of pathogens, the roles of both antibody-mediated and cell-mediated immunity, and the possibilities of transplants and transfusion.


•   Coordination and control: Coordination in flowering plants — covering some plant growth substances, the role of auxins in phototropism and the role of the phytochrome in the photoperiodic control of flowering. Coordination in mammals — covering neurones (as important links between receptor and effector) and the nerve impulse, synaptic transmission, the eye (as a receptor) and muscles (as effectors) and muscle contraction.


•  Ecosystems: Populations and communities — covering population growth and environmental factors, species with r- and K-strategies, predator–prey relationships and interspecific competition, and community succession to a climax. Ecological energetics and nutrient cycling — covering trophic levels, pyramids of numbers, biomass and productivity (energy), energy transfer between trophic levels, and the carbon and nitrogen cycles. Human impact on the environment — covering the greenhouse effect, ozone depletion, acid rain, organic pollution of waterways, eutrophication, the influence of agriculture including sustainable farming, and sustainable forestry.





At various points within the section are examiner’s tips, indicated by the icon   Tip  . These give guidance on how to avoid the difficulties that often occur in examinations.


Every so often there is a list of practical work with which you should be familiar.


Using this section: improving your revision


Work through this section — don’t just read through it. In working actively you could write your own notes on each topic or construct spider diagrams or annotated diagrams. You could also construct a glossary of the terms used in each topic.


A word of caution, however. Examiners think up questions that are intended to test how well you can apply your understanding in unfamiliar contexts. You will see examples of this in the exemplar papers in the following section. To deal with this situation you must read questions carefully and think about how what you have learned in this section is relevant.





Homeostasis



The kidneys and excretion


The kidneys regulate the internal environment by constantly adjusting the composition of the blood. They are the organs of excretion and osmoregulation.


Excretion is the removal from the body of the toxic waste products of metabolic processes. In mammals, carbon dioxide, produced during respiration, is excreted from the lungs. The kidneys excrete nitrogen-containing compounds, mostly urea, produced during the breakdown of excess amino acids and nucleic acids in the liver. The kidneys also excrete a little creatinine, a waste product produced from the degradation of creatine phosphate (a molecule of major importance in ATP generation) in muscles.


Homeostasis is the maintenance of steady states within the body. The kidneys have a homeostatic function in regulating the water content of the blood. The kidneys control the water potential of body fluids (osmoregulation) under the influence of antidiuretic hormone.


The structure of the urinary system


The components of the urinary system of a mammal are shown in Figure 1.
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Figure 1 The urinary system of a mammal





An indication of the importance of the kidneys in regulating the composition of the blood is the fact that they receive approximately 25% of the cardiac output (via the aorta and renal arteries).


Inside a kidney there are two layers — an outer cortex and inner medulla — surrounding a central cavity, the pelvis. The medulla is sub-divided into a number of pyramids whose apices protrude into the pelvis. A kidney contains over one million microscopic tubules called nephrons, each of which has a rich blood supply. The positioning of nephrons relative to other regions of the kidney is shown in Figure 2a. The overall structure of a nephron and its blood supply is shown in Figure 2b.
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Figure 2 (a) Main regions of a kidney; (b) the nephron and its blood supply





The nephron is the functional unit of the kidney. Each nephron consists of a cup-shaped Bowman’s capsule, plus a tube that has three distinct regions: the proximal (first) convoluted tubule, the loop of Henlé, and the distal (second) convoluted tubule. Arterial blood enters each capsule through an afferent arteriole which branches to form a capillary network called the glomerulus; blood leaves the glomerulus through an efferent arteriole which then branches to form a further capillary network (the vasa recta system) around the main body of the nephron. A number of nephrons join to form a collecting duct which transfers the fluid towards the pelvis.


The production of urine


Urine is produced in two stages involving quite different processes:




•  Ultrafiltration, in which plasma in the glomerulus is filtered into Bowman’s capsule; only substances below a certain size are filtered and so the filtrate contains useful molecules as well as toxic ones.


•  Reabsorption of useful substances back into the blood occurs as the filtrate passes along the nephron and collecting duct; only at the point where the collecting duct joins with the pelvis can the fluid be called ‘urine’.





Ultrafiltration


The driving force: The blood entering the glomerulus is under high pressure. This high hydrostatic pressure occurs because:




•  the renal arteries are wide, short and relatively close to the heart


•  the efferent arteriole is smaller than the afferent arteriole (carrying blood to the glomerulus), which creates a bottleneck





It is this high hydrostatic pressure which effectively causes fluid to filter from the glomerular plasma as filtrate in the capsule. Ultrafiltration is so efficient that 15–20% of the water and solutes are removed from the plasma that flows through the glomeruli.




  Tip    You should refresh your understanding of water potential, i.e. that it has the components solute potential and pressure potential (ψ = ψs + ψp), that ψs has a maximum value of zero, generally being negative, and that fluid moves from a region of high ψ to a region of low ψ.







Overall, the water potential of the glomerular plasma exceeds the water potential of the filtrate in the capsule. This is due to the large pressure potential (high hydrostatic pressure) within the glomerulus. This is, in part, opposed by a more negative solute potential within the plasma (in which the retained proteins act as solutes) than in the filtrate, while there is some resistance to further filtration due to back pressure of the filtrate in the nephron.







The net filtration force is the difference in water potential either side of the filter, i.e. water potential of glomerular plasma minus water potential of filtrate in the capsule. Net filtration force is calculated as follows:







[image: ]







Therefore the net filtration force = ψplasma – ψfiltrate = 1.4 Pa





The filter: There are only three layers separating plasma from filtrate. These are: 
the capillary endothelium; the basement membrane on which the capillary cells lie; and the inner layer of the Bowman’s capsule. Two of these layers are especially porous:




•  the endothelium of the capillaries in the glomerulus, which consists of a single layer of squamous (thin) cells with pores between them


•  the inner wall of the Bowman’s capsule consists of podocytes, with foot-like processes which surround the capillaries but which have spacious gaps between them called filtration slits





The effective filter is the basement membrane of the glomerular capillaries. This extracellular membrane lies on the outer side of the capillary endothelium. These layers are shown in Figure 3.
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Figure 3 The structure of the filter





The composition of the filtrate: normally only molecules with a relative molecular mass of less than 68 000 can pass through the basement membrane. All constituents of the blood plasma other than plasma proteins — except for the smallest of these — are able to pass through. The filtrate consists mainly of inorganic ions, glucose, amino acids, urea and other toxic molecules, all dissolved in water. Clearly, water and useful substances must be reabsorbed.


Reabsorption


As the filtrate flows through the proximal convoluted tubule, 80% of the water is reabsorbed by osmosis into adjacent blood capillaries. As a consequence, ions follow — partly by diffusion, partly by active transport. All the glucose and amino acids pass back into the blood by active transport. Small proteins, which may have been filtered, are reabsorbed by pinocytosis. By the end of the proximal convoluted tubule, the filtrate is isotonic with the plasma (i.e. it has the same concentration of solutes).
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