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Examiner tips


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


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


Turn to the back of the book for the Knowledge check answers.
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Questions & Answers
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About this book



This guide is to help you prepare for AS Unit 3 Practical Biology and Research Skills (Visit or issue report) and A2 Unit 6 Practical Biology and Investigative Skills (An Individual Investigation). It is divided into three main sections:




•  About this book — this introduction explains how the different parts of both Unit 3 and Unit 6 are linked and how you can use practical work throughout the course to build your skills.


•  Content Guidance — this section covers both Unit 3 and Unit 6.







    –  Unit 3 — here is an explanation of what is required by each criterion, and also the full background you need before beginning your report. There are supporting questions and exercises to help you understand each point and to develop your skills


    –  Unit 6 — here is an explanation of the criteria by which your investigation will be assessed. In each case, important information is summarised to help you progress to A2, and there are exercises and questions to consolidate your progress.







•  Sample Exercises — this section contains 13 exercises, followed by students’ answers and examiner’s comments.





How to use this guide


This guide covers both AS Unit 3 and A2 Unit 6, so is relevant to your entire A-level course. Read through the introduction and then select the unit you wish to develop. You will gain most from the exercises and advice in this guide if you use it throughout the whole of your AS or A2 year. Many skills need to be developed over time but you will also gain a great deal by using this guide while completing your coursework.


For each of the criteria by which your report will be assessed there is:




•  an explanation of exactly what the criterion requires together with tips on how to achieve high marks


•  a summary of factual information or key concepts that you will need to know and understand in order to address the criterion


•  exercises and questions to develop your understanding or practise skills





This should allow you to use this book as a basic reference to check that you understand exactly what is required, to find explanations of difficult ideas and to consolidate your learning by answering questions and checking your answers against examiner’s comments.


How Science Works


The ‘How Science Works’ (HSW) section of the specification is made up of 12 criteria and is the most important principle behind the A-level course. You should be familiar with many parts of this as it is also an important part of GCSE courses. The most important feature of these criteria is that they are content-free and are about developing skills and attitudes. If you approach your course as a list of ‘facts’ to be learned then you are unlikely to do well. Science, and biology in particular, is developing at an increasing pace. Many things thought to be correct even 10–15 years ago are now no longer accepted. So, to progress to AS or A2, it is important not to accept everything in a textbook as a ‘fact’. ‘How do I know that?’ ‘Is this the whole story?’ are questions you should ask. They form an important part of what is tested in these units.
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Examiner tip


Read the article ‘How to read health news’ on the NHS website. You can find this at www.nhs.uk/news/Pages/Howtoreadarticlesabouthealthandhealthcare.aspx It gives an excellent indication of how to develop your scientific thinking and you should read it several times. You will also find an archive of recent articles on this site which are well worth a look.
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In addition to skills linked directly to scientific investigations (which we will consider in Unit 6) here are some other things that you will meet throughout your course:




•  use of theories, models and ideas to develop and modify scientific explanations


•  an appreciation that scientific knowledge is often only the best explanation we have at present and is always being developed and changed


•  a consideration of how science is applied to human activities and the benefits and risks this brings


•  a consideration of ethical issues in the treatment of humans, other organisms and the environment


•  an understanding of how scientists ensure that new knowledge is evaluated critically before being accepted





In the Edexcel specification you will find questions testing HSW skills, not only in Units 3 and 6 but also in the other unit tests. However, in both Unit 3 and Unit 6 over 90% of the marks are awarded for HSW skills. Developing these skills is essential if you wish to achieve a high grade.


So how exactly does science work?


The best place to start is to explain how science does not work. The stereotype of white-coated, rather old and strange-looking individuals working away in a laboratory isolated from the real world to reach some ‘eureka’ moment of a momentous discovery is far from reality. Most research is done by groups of people many of whom are quite young. It is often an international activity.


The starting point for most research is a scientific model. This is a theoretical explanation of how and why something happens. To be accepted models need supporting evidence. Scientists gather this evidence by making predictions based on the model and then devising experiments to test these predictions. To do this needs imagination, creativity and a good deal of painstaking work. It might involve using other scientific advances to develop new techniques or using established techniques in an innovative way. As evidence is built up supporting the model it becomes accepted widely and often a more detailed explanation is developed. If evidence from investigation does not support the model then scientists revise the model or develop new ones.


The scientific knowledge built up from this process would be useless if the evidence supporting it was flawed or inaccurate. This is why all research is subjected to detailed critical review before and after publication. Research papers are published in scientific journals, each of which concentrates on one area of study. Before a research paper is accepted for publication copies are sent to several experienced scientists working in the same field. These scientists look carefully at the methods used, and the data collected, to check there are no important errors in the methods and that the evidence submitted supports the conclusions made. Only when they are fully satisfied will the paper be published. This is called peer review. This is not the end of the process since many scientists around the world will read the paper. It will be discussed and in some cases other laboratories will attempt to repeat the research or develop it further.


Important parts of this process are scientific conferences. These are meetings of research scientists working in one specialised field, usually from many different countries. Such conferences allow scientists to discuss recent findings and give details of their current research. Conferences form a vital forum for sharing ideas and developing new ones as well as contributing to the peer review process.


The process by which scientists carry out their investigations follows a clear pattern that will be looked at more closely in the planning section of Unit 6. You should have learned something about this pattern in your GCSE studies; this book concentrates on how to develop this to A2 level.


In theory, this all sounds well organised and logical, but remember that research is carried out by human beings and the history of science is full of stories of personal arguments and rivalries. Reading accounts of Watson and Crick’s discovery of the structure of DNA and the intense debates caused by Darwin’s On the Origin of Species will provide interesting background. The work of Marshall and Warren to identify the importance of the bacterium Helicobacter pylori in causing peptic ulcer disease is an interesting story of new ideas overcoming established medical practice. This story is summarised by the timeline available at: en.wikipedia.org/wiki/Timeline_of_peptic_ulcer_disease_and_Helicobacter_pylori and in High, N. (2010) ‘Stomach Ulcers’, Biological Sciences Review, Vol. 23, No. 2, pp. 10–12.
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Knowledge check 1


Why did certain groups of people oppose the suggestion that ulcers are caused by a bacterium rather than excess acid?
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This is a good illustration of how scientific research does not always follow a smooth or conventional pattern. The timeline also shows the role of conferences and how research quickly becomes an international activity.
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Knowledge check 2


Is the idea that bacteria are the cause of ulcers the full story?
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Core practicals


Each unit has a number of core practical exercises that you are expected to complete. These are not assessed as part of an AS/A2 award, but you and your teacher have to sign a verification form confirming that you have undertaken all the practicals. The most important part of this form is the list of skills addressed.
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List of skills to be addressed in core practicals





(1) (a) Handle apparatus correctly and safely







      (b) Work safely with due consideration for the wellbeing of living organisms and the environment








(2) (a) Measure and observe precisely and record in a structured manner, identify variables and justify validity and reliability of results







      (b) Identify and explain possible systematic or random errors in results








(3) (a) Use appropriate methods to analyse results, present data and identify trends or patterns







      (b) Describe anomalies, evaluate methodology and make suggestions to improve or extend the investigation.
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In most cases you will carry out these practical exercises in class. It is likely that you will have a sheet of instructions and some apparatus to use to collect data. However, time is often short and it is not always easy to set things up without practice. As a result the data collected may be limited and leave you feeling disappointed. Despite this, you should use the opportunity to think carefully about what you have gained:




•  Handling the apparatus and thinking about the variables involved will make it much easier to learn the detail that could be part of a unit test question.


•  You will have learned another technique that could be useful when planning your Unit 6 investigation.


•  You could concentrate on any one of the skills listed and use the practical to develop your ability.


•  You should think carefully about the biological principles behind the technique you have used. Just because they are in the specification does not mean that they are perfect or without major drawbacks.





If you do this repeatedly you will be in a much better position to carry out your own investigation in Unit 6.
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Thinking carefully about a core practical


Unit 2 Topic 4: describe how to investigate the antimicrobial properties of plants


A common way of carrying out this practical is to spread a bacterial culture on an agar plate and then place filter paper discs soaked in plant extracts on the plate. During incubation the bacteria grow and cover the plate except for clear zones around the discs where the plant extract has killed the bacteria. The theory suggests that the bigger the clear zone the greater is the antimicrobial effect of the extract.


To develop your skills to A-level standard you should be thinking along these lines:




•  What might be the most useful measurement — radius or diameter of the zone? Would area be better?


•  If I measure area should I include the area of the disc?


•  How is the extract transferred from the disc to the agar?





It is the process that is important here, but for information, area would be the best measurement to take. You should exclude the area of the disc as transfer begins at its edge. The extract moves from the disc by diffusion through an aqueous medium (agar). When comparing different extracts it is important to think about concentration because this changes the rate of diffusion.
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Examiner tip


When carrying out any practical exercise think carefully about the science involved. Don’t just follow the instructions.
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Knowledge check 3


Why is it important to measure initial rate when investigating the rate of an enzyme-catalysed reaction?
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Research skills


These skills are an important part of both Unit 3 and Unit 6. There are some exercises and advice in the section on Unit 3 but this is equally important for Unit 6. Many students use the internet as their main source of information but you are required to use other sources too. Above all it is important that, from the first week of your course, you ask questions such as, ‘Where is the evidence?’ or ‘Is this source reliable?’ Remember that what may be described in a newspaper headline or on an online social media site might not be acceptable to a group of scientists.


[image: ]




Knowledge check 4


Why would drinking coffee or Red Bull not give useful information about the effect of caffeine on heart rate?
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Content Guidance


Unit 3 Practical biology and research skills


Visit or issue report


Basic requirements




•  The visit or issue report is not linked to any specific biological content so you can choose a topic that really interests you.


•  The report should be an analytical piece of work, rather than an essay, and it should not contain long descriptive passages.


•  The recommended length is between 1500 and 2000 words. There is no penalty for exceeding this length but writing more does not necessarily mean you will gain more marks.


•  The report must be your own original work. Direct quotes must be acknowledged clearly but can only be awarded limited credit. Your report must provide evidence of your individual skills and therefore it must be significantly different from those of your classmates.


•  The skills required for this unit need to be developed and practised from the beginning of your course. You will find some suggestions in later sections of this book.





Visit or issue?


This is a question that you must discuss with your teachers. Your school or college may have made arrangements, but you may be able to make your own. However, this will depend on your choice of topic.
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Examiner tip


If you choose a visit you must use it to find information and ask questions. This means that you must be well prepared and have a clear idea of what you wish to find out before you go.
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