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Introduction


About this guide


This guide is intended to help you prepare for Unit AS 3: Assessment of Practical Skills in AS Biology and Unit A2 3: Assessment of Investigational and Practical Skills in Biology. These units mainly assess ‘How science works’ (HSW). HSW is also assessed in the written papers, where 15% of the marks are assigned to it.


The scientific method and ‘How science works’


The word science is derived from the Latin word scientia meaning ‘knowledge’. However, science is not simply a body of knowledge. It requires an understanding of the methods by which this knowledge has been gained. Science is about how the testing of ideas allows us to develop our understanding of the natural world. You will be familiar with aspects of the scientific method from GCSE and this will be further explained in the content of this guide. Some steps in the scientific method are shown in Figure 1.
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Figure 1 Steps in the scientific method





What is obvious is that science is more about thinking than it is about a body of facts.


‘How science works’ is a new component in the biology specifications. The main aspects of HSW are described below:




•  Scientists use pre-existing knowledge and understanding/theories/models to suggest explanations for phenomena.


•  They design, carry out, analyse and evaluate scientific investigations to test new explanations.


•  They share their findings with other scientists so that they may be validated, or not, as the case may be.





As a consequence of the work of scientists, there may be implications for society as a whole. You are expected to appreciate and make informed (not emotional) comment on such aspects as:




•  the ethical implications of the way in which research is carried out


•  the way in which society uses science to help in decision making





How this guide is organised


This guide is divided into two parts:


1 Practical Skills in AS Biology


2 Investigational and Practical Skills in A2 Biology


Each of these parts is further sub-divided into three sections:


(a) The practical work expected to be covered within the specification;


(b) The practical skills that you are expected to demonstrate when assessed in Unit 3


(c) The marking criteria for assessment in Unit 3 and exemplar assessments with examiner’s comments


AS Practical Skills


This part of the guide is divided into three sections.


Practical work at AS


This section of the guide covers all the practical work that students are required to undertake at AS. It includes practicals on the following:




•  Biochemicals — tests for the presence of carbohydrates and proteins; and analysis of amino acids using paper chromatography


•  Enzymes — procedures for controlling temperature and pH, and for producing different concentrations of solutions; experiments for investigating the effect of temperature, pH, substrate concentration and enzyme concentration; enzyme immobilisation; and following the course of an enzyme–substrate reaction using a colorimeter


•  Plant cells and osmosis — measuring the water potential of a bulky tissue such as potato tuber; and measuring the solute potential of tissue at incipient plasmolysis


•  Gaseous exchange — gas analysis using a J-tube; measuring oxygen consumption using a respirometer; measuring oxygen production using the Audus apparatus; and demonstrating a plant’s compensation point


•  Transpiration in plants — measuring water uptake using a bubble photometer


•  Ecological techniques — sampling procedures (random and transect sampling); sampling devices (quadrats, pitfall traps, sweep nets and pooters); estimating abundance (density, % cover and frequency); and the influence of environmental factors on the distribution of organisms





You will be assessed on two practical tasks at AS. The practicals in this guide allow you to develop the techniques required for this and are likely to form the basis of the practical assessment.


In this guide each practical is outlined, but the emphasis is on the interpretation of results and the evaluation of procedures. For details of the procedures you should refer to your practical biology text, your teacher’s hand-outs and your own notes on the practicals.


With each practical in this guide you are asked a question. This aims to test your understanding of the practical. Answers to these questions are provided on pages 100–01.


Demonstrating practical skills at AS


This section of the guide covers those skills that you will have to demonstrate when assessed on the practical tasks. It takes you through each of the stages of a practical task. At AS, these are called skill areas:




•  Implementing a sequence of instructions


•  Recording and communicating results







– Tabulation of data


– Graphical presentation of data







•  Interpretation of the results


•  Evaluation of the experimental design





This section will show you what you are expected to do in the two assessed practical tasks and how to complete each stage successfully. It examines the issues that are often raised in assessments and how these should be addressed.


In particular, it will help you to:




•  gain an understanding of each skill area



•  develop an understanding of terms such as precision, accuracy, reliability and validity



•  learn to distinguish between quantitative and qualitative data, and between measured and frequency data



•  learn how to construct tables and graphs appropriately


•  recognise anomalous results and assess the variation within replicated data



•  write concisely when interpreting results



•  understand the different aspects of evaluating a practical task, such as identifying the limitations of equipment and procedures, and recognising both reliability and validity





At various points within this section there are examiner tips. These offer guidance on how to avoid the difficulties that often occur in examinations.


Assessment of practical tasks: exemplars and comments


This section of the guide shows the skill areas within which you will be assessed. For the purposes of assessment, each of these areas has five skills. Each skill will be marked by your teacher on a three-point scale: 0, 1 or 2 marks. The mark descriptors for these skills are shown in full in the specification, on pages 32–35, which is available on the biology microsite at www.ccea.org.uk.


Two exemplar practical tasks are presented. Each is undertaken by a student who has made mistakes that are often encountered by examiners. Each skill area is marked by an examiner and there are examiner comments. These are preceded by the icon [image: ] and suggest areas for improvement.


Since it is better for your understanding if you are active in doing something, there are several areas where you are asked to Try this yourself.


A2 Investigational and Practical Skills


This part of the guide is also divided into three sections. These follow on from the work at AS, which you are expected to be able to use at A2.


Further practical work at A2


This section of the guide covers all the practical work that students are required to undertake at A2. It includes practicals on the following:




•  Populations — investigating the growth of a yeast population using a haemocytometer; and estimating the size of an animal population using a simple capture–recapture technique


•  Respiration — measuring the respiratory quotient using a respirometer; and the use of redox indicators to demonstrate dehydrogenase activity in respiration


•  Photosynthesis — investigating the effect of factors on the rate of photosynthesis using the Audus apparatus; paper chromatography of plant pigments; and demonstrating the role of hydrogen acceptors using a redox indicator





You will be assessed on one investigation at A2. These practicals, along with those that you have undertaken at AS, are likely to form the basis for the investigation.


In this guide each practical is outlined, but the emphasis is on the interpretation of results and the evaluation of procedures. For details of the procedures you should refer to your practical biology text, your teacher’s hand-outs and your own notes on the practicals.


With each practical in this guide you are asked a question. This aims to test your understanding of the practical. Answers to these questions are provided on pages 101–02.


Demonstrating investigational and practical skills at A2


This section of the guide covers those skills which you will have to demonstrate when assessed on the investigation. It takes you through each of the stages of a biological investigation. At A2, these skill areas are:




•  Planning the investigation







– Developing a hypothesis using biological knowledge


– Planning a procedure to test the hypothesis


– Planning for statistical analysis







•  Implementing a procedure


•  Tabulation of data


•  Statistical analysis of the data


•  Interpretation of the results


•  Evaluation of the practical procedures





The section will deal mostly with those aspects of investigational skills that are unique to A2 — that is, planning and statistical analysis.


In particular, it will help you to:




•  understand the different aspects of planning: developing a hypothesis; planning a procedure; and planning for statistical analysis


•  develop an understanding of terms such as hypothesis and prediction



•  learn how to calculate the mean, standard deviation, standard deviation (error) of the mean and confidence limits



•  learn how to assess statistically the reliability of data from a calculation of the standard deviation (error) of the mean and determination of confidence limits


•  learn how to undertake statistical tests — the t-test and the χ2 test


•  learn how to select the appropriate method of statistical analysis



•  use statistical techniques when interpreting results and evaluating the practical procedures





To help you develop an understanding of statistical techniques, part of this section focuses on describing and explaining the use of these techniques required at A-level.


At various points within this section there are examiner tips. These offer guidance on how to avoid the difficulties that often occur in examinations.


Assessment of a practical investigation: exemplars and comments


This section of the guide shows the skill areas within which you will be assessed. For the purposes of assessment, each of these areas has five skills. Each skill will be marked by your teacher on a three-point scale: 0, 1 or 2 marks. The mark descriptors for these skills are shown in full in the specification, on pages 68–72, which is available on the biology microsite at www.ccea.org.uk.


Two exemplar investigations are presented. Each is undertaken by a student who has made mistakes that are often encountered by examiners. Each skill area is marked by an examiner and there are examiner comments. These are preceded by the icon [image: ] and suggest areas for improvement.


Since it is better for your understanding if you are active in doing something, there are several areas where you are asked to Try this yourself.
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This section is divided into three parts:




•  Practical work at AS — this part covers all the practical work that you have to carry out at AS and includes practicals on biochemicals, enzymes, plant cells and osmosis, gaseous exchange, transpiration in plants and ecological techniques:







Biochemicals (AS 1)


Enzymes (AS 1)


Plant cells and osmosis (AS 1)


Gaseous exchange in animals and plants (AS 2)


Transpiration in plants (AS 2)


Ecological techniques (AS 2)







•  Demonstrating practical skills at AS — this part describes the skills that you have to demonstrate when assessed on the practical tasks. These include:







Implementation


Recording and communication


    Tabulation of data


    Graphical presentation of data


Interpretation


Evaluation







•  Assessment of practical tasks: exemplars and comments — this part shows the skill areas within which you are assessed. Two exemplar practical tasks are presented:







Practical task 1: the effect of temperature on membrane permeability in beetroot (assessing Implementation, Tabulation of data and Evaluation)





Practical task 2: investigating the water potential of potato and sweet potato (assessing Graphical presentation of data and Interpretation)







Practical work at AS


Biochemicals (AS 1)


Tests for the presence of carbohydrates and proteins


You should be familiar with the tests summarised in Table 1.




Table 1 Biochemical tests for carbohydrates and proteins
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Question 1


Which biochemical test requires heat to give a positive result?


Analysis of amino acids using paper chromatography


Paper chromatography may be used to separate the amino acids in a mixture. A small amount of solvent is put in the bottom of a chromatography tank (see Figure 2). Chromatography paper with a concentrated spot of mixed amino acids, on a line above the end of the paper, is suspended in the tank so that its end dips into the solvent. The solvent moves slowly up the paper, carrying the amino acids with it. Each amino acid is carried a different distance according to its relative molecular mass and its solubility in the solvent. The paper is then treated with a reagent, such as ninhydrin, which stains the amino acids.




[image: ]

Figure 2 Paper chromatography apparatus for the analysis of amino acids





The identification of each amino acid involves the calculation of its Rf value.
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Tables of Rf values are specific for the type of paper used, the solvent and the temperature. Because of this, tables of Rf values provided in many books are of little use. Known amino acids should be spotted on the same paper as the mixture. This will allow for a direct comparison of the Rf values and of the colour of the spots (which may vary from brown to purple). However, if two spots travel the same distance and have the same colour, this is not a guarantee that they are the same amino acid. Different amino acids can have very similar Rf values for any particular solvent. This problem is solved by using two-way chromatography: the amino acids are further separated by turning the paper through 90° and repeating the process at right angles to the original using a different solvent.


There are a large number of precautions to take when using paper chromatography:




•  The solvent must be left in the tank (with the lid on) to create a saturated atmosphere of solvent vapour before the paper is introduced.


•  The paper should only be handled sparingly and at its top edge.


•  The spotting line should be marked in pencil.


•  A fine pipette is used to add a spot of the amino acid mixture (to a point on the spotting line); this is dried and the process repeated to produce a concentrated spot.


•  The spotting line must not be allowed to dip into the solvent.


•  The solvent front must not be allowed to reach the end of the paper.


•  The solvent front must be marked, in pencil, as soon as the chromatogram is removed.


•  Ninhydrin is a carcinogen and so gloves must be worn, and it should only be sprayed onto the chromatogram in a fume cupboard.





Question 2


An amino acid is spotted on a line that is 30  mm from the end of the paper. After running and developing the chromatogram, the amino acid spot is found to be 84  mm from the end of the paper and the solvent front 150  mm from the end of the paper. Calculate the Rf value for this amino acid.


Enzymes (AS 1)


Properties of enzymes


You should be able to carry out experiments to investigate the following properties of enzymes:




•  the effect of temperature


•  the effect of pH


•  the effect of substrate concentration


•  the effect of enzyme concentration





Use of water baths to change or control temperature


There are two types of heated water bath that you can use.




•  You can use a beaker of water heated, using a Bunsen burner, to the desired temperature, checking this with a thermometer. Since the water will cool down, the water must be heated intermittently to just above the temperature needed and then allowed to fall to just below this level. With regular attention, the temperature can be maintained to within ±2°C.


•  You could use a thermostatically controlled water bath. It does not keep the temperature completely constant but is more precise than using a Bunsen burner to heat a beaker of water. The temperature should be checked with a thermometer, initially for establishing the desired temperature and then regularly thereafter to monitor any fluctuations.





A low temperature, such as 10°C, can be achieved by using a mixture of water and ice in a beaker. The temperature is monitored using a thermometer and adjusted by adding more water or ice as appropriate.


Use of buffers to change or control pH


The pH scale is a measure of the acidity or alkalinity of a solution. It is an indication of the concentration of hydrogen ions relative to water. The pH of water is 7. Solutions with a higher concentration of hydrogen ions than water have a lower pH and are acidic. Solutions with a lower hydrogen ion concentration than water have a higher pH and are alkaline. pH indicators change colour to reveal the acidity or alkalinity of solutions. The pH scale and corresponding colours of universal indicator are shown in Figure 3.




[image: ]

Figure 3 The pH scale





Adding just a tiny amount of a strong acid (or strong alkali) to a neutral solution changes its pH dramatically. Buffers are solutions that resist this change and help to maintain a constant pH. Buffers can be prepared to maintain the pH of a solution at any given value.


Use of different concentrations of solutions


To prepare different concentrations of solutions it is usual to prepare a stock solution, say a 10% solution (by dissolving 10  g of solid in 100  cm3 of water). There are two types of dilution.




•  One type of dilution produces an arithmetic series of concentrations — for example, 10%, 9%, 8%, 7%. Table 2 shows how you would prepare such an arithmetic series.







Table 2 Preparing an arithmetic series of dilutions
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•  Another type of dilution produces a logarithmic series of concentrations. This is serial dilution. In a serial dilution, each solution along the series is less concentrated than the previous by a set factor. Figure 4 shows how you would undertake a doubling dilution so that subsequent dilutions are half the concentration of the previous solution.





Other dilution factors can be used, commonly ×10. To get a ten-fold dilution, you add 1 cm3 stock solution to 9 cm3 water, 1 cm3 of this dilution to 9 cm3 water, and so on. Serial dilution produces a wide range of dilutions — the doubling dilution, shown in Figure 4, produces a range of 10% to 0.156% solutions; the bigger the dilution factor the greater the range. You need to be careful when plotting this range on a graph.


Sometimes dilutions are made with buffer solutions so that the pH of each dilution is the same.


There are many enzyme systems that can be used to investigate the influence of pH, temperature, substrate concentration and enzyme concentration. Investigations of these are shown below, each with a different enzyme system.




[image: ]

Figure 4 Preparing a serial dilution — doubling dilutions





Effect of temperature on the activity of lipase


Phenolphthalein is an indicator that is pink in alkaline solutions of about pH  10. When the pH drops below pH  8.3 phenolphthalein goes colourless. In this experiment an alkaline solution of milk, lipase and phenolphthalein will change from pink to colourless as the fat in the milk is hydrolysed to produce fatty acids (and glycerol), thus reducing the pH to below 8.3.


Milk is mixed with sodium carbonate solution to make the solution alkaline and 5 drops of phenolphthalein are added. A series of water baths is set to a range of temperatures. Each water bath has placed in it a test tube containing the milk and a small beaker of lipase. When the temperature of the solutions has equilibrated to the temperature of the water bath (say, after 10 minutes) lipase is added to the test tube containing the milk and a stopwatch started. The time taken for the mixture to turn from pink to colourless is a measure of enzyme activity. The volumes and concentrations are controlled. Temperature is the variable that you are changing. The ‘time taken’ can be converted to a rate of reaction by calculating its inverse. In any case, a short time indicates a high rate of reaction, which you would expect to be optimal at approximately 40°C. Results are recorded in a table and plotted on a graph.
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