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About this book


This student guide will help you develop the skills required for the practical assessment of OCR’s A-level specifications Biology A and Biology B (Advancing Biology). The guide covers the content of Module 1 — Development of practical skills in biology — for both specifications.


During your course you are expected to develop the following practical skills:





•  planning



•  implementing — following instructions and using apparatus and techniques



•  analysis



•  evaluation





These skills are assessed in two ways:





•  in the AS and A-level examination papers



•  in the practical endorsement (A-level only, not at AS)





Some of the questions in the two AS exam papers and the three A-level exam papers will assess your understanding of some of the practical skills and your ability to apply them to familiar and unfamiliar contexts. Some of the planning and implementation skills cannot be assessed in a written examination so will be assessed by your teachers while you are carrying out practicals. Your teachers will decide whether you have shown evidence of competence in these skills according to criteria set by OCR. If so, you will be given a pass grade in the practical endorsement for A-level.


Practical work is an essential part of any science course. At the very least you should experience something of the work of scientists who make observations, devise possible explanations and design and carry out experiments to test their ideas. The skills and techniques of scientific investigation are worth learning and practising as many are applicable to everyday life. Gaining an insight into the thinking that lies behind scientific discoveries is an important part of your education in science.


Biology is a science and as such deals with the collection, storage, analysis and presentation of data collected in the laboratory and in the field. Biologists need a good understanding of maths in order to process much of the information that they collect. A good understanding is also required when planning an investigation so that the data you collect are suitable to be analysed to give valid conclusions.


During your course you will practise many mathematical skills. This guide covers all the aspects of the mathematical requirements. Look out for this icon for examples: [image: ]


The guide will be useful if you are taking the AS papers because questions on those papers assess aspects of practical work and almost all of the maths skills. The only sections of this book that are specifically for the full A-level course are microbiological techniques, electrophoresis and measuring plant or animal responses.


This guide is divided into two sections:


The Skills Guidance offers a brief guide to the skills, procedures, terminology and units involved in the practical work on which you will be assessed. The opportunities for assessment are in 12 different Practical Activity Groups (PAGs). Table 1 on pp. 6–7 lists all the PAGs and the skills associated with them. These skills are introduced as you need them. The PAGs are arranged in this guide in a sequence that follows the other Modules (2 to 6). This section also includes a guide to researching the practical tasks and citing the references that you use in your written work.


The Questions & Answers section contains examples of the types of question set in A-level Paper 3: Unified biology, together with answers written by two students, one of whom makes many errors. There are comments on all of the answers. These comments are intended to guide you to write concise answers that show understanding of the key skills in practical work in biology.


If you try the questions in the Questions & Answers section before looking at the answers, you will begin to think for yourself and develop the necessary techniques for answering exam questions and performing well in your practical work at the lab bench and in the field.


Throughout the book are practical tips and exam tips intended to help you make best use of this guide.


Hazard and risk


All practical tasks described in this guide should be risk assessed by a qualified teacher before being performed either as a demonstration or as a class practical. Safety goggles and a laboratory coat or apron must be worn where it is appropriate to do so. The author and the publisher cannot accept responsibility for safety.





Skills Guidance


Practical activities


This section guides you through the 12 Practical Activity Groups (PAGs). Opportunities for these PAGs are listed in the specification and your teachers will decide which to use for practising the different skills and for assessing your competence in these skills. Table 1 is a checklist of the PAGs and the practical techniques and/or skills involved in each. It also tells you where to find exam-style questions that relate to the PAGs.
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You are expected to keep a record of the practical work that you carry out during your course. You may be given a special lab book to record all your work, or a loose-leaf folder. This must be kept up to date during and after each practical. It is good to get into the habit of recording all observations and results in your lab book during each practical and not writing them in rough to copy up later. Take photographs as a record of your practical work and your results.


Your teacher will assess whether you have reached the appropriate standards in the following:





•  Each of the 12 PAGs



•  The learning outcomes in Section 1.2 of Module 1 of the specification



•  Five competencies:







    1  following written instructions


    2  applying investigative approaches and methods when using instruments and equipment


    3  using a range of practical equipment and materials safely


    4  making and recording observations and results


    5  researching, writing scientific reports and using and citing references





Make sure that you know when you are carrying out practical activities and that you understand the underlying theory, know the skills that you will learn or practise and know which competencies are to be developed or assessed. After the practical session make sure that you have a record of all the aspect that were involved.


Maths is an important aspect of biology at A-level. There are many websites available, but it helps to have a book written specifically for A-level (e.g. Izen 2016). Further details of this and other references are on pages 79–80.



Microscopy


Light is focused by lenses on an object to be viewed. The light from a bench lamp or a built-in light source passes through or is absorbed or diffracted by the object. Further lenses use the light so that an image of the object can be viewed. In a light microscope there are a condenser lens, objective lenses and an eyepiece lens. The objective lenses give a typical school or college microscope the ability to magnify an object by ×4, ×10 or ×40. The image formed by these lenses is further magnified by the eyepiece lens, which is usually ×10. The overall magnifications are therefore ×40 and ×100 (low power), and ×400 (high power).


The eyepiece lens and the objective lenses should be cleaned with special lens tissues before you use the microscope. Be careful how you hold and use the microscope so that you do not leave greasy finger marks on the lenses.


During your course you will use light microscopes to study the structure of plant and animal tissues. You will be expected to make drawings to show the arrangement of tissues within organs. These drawings are low-power plan drawings that show the arrangement and thickness of different tissues, but do not show the cells that compose these tissues. You will use either the ×4 or ×10 objective lens to view slides so that you can make plan drawings. High power is used to observe specific cells.
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Practical tip


Histology is the study of tissues. Most tissues are colourless, so staining makes it possible to locate different tissues and cells. Make sure to find out the structures that are revealed by using different stains.
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Sometimes you will use fresh material to make preparations that you can observe and draw. You may use some stains, such as iodine, methylene blue, toluidine blue, Janus Green B and neutral red. Often you will use permanent slides that have been prepared by cutting plant and animal organs into thin sections and staining them.


Look at the slide with your naked eye first before putting it on the microscope. This will help you position the slide on the stage of the microscope.


Always use the low-power objective lens (×4) first. Once positioned on the stage, move the slide so that it is centred beneath the lens and use the focusing wheel to bring the object into focus.


Move the slide around to see everything that is beneath the cover slip and then move the next objective lens (×10) into position to view something of interest.


Focus the microscope by turning the wheel so that the lens moves upwards or the stage moves downwards according to the type of microscope. Search the slide by moving it on the stage.


When you find something that you want to look at under high power, move the ×40 objective lens into place. To focus move your head so that your eyes are on the same level as the stage and look carefully at the gap between the objective lens and the coverslip. Carefully reduce the gap by lowering the lens or raising the stage so the lens is as close as possible without touching the coverslip. Look through the eyepiece lens and focus by raising the lens or lowering the stage.
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Practical tip


You may also use microscopes to study small, live organisms as many are small enough to fit in the space between a slide and a coverslip or on a cavity slide.
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Plant histology: permanent preparations


Figure 1 is a photograph of a cross-section through the mid-rib of a leaf of privet, Ligustrum ovalifolium. Figure 2 is a low-power drawing made from the section in Figure 1. Figure 3 is a drawing of three of the palisade mesophyll cells under high power.
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Practical tip


The convention is to underline handwritten scientific names to represent italics, for example Ligustrum.
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When you make a low-power drawing, follow these rules:





•  Make the drawing fill at least half the space provided; leave space around the drawing for labels and annotations (see advice about this below).



•  Use a sharp pencil, such as an HB (never use a pen), a good-quality sharpener and a clean eraser.



•  Use thin, single, unbroken lines (often called ‘clear and continuous lines’). You may find it helps if you pull, not push, the pencil as you draw.



•  Do not use any shading or colouring.



•  Show the outlines of the tissues without drawing any cells.



•  Make the proportions of tissues in the diagram the same as in the section.



•  Give the drawing a suitable title and always include the scientific name of the organism concerned if known.
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Practical tip


Low-power drawings are often called tissue maps. They show the distribution and arrangement of tissues in organs, such as the leaf in Figure 2. You can practise this skill by drawing suitable images taken from the internet.
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Practical tip


Imagine drawing an outline of one of the cells in Figure 1. Make a continuous outline without a gap at the point where your line finishes.
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When you make a high-power drawing, follow the first four rules above. In addition:





•  Draw only a few cells that are representative of the tissue that you are studying. All the cells in the palisade mesophyll are the same, so draw no more than three adjoining cells in as much detail as you can. Do not draw the cells in isolation; instead show how they are attached to each other. In Figure 3 you can see that the palisade cells have air spaces between them.



•  Make sure that the proportions of cells in the drawing are the same as in the section you are drawing, for example draw them with the same width:length ratio.



•  Use two lines to indicate the cell walls of plant cells.



•  Show any details of the contents of cells — draw what you see, not what you know should be present.



•  Give the drawing a suitable title and always include the correct scientific name if known.



•  Give some indication of size, either by calculating the magnification of your drawing or stating its actual size (e.g. by using a scale bar). Simply giving the magnification of the microscope is not sufficient.



•  You will usually be expected to add labels and annotations (notes) to your drawings. Use a pencil and a ruler to draw straight, horizontal lines from the drawing to your labels and notes. Write labels and notes in pencil, never in pen, in case you make a mistake.





The high-power drawing in Figure 3 could be annotated to show how palisade cells are adapted to their functions. Palisade cells carry out most of the photosynthesis in this leaf, so you could mention the following:





•  Many chloroplasts to absorb light.



•  Cells arranged at right angles to the surface of the leaf so that light passes all the way through the cell without being reflected by cross walls.



•  Each cell has a large surface exposed to the intercellular air spaces for gas exchange — the diffusion of oxygen and carbon dioxide between the cytoplasm and the air.





Plant histology: temporary preparations


You may have to make temporary preparations of plant tissues for viewing with the microscope. This may involve smearing material on a slide, cutting sections of stem, root or leaf, dissecting out plant tissues or pulling tissues from organs, as in the example that follows.


The lower epidermis of the leaves of ivy-leaved toadflax, Cymbalaria muralis, is easy to pull away from the rest of the leaf. These are the instructions to make a temporary preparation of this tissue.





1  Tear the leaf across and use your fingers or a pair of forceps to remove a piece of the lower epidermis.



2  Place the piece of epidermis with the external surface facing upwards in a drop of water on a slide.



3  Cover the tissue by using a mounted needle to lower the coverslip gently.



4  Use absorbent paper to remove any excess water from around the edge of the coverslip.



5  Observe under low and high power of your microscope.







[image: ]


Practical tip


You will find another example of making a temporary preparation of epidermal tissue in the section on osmosis (page 34).
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Figure 4 shows a view of the epidermis under low and high power.
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A student made a labelled drawing of the epidermis shown in Figure 4.
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Practical tip


When you use the high-power objective lens you can only focus on a very thin part of the specimen. What is above and below this plane will be out of focus. Hold the focusing wheel while you look through the eyepiece and focus up and down a little so that you can see everything clearly.
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Notice that the student has made a large drawing of a small representative part of the lower epidermis. The labels are written in the white space around the drawing, not on it. Almost all of the lines are clear and continuous except for one gap (near the double-headed arrow). The student has used the microscope to focus through the epidermis and has seen and labelled two features of the guard cells. Everything is drawn to scale and the magnification has been calculated using the formula:
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Exam tip


In the exam papers you may be asked to explain the advantage of using stains in the context of a colour photomicrograph provided on the paper.
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Practical tip


When you are asked to compare two (or more) specimens (e.g. slide and photo) use a table with a heading for features. This ensures that you make direct comparisons in each row — for example:






	Feature

	Lymphocytes

	Red blood cells






	Nucleus

	Present

	Absent
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Animal histology


During your course you should study prepared microscope slides of the following organs:





•  trachea and lungs (gas exchange system in Module 3 (Specification A) and Module 2 (Specification B))



•  kidney (excretory system in Module 5 in both A and B)



•  pancreas (homeostasis in Module 5 in both A and B)



•  liver (homeostasis in Module 5 (A))
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Practical tip


The best way to understand the histology of the kidney is to examine a dissected one first and cut some sections in the same plane as the prepared microscope slide that you study.
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You should also use photomicrographs from books and/or the internet and notes on the functions of the different structures that you can see. You should be able to recognise the structures listed in Table 2.
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Focus on maths skills


Units of measurement


It is important that you know the different units of measurement that are used in practical work. Table 3 gives you the units you are most likely to use in your practical work.
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Exam tip


Table 3 has a row relating to ‘amount of substance’. In practical work and in exams it is better to use the term concentration rather than amount as it is unambiguous —many people use the word amount to mean number, mass or volume.
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Practical tip


You will use compound units, such as cm3 per second, which you should write as cm3 s−1. You will calculate this and other compound units in your practical work. See pages 47, 61, 85, 92 and 95 for examples.
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Making measurements with a microscope


Measurements of cells and cell structures are made with an eyepiece graticule. This is a graduated scale printed onto a piece of plastic that is inserted into the eyepiece. Before the scale is used it must be calibrated because the actual distance between the divisions on the scale depends on the magnification. As you increase the magnification of your microscope each division represents a smaller length. A stage micrometer has a scale printed on it usually with divisions that are 0.1 mm apart and 0.01 mm apart. Follow these instructions to calibrate the eyepiece:





1  Put the stage micrometer on the stage of the microscope and align the eyepiece graticule as shown in Figure 6.



2  Count and record the number of lines on the graticule that correspond with 0.1 mm (or 0.01 mm) on the stage micrometer.



3  Calculate the actual distance between the divisions on the eyepiece graticule and express your answer in standard form (e.g. 3.16 × 10−6 m) or in micrometres (e.g. 3.16 µm).



4  When measuring the width of an object such as a cell, position the graticule over the object and count the number of graticule divisions. You can record the length of the object you are measuring in number of eyepiece units (EPU). At high power (×400) each small division on the eyepiece scale (1 EPU) is often equivalent to 2.5 µm. [image: ]




5  Calculate the actual length using this formula:
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Practical tip


Keep a record of the calibrations at each magnification, for example ×40, ×100 and ×400. This means that you will not have to use the stage micrometer each time you take measurements with the eyepiece graticule.
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Exam tip


You may be asked to find the actual size of a cell or organelle in an electron micrograph or in a drawing made from an electron micrograph. Measure in millimetres, multiply by 1000 and then divide by the given magnification to give an answer in micrometres (µm).


You may also be asked to calculate the magnification of a cell or an organelle in an electron micrograph. You will be told the actual size in micrometres. Measure the size of the image in millimetres, convert into micrometres by multiplying by 1000 and then divide by the actual size.


[image: ]








[image: ]




Figure 7 shows how to measure the distance across a vascular bundle using an eyepiece graticule and how to calculate the magnification of a plan drawing.


The eyepiece graticule has already been calibrated. Using the magnification needed to take this micrograph of the vascular bundle, each eyepiece unit (epu) is equivalent to 16 µm. The distance across the vascular bundle is 25 epu. To calculate the actual distance, multiply as follows:


25 × 16 = 400 µm




[image: ]


Practical tip


Always measure your drawing in millimetres (mm) and express your answers in standard form or convert your answers to micrometres (µm).


[image: ]







[image: ]






[image: ]


Practical tip


You should know how to convert between numbers expressed in standard form and as decimals on a scientific calculator. If not, there are online tutorials to show you. Use scientific notation (standard form) in all your calculations.
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Focus on maths skills


Handling numbers


Ordinary and standard form


The letters x and y are used to signify any number. You may know that x1 means ‘x to the power of 1’; more likely you will know that x2 means ‘x to the power of 2’ which is x multiplied by x or ‘x squared’. The number written as the superscript is the power or index or exponent. Indices are used in biology because the range of sizes is so great. It is not always easy to handle numbers that are very much larger than 1, for example 100 000 000 000, or numbers much less than 1, for example 0.000 001. Changing these from ordinary form into standard form using indices helps us.
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Figure 2 A low-power drawing of a cross-section of a leaf of privet, L. ovalifolium
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Figure 1A cross-section of a leaf of privet, L. ovalifolium. The inset shows some
palisade mesophyll cells as seen with the high power of the microscope.
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Table 3 Units of measurement™

Measurement Unit Symbol Notes

Length metre m Officially the centimetre
centimetre cm (102m) is not a derived unit, so
millimetre mm (10-3m] most measurements will
micrometre pm (10-¢m) be given in millimetres;
nanometre nm (10-Ym]) you may be expected to

calculate actual sizes of
cells using the micrometre.
Never refer to imperial
units — yards, feet and
inches — although you may
see miles rather than km

Mass Kilogram Kg Never refer to pounds and
gram g 10-2kg) ounces
milligram mg (10-%g)
microgram pg (10-4g)

Volume cubic metre m? These are the units used
cubic decimetre  [dm?3(10-3m?3) in examination papers,
cubic centimetre [cm3(10-3dm3) | although you may well find

litres (Lor L) or millilitres
(ml) on apparatus such as
glassware and syringes;
Tml=1cm3

Amountof | mole mol Concentrations may be

substance millimole mmol (10-3mol) |given as moldm-3 (often
micromole pmol (10-8mol]  |said as moles per litre] or

as mass per volume, for
example gdm-3 (grams
per dm3). You willalso
see percentage solutions,
which are g100cm3
(grams per 100cm?)

Time hour h Choose the most
minute min appropriate unit of time for
second s each investigation; days,

weeks or years may be the
appropriate units in long-
term investigations

Temperature | degrees Celsius | °C Not centigrade; never

use degrees Fahrenheit
[°F); you may see degrees
kelvin [K) on chemistry and
physics exam papers
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Pressure pascal Pa Pressure units are used
kilopascal kPa (1000Pa) | for water potential, solute
megapascal MPa (1000kPa) | potential and pressure
potential in studies on
osmosis
Energy joule J Do not use the calorie or
kilojoule kJ (1000kJ) kilocalorie

*The units in bold are Sl units; the others are derived units. S| stands for Systéme
International d'Unités, the International System of Units, which should be used in

science.
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Figure 3 A high-power drawing of three palisade mesophyll cells from Figure 1
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Figure 4 Lower epidermis of C. muralis (a) showing the arrangement
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