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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.


[image: ]

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.

[image: ]



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.


[image: ]

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.

[image: ]



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.

[image: ]



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.




[image: ]

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.

[image: ]




[image: ]



[image: ]

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.

[image: ]



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


•  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




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.
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	Feature
	Lymphocytes
	Red blood cells



	Nucleus
	Present
	Absent
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Animal histology



•  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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Making measurements with a microscope



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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•  Zeros at the beginning of numbers are not significant, for example 0.032 has 2 sf.

•  Zeros at the end of a number are significant, for example 7090 has 4 sf.

•  Zeros between significant figures are significant, for example 601.4 has 4 sf.









•  7.56 rounded to one decimal place is 7.6 (rounded up)

•  10.54 rounded to one decimal place is 10.5 (rounded down)





•  9.546 rounded to one decimal place is 9.5 (rounded down)
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•  Keep your work area well organised and tidy.

•  Use one area for wet work and keep another area dry for writing in your lab book. Do your practical work over the bench, not over your papers.

•  Wear protective goggles/spectacles when using liquids or when cutting anything.

•  Make sure that you are familiar with hazard warning symbols and know how to respond to them.

•  Take special care when using knives, scalpels, glassware, chemicals, Bunsen flames, hot water, etc.

•  Inform the teacher or technician immediately if you have an accident.

•  Clear up any spillages immediately.








	Poor practice
	Good practice



	Using incorrect apparatus or equipment without realising*, e.g. using a 10 cm3 syringe instead of a 1 cm3 one to dispense 0.5 cm3 of a liquid
	Choosing the correct apparatus/equipment/chemicals from those provided so that the correct results are obtained



	Using the same syringe to dispense different liquids without realising* so that contamination occurs
	Using separate syringes when necessary and keeping syringes separate once used (for correct re-use) or washing out a syringe between using to dispense different solutions



	Cutting slices or cubes or sections carelessly so that sections are of uneven thickness or cubes are of unequal size
	Using cutting equipment (e.g. scalpels and knives) and measuring equipment (e.g. rulers) with care to produce slices and cubes of correct sizes



	Allowing fluids to drip off the outside of beakers/tubing/stirring rods/tissue samples into other solutions so that there is the risk of cross-contamination
	Rinsing and drying equipment when necessary; clearing off spillages on the outside of beakers; keeping different items in clearly defined areas on the bench



	Haphazard use of the stop clock/bench timer so that incorrect times are recorded; samples are not taken at correct time intervals
	Checking how to use the stop clock/bench timer before starting; careful checking of times; re-setting back to zero when required; using staggered starts



	Placing items on a balance without first checking that it reads zero
	Using the tare facility on the balance to ensure that it reads zero before taking every measurement



	Filtering suspensions through a filter funnel where the filter paper has not been folded correctly/has a tear/has not been fitted into the funnel correctly
	Folding a piece of filter paper and then opening it out into the filter funnel; filtering suspensions so that a clear solution — the filtrate — runs through and the precipitate/larger insoluble particles remain on the filter paper



	* Realising a mistake and asking for fresh syringes is considered good practice.
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Qualitative testing

Chemical tests for biological molecules


Test for starch


1  Add a solution of iodine in potassium iodide to a test substance.

2  If the iodine solution changes colour from light yellow to blue-black, the test substance contains starch.
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Test for reducing sugars


1  Make up a solution in water of the test substance. Put a known volume of the solution in a test tube.

2  Add the same volume of Benedict’s solution to give a deep blue colour.

3  Put the test tube into a water bath at 80°C or above and watch carefully to see any colour changes. Look out for green, orange and red.

4  When there is no further change in colour, remove the test tube from the water bath, leave to cool and look for a precipitate.
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Explanation of the Benedict’s test
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Test for non-reducing sugars




1  Divide a solution of the test substance into two samples (1 and 2).

2  Add Benedict’s solution to sample 1 and put it in a water bath at 80°C or above.

3  If there is no colour change, add 1 cm3 of dilute hydrochloric acid to sample 2 and boil for a few minutes.

4  Cool and neutralise by adding 1 cm3 of dilute sodium hydroxide solution.

5  Add Benedict’s solution and heat as above; if there is a colour change, the test substance contains a non-reducing sugar.
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Emulsion test for lipids


1  Add some alcohol (ethanol) to the test substance.

2  Shake and allow the mixture to settle.

3  Half fill a test tube with water and then pour some of the mixture into the water.
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Biuret test for proteins


1  Make up a solution of the test substance.

2  Add dilute sodium hydroxide and dilute copper sulfate and shake gently to mix. You may be given a biuret solution that contains these two chemicals.
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1  Use a balance to weigh 10 g of glucose.

2  Dissolve the glucose in about 50 cm3 warm water.

3  Pour the solution into a measuring cylinder or volumetric flask and add water to the 100 cm3 level (use a dropping pipette to add the last few cm3 of water).

4  Pour into a labelled beaker and stir thoroughly.






1  Use a graduated pipette or syringe to remove 1 cm3 of the stock glucose solution and put into a test tube.

2  Add 9 cm3 of water and stir or invert the test tube. This is now a 1 g 100 cm−3 solution.

3  Keep doing this as shown in Figure 12 until you have a 0.0001 g 100 cm−3 solution. You might want to use this method to find out what is the lowest concentration that Benedict’s solution can detect, i.e. how sensitive it is.
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1  Use a syringe or graduated pipette to put certain volumes of the stock solution into test tubes labelled with the appropriate concentration.

2  Add sufficient water to each test tube to make the same total volume in each.










	Concentration of glucose/g 100 cm−3
	Volume of 10 g 100 cm−3 glucose solution/cm3
	Volume of distilled water/cm3
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Using a colorimeter





1  Put 0.3 cm3 of DNSA solution in a test tube and add the same volume of a solution of reducing sugar of known concentration. Repeat with other known concentrations.

2  Place the tubes into a water bath with boiling water for 5–10 minutes.

3  Cool the test tubes and then add 3 cm3 of water to each test tube, stir and either put the test tube into the colorimeter or pour some of the solution into a cuvette and place into the colorimeter (Figure 13).

4  Use a green filter (525 nm) to read the absorbance for each concentration of reducing sugar.

5  Plot a graph of absorbance against concentration of glucose.

6  Test a sample using exactly the same procedure, preferably using the same tube or cuvette each time after washing it out.

7  Use the graph to find the concentration of reducing sugar in the sample by drawing an intercept from the absorbance reading to the concentration of glucose.
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•  Use at least half the grid provided; do not make the graph too small.

•  Draw the graph in pencil.

•  The independent variable should be plotted on the x-axis.

•  The dependent variable should be plotted on the y-axis. Sometimes this is a derived variable obtained by processing the results (see Table 19 on page 47).
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Chromatography




  1  Wear gloves and eye protection throughout the procedure.

  2  Hold two slides as shown in Figure 14 to scrape out the contents of several leaves. Transfer the scrapings to a watchglass.

  3  Add ten drops of propanone (acetone) and pulverise with a glass rod.

  4  Use a pipette to transfer as much as possible of the dark green liquid to a second watchglass.

  5  Use a hair dryer to evaporate all the propanone and water. This will take about 4–5 minutes.

  6  Add 2–3 drops of propanone and use a fine paint brush to mix with the extract.

  7  Draw a line in pencil on the TLC plate 10 mm from one end. Put a thin pencil spot in the middle of the line.

  8  Use a fine capillary tube to transfer the extract to the pencil spot. Wait until the extract is dry before repeating with another drop. Continue doing this to make a dark green spot no wider than 2 mm.

  9  Put the TLC plate into a split bung.

10  Pour the running solvent into a specimen tube to a depth just below 10 mm. Running solvent = petroleum ether + propanone in proportions of 2:1.

11  Put the bung into the specimen tube immediately.

12  Watch the solvent front move up the TLC plate and the separation of the pigments within the extract. Take the bung out when the solvent front is about 10 mm from the end.

13  Immediately use a pencil to mark the solvent front.

14  Take a photograph of the chromatogram.

15  Record the colour of each pigment and the distance travelled.
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•  Use plenty of space; do not make the table too small.

•  Leave some space to the right of the table in case you suddenly decide you need to add more columns.

•  Make the table ready to take observations and/or readings while doing the practical so that you can write directly into the table rather than scribble them somewhere and copy up later. Tables should show all the raw data, including all replicate results that you collect.

•  Use a pencil and ruler to draw lines between the columns and between the rows. Rule lines around the whole table.

•  Write brief, but informative headings for each column.

•  Headings of columns and rows that record measurements must include the relevant units. Write pure numbers in the body of the table.

•  When two or more columns are used to present data, the first column should be the independent variable; the second and subsequent columns should contain the dependent variable or variables if more than one aspect is being recorded.

•  Entries in the body of the table should be brief — they should be single words, short descriptive phrases, numbers, ticks or crosses.

•  Data should be ordered so that trends and patterns can be seen — it is best to arrange the values of the independent variable in ascending order (see Table 6 on page 24, where they go from 0.1 g 100 cm−3 to 4.0 g 100 cm−3).

•  Tables should be given informative titles.








	Correct
	Incorrect



	Either:
Concentration/g 100 cm−3
or:
Concentration (g 100 cm−3)
	Concentration g/dm3



	Either:
Rate of activity/cm3 s−1
or:
Rate of activity (cm3 s−1)
	Rate of activity cm3/s
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Transport in and out of cells


The effects of solvents and temperature on membrane permeability




•  Immersion in different solvents, such as ethanol, propanone, detergents (such as washing-up liquids) and solutions of different salts.

•  Temperature of the surroundings.
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Using model cells to investigate transport into cells



Surface area-to-volume ratios
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Osmosis

Osmosis and plant cells
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Determining water potential of potato storage tissue



[image: ]







	Concentration of sucrose solution/mol dm−3
	Water potential/kPa



	
	



	
	



	
	



	
	



	
	



	
	







[image: ]



[image: ]





[image: ]


Osmosis and animal cells
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•  Students C and D may continue to get scattered results, so they should have little confidence in their mean values.

•  Students A and B may continue to get results that are clustered together and so have mean values about which they are confident. They can both maintain that their results are precise, but we know that student B’s results are inaccurate and student A’s are accurate.
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Sampling techniques 1 (populations)

Counts and measurements
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•  range (difference between largest and smallest)

•  mean ([image: ]) calculated as: [image: ]

    where Σ = ‘the sum of’ and n = number of readings

•  standard deviation (SD or σ (sigma))

•  standard error (SE or SM)

•  median
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•  4.01–5.20 or 4.01<5.21

•  5.21–6.40 or 5.21<6.41
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•  Use at least half the grid provided; do not make the histogram too small.

•  Draw the histogram in pencil.

•  The x-axis represents the independent variable and is continuous. It should be properly scaled and labelled with appropriate units.

•  The blocks should be drawn touching.

•  The area of each block is proportional to the size of the class. It is usual to have similar-sized class intervals so the widths of the blocks are the same.

•  The blocks should be labelled either by putting the class ranges (e.g. 60–64, 65–69, etc.) underneath each block or by putting the lowest number in each range (e.g. 60, 65, 70, etc.) under the left-hand side of the relevant block.

•  The y-axis represents the number or frequency and should be properly scaled with equal intervals. It should be labelled with appropriate units.
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•  interval data have been collected (see Table 12 on page 39)

•  you want to see if there is a significant difference between the means of two sets of unpaired data, i.e. from two different populations of plants or animals

•  the data in each set show a normal distribution

•  the sample is small (<30 measurements in each sample); the total number in each sample may be the same or may be different, e.g. 20 and 25







•  [image: ] is the mean of sample X

•  [image: ] is the mean of sample Y

•  sx is the standard deviation of sample X

•  sy is the standard deviation of sample Y

•  nx is the number of individual measurements in sample X

•  ny is the number of individual measurements in sample Y








1  Write a null hypothesis (NH). This is usually ‘there is no significant difference between the mean of… and the mean of…’.

2  Calculate the means of the two sets of data.

3  Calculate the standard deviation for each set of data (see page 41).

4  Square the standard deviations.

5  Put the values you have calculated into the formula for calculating the value of t.




    (a)  Find the difference between the means, ignoring the sign.

    (b)  Square the standard deviation for the first sample and divide by the number of observations (n) in that sample. Repeat for the second sample.

    (c)  Add the two results from step 5b together and take the square root.

    (d)  Divide the difference in the two sample means from step 5a by the answer to step 5c. This is the value for t.




6  Calculate the total degrees of freedom (df) for all the data, using the formula above.

7  Find the critical value at p = 0.05 for the degrees of freedom that you have calculated.
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Figure 24 The effect of increasing concentration of amylase on the rate of hydrolysis
of starch (data from Table 21)
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Figure 25 Calculating the initial rate of an enzyme-catalysed reaction using the data
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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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Table 1 The

12 Practical

vity Groups [PAGs]

Exam-style ques

Microscopy Using a light microscope at low and high power Question 6 Histology of
Modules 2,3and 5 Using an eyepiece graticule for measuring the pancreas
pages 8-15 Making observations page 100
Making labelled and annotated drawings
Dissection Using dissection instruments carefully to explore the
Module 3 anatomy of animal or plant organs
pages 59-60 Making observations

Making labelled and annotated drawings

Sampling techniques
Modules 4 and 6
pages 38-39 and 62-65

Using random and non-random sampling techniques
in the field

Making observations

Making labelled and annotated drawings

Analysing data from fieldwork investigations

Question 4 The effect
of a pollutant on a
common marine
invertebrate

page 95

Rates of enzyme-controlled
reactions

Module 2

pages 46-52

Using apparatus to collect quantitative
measurements

Making proportional and serial dilutions
Using data loggers to collect data

Using software to process data

Question 3 The effect
of pH on the rate of an
enzyme-controlled
reaction

page 92

Use of a colorimeter or a
potometer

Modules 2, 3and 5
Colorimeter: pages 25-26
Potometer: pages 60-61

Use of chromatography or
electrophoresis

Modules 2, 5 and 6
Chromatography:

pages 28-30
Electrophoresis: pages 73-74

Using a colorimeter to collect data
Using a potometer to investigate rates of water
uptake

Using thin-layer or paper chromatography to
separate biological compounds, e.g. chloroplast
pigments

Using electrophoresis to separate biological
compounds, e.g. DNA and proteins

Question 5 Protein
electrophoresis
page 97

Microbiological techniques
Module 6
pages 69-72

Using apparatus for a variety of techniques to study
growth and metabolism of microorganisms

Using agar plates and broth cultures

Making proportional and serial dilutions

Transport in and out of
cells

Module 2

pages 31-35

Using apparatus to collect quantitative
measurements

Using laboratory glassware to make solutions
Using ICT to collect and/or process data
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able 29 Lontingency table for data on the distribution of flat periwinkles. The
expected numbers, assuming no association between the colour morphs and
position on the serrated wrack, are given in square brackets

Yellow 82[107] 1421171 224
Brown 179 [154] 145170] 324
Column totals 261 287 Grand total

548
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Table 8 How to calculate the surface area-to-volume ratios for three shapes that
represent microorganisms, animals, plants and organs (e.g. leaves and roots)
Shape  Surfacearea  Volume

SA/V rat
Cuboid | (2 w) + (2x wh) | lwh 0.6:1
+ (2 (h)
Cylinder | 2nrh + 2m2 wh 0.2:1
Sphere | 4nr? e 0.3
3
anll= i, =t o= e, 6= ClEmmear = r=olis, m= 2,
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Figure 14 Preparing an extract of chloroplast pigments from leaves of young grass
plants and separating them using thin-layer chromatography

Running solvent
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lable 23 Uata collected by students from an interrupted belt transect
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lable 7 Estimates of reducing sugar content of three samples using colour standards
as shown in Table 6
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Figure 22 A bar chart showing catalase activity in different tissues
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Figure 9 Reagent test strips for detecting the presence of
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Table 14 Summary of the quantitative data in Table 13

Mass/g ength/mm  Number of prickles

Range 1.03-0.38=0.65 | 108-60=48 22-2-20
Number [n) 30 30 30

Mean (x) 0.65 80.0 15

sD 0.20 127 5

SE 0.04 22 1

95% confidence

interval 0.07 bk 2

Median 0.58 81 17

Mode 0.57 77 19
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Table 13 Part of the students spreadsheet with results from sampling holly leaves

1 X 0 0.38 60 16

v 7 0.39 60 19
3 v 5 0.46 64 15
28 X 0 1.00 95 5
29 v ) 1.01 100 17

30 X 0 1.03 108 7
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lable 12 Types of variable and types of data with examples from Figure 18 and

elsewhere in this guide

Type of
variable

Qualitative:
categorical

Type of data

Nominal

Holly leaf miner Other examples in this guide

investigation
Presence or
absence of leaf
mines

(and page numbers)

Presence or absence of starch
(page 51)

Fruit flies with straight or curled
wings (page 76

Ordered

Ordinal (ranked)

Relative area of
each leaf mine

Degrees of cloudiness (page 24)
Abundance scales [e.g. ACFOR
~ags 64]

Quantitative:

Interval (having

Length and mass

Mass of potato pieces (page 33)

continuous | any value, e.g. | of each holly leaf
1.0,25..)

Discrete Interval Number of Numbers of mollusc species in
integers only, | prickles on each | different areas [page 63)
eg.1,2,3.) | holly leaf






OEBPS/images/16-4.gif
76
3/4x32:7:24





OEBPS/images/39-3.gif
13
percentage of leaves that have mines = — x 100 = 43.3%





OEBPS/images/cover.jpg
STUDENT GUIDE For the 2015 specifications

Practical
Biology Aand B

Richard Fosbery





OEBPS/images/50-1.gif
Table 20 Qualitative data recorded during an investigation of the effect of different
concentrations of amylase on the rate of hydrolysis of starch

1 Blue/black | Blue/black | Blue/black Very dark brown | Dark brown

2 Blue/black |Blue/black |Very dark brown | Dark brown Dark brown

3 Blue/black | Dark brown | Dark brown Dark brown Light brown

4 Blue/black | Dark brown | Light brown Light brown Yellow [no change)
5 Blue/black | Light brown | Light brown Yellow [no change] | Yellow

6 Blue/black | Light brown | Yellow (no change] |Yellow Yellow

7 Blue/black | Light brown | Yellow Yellow Yellow

8 Blue/black | Light brown | Yellow Yellow Yellow

9 Blue/black | Yellow Yellow Yellow Yellow

[no change)
10 Blue/black | Yellow Yellow Yellow Yellow
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Figure 2 A low-power drawing of a cross-section of a leaf of privet, L. ovalifolium





OEBPS/images/9-1.jpg
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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lable 2

on Trachea (T) and Pancreas Liver
lungs (L)
Low power Ciliated epithelium, | Glomeruli, Exocrine Lobules
(x40/x100) | cartilage and blood vessels |(acinar] tissue, | [separated
smooth muscle (T) islets of by connective
Blood vessels (L) Langerhans, tissue) each
Bronchi, blood vessels | with portal
bronchioles (L) areasand a
central vein
High power | Gobletcells (T) | Proximal Protein- Hepatocytes,
(x400) Squamous and distal secreting cells: | sinusoids,
epithelium of convoluted acinar cellsin | branches of
alveoli (L) tubules, loops, |the exocrine the bile duct,
collecting tissueand o | hepatic artery
ducts and and B cellsin | and hepatic
capillaries the islets portal vein
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lable 11 Appearance of blood diluted by different concentrations of sodium chloride

0.0 Yes No None present
3.0 Yes No None present

7.0 No Yes As normal blood
9.0 No Yes As normal blood

15.0 No Yes Crinkly
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Table 28 Uritical values for the chi-squared test with information about how to
interpret the value of 32

11000016 [0.016]0.46 [2.71|3.84 5.41 6.64 10.83
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Figure 21 Time-course graph for the decomposition of hydrogen peroxide by catalase
data from Table 18]





OEBPS/images/24-2.gif
lable 6 Results of the Benedict s test carried out on a range of concentrations of
glucose and three samples with unknown concentrations of reducing sugar
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lable 17 Rate of decomposition of hydrogen peroxide by catalase in six different
plant tissues

Plant material Time taken to collect Rate of gas Rate of gas
5cm? gas/s production/cm3s-! production/cm3min-1

Celery n 0.455 27.30

Carrot 132 0.038 2.28

Potato 23 0.217 13.02

Lettuce 51 0.098 5.88

Mung beans 4 1.250 75.00

Apple 255 0.019 114
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Figure 19 Histogram of leaf length for the data on holly leaves in Table 13
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Figure 15 A chromatogram of chloroplast pigments. It may also be possible to see two
phaeophytins and three xanthophylls. The exact position of each pigment (and its R
value) may vary according to the solvents used
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Figure 35 A log scale on the y-axis with three cycles — 0.1 to 1.0, 1.0 to 10.0 and 10.0
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Figure 18 Some holly leaves with and without mines, showing variation in colour, size
shape and number of prickles
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Figure 6 Calibrating an eyepiece graticule. The eyepiece is aligned with the stage
micrometer to see how many divisions on the graticule represent 0.1mm. 10 divisions
on the graticule represent 0.3mm. Each small graticule division = 0.03mm or 30um
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Figure 7 Using an eyepiece graticule to make measurements from a microscope
and calculate magnification of a plan drawing of a vascular bundle from the stem of
Ranunculus
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Figure 4 Lower epidermis of C. muralis (a) showing the arrangement
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Figure 16 Student drawings of cells from the epidermis of an onion (a) before and
(b) after irrigating with 1 moldm™3 potassium nitrate solution
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Figure 26 The effect of random errors on processed data
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Table 27 The steps to follow when completing a table to calculate chi-squared (y°)

Step 1: Make
atablewith
six columns

Step 3:
Write in the
observed
number for
each category

Step 4:
Write in the
expected
numbers

Step 5:
Calculate
0-E

Step 6: Square the
figures in column 4

Step 7: Divide the
figures in column
5 by the expected
numbers in column 3

Categories 0-E1 (0-EVE
Straight wings, 185 110 ax 398 73.96
normal bristles

Straight wings,

spineless 18 100 -82 €124 6124
bristles

(Chrdloiners, % 110 8¢ ) 70.56
normal bristles

Curled wings,

spineless 180 100 80 6400 64.00
bristles

Totals 400 400 2= 27576
Step 2: Wi

‘;Zzateg;‘:z‘; Step 8: Calculate the

total in column 6
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Figure 5A student drawing showing detail of the lower epidermis of C. muralis
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Figure 29 A typical school or college potometer for measuring the rate of water
uptake by leafy shoots
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lable 26 The steps to follow when completing a table to calculate Spearman's rank
correlation coefficient (r.)

Lightintensity/lux ~ Rank  Numberof  Rank D2
mayflies
25 105 7 1 0.25
25 105 1 10 0.25
31 75 18 9 2.25
31 75 21 7 0.25
31 75 2% 6 2.25
31 7.5 28 45 3 9
39 45 28 45 0 0
39 45 52 15 3 9
42 25 44 3 -05 0.25
42 25 52 15 1 1
43 1 19 8 -7 49
02 735
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Figure 35 Culturing bacteria on a streak plate. The Bunsen burner creates an updraft
of air carrying any bacteria or fungal spores away from the open agar plate
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Figure 17 Accuracy: results obtained by four students, A-D
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Figure 3 A high-power drawing of three palisade mesophyll cells from Figure 1
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lable 7 he eftect of Immersion in different concentrations of sucrose solution on the
mass of pieces of potato storage tissue

Concentra Mean
Final  Changein Percentage  percentage
mass/g mass/g mass/g change in mass change in mass

126 | 149 0.23 18.3

0.0 1.26 | 151 0.25 19.8 19.3
122 | 146 0.24 19.7
122 | 131 0.09 7.4

02 127 | 132 0.05 39 5.4
1.25 | 131 0.06 48
143 | 129 | -0.44 -9.8

04 132 | 126 | -0.06 -45 -17
187 | 125 | -0.42 -88
182 | 110 | -0.22 -16.7

06 126 | 107 | -049 -15.1 -15.2
1.22 | 105 | -047 -139
128 | 098 | -0.30 -23.4

08 1.25 1.01 -0.24 -19.2 -213
1.23 | 097 | -0.26 -21.1
1.31 096 | -0.35 -26.7

1.0 1.27 1.00 -0.27 -213 -233
123 | 096 | -027 -22.0
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Figure 23 Procedure for investigating hydrolysis of starch by amylase
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lable 17 Lengths and widths of 30 holly leaves collected from trees growing
alongside a busy road

Length/mm 45.8 8.3 65-33=232 3.0
Width/mm 26.5 5.8 39 -14=25 2.1
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Figure 13 (a) A simple colorimeter measuring the absorbance of a red solution. This
colorimeter has three filters: red, blue and green. Blue or green, but not red, can be
used for a red solution. Ideally the same cuvette should be used for each measurement
to avoid errors. (b) A diagram to show the pathway of light in a colorimeter
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lable 25 The light Intensity and abundance of two groups of mayfly nymphs at 11
sampling sites along upland streams

Sample si Number of mayfly nymphs
Flattened Swimming

1 25 7 32
2 25 16 56
3 3.1 18 6
4 3.1 21 17
5 3.1 24 6
) 3.1 28 12
7 39 28 35
8 39 52 14
9 4.2 4b 36
10 4.2 52 32
11 4.3 19 15
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Figure 33 Scatter graphs to show the abundance of two types of mayfly nymph at
different sites on upland streams
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Figure 10 A positive and a negative result with the emulsion test
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Table 16 Lritical values for the Student s t-test

rees of

Decreasing value of p

freedom 0.10 (10%) (5%) 01 (1%)
5 2.02 2.57 403
3 1.94 245 37
7 1.89 236 3.50
8 1.86 2.31 336
9 183 2.26 3.25
10 1.81 2.23 3.7
1 1.80 2.20 31
12 1.78 2.18 3.05
1% 176 215 298
1 1.75 212 292
18 173 2.10 288
2 1.72 2.09 285
25 1.7 2.06 280
30 1.70 2.04 2.75
>30 1.64 1.96 258
p>0.05 p<0.05 p<0.01 p<0.001
Results are not |Resultsare | Results Results are
significantly  |significantly |are highly | very highly
different different significant | significant






OEBPS/images/64-1.gif
Abundance scale

5 T T T T T T J
0 10 20 30 40 50 60 70
Distance/m

Figure 30 How to draw a kite diagram
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Figure 11 A positive and a neqgative result with the biuret test
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Figure 31 The distribution and abundance of organisms along a transect,
shown in a kite diagram





