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How to use this book
Welcome to Essential Skills for GCSE Biology. This book covers the major UK exam boards for Science: AQA, 
Edexcel (including Edexcel International GCSE), OCR 21st Century and Gateway, WJEC/Eduqas and CCEA. 
Where exam board requirements differ, these specifics are flagged. This book is designed to help you go beyond 
the subject-specific knowledge and develop the underlying essential skills needed to do well in GCSE Science. 
These skills include Maths, Literacy, and Working Scientifically, which now have an increased focus.

● The Maths chapter covers the five key areas required by the government, with different Biology-specific 
contexts. In your Biology exams, questions testing Maths Skills make up 10% of the marks available.

● The Literacy chapter will help you learn how to answer extended response questions. You will be 
expected to answer at least one of these per paper, depending on your specification and they are usually 
worth six marks.

● The Working Scientifically chapter covers the four key areas that are required in all GCSE sciences.
● The Revision chapter explains how to improve the efficiency of your revision using retrieval practice 

techniques.
● The Exam Skills chapter explains way of improving your performance in the actual exam.

To help you practise your skills, there is an exam-style paper at the end of the book, with another available 
online at www.hoddereducation.co.uk/EssentialSkillsBiology. While they are not designed to be accurate 
representations of any particular specification or exam paper, they are made up of exam-style questions 
and will require you to put your maths, literacy and practical skills into action. 

Key features
In addition to Key term and Tip boxes throughout the book, there are several other features designed to 
help you develop your skills.

A Worked examples
These boxes contain questions where the working 
required to reach the correct answer has been 
shown.

A

 Guided questions
These boxes guide you in the right direction,  
so you can work towards solving the question 
yourself.

B

 Practice questions
These exam-style questions will test your  
understanding of the subject.

C

 Expert commentary
These sample extended responses are provided with 
expert commentary, a mark and an explanation of 
why it was awarded.

A

 Peer assessment
These activities ask you to use a mark scheme to 
assess the sample answer and justify the score you 
have given.

B

 Improve the answer
These activities ask you to rewrite the sample  
answer to improve it and earn full marks.

C

Answers to all questions can be found at the back of the book. These are  
fully worked solutions with step-by-step calculations included. Answers  
for the second online exam-style paper can also be found online at  
www.hoddereducation.co.uk/EssentialSkillsBiology.

H Flags like this one 
will inform you 
of any specific 
exam board 
requirements.
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S  »  Arithmetic and numerical 
computation

Expressions in decimal form
Decimal numbers are those with digits to the right of the decimal point (.), for 
example 5.1 or 0.9.

Decimal numbers can be rounded up or down for simpler values and 
calculations. This rounding can be done as follows:

● Values ending in 0.5 or greater (0.6, 0.7, 0.8, 0.9) should be rounded up, for 
example 0.68 could be rounded to 0.7.

● Values ending in 0.4 or below (0.3, 0.2, 0.1) should be rounded down, for 
example 0.34 could be rounded to 0.3.

You should ensure that you round using the appropriate number of decimal 
places (d.p.) in answers to exam questions. This will probably depend on the 
number of significant figures used in the question (see pages 13–14 for more 
information on significant figures) or on the data provided.

In practical questions involving measurements, your answers should not have 
more decimal places than the least accurate measurement. For example, if a 
ruler is used to measure the area of the sides of a cube to the nearest 0.1 cm, 
the surface area (cm2) and volume (cm3) calculated using this value should not 
be given to more than one decimal place.

While most values have an exact number of decimal places, others might have 
recurring decimals (for example 13 = 0.333333333 recurring) or an infinite 
number of decimal places (like pi – π). These unusual values should always be 
rounded to the appropriate number of decimal places.

A Worked example
The volume of a human stomach was estimated as 1.065 litres. Write this volume to the nearest 0.1 litre.

Step 1 As the second decimal place value is 6 you should round up to one decimal place. 

Step 2 This gives an answer of: 1.065 litres = 1.1 litres (to the nearest 0.1 litre).

A

 Guided questions
1 A root had a diameter of 0.345 cm. Write this diameter to one decimal place.

 Step 1 The second decimal place is 4, so you should round down.

 Step 2 Root diameter to one decimal place = 

2 In an investigation into density of fungal tissue, a digital balance was used to measure the mass of a 
sample to the nearest 0.01 g. A ruler was used to measure the fungus to determine the volume. The 
ruler measured to the nearest 0.1 cm. The density in g/cm3 was then calculated.

 What is the maximum number of decimal places the density should be stated to?

 Step 1 The density was found using two pieces of apparatus, one that was accurate to two decimal places 
(the balance) and one that was accurate to one decimal place (the ruler). Remember that the calculated 
density should not use more decimal places than the least accurate piece of apparatus.

 Step 2 Number of decimal places = 

B

Tip
Decimal numbers can 
also often be used to 
express fractions, for 
example 1

2
= 0.5.

Tip
If creating results 
tables in your exam or 
a required practical, 
remember that all of 
the values should have 
the same number of 
decimal points.

Key term
Decimal places: The 
number of integers given 
after a decimal point.
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Arithmetic And numericAl computAtion

 Practice questions
3 An investigation into the activity of amylase yielded 6.8736 g of glucose. Write this mass to two 

decimal places. 

4 A food chain had a conversion efficiency of 10.2% between the primary consumer and secondary 
consumer, and 9.8% between the secondary consumer and the tertiary consumer. How many decimal 
places should the conversion efficiency of the producers to the primary consumers be given to? Explain 
your answer.

C

Expressions in standard form
In biology, we often use very large numbers or very small numbers. For example, 
the energy that a plant receives from the Sun could be 1 800 000 kJ/m2/yr while 
a bacterial cell can have a diameter of 0.005 mm. Rather than writing these 
numbers with many zeros, which can be difficult to read and understand, we can 
use standard form (also known as scientific notation) to present the numbers 
more compactly. Here are some examples: 

10 000 = 1 × 104

1000 = 1 × 103

100 = 1 × 102

10 = 1 × 101

0.1 = 1 × 10−1

0.01 = 1 × 10−2

0.001 = 1 × 10−3

0.0001 = 1 × 10−4

The number of zeros translates into a power of 10 when each number is written 
in standard form. Powers are written as superscript numbers – for example, 10 
to the power 2 is written as 102 – the small raised number 2 is the power.

A positive power means you multiply by that power of 10. Essentially, this 
means that you need to multiply by 10 the same number of times as the power. 
For example, 1 × 103 has the power 3, so we multiply 1 by 10 three times:

1 × 10 × 10 × 10 = 1000 = 1 × 103

When representing numbers that are smaller than 1 in standard form, you get 
negative powers (for example 1 × 10−1). Essentially, this means that you need to 
divide by 10 the same number of times as the power. For example, 1 × 10−2 has 
the power −2, so we need to divide 1 by 10 twice: 

1 ÷ 10 ÷ 10 = 0.01 = 1 × 10−2.

Tip
When multiplying 
numbers in standard 
form, add the powers 
together and multiply 
the other numbers.
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S  Worked examples
1 A xylem vessel has a width of 0.072 mm. Write this width in standard 

form.

 Step 1 We know that 0.01 = 1 × 10−2 

 Step 2 As the width is 0.072, replace the 1 with 7.2

 Step 3 This gives an answer of 0.072 mm = 7.2 × 10−2 mm

2 A temperate forest sample site was 2 × 103 m long and 1 × 103 m wide. 
What is the total area of this sample site?

 When multiplying numbers in standard form, add the powers together and 
multiply the other numbers.

2 × 103 × 1 × 103

= 2 × 1 × 103 + 3

= 2 × 106 m2

A

 Guided questions
1 A human lung contains 500 million alveoli. The mean volume of one 

alveolus is 4.2 × 10−3. What is the total mean volume of all the alveoli 
in this lung? Give your answer in standard form.

 Step 1 First convert the number of alveoli into standard form:

500 million = 

 Step 2 Now multiply the number of alveoli by the mean volume of one 
alveolus:

4.2 × 10−3 ×  = 

2 A species of bacterium divides every two hours. If there are 10 bacteria 
in the original population, how many bacteria would there be after 
24 hours? Use the equation below and give your answer in standard form:

Bacterial population = initial bacterial population × 2number of divisions

 Step 1 Work out how many divisions will occur in 24 hours. Do this by 
dividing the mean division time by the total time.

24 ÷ 2 = 12

 Therefore there are 12 divisions in 24 hours.

 Step 2 Substitute the values into the equation.

Bacterial population = 10 × 212 = 

B

 Practice questions
3 A fungal colony has an estimated mass of 605 000 kg. Give this number in 

standard form. 

4 A nucleus has a diameter of 0.005 mm. Write this number in standard form. 

5 A species of bacterium divides every 5 hours. If there are 200 bacteria in the 
original population, how many bacteria would there be after 30 hours? Use 
the equation in Guided question 2 and give your answer in standard form.

C

Key term
Mean: The mean is a type 
of average. Means are 
covered on pages 14–15.
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AC
Y Extended responses: Evaluate

When answering an ‘Evaluate’ question, you should use your biological 
knowledge to consider the evidence of the statement given in the question. You 
should come to a conclusion about the statement – this will usually involve 
stating if a conclusion is correct or if the use of a particular process is valid.

 Expert commentary
1 A plant fungal disease was observed to begin 

in the lower leaves and move up into the 
leaves higher up a plant. It was not observed 
moving to leaves below the point at which 
the fungus was introduced. A scientist 
concluded that this evidence suggested the 
fungal disease was being transported in the 
phloem rather than the xylem.

 Evaluate whether this conclusion uses the 
available evidence correctly. [6]

Student answer

The xylem transports minerals, ions and water 
up the plant. Xylem consist of tubes which 
contain lignin. The water moves up due to the 
transpiration stream. Phloem transports sugars 
made in photosynthesis from the leaves to the rest 
of the plant. This process is called translocation. 
The evidence given in the question suggests that 
the scientist is wrong, and the fungal disease is 
not moving by translocation.

This is a level 1 answer which would probably 
score two marks.

A

The functions of the xylem 
and phloem are described 
correctly.

 Peer assessment
2 A new device has been developed to treat diabetes. Stem cells, which produce insulin, are placed 

on a chip which is implanted in a patient’s body. Insulin is released when the body’s blood sugar is 
too high. The device is currently awaiting a clinical trial.

 Evaluate the effectiveness of this device in treating the different types of diabetes, and explain the 
importance of carrying out clinical trials. [6]

Student answer

The device could be useful when treating diabetes. Diabetes means that the pancreas will no longer 
produce insulin, which leads to the blood glucose concentration reaching too high levels. The implant will 
release insulin, which will cause the pancreas to convert the glucose into glycogen. This will cause the blood 
glucose concentration to fall to normal levels. This treatment could be particularly useful for obese people 
who are more likely to suffer from diabetes.

Clinical trials are trials of the treatment carried out on patients. They are important to test if the treatment 
is safe. In a treatment like this, it would be important to test to see if the implant was attacked by the 
body’s immune system. They also test for efficacy – this means testing for how effective the treatment is. 
The results of these trials can then be published to allow peer review of the data.

Use the mark scheme and indicative content below to award this answer a level and a mark.

B

While the conclusion 
is correct, the answer 
should make reference 
to the information about 
direction of the travel of 
the fungal disease, as 
given in the question.

The student comes to the 
correct conclusion that the 
scientist is incorrect, but 
this is not well explained.

The answer does not really 
answer the question. Most 
of the answer is just a 
description of xylem and 
phloem, with the fungal 
disease mentioned briefly 
at the end.
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how to Answer different commAnd words

Mark scheme

Level Description Mark
Level 3 A clear, well-structured and logical answer where all the material is relevant. The student sets out 

clearly the effectiveness of the device in treating the two different types of diabetes, and clearly 
details the importance of a clinical trial.

5–6

Level 2 A reasonably clear and logical answer with some structure, where most of the material is relevant. 
The student sets out how the device can treat diabetes but fails to fully explain its suitability for 
treating both types of diabetes. They make some comments on the importance of clinical trials, 
but miss out some important details.

3–4

Level 1 Few relevant points, a lack of clear structure or logical reasoning. The student gives a limited 
explanation of the device’s effectiveness in treating diabetes. and a limited explanation of the 
importance of clinical trials.

1–2

Level 0 No relevant content. 0
Indicative content:
● The treatment could be effective for patients with type 1 diabetes, as they do not produce insulin.
● The treatment would not be effective for patients with type 2 diabetes, as they do produce insulin but their 

cells no longer respond to it.
● When the patient’s blood glucose concentration goes too high, the chip will release insulin.
● This will reduce the blood glucose concentration, and bring it back to normal levels.
● This treatment would remove the need for insulin injections.
● Clinical trials are important to determine safety of the treatment, or if there are any side effects.
● Trials can also be used to determine the optimum dose, and test the efficacy of the treatment.
● Double-blind trials with placebos can be used so that no one knows which patients are receiving the 

treatment and which are receiving the placebo.
● The data from the trial can be peer reviewed to determine if the conclusions drawn from the trial are correct.

I would give this a level of     and a mark of    .

This is because …

 

 Improve the answer
3 Chlorosis is a plant condition which can be caused by a lack of 

chlorophyll and proteins. A gardener was finding that large numbers of 
their plants were suffering from this condition. They treated the plants 
by adding nitrate fertiliser.

 Evaluate the suitability of this treatment for the plants. [6]

Student answer

This should be a suitable treatment for the plants because the condition 
is caused by a lack of proteins, and nitrates are used by plants for protein 
synthesis. By adding nitrates to the soil, the plant will be able to take these in 
and use them for protein synthesis.

 Re-write this answer to improve it and obtain the full six marks.

C

The guidance and activities in this Literacy section should have helped you get 
to grips with what you need to do in order to do well in extended response 
questions. Remember that there are more opportunities to practise what you’ve 
learnt here by using the exam-style papers provided (see page 98 and online).
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3 Working Scientifically
Working scientifically is an area that is included as a required part of GCSE 
Biology, although you will never be asked specific questions that are labelled 
‘working scientifically’ in the exam. In reality, being able to work scientifically is 
a skill and a way of thinking – namely thinking like a scientist. This mindset can 
be hard to get into, but once you start thinking this way, it will be an incredibly 
useful skill for both GCSE and if you take biology to A-level and beyond.

Most of the working scientifically skills will be covered as you work through your 
course. This section is all about making you aware of these skills, so that you can 
look out for where they feature in your studies, and use these opportunities to 
develop your thinking.

Working scientifically includes several different skills, which fall broadly into the 
following areas:

1 the development of scientific thinking

2 experimental skills and strategies

3 analysis and evaluation

4 vocabulary, units, symbols and nomenclature.

This section will deal with the first three areas, as vocabulary, units, symbols 
and nomenclature are covered in the Maths and Literacy sections of this book 
(see page 5 and page 45, respectively).

 » Apparatus and techniques
As well as the four working scientifically areas, you are also required to 
demonstrate your capability in using a range of apparatus and techniques  
(AT skills). These are techniques that you will develop over your course as you 
complete the required practicals. In GCSE Biology, these are:

AT 1 Use of appropriate apparatus to make and record a range of measurements accurately, including length, area, 
mass, time, temperature, volume of liquids and gases, and pH.

AT 2 Safe use of appropriate heating devices and techniques, including use of a Bunsen burner and a water bath or 
electric heater.

AT 3 Use of appropriate apparatus and techniques for the observation and measurement of biological changes 
and/or processes.

AT 4 Safe and ethical use of living organisms (plants or animals) to measure physiological functions and responses 
to the environment.

AT 5 Measurement of rates of reaction by a variety of methods, including the production of gas, uptake of water 
and colour change of indicator.

AT 6 Application of appropriate sampling techniques to investigate the distribution and abundance of organisms in 
an ecosystem via direct use in the field.

AT 7 Use of appropriate apparatus, techniques and magnification – including microscopes – to make observations 
of biological specimens and produce labelled, scientific drawings.

AT 8 (single sciences only) – Use of appropriate techniques and qualitative reagents to identify biological 
molecules and processes in more complex and problem-solving contexts, including continuous sampling in an 
investigation.
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development of scientific thinking

Examples of how the AT skills might tie in to your learning are given below:

AT 1 •  Record length and area when drawing and labelling cells, and when carrying out ecological sampling.
•  Record clear areas produced by antibiotics or antiseptics on bacterial cultures.
• Record mass and time when investigating osmosis in plant tissues.
•  Record volumes, time, pH and temperature when investigating enzymes and rates of decay.
•  Record length and time when investigating factors that affect the growth of plants.
•  Record the rate of production of oxygen when investigating photosynthesis.

AT 2 •  Use a Bunsen burner and boiling water safely when testing for non-reducing sugars.
•  Use a water bath safely to control temperature in enzyme and photosynthesis investigations.

AT 3 • Use transects and quadrats in ecological sampling.
•  Select appropriate apparatus to measure reaction times, bacterial growth, osmosis, the rate of 

photosynthesis or growth of plants.
AT 4 • Carry out ecological sampling safely and ethically.

•  Measure the responses of plants to different environmental factors safely and ethically.
•  Measure the responses of bacteria to antibiotics and antiseptics safely and ethically.
• Carry out investigations into reaction times safely and ethically.

AT 5 • Measure the rate of water uptake in an osmosis investigation.
•  Measure the rate of an enzyme reaction using the colour change of an indicator.
•  Measure the rate of oxygen production in a photosynthesis investigation.

AT 6 •  Investigate the abundance and distribution of organisms using transects and quadrats.
AT 7 •  Make observations and produce labelled, scientific drawings when investigating plant growth and when 

using a light microscope.
AT 8 • Use qualitative reagents in tests for carbohydrates, proteins and lipids.

 »  Development of scientific 
thinking

This section covers how scientific thinking develops, which includes how 
theories evolve over time, the use of different models as a way of understanding 
concepts and the ethical issues associated with scientific research and methods. 
It also covers the importance of peer review and communicating scientific 
ideas.

How theories develop over time
The scientific method is the process of formulating a hypothesis and then 
testing it by carrying out investigations. The results of these investigations can 
then be used to check the hypothesis, and either reject or refine it. Successful 
hypotheses can then be used to develop theories which explain natural 
phenomena.

You could be asked to give examples of how specific scientific methods and 
theories have developed over time. This could include how new data from 
experiments or observations have led to these developments. You could also be 
presented with some data, and asked if it that data supports a particular theory.

A key example of the development of a theory in biology is the theory of 
evolution over time, outlined below:

Charles Darwin used his own observations, experimentation and the developing 
knowledge of geology and fossils to develop his theory of evolution. Darwin’s 
theory was extremely controversial, and it was only as new evidence became 
available – including the mechanisms of inheritance – that it became widely 
accepted. The evidence helped disprove alternative theories such as those of 

Key terms
Scientific method: The 
formulation, testing and 
modification of hypotheses 
by systematic observation, 
measurement and 
experiment.

Hypothesis: A proposed 
explanation for a 
phenomenon used as a 
starting point for further 
testing.

Phenomenon: An 
observation that prompts 
you to ask questions. The 
plural of phenomenon is 
phenomena.
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Y other scientists like Jean-Baptiste Lamarck, who believed that changes during a 
single organism’s lifetime could be inherited by their offspring. New discoveries, 
for example in the field of epigenetics, mean that our understanding of 
evolution will continue to develop.

Using biological models
There is an enormous range of models used in biology to help us explain and 
understand different concepts. These models can be divided into four categories:

1 Representational – these models describe a particular thing using shapes or 
analogies. For example, a model of the structure of a DNA molecule.

2 Mathematical – these models use data and calculations to make predictions. 
For example, using equations to model bacterial growth.

3 Descriptive – these models describe the features of a system and how they 
interact. For example, a description of the carbon cycle.

4 Computational – these are mathematical models run by a computer. 
For example, a computer model might be used to show the spread of an 
infectious disease in a population.

Models of the function of organ systems such as the circulatory system or 
respiratory system are often used in GCSE Biology. The simplest of these could 
be to use a bell jar to model pressure and volume changes in the lungs.

Appreciating the limitations of science 
and ethical issues
Science is an incredibly powerful tool to help us understand our world and also 
improve people’s lives. However, it is only a tool, which means it has limits – both 
those imposed by the natural world and what is realistically achievable, and also 
limits that we impose ourselves. Often, the limits we impose ourselves are because 
of ethical concerns. We need to constantly evaluate our use of science and decide 
whether any particular piece of scientific research is the ‘right’ thing to do. 

Ethical issues run through many different areas of biology. For example, one key 
ethical decision involves the use of living organisms in investigations. Exam 
questions may ask you to consider the ethical issues arising from a particular 
piece of research that involves killing the animal. In your answer to these types 
of questions, you might discuss ideas around an organism’s ‘right to life’ 
balanced against the potential benefits of the research.

Other ethical issues also arise in biology when considering cloning, IVF or the 
use of stem cells. These issues centre around the perceived rights of an embryo – 
some people believe that an embryo has a right to life, while other people 
believe that because an early embryo could not survive outside its mother, it is 
not truly alive, and therefore the benefits that derive from their use outweigh 
the ethical issues against their use.

Understanding the everyday and technological 
applications of science
You can see the impact of science all around you every day and everywhere you 
look. In the exam, you may be asked to describe examples of the technological 
applications of science within the biology specification.

Tip
You could be asked 
to give the limitations 
of a particular model. 
All models have some 
limitations as they are 
always an imperfect 
representation of reality. 
The key to a successful 
model is one that is 
representative enough 
without being too 
complex.

Key term
Ethical issues: Issues where 
a choice needs to be made 
between different options 
that are viewed as morally 
right (ethical) or wrong 
(unethical).
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