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How to use this book
Welcome to Essential Skills for GCSE Combined Science. 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 in recent years have 
an increased focus. 

l The Maths chapter covers the five key areas required by the government, with different Science-specific 
contexts. In your Science exams, questions testing Maths skills make up to 20% of the marks available 
with a 1:2:3 ratio for Biology, Chemistry and Physics.

l 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.

l The chapter on Working Scientifically covers the four key areas that are required in all GCSE sciences.

l The Revision chapter explains how to improve the efficiency of your revision using retrieval practice 
techniques.

l Finally, the Exam Tips chapter explains ways of improving your performance in the actual exam.

To help you practise your skills, there are three exam-style papers at the end of the book, with another 
three available online at www.hoddereducation.co.uk/EssentialSkillsCombinedScience.  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 example
These boxes contain questions where the working 
required to reach the answer has been shown.

A

 Guided questions
These 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 your score.

B

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

C

H Flags like this one 
will inform you 
of any specific 
exam board 
requirements.

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 three online exam-style papers can also be found online at  
www.hoddereducation.co.uk/EssentialSkillsCombinedScience.
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S  Practice question
2 The intensity I of the light received from a lighthouse is inversely proportional to the square of its 

distance from the observer d2. An experiment for a particular lighthouse gives the following data:

Intensity (W/m2) 720 360 240
d2 (m2) 2 4 6

 The intensity of the light received by a ship is 0.001 W/m2.

a Use the table to find the value of d2 for this ship.
b Use your answer to part a to show that the distance between the ship and the lighthouse is 1200 m.

C

 » Graphs
Science students are often asked to plot or interpret graphs arising from 
experimental data. This can take a number of different forms, including reading 
values off a graph or finding gradients and intercepts.

After carrying out an experiment, it is often useful to plot a graph to help analyse 
your results. A graph is an illustration of how two variables relate to one another. 

General construction
When drawing graphs, always:

l use graph paper for accuracy (otherwise your graph is just a sketch)

l draw it in pencil and rule the axes with a ruler (and have an eraser handy)

l label your axes, giving units where appropriate

l choose a suitable scale to make sure you use as much of the graph paper as 
possible – at the very least, half of the graph paper

l draw a line graph unless told otherwise 

l draw a straight line or curve of best fit.
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▲  Figure 1.9 Choosing scales

Graph 1 – a poor scale in the y 
direction that compresses the 
points into a small section of graph 
paper.

✗

Graph 2 – a good scale as the 
points fill more than half the graph 
paper in both x and y directions

✔

Tip
Use a ruler to read 
points off a graph. 
This helps ensure 
that you do not make 
mistakes.
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l It is also important when choosing a scale that you examine the data to 
establish whether it is necessary to start the scale(s) at zero. Graph 2 does 
not include the origin.

l Choose a simple scale increasing in multiples of 2, 5 or 10 – avoid using 
multiples of 3 or 7.
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▲  Figure 1.10 Choosing scales

Graph 3 – an acceptable scale 
that is easy to use.

✔

Graph 4 – a difficult scale that 
increases in threes.

✗

l The independent variable is placed on the x-axis and the dependent variable 
on the y-axis. Axes should be labelled with the name of the variables and 
the unit of measurement for each. For example, one of the labels may be 
temperature/°C or temperature in °C.

l Data points should be marked with a cross (✗) so that all points can be seen 
when a line of best fit is drawn.

l A line of best fit should be drawn. When judging the position of the line, there 
should be approximately the same number of data points on each side of the 
line; resist the temptation to simply connect the first and last points. The line 
of best fit can be either a straight line or a curve.
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▲  Figure 1.11 Drawing a best-fit line

Graph 5 does not show a best-fit  
line as there are too many points 
above the line.

✗

Graph 6 shows a best-fit line as 
there are approximately the same 
number of data points on each 
side of the line.

✔

Tip
A line of best fit 
is added by eye. 
You should use a 
transparent plastic 
ruler or a flexible 
curve to aid you.
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S l When drawing a best-fit line or curve, ignore any anomalous results.
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▲  Figure 1.12 Ignore anomalies when drawing a best-fit line

l The graph should have a title that summarises the relationship that is being 
illustrated – this should include the independent variable and the dependent 
variable. For example, a suitable title is ‘A graph of concentration against 
time for the reaction between magnesium and hydrochloric acid’ or simply 
‘A concentration–time graph for the reaction between magnesium and 
hydrochloric acid’.

Translating between graphical and 
numerical form
Most (but not all) of the graphs you will be asked to draw result in straight 
line graphs of positive gradient. There are two types of straight line graphs of 
positive gradient, each with a general equation.

l y = mx, where gradient is m and the line passes through the origin (0, 0); this 
shows proportionality,

l y = mx + c, where gradient is m and the line passes through the y-axis at a 
point (0, c); this shows a linear relationship but one that isn’t proportional. 
See page 62 for more on this.

You may also be asked to obtain numerical data from a graph in your exam. To 
do this, draw construction lines on the graph from the axes to meet the gradient 
as shown in the worked example. Use the lines to read off the value on the axes.

 Worked example
This graph shows how the current in a metal wire changes as the voltage across it increases.
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a Use the graph to find the voltage across the wire when the current flowing through it is 0.6 A.

 Step 1 Draw a vertical line (labelled A) from the point on the horizontal axis where the current is 0.6 A,  
up to the gradient.

 Step 2 Continue across from the gradient to where your horizontal line reaches the vertical axis. The 
reading on the vertical axis, 3 V, is the answer.

A

Tip
Not all lines of best 
fit go through the 
origin – before 
using the origin as a 
point always ask the 
question ‘does a 0 
in the independent 
produce a 0 in the 
dependent?

Tip
Students often 
think of graphs as 
having a straight 
line of best fit and 
a positive gradient, 
but remember that 
graphs can have a 
negative gradient, and 
that a line of best fit 
may be a curve.
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b Use the graph to find the current in the wire when the voltage across it is 4 V.

 Step 1 Draw a horizontal line (labelled B) from the point on the vertical axis where the voltage is 4 V, 
across to the gradient.

 Step 2 Continue down from the gradient to where your vertical line reaches the horizontal axis. The 
reading on the horizontal axis, 0.8 A, is the answer.

B Guided question
1 This graph shows how the speed of a cyclist changes with time.

0 1 2

Sp
ee

d 
(m

/s
)

Time (s)
3 4 5 6

0

2

4

6

8

10

12

a At what time is the cyclist travelling at 7 m/s?

 Step 1 This speed on the vertical axis is half way between  m/s and  m/s.

 Step 2 At this speed, draw a  line to the graph.

 Step 3 From the point where this line meets the graph, draw a  line to the time axis.

 Step 4 The line meets the time axis at  seconds. This is the answer.

b What is the speed of the cyclist when the time is 1.5 s?

 Step 1 This time on the horizontal axis is half way between  s and  s.

 Step 2 At this time, draw a  line to the graph.

 Step 3 From the point where this line meets the graph, draw a horizontal line to the  axis.

 Step 4 The line meets the speed axis at  m/s. This is the answer.

B

 Practice question
2 In an experiment some calcium carbonate and acid were placed in a conical flask on a balance and the 

balance reading recorded every minute. The results were recorded, and the graph shown below was drawn.
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S a Are there any results that you would ignore when drawing a best-fit curve?
b Look at the labels on the axes and describe any changes you would make.
c Suggest a title for this graph.
d Do you think the scale is appropriate in this graph? Explain your answer.

Understanding that y = mx + c represents a 
linear relationship
As we have already seen, all straight line graphs can be written in the form 
y = mx + c. This shows a linear relationship where the graph of y against x is a 
straight line that does not go through the (0, 0) origin.

In the equation y = mx + c:

l m = gradient of the line
l c = y intercept (the point where the line crosses the y-axis).

Therefore, if the line has a gradient of 2 and the y intercept is 0.1 the equation 
of the line would be: y = 2x + 0.1

This means that if x = 4 then y would be:

 y = 2 × 4 + 0.1

 y = 8.1

Straight lines that do go through the (0, 0) origin have the form y = mx. These 
lines are special because they show direct proportion.

In your exams, you could be asked to sketch a graph of a linear relationship. As 
the graph is a straight line, only two points are needed to draw the line, although 
it is recommended that you use a third point to check whether the line is correct.

If a set of axes is given in the question, it does not particularly matter which 
values on the x-axis you use to construct the line, as long as their corresponding 
y values are within the range shown on the y-axis. However, using points fairly 
far apart could make the line easier to draw accurately.

If the question leaves it up to you to draw the axes, make sure that the scale you 
choose for each axis covers the range of values in the given data. Do this by 
finding the maximum and minimum y values before starting to draw the axes.

 Worked examples
1 Look at these graphs.

0 Graph A
0

0 Graph B
0

 State which of the graphs show:

a a linear relationship b direct proportion.

A

0
0

Graph C 0 Graph D
0

H For WJEC/Eduqas 
GCSE Science 
Double Award, 
this is only 
required for HT 
students.

Tip
A straight line through 
the origin is the 
quickest test for a 
relationship of direct 
proportion.
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CY Extended responses: Use
The command word ‘Use’ means that the answer must be based on the 
information you are given in the question. Unless the information given in the 
question is used, no marks can be awarded. However, in some cases, you might 
also be asked to use your own knowledge and understanding.

Tip
‘Use’ is another 
command word that 
will nearly always 
appear with other 
command words. 
Again, it is important 
to make sure you read 
the entire question 
properly.

 Expert commentary
1 The diagram shows some of the sound waves 

in a school assembly hall. Some of the audience 
complain that the sound they hear is not very clear.

Sound
wave

 Use your knowledge of sound and the 
information provided in the diagram to explain 
why some people may not hear the sound 
clearly. You must refer to the cause of the 
problem, what the audience will hear and why, 
as well as how to correct the issue. [6]

Student answer

Some people in the audience hear the same 
sound several times because of echoes. The 
echoes arrive at different times.

Correcting the problem requires removing the 
echoes coming from the hard surfaces of the walls 
and sealing. This can be achieved by making the 
walls and sealing sound-proof.

This is a level 2 answer that would probably score 
three marks.

A

Most of this answer is valid 
and creditworthy.

The student correctly 
identifies the cause of the 
problem as echoes arriving 
at different times and what 
has to be done to solve it.

The student may 
be a little confused 
about soundproofing. 
Soundproofing stops 
sound passing through 
a material and can be 
done using highly sound-
reflective surfaces (which 
is the opposite to what is 
required here). They should 
instead be recommending 
sound absorbing surfaces 
to solve this problem.

Most marks have been lost 
by supplying an incomplete 
answer. The student has 
not used the information 
in the diagram to point out 
that echoes are reflections, 
that the path lengths of 
the echoes are different 
and how the echoes can be 
reduced by using named, 
softer surfaces.

There is only one spelling 
mistake. On two occasions 
the candidate referred to 
sealing instead of ceiling. 
This single mistake would 
be ignored.

B Peer assessment
2 In an experiment, lithium bromide, sodium bromide and potassium bromide 

were dissolved in water. The temperature change observed for each solid was 
measured. The same amount of each compound and water were used each 
time.

 Use the table of data to help you state and explain the results that  
should be obtained. [6]

Compound Energy change when dissolving/kJ
Lithium bromide -48.8
Sodium bromide -0.8
Potassium bromide +19.9

B Tip
In a six mark 
question, there will be 
at least six ideas the 
examiner is looking 
for. You must provide 
at least six relevant 
points in your answer 
if you are to achieve 
full marks.
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Student answer

For lithium bromide and sodium bromide the energy change is negative. A 
negative energy change means that the change is exothermic, heat is given out 
and the temperature has increased in the reaction. For potassium bromide the 
energy change is positive. This means that the temperature got colder in the 
reaction as heat is taken in. The results are for three group 1 metal compounds 
and they show a trend as you go down the group from lithium to potassium. The 
trend is that the temperature gets colder. Lithium bromide will show a greater 
temperature change than sodium bromide. It may also dissolve faster.

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

Mark scheme

Level descriptor Marks
Level 3: A detailed and coherent explanation is given that demonstrates 
a good knowledge and understanding and refers to energy changes and 
temperature changes for all three substances. 

5–6

Level 2: An explanation is given that demonstrates a reasonable knowledge 
and understanding and refers to energy changes or temperature changes for 
the three substances.

3–4

Level 1: Some simple statements are made that refer to at least one energy 
change or temperature change. 

1–2

No relevant content 0
Indicative content:
• lithium bromide and sodium bromide give out energy/heat/are exothermic 

on dissolving
• the temperature should increase when lithium bromide and sodium 

bromide dissolve
• potassium bromide takes in energy/heat and is endothermic when dissolving
• the temperature should decrease when potassium bromide dissolves
• the energy given out when lithium bromide dissolves is much greater than 

when sodium bromide dissolves
• the temperature change when lithium bromide dissolves is much greater 

than when sodium bromide dissolves

I would give this a level of     and a mark of    

This is because
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3 The diagram shows an ionisation smoke detector. The air gap between 

the source and the detector is about 1 cm wide. When there is no smoke, 
ionisation occurs in the air between the source and the detector. Provided 
enough ions arrive at the detector, no current is passed to the alarm circuit 
and the alarm is silent.

Ionisation
chamber

Alpha
source

Smoke

Grid to admit smoke

Detector
Wires to

alarm chamber

 Use the information given above to describe how a smoke detector can set 
off an alarm. In your answer you must:

– state fully what is meant by ionisation in this context
– state how smoke coming between the alpha source and the alpha detector 

causes the alarm to ring
– state whether the smoke detector would work if the alpha source was 

replaced with a beta or gamma source
– use the information in the source table to suggest which source might be 

most suitable for a domestic smoke detector and why. [6]

Student answer

1 Ionisation occurs when an atom or molecule becomes charged. This occurs 
when it gains an electron and becomes negatively charged.

2 Smoke arriving in the ionisation chamber stops the alpha particles reaching 
the detector.

3 This causes a current to be sent to the alarm circuit and the alarm goes off.

4 The beta particles are too small to get into the detector and set off the 
alarm. The gamma rays are so penetrating that they would go straight 
through the detector and not set off the alarm.

5 The neptunium-235 is most suitable because 460 years for americium is 
too long in a domestic smoke detector. People would have died before it is 
used up. Polonium-210 is unsuitable because it is a dangerous poison.

 Rewrite this answer to improve it and obtain the full six marks.

C

Alpha source Half-life
Americium-241 460 years
Neptunium-235 435 days
Polonium-210 140 days

Tip
A question that asks 
you to give an answer 
‘in this context’ 
requires you to apply 
your knowledge and 
understanding to the 
exact situation being 
discussed.
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a Which instrument has the least resolution?
b The students all decide to use the datalogger method and, independently, they obtain the following times 

(to 1 d.p.):

Student Time (seconds)
A 9.8 9.3 9.9 10.3 10.3
B 9.8 9.8 9.8 9.9 9.8
C 9.5 9.4 9.6 9.5 9.5

i Which student’s results have the greatest precision?
ii Which student’s results are neither reliable nor precise?

c Student A repeats the experiment. Why is this a good idea?

 » Analysis and evaluation
Once experimental results have been collected, they need to be presented, 
analysed and then evaluated so that you can write a reasoned conclusion.

Collecting, presenting and analysing data
When carrying out experiments you will often record your results in a table. 
However, it can be difficult to spot trends from a table, so you may decide to 
create a graph. Once in graph form, the gradient of the line and its intercept 
on the vertical axis can provide a more obvious indication of a trend. For more 
details on graphs, tables, distributions and analysing data, see the Maths skills 
chapter of this book.

Evaluating data
Evaluating the quality of data obtained in an investigation is very important 
because poor quality data may mean that any conclusions drawn from it are 
incorrect. When evaluating the quality of data collected in an investigation, you 
can talk about accuracy, precision, repeatability and reproducibility, but you should 
also consider uncertainty and errors that may have been made in the experiment.

Uncertainty
All data collected by a scientist contains an element of uncertainty. This can be 
due to the instrument’s lack of precision or inconsistencies in measurements 
made by the individual.

Uncertainty in a measurement is the maximum difference between the mean 
value and the experimental values.

If a student makes three measurements of the density of a liquid and obtains 
values (in g/cm3) of 1.48, 1.53 and 1.49, the mean is 1.50 g/cm3, and the 
uncertainty is calculated as 1.53 – 1.50 = 0.03 g/cm3. A large uncertainty means 
poor precision. Uncertainty can be represented on a graph by range bars. The 
larger the range bars, the more uncertain the results.

This is a problem because we cannot tell which of the values taken is best for 
our measurement.

The cause of experimental uncertainty is known as error. There are two types of 
error – random error and systematic error. Make sure you are aware of them 
so you can take steps to eliminate or reduce their effects.

Key terms
Random error: An error 
that causes a measurement 
to differ from the true 
value by different amounts 
each time.

Systematic error: An error 
that causes a measurement 
to differ from the true 
value by the same amount 
each time.
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Random error
A random error is one that causes a measurement to differ from the true value by 
different amounts each time. Three students measuring the volume of a cube are 
likely to come up with three different values. This is the result of random error. The 
error is randomly scattered about the true value. By making more measurements 
and calculating a new mean, we reduce the effects of random error.

Systematic error
A systematic error is one that causes a measurement to differ from the true 
value by the same amount each time. This will usually be due to the equipment 
used. If you have ever plotted a graph and found that it crossed the vertical 
axis when you expected it to go through the origin, the cause is likely to be a 
systematic error as all the results are different by the same amount. Systematic 
errors cannot be dealt with by simple repeats. Instead, you need to use a 
different technique or apparatus.

Repeatability, reproducibility and validity
When analysing results, they should also be ideally repeatable, reproducible and 
valid to ensure that they are useful.

l Results are repeatable if similar results are obtained when the investigation is 
repeated under the same conditions by the same investigator.

l Results are reproducible if similar results are obtained by different 
investigators using different equipment.

l Results are considered valid if the data is a correct measure of the property 
being investigated. For example, measuring the loudness of a sound is not a 
valid way to measure its speed.

We call results reliable if they fulfil the conditions of being valid, repeatable 
and reproducible. Reliable results are important in assessing whether we have 
discovered something meaningful. If results were, for example, repeatable but 
not reproducible, or reproducible but not valid, the results may be incorrect. 
Results that are simply repeatable are particularly untrustworthy as the person 
carrying out the experiments may just be repeating their mistakes again and 
again. Reproducible results give greater confidence that they are correct because 
several people or techniques are involved, but if the wrong thing is being 
investigated, it is still not valid or meaningful.

Tip
Anomalous results are 
values that are very 
different to the rest 
of the results from an 
investigation. If they 
have been produced 
by incorrect 
measurement, then 
they can be ignored 
when calculating 
means or carrying out 
further analysis.

Tip
Measurements 
can be repeatable 
but still subject to 
errors caused by the 
equipment used or 
by the investigator’s 
experimental 
technique. 
Reproducible results 
are less likely to 
contain such errors 
because the results 
are gathered using 
different equipment 
and by different 
investigators.

Questions
1 What are anomalous results?
2 Two students carried out experiments to find the percentage by mass of nitrogen in ammonium sulfate. The true 

value is 21.2%.

Student A 21.4% 21.2% 21.1% 21.3% 21.4%
Student B 22.5% 22.4% 22.6% 22.5% 22.5%

a Calculate the mean value for each student. State the uncertainty in the mean.
b Comment on the accuracy of the mean result for each student.
c Comment on the repeatability of the result for each student.
d Why did the results differ when each student repeated them?
e Explain if either of the students had a systematic error in their experiment.

3 In an experiment some calcium carbonate and acid were placed in a conical flask on a balance and the balance 
reading recorded every minute. The results were recorded and the graph shown below was drawn.

9781510459991.indb   119 08/05/19   9:46 PM



Sam
ple

120

3 
 W

OR
KI

NG
 S

CI
EN

TI
FI

CA
LL

Y

M
as

s 
o

f 
fl

as
k 

an
d

co
n

te
n

ts
 in

 g
ra

m
s

Time in minutes

102.0

101.0

100.0

99.0

0 2 4 6 81 3 5 7 9 1110

99.5

98.5

100.5

101.5

102.5

103.0

a Are there any results that you would ignore when drawing a best fit curve?
b At time 2 minutes what is the mass of the flask and contents?
c Describe the trend in the graph.
d How can the effect of random error be reduced in this practical?
e How would the effects of systematic error be reduced in this practical?

4 Decide whether each of the following will lead to a systematic or random error.
a Using an analogue ammeter with a zero error. 
b Forgetting to re-zero the balance in one repeat experiment. 
c Finding the density of saltwater when asked to find the density of ethanol.

5 Explain the difference between an error and a mistake when doing an experiment. 
6 What type of error does the technique of repeat and average reduce and why?
7 A wire is 98.4 cm long. A student measures the length with four different metre sticks. The results are: 96.8 cm, 

97.1 cm, 97.7 cm, 97.9 cm
a What type of error has been made by the student? 
 Give a reason for your answer. 
b Three other students measure the same length of wire with different metre sticks and they all get 98.4 cm.
 Which two of the following words apply to these measurements?
 reproducible, repeatable, valid

8 Why are reproducible results less likely to contain systematic errors than results that are just repeatable?
9 What do large range bars on a graph indicate?

 »  Scientific vocabulary, 
quantities, units and symbols

Science vocabulary
Science has its own vocabulary. Words used often have a very specific meaning. 
So, it is important to learn the definitions of technical terms to understand and 
create your own written science. A common mistake is to use words as they are 
understood by the non-scientist. For example, stating that the weight of an object 
is 50 kg, when you should be talking about mass. For information on scientific 
vocabulary used in GCSE Science, see Tables 2.2, 2.3 and 2.4 on page 87.

Science quantities, units and symbols
For information on the quantities and units used in science, as well as how 
to convert between them, refer to the Maths skills chapter of this book.
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