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Introduction
A common language
The study of IGCSE biology, chemistry or physics requires a good level of mathematical
understanding. Students are often taught differently in maths lessons from how they are
taught in their science lessons. In some cases, students are not taught maths explicitly in
science contexts. It is assumed this has already been done as part of the maths curriculum.
This can leave students confused about essential mathematical concepts. Even when
students understand a mathematical concept in their maths lessons, they often struggle
to apply their maths learning in a science context. For example, students may be able to
rearrange the equation y = xz; but when faced with power = volts × current they struggle to
recognise the link with what they have learnt in maths.
This series of three maths skills workbooks breaks down the key areas of maths needed by
students studying IGCSE biology, chemistry and physics. The workbooks use clear maths
strategies in a science concept so that students can see immediately how the maths skills
link with their science learning.
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Cambridge University Press have worked closely with the Association of Science Education
using their publication The Language of Mathematics in Science to inform the planning
for this set of workbooks. The Language of Mathematics in Science booklet, freely
downloadable from www.ase.org.uk, was produced as the end-product of a project which
involved a collaboration between maths and science educators. The aim was to create
greater unification in the use and meaning of key mathematical language. For example, a
‘line’ in mathematics must be straight whereas in science a best-fit line may be curved. The
project also explored approaches to teaching students mathematical concepts that ensure
mathematical understanding rather than quick fixes.
The maths skills workbooks use the core vocabulary from The Language of Mathematics
in Science publication, adapted in places to match Cambridge International IGCSE
requirements. A glossary is included in each workbook.
The maths skills workbooks provide a valuable addition to the suite of resources by
Cambridge University Press that support teacher and students preparing for Cambridge
IGCSE in biology, chemistry and physics; they also provide a sound foundation on which to
embark on further study.
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A mathematical approach
Explicit teaching of mathematical techniques and understandings in a science context will
help students to transfer their understanding between the subjects.
These workbooks are organised into chapters based on the mathematical requirements of
the Biology (0610), Chemistry (0620) and Physics (0625) IGCSE courses. The workbooks
devote more space to mathematical explanation and practice than a conventional science
textbook or workbook. This enables each maths focus to be broken down into discrete
‘maths skills’ that together enable students to master more complex mathematical
procedures. Scaffolding is used to provide an understanding of the basic concepts first,
before moving on to the more complex skills.

A scientific context
Unlike a basic maths workbook, the maths skills in these workbooks make the links with the
science subject content clear. Practice questions are placed in appropriate syllabus-related
science contexts to support students in transferring their mathematical skills to their science
learning.

Teacher and student support
The workbooks aim to provide support by providing clear
explanations and step-by-step approaches to mathematical
concepts. Through links with The Language of Mathematics
in Science project teachers may be reassured that the
approaches are consistent with those suitable for the maths
classroom. Developing links with your maths department
is a key strategy that the project recommends in order
to improve consistency of approach for students in
your school.
Students embarking upon Cambridge IGCSE science
courses will have a variety of mathematical experiences and
aptitude. The workbooks support a range of students, from
those who need consolidation of their basic maths skills
to those whose science will benefit from gaining a greater
mathematical insight and understanding. The maths skills
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are written in such a way as to explain every stage needed. For example, reading of line
graphs takes the student step-by-step through how to track from a value on the horizontal
axis to the plotted line and then across to read a value from the vertical axis. This allows
students to fill in any gaps in their mathematical understanding ensuring that students
do not get ‘left behind’. More mathematically confident students are challenged to relate
concepts such as ratio and algebra to their science learning.

Overview of the maths skills
workbooks
How was the content of the workbooks chosen?
The content of the workbooks covers the mathematical requirements of the Cambridge
IGCSE as well as mathematical skills needed for the practical component. In some places
the content is explicitly covered in the syllabus, for example moles calculations in Chemistry
or the rearrangement of specific equations in Physics.
In addition to the mathematical content, subject-based contexts have been chosen based
on when in the course students are most likely to need specific mathematical skills. In
Chemistry and Biology one maths focus may be placed in a subject-based context. For
example, in Biology bar charts have been linked with discontinuous variation and line
graphs with rates of reaction in Chemistry. In Physics many of the skills are needed in a
range of different subject contexts. In these situations, for example rearranging equations,
practice questions are set in different contexts.

How is the maths content organised?
Each maths skills workbook consists of six chapters. These are common to Biology,
Chemistry and Physics. The chapter headings are adapted from those used in the ASE
publication The Language of Mathematics in Science so that this resource may be used to
provide additional teacher support.
The chapters have been adjusted to optimise support for the Cambridge IGCSE syllabus.
Each chapter consists of one or more maths focus. These are broadly similar across all
three titles, with some variation to allow for subject-specific needs.
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Chapter 1: Representing values
This introductory chapter ensures that students are confident in the fundamental maths
needed to understand the numbers and measurements that they will encounter during
their IGCSE course. Contents include using units, representing very small and very large
numbers, and using unit prefixes.

Chapter 2: Working with data
This chapter provides essential preparation for the maths needed as part of the practical
requirements of the IGCSE courses. It includes, practice questions on reading scales and
guidance on how to present data in tables.

Chapter 3: Drawing graphs and charts
This chapter breaks down the skills needed to draw bar charts and line graphs. Guidance
and practice is given on choosing and labelling axes, determining scales, drawing bars,
plotting points and drawing best-fit lines. Step-by-step instructions for constructing pie
charts form part of the Chemistry workbook chapter and histograms are covered in the
Biology workbook.

Chapter 4: Interpreting data
This chapter aims to improve students’ skills in interpreting a range of charts and graphs.
Skills developed include reading values from a graph and interpreting the relationship
between variables shown in a line graph.

Chapter 5: Doing calculations
This chapter is much more subject-specific and includes both core and supplement
material. For example, the Biology workbook explains how to interpret scale drawings and
how to understand magnifications. The Chemistry workbook uses this chapter to support
students in carrying out mole calculations. Both Chemistry and Biology workbooks develop
students’ understanding of ratio, in Biology to support genetics work and in Chemistry
related to the stoichiometry of chemical equations. The Physics workbook includes
substantial support on working with a range of equations from a variety of topics, including
electric circuits. It builds confidence in tackling more complex calculations involving more
than one equation, such as solving a problem using gravitational potential energy and
efficiency.
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Chapter 6: Working with shape
In the Biology workbook this chapter shows students how to calculate areas and how this is
useful in Biology. The chemistry workbook develops a more mathematical understanding of
surface area to volume ratio to support learning about rates of reaction and catalysts. The
physics workbook covers key physics content such as the drawing of ray diagrams, and
working with vectors.

How to use the workbooks effectively
The workbooks are very versatile and may be used at every stage in the learning process.

Before
You can use the workbooks to ensure your students have the maths skills needed to access
the course. Chapters 1 and 2 are suited to this purpose.

During
You may find it helpful to integrate the workbook exercises with your course so that
students are able to develop their maths skills alongside their science learning. Look
at the subject contexts in Chapter 5 to prioritise where this approach would be most
beneficial. The workbooks also include maths skills that are essential for practical work,
such as reading a scale to measure the volume of a liquid accurately (including taking the
measurement at the bottom of the meniscus). You could interleave practical work with
practice in a relevant maths skill.

After
Sometimes your focus will be on the science learning, for example, you may be explaining
rates of reaction or photosynthesis, but you may find that students need further support in
how to draw or interpret the graphs. Chapters 3 and 4 could be used for this purpose (or
integrated as part of the topics).
The workbooks may be used as part of a variety of approaches to teaching.

Whole-class teaching
Use the clear explanations and step-by-step guidance to introduce and explain a specific
maths skill to your class. Model how to tackle the maths skills using the worked example
provided before allowing students to complete the practice questions.
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Independent learning
The workbooks have been written in clear language to enable students to read and
understand the explanations. The worked examples mean that students can follow the
maths independently before practising the questions provided. Use the workbooks to set
homework to students that is tailored to the science topic they are studying, or that targets
identified gaps in their maths understanding.

Small-group teaching or 1:1 intervention
The workbooks break down the maths skills into manageable chunks. This makes them
ideally suited to support students who are struggling with the maths understanding required
for the IGCSE courses. The workbooks could be used to provide a support programme to
help these students catch up with their peers.

Look inside…
The workbooks are clearly structured and sign-posted to support teachers and students in
understanding the maths skills that they need to succeed at IGCSE Biology, Chemistry or
Physics.
Each Maths Focus is broken down into smaller, more specific maths skills. These skills are
listed in a table at the start of each maths focus along with bullet points summarising how
to approach them. Further questions are provided at the end of each chapter for additional
practice and consolidation. Often these require students to combine some of the maths
skills that they have learnt.
The features on each page are designed to take teachers and students through each maths
skill in a simple and straightforward way, including a step-by step worked example and
practice questions. Space is provided to record answers so that students may keep the
completed workbook for reference and revision purposes.
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Watch out! boxes alert students
to tricky issues that may cause
confusion or lead to mistakes.

Answer space allows students
to produce clear and organised
answers that can be referred to
throughout the course.

Introductory text explains clearly
how the maths links to the science
so students understand why the
maths skills are important.

Link boxes tells students
where else in this workbook
they may use the math skill.

Chapter 1: Representing values

Chapter 2: Working with data

Maths skill practice
WATCH OUT
It is vital that you
use the correct
measuring
equipment. For
example, you would
use a ruler marked
in millimetres to
measure the length
of a leaf. This will
allow you to give
a more accurate
measurement than a
metre ruler marked
only in centimetres.

See Maths
skill 2, ‘Correctly
reading the value
on measuring
instruments’, to
learn more about
how to measure
accurately.

When doing practical work in biology you will use apparatus to make measurements and
collect data. It is important that you record this data using an appropriate unit.
For example, if you measure the length of a leaf and record it as 5, it is not clear whether you
mean 5 millimetres or 5 centimetres. This difference in length is significant and will mean
that your results cannot be interpreted correctly.

Maths skill 1: Choosing the correct unit

25 cm3
25
20

Table 1.1 shows some of the measurements commonly used in biology, along with the
apparatus used to measure them and the units they can be measured in.
Measurement

Apparatus

Unit

length/width

ruler

millimetres

tape measure

centimetres

weighing scales

grams

15

volume

measuring cylinder

5

When measuring
small volumes you
should use a small
measuring cylinder
or a syringe. These
will give you the
most accurate
measurements.

kilograms
TIP

10

TIP

metres
mass

In Chapter 2 you
will learn how
to choose which
apparatus to use.
For example, if you
need to measure
a very small
volume, a pipette
is a better choice
than a measuring
cylinder.

The beaker would not be a good choice because measuring such small volumes in it
would not be very accurate. The markings on the side go up by 5 cm3 each time, so its
resolution is 5 cm3. You could only measure a volume accurately to the nearest 5 cm3 –
so it could not be used to measure out 1 cm3 accurately as the uncertainty of the
measurement would be high. For this reason, beakers are only used to measure
rough volumes.

LINK

How does using units relate to practical work in biology?

cubic centimetres

Figure 2.4 Does this beaker contain 1 cm3?

If you use this beaker to try to measure 1 cm3, your measurement will not be very
accurate – it will have a high uncertainty.
The measuring cylinder measures the same volume as the beaker, but it has a higher
resolution (0.5 cm3). It will give a more accurate measurement, as long as it is used
properly.

pipette
temperature

thermometer

degrees Celsius

time

stop clock

seconds

The best choice would be the syringe. This has a resolution of 0.2 cm3, and so would
give the most accurate measurement for small volumes.
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Table 1.1 Common measurements and apparatus used in biology
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Practice question 5
Which of the following instruments would be the best choice to measure 17 cm3 of water?

WORKED EXAMPLE 1

Give a reason for your answer.
A student investigates transpiration using a potometer. Figure 1.2 shows the apparatus
she uses.

A a 15 cm3 measuring cylinder
B a 25 cm3 beaker
C a 25 cm3 measuring cylinder
D a 50 cm3 measuring cylinder

WATCH OUT
Remember, mass
is measured in
kilograms (or
grams). Weight is a
force measured in
newtons.

transpiring
branch of the
plant, drawing up
water from the
potometer.

Practice question 6
Figure 2.5 shows a ruler.

reservoir
containing
water

0

1

2

3

4

5
cm

6

7

8

9

10
cm

11

12

13

14

15
cm

16

17

18

19

20
cm

Figure 2.5 A ruler

screw clip
air-tight seal

a What is the maximum length it can measure?
capillary tube air / water meniscus

ruler

b What is its resolution?
c Explain why a ruler that measures in millimetres will give a more accurate
measurement.

Figure 1.2 A potometer
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Tip boxes provide
short and helpful
advice.
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Individual maths skills
break down each
Maths Focus into more
manageable chunks.
Straight-forward practice
questions encourage
student success and
improve confidence.

The worked example provides
a step-by step approach
to tackling the maths that
students can learn and apply.
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Mathematical requirement
• add, subtract, multiply and divide
• use averages, decimals, fractions, percentages, ratios
and reciprocals
• use standard notation, including both positive and
negative indices
• understand significant figures and use them
appropriately
• recognise and use direct and inverse proportion
• use positive, whole number indices in algebraic
expressions
• draw charts and graphs from given data
• interpret charts and graphs
• determine the gradient and intercept of a graph
• select suitable scales and axes for graphs
• make approximate evaluations of numerical
expressions
• recall and use equations for the areas of a rectangle,
triangle and circle; and the volumes of a rectangular
block and a cylinder
• use mathematical instruments (ruler, compasses,
protractor and set square)
• understand the meaning of angle, curve,
circle, radius, diameter, circumference, square,
parallelogram, rectangle and diagonal
• solve equations of the form x = y + z and x = yz for
any one term when the other two are known
• recognise and use clockwise and anticlockwise
directions
• recognise and use points of the compass (N, S, E, W)
• use sines and inverse sines (Extended candidates
only).
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Physics: Jane Thompson
Jane Thompson is the Teaching and Learning Consultant (Science) at Bolton. She was
formerly a head of science and is interested in Physics in the environment. Jane has many
years’ experience of taking KS3 and KS4 students on cross-curricular science field trips.
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