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Introduction

The IB Mathematical Studies SL student

The underpinning philosophy of the International Baccalaureate® is described in
the attributes of the IB learner profile. These attributes encapsulate the IB mission
statement and ideally should be embraced and modelled by students, teachers and
the entire school community:

Inguirers

Knowledgeable

Thinkers

Communicators

Principled

Op: inded

They develop their natural curiosity. They acquire the skills
necessary to conduct inquiry and research and show
independence in learning. They actively enjoy learning and this
love of learning will be sustained throughout their lives.

They explore concepts, ideas and issues that have local and
global significance. In so doing, they acquire in depth knowledge
and develop understanding across a broad and balanced range
of disciplines.

They exercise initiative in applying thinking skills critically and
creatively to recognize and approach complex problems, and
make reasoned, ethical decisions.

They understand and express ideas and information

confidently and creatively in more than one language and in a
variety of modes of communication. They work effectively and
willingly in collaboration with others.

They act with integrity and honesty, with a strong sense of
fairness, justice and respect for the dignity of the individual,
groups and ities. They take ibility for their own
actions and the consequences that accompany them.

Caring

Risk-takers

Balanced

Reflective

They und dand their own cultures and personal
histories, and are open to the perspectives, values and tradmons
of other individuals and ities. They are dto
seeking and evaluating a range of points of view, and are willing
to grow from the experience.

They show empathy, compassion and respect towards the needs
and feelings of others. They have a personal commitment to
service, and act to make a positive difference to the lives of others
and to the environment.

They approach unfamiliar situations and uncertainty with courage
and forethought, and have the independence of spirit to explore
new roles, ideas and strategies. They are brave and articulate in
defending their beliefs.

They understand the importance of intellectual, physical and
emotional balance to achieve personal wellbeing for themselves
and others.

They give thoughtful consideration to their own learning and
experience. They are able to assess and understand their strengths
and limitations in order to support their learning and personal
development.

©r ional it Organization 2007
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IB Mathematics grade descriptors

The following amplifies the grade descriptors from the IB. Students should have a
clear understanding of what is expected at each grade level.

o Grade 7 Bxcellent performance
Demonstrates a thorough knowledge and understanding of the syllabus;
successfully applies mathematical principles at a sophisticated level in a wide
variety of contexts; successfully uses problem-solving techniques in challenging
situations; recognizes patterns and structures, makes generalizations and justifies
conclusions; understands and explains the significance and reasonableness of
results, and draws full and relevant conclusions; communicates mathematics in a
clear, effective and concise manner, using correct techniques, notation and
terminology; demonstrates the ability to integrate knowledge, understanding and
skills from different areas of the course; uses technology proficiently.

© Grade 6 Very good performance
Demonstrates a broad knowledge and understanding of the syllabus; successfully
applies mathematical principles in a variety of contexts; uses problem-solving
techniques in challenging situations; recognizes patterns and structures, and makes
some generalizations; understands and explains the significance and reasonableness
of results, and draws relevant conclusions; communicates mathematics in a clear
and effective manner, using correct techniques, notation and terminology;
demonstrates some ability to integrate knowledge, understanding and skills from
different areas of the course; uses technology proficiently.

© Grade 5 Good performance

Demonstrates a good knowledge and understanding of the syllabus; successfully

applies mathematical principles in performing routine tasks; successfully carries

out mathematical processes in a variety of contexts, and recognizes patterns

and structures; understands the significance of results and draws some

conclusions; successfully uses problem-solving techniques in routine situations;

communicates mathematics effectively, using suitable notation and terminology;

demonstrates an awareness of the links between different areas of the course; uses

technology appropriately.

Grade 4 Satisfactory performance

Demonstrates a satisfactory knowledge of the syllabus; applies mathematical

principles in performing some routine tasks; successfully carries out mathematical

processes in straightforward contexts; shows some ability to recognize patterns

and structures; uses problem-solving techniques in routine situations; has limited
understanding of the significance of results and attempts to draw some
concluslons, communicates mathematics adequately, using some appropriate

i notation and inol uses technology satisfactorily.
Grade 3 Mediocre performance
Demonstrates partial knowledge of the syllabus and limited understanding of
mathematical principles in performing some routine tasks; attempts to carry out
mathematical processes in straightforward contexts; communicates some
mathematics, using appropriate techniques, notation or terminology; uses
technology to a limited extent.
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© Grade 2 Poor performance
Demonstrates limited knowledge of the syllabus; attempts to carry out mathematical
processes at a basic level; communicates some mathematics, but often uses
inappropriate techniques, notation or terminol uses technology ir

© Grade 1 Very poor performance
Demonstrates minimal knowledge of the syllabus; demonstrates little or no
ability to use mathematical processes, even when attempting routine tasks; is
unable to make effective use of technology.

1 1 Organization 2007

The syllabus and Mathematical Studies
for the IB Diploma Second Edition

This textbook fully covers the IB Mathematical Studies SL guide for first
examinations in 2014. The assessment breakdown is as follows:

Assessment Type Duration
External 15 compulsory short-response questions on 1 hr 30 min
Paper 1 entire syllabus

40%

90 marks

External 6 compulsory extended-response questions 1 hr 30 min
Paper 2 based on the entire syllabus

40%

90 marks

Internal project  The project is an individual piece of work involving 25 hours
20% the collection of information or the generation of

20 marks measurements, and the analysis and evaluation of

the information or measurements.

For the external assessments a formulae booklet will be provided.

The topics covered in this resource are in the same order as they appear in the
syllabus. Syllabus statements appear at the start of each topic. However, it is not
intended that teachers and students will necessarily follow this order. Teachers
should use this resource in the order which is appropriate for their school context.
Some content has been included which will not be examined but is still useful to be !
taught. These sections have been indicated with a dashed line down the right hand
side of the text. Each topic has explanations, examples, exercises and, at the end of
the topic, a number of student assessments and past IB examination questions to
reinforce leamning.

A resource such as this one is used primarily as preparation for an examination.
‘We have written a book which follows the syllabus and will provide excellent
preparation. However we have also tried to make the book more interesting than
that limited aim. We have written a twenty-first century book for students who will
probably be alive in the twenty-second century.
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Presumed knowledge

‘We are aware of the difficulties presented to teachers by students who are taking
this course and come from a variety of backgrounds and with widely differing levels
of previous mathematical knowledge. The syllabus refers to presumed knowledge.
At the start of the book, in each area of study — number, algebra, geometry,
trigonometry and statistics, we have included a section of assessments which can be
used to identify areas of weakness and as revision. These areas can then be studied
in more detail by reference to our IGCSE® textbook.

International mindedness

We are aware that students working from this resource will have begun full time
education in the twenty-first century. IB students come from many cultures and
have many different first languages. Sometimes, cultural and linguistic differences
can be an obstacle to und ding. However, mathematics is largely free from
cultural bias. Indeed, mathematics is considered by many to be a universal language.
Even a Japanese algebra text book with Japanese characters will include recognisable
equations using x and y. The authors are very aware of the major and fundamental
contribution made to mathematics by all cultures. Arabic, Indian, Greek and
Chinese scholars have learned from each other and given a basis for the work of
more recent mathematicians. We have introduced each topic with references to the
history of mathematics to give a context to students’ studies. The people who
extended the boundaries of mathematical knowledge are many. We have referred to
the major contributors by name, often with a photograph or other image.

The graphic display calculator

The syllabus places great emphasis on the appropriate use of the graphic display
calculator (GDC) in interpreting problems, so many teachers will wish to start with
the Introduction to the graphic display calculator. This gives a general overview of
the use of the GDC, which will assist students who may be unfamiliar with its use.
Throughout the book we have then built upon this foundation work and have
provided very clear and concise illustrations of exactly how such a calculator is used
(not merely showing how a graph might look.) It must be noted that use of a GDC
is not a substitution for authentic mathematical understanding. The two models of
calculators used are the Casio fx-9860G and the Texas TI-84 Plus. Instructions for
the Texas TI-Nspire for a selection of exercises are provided on the website.

We also refer to other computer software (Autograph and GeoGebra) where
appropriate.

Command terms and notation

Many examiners reports have highlighted that students are often uncertain what
specific command terms mean. Students should become familiar with all these words as
they will be faced with them during the external examinations. One such example is
the difference between ‘draw’ and ‘sketch’. This issue is dealt with on pages 309-310 of
the textbook. Students should also be familiar with the list of notation that the IB uses
in the external examinations. Students will not, however, be penalised in examinations
for using different appropriate notation but understanding the command terms is
essential. The IB has released a new list of command terms and notation with the new
guide and the full lists can be found on the hodderplus website.
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bbbl

Links to other
Diploma subjects are
made in blue boxes at
the side of the text.

The website

The material on the accompanying website is indicated through the book by
coloured icons. These are:

powerpoints,
spreadsheets,

GeoGebra files, and

Personal Tutor presentations, step-by-step audio visual explanations of the harder
concepts.

‘We hope that providing free access to this material will enable all students to
engage with this invaluable material. A copy of the GeoGebra installer is also
available to download.

The website also contains answers to the revision exercises, worked solutions to
all the exercises and student assessments throughout the book and instructions for
the use of the Texas TI-Nspire.

Applications and theory of knowledge

These areas should form a vital part of this course. The textbook therefore has a
section at the end of each topic for discussion points such as ‘Applications”

), ‘Project ideas’ (green) and ‘Theory of Knowledge’ (pink). Students
should not underestimate the importance of this facet of the course which is why
we have given it a dedicated section at the end of each topic. It is worthwhile to
explore these ideas as discussions in lessons to emphasize and explore one of the
core elements of the IB diploma programme.

Revision exercises

At the end of the book is a revision section, with exercises covering the whole course.
It is expected that students will also have access to previous examination papers.

Internal assessment

A project is chosen by the student and is assessed by their teacher and then is
externally moderated using assessment criteria that relate to objectives for Group 5
Mathematics. These criteria are as follows:

Criterion A Introduction 3 marks
Criterion B Information/measurement 3 marks
Criterion C Mathematical processes 5 marks
Criterion D Interpretation of results 3 marks
Criterion E Validity 1 mark
Criterion F Structure and communication 3 marks
Criterion G Notation and terminology 2 marks

Total 20 marks
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Project ideas

Project ideas can be found at the end of each topic (on green notes). They are only
ideas and are not intended to be project titles. Where it is suggested that students
extend their mathematical knowledge as part of the project it is important to discuss
this thoroughly with a teacher, both before starting and as the project progresses.

Many teachers feel that too many students choose statistics projects which are
too limited in the scope of the mathematics used. Students can look outside the
syllabus; it may even be advantageous to look at areas of maths such as symmetry,
topology, optimisation, matrices, advanced probability, calculus, linear
programming and even mathematics as it applies to art, music and architecture (but
be sure that maths is the emphasis). Your teacher is allowed to give help and
guidance, so students should discuss their ideas before starting their project to be
sure that it is feasible.

Possible approach for a project

Before starting to plan your project there are a number of things to consider. Your

project is assessed according to a number of headings (criteria) as listed on the

previous page; these will be referred to below.

1 The project is part of your assessment. You should aim for the highest possible
mark.

)

The project is expected to take more time to prepare, plan and complete than
even the longest of the seven topics in the Mathematical Studies syllabus. So
allow yourself time to get this work done.

3 This is your mathematics project and is meant to reflect your mathematical
ability. You would think this does not need to be stated. However it is a fact that
many teachers will have received projects which:

have a very interesting title (but little to do with maths)

are beautifully presented (but have little mathematical content)

have a lot of very repetitive, low-level maths (e.g. lots and lots of bar charts)

contain mathematics far above the ability of the student submitting it (be

prepared to explain anything that you write).

»

ae o

Y

You should try to involve mathematics from as many topics in this course as you
can, and at the highest level possible. A sensible choice of project will allow you to
show the mathematical knowledge you have gained, but in a different way than in a
formal exam. You should plan to use a further mathematical process above that in
the Mathematical Studies syllabus (your teacher may help with this).

[

The more general the project title, the easier it is to extend it into a variety of
areas.

Below is an indication of how a project might be approached. The mathematics
involved will be taught as you go through the course but we have shown where it is
in the book should you wish to have a look.



Introduction  xi

Title: Bacteria (Note: This is a very ‘open’ title.)
A Criterion A T duction: Your i
detailed plan.

Example:  This project will be in four sections.
Section 1 will look at the possible ways that bacteria could grow. By
drawing up a table of results it should be possible to obtain general
algebraic formulae for ways in which bacteria grow.

Section 2 will look at graphs of these results. The functions involved
are expected to be exponential functions so this application will be
studied further.

Section 3 will require the collection of secondary data about the
spread of epidemics.

Section 4 will look at clinical trials and how, by applying
mathematics, a course of treatment can be thought to be a success.

should contain a

A Criterion B Informati The information collected or
set of results should be organised properly and be sufficient in quality and
quantity. This means that results and data collected should be in table form and
graphs clearly drawn.

Section 1: This will look at the possible patterns of growth of bacteria.

The maths used in Section 1 is from Topic 1: Number and algebra — 1.7 Arithmetic
sequences and series and 1.8 Geometric sequences and series.

Example:

OO
O o Im|
- e | ]

This pattern will produce data which can be put into a table:

Number of hours Total bacteria
0 i
1 5
2 13
3 25
A Criterion C Mat} ical All i ical processes
both simple and further must be carried out correctly.
Section 1:
A rule can be found to link h (hours) and T (the total number of bacteria).
T=22+2h+1
This can be arranged to give T=h+HR+2h+1)
And factorised to give T=h+(h+1)2

So the pattern above can be seen to be the sum of two square number patterns.
This can then be used to make predictions.
Extend this study of sequences and series to other patterns.
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Section 2:

This will look at the graphs of the formulae obtained in Section 1 above.

The maths used is from Topic 6: Mathematical models.

If we study the equations obtained in Section 1 you can draw and study exponential
growth. If you then propose that:

a the bacteria could be harmful; and
b that a suitable treatment resulted in a decrease in the number of bacteria over time

then you could also study exponential decay. Note criteria B and C above.

Section 3: International link to real events.

After the devastating earthquake that hit Haiti in 2009 there was an outbreak of
cholera. It may be possible to obtain accurate statistics showing how this outbreak
became an epidemic and how this was dealt with. You may also want to look at the
possibility of a pandemic (for example, avian flu). Note criteria B and C above.

Section 4: This will look at the way clinical trials are used to test whether a drug is
successful in fighting disease.

The maths used is from Topic 4: Statistical applications, in particular Topic 4.4:
The y?2 test for independence.

For this section you can either use real data or, to show that you understand and
can apply this area of statistics, you could suggest some possible results yourself
(check with your teacher).

Assessment Criteria D and E: Interpretation of results and validity of
conclusions. You should be able to show from your accurate calculations that
the conclusions you draw are valid.

You will show that you can construct a null hypothesis, an alternative hypothesis
and degrees of freedom and use these to show whether the trial shows that
treatment with the drug is successful or not. Note criteria B and C above.

Assessment Criterion F Structure and communication: Your project should
follow the stated plan and should be clearly communicated.

A project planned in this way will enable you to show that you can apply several
areas of the mathematics that you have been taught in this course and will make it
easy for your teacher to award you a high mark for your project. Remember that this
is your primary aim in producing a project.

Assessment Criterion G Notation and terminology: The project should contain
the correct mathematical notation.
Ric Pimentel and Terry Wall
Jennifer Wathall

The authors are both experienced classroom teachers with experience of education in
Europe, Turkey, the Far East and the U.S.A. They have also both been teacher trainers
and have run courses for both English teachers and those from many other countries.

Jennifer Wathall has over 20 years of international experience in Mathematics
education including many years teaching all three levels of the IB Mathematics
Diploma programmes. She is an IB workshop leader, an accepted IB MSSL
Examiner and Head of Mathematics, Island School, Hong Kong.



Presumed knowledge
assessments

These assessments are intended to identify those concepts from your previous
course which may need to be revised. Your teacher will instruct you how these are
to be completed.

You may take all the Presumed knowledge assessments 1-8 before you start the
course, or it may be better to do assessments 14 before Topic 1, assessments 5-7
before Topic 6 and assessment 8 before Topic 5. Your teacher will then, if
necessary, refer you to an IGCSE® or other textbook.

Student assessment 1: Ordering

1 Copy each of the following statements, and insert one of the symbols =, >, <
into the space to make a true statement.
8 4D 0P b 6%..29
¢ 850 ml...05 litres d number of days in May ... 30 days

2 Illustrate the information in each of the following statements on a number line.
a The temperature during the day reached a maximum of 35°C.
b There were between 20 and 25 students in a class.
¢ The world record for the 100 metre sprint is under 10 seconds.
d Doubling a number and subtracting 4 gives an answer greater than 16.

3 Write the information on the following number lines as inequalities.

a L L

2 -1 0 1 2
Ty, il . <
-2 -1 0 1 2
©
-2 -1 0 3 2
d 1 ® . . .
-2 -1 0 1 2
4 Tllustrate each of the following inequalities on a number line.
a x=3 b x<4
c 0<x<4 d—3=x<1

5 Write the following fractions in order of magnitude, starting with the smallest.
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Student assessment 2: The four rules
of number

~ [= ST SOV N

@

©

Evaluate these.
a5+8x3-6 b 15+45+3-12

The sum of two numbers is 21 and their product is 90. What are the numbets?
How many seconds are there in 24 hours?

Work out 851 x 27.

Work out 6843 + 19 giving your answer to one decimal place.

Copy these equivalent fractions and fill in the blanks.
8 5

Bl Sl s
18 9 90
Evaluate the following.
3 _ 1 4.8
a33-14d bt d
Change the following fractions to decimals.

2 3 9 2
al b 12 e a1
Change the following decimals to fractions. Give each fraction in its simplest form.
a 42 b 0.06 c 185 d 2.005

Student assessment 3: Ratio and
proportion

1

2

3

4

5
6

A piece of wood is cut in the ratio 3:7.

a What fraction of the whole is the longer piece?

b If the wood is 1.5 m long, how long is the shorter piece?

A recipe for two people requires kg of rice to 150g of meat.

a How much meat would be needed for five people?

b How much rice would there be in 1kg of the final dish?

The scale of a map is 1:10000.

a Two rivers are 4.5 cm apart on the map. How far apart are they in real life?
Give your answer in metres.

b Two towns are 8km apart in real life. How far apart are they on the map?
Give your answer in centimetres.

a A model train is a 75 scale model. Express this as a ratio.

b If the length of the model engine is 7cm, what is the true length of the
engine!

Divide 3 tonnes in the ratio 2:5:13.

The ratio of the angles of a quadrilateral is 2:3:3:4. Calculate the size of each of
the angles.
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7 The ratio of the interior angles of a pentagon is 2:3:4:4:5. Calculate the size
of the largest angle.

8 A large swimming pool takes 36 hours to fill using three identical pumps.
a How long would it take to fill using eight identical pumps?
b If the pool needs to be filled in nine hours, how many pumps will be needed?

9 The first triangle is an enlargement of the second. Calculate the size of the
missing sides and angles.

D
u EaN "h

10 A tap issuing water at a rate of 1.2 litres per minute fills a container in

4 minutes.

a How long would it take to fill the same container if the rate was decreased
to 1 litre per minute? Give your answer in minutes and seconds.

b If the container is to be filled in 3 minutes, calculate the rate at which the
water should flow.

Student assessment 4: Percentages

1

Copy the table below and fill in the missing values.

Fraction Decimal | Percentage

0.25

X
62;%

1
2

(RN

e

w

o

Find 30% of 2500 metres.

In a sale a shop reduces its prices by 12.5%. What is the sale price of a desk
previously costing €6007

In the last six years the value of a house has increased by 35%. If it cost
£72000 six years ago, what is its value now?

Express the first quantity as a percentage of the second.

a 35 minutes, 2 hours b 650g, 3ke
¢ 5m, 4m d 15seconds, 3 minutes
e 600kg, 3tonnes f 351,351

Shares in a company are bought for $600. After a year the same shares are sold
for $550. Calculate the percentage depreciation.
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7 Inasale, the price of a jacket originally costing 17000 Japanese yen (¥) is
reduced by ¥4000. Any item not sold by the last day of the sale is reduced by a
further 50%. If the jacket is sold on the last day of the sale, calculate:

a the price it is finally sold for
b the overall percentage reduction in price.

8 Calculate the original price of each of the following.
Selling price Profit
$224 12%
$62.50 150%
$660.24 26%
$38.50 285%
9 Caleulate the original price of each of the following.
Selling price Loss
$392.70 15%
$2480 38%
$3937.50 12.5%
$4675 15%
0 In an examination Sarah obtained 87.5% by gaining 105 marks. How many

marks did she lose?

1 At the end of a year, a factory has produced 38 500 television sets. If this
represents a 10% increase in productivity on last year, calculate the number of
sets that were made last year.

2 A computer m