Autumn 1

Key content

Before and After
[Why we teach this] Assessment and Links to Specialism(s)

1- Algebra

2 - Graphs and gradients

3 - Product prices

4 - Appreciation and depreciation

This section is largely a review of GCSE work on formulas and equations. The main ways that all students are likely to encounter
algebra in future life is when using a spreadsheet or when using a formula related to their future work or study. It will be
helpful if students have already used spreadsheets for calculations before doing this section. In some careers, formulas are
given in words rather than in terms of algebraic symbols - this is typical in nursing, for example. For scientists who want to
communicate their work internationally, algebraic symbolism is understood in the same way all over the world. We live ina
scientific age and it is important for all informed citizens to appreciate the power of algebraic notation.

Interpreting graphs is important in science, business, economics, psychology, and social science; it is also important for future
life and work — graphs are used in magazines and reports.

The section is linked to modelling the relationship between price and demand in IQR but it can be done before students have
studied that; there is no specific pre-requisite knowledge for this section. This section is one of several which aim to promote
the usefulness of mathematics when making informed choices. This section addresses problems such as deciding a price for a
new product to be sold by a business. The students should consider issues such as ; The price of the product is likely to affect
the number of sales for example they are likely to sell more if the price is lower. If they produce more of the product, this
might also make the cost for each one lower, particularly when considering fixed costs. Selling more is not always more
profitable, and that there are some other advantages to selling fewer items at a higher cost. This section encourages the
students to aim to find an optimum solution, hopefully revealing that mathematics can be useful in understanding this process.
This section connects to further study and careers in business.

Appreciation means growth, depreciation means getting smaller — the words are usually applied to increase and decrease in
value. Savings increase in value, by the percentage shown by the interest rate — this can be either constant or changing but it is
often easier to assume it is constant to give an idea of how the savings might grow over time. This is a form of modelling.

This section needs to be done after the earlier percentage work on multipliers. This section makes use of mathematical
modelling, considering growth or decrease by a constant percentage rate. It would be useful for students to connect this to the
modelling cycle. Ideas of appreciation and depreciation are important when thinking about investments (including pension
funds), the value of cars, houses and other major purchases including those made by businesses.

The effect of inflation on prices should also be considered here.

Autumn 2

5 - Risk

6 — Percentages review

7 - Use and abuse of percentages

8 — Statistics introduction

This section deals with the probability of adverse events — often these probabilities are approximate or based on data from the
(recent) past. Comparison of risks in the form 1 in n can be difficult for students; they need to understand that 1 in 10 is a higher
risk than 1 in 50, for example. A common misconception is to assume that the higher number means a higher risk.

There is an opportunity here to check student understanding of percentages; can they convert between risks expressed as 1 in
n, a percentage, and a decimal? Understanding risk is important in business, science and in careers which involve looking after
other people such as teaching and health. There is also an opportunity to introduce the idea of logarithmic scales for comparing
risks that differ widely in size. This can be left until the section on logarithmic scales. Logarithmic scales are used in biology,
chemistry and in social sciences.

This section reviews percentages starting from the context of finance and extending to other contexts. Some students will
already have a good understanding of percentages from GCSE and will need to spend very little time on this section. The use of
percentages in the risk section will indicate how much work students are likely to need on percentages.

In the context of finance, linking percentage to number of pence per pound may help students. Students may be quite good at
working out simple percentages of an amount, such as 10% and 50% of £25, but find it much more difficult to work out what
percentage something has changed by; e.g. a leaf grows from 2.8 cm to 3.1 cm, what is the percentage change? Using a
spreadsheet will require them to think about what steps the calculation needs and so help them work with harder numbers.
Some students may not have used multipliers for percentages at GCSE; they will need to do so in order to work with interest
rates for loans and savings. For students with a good understanding of percentages, this section can be extended to including
repeated percentage change, appreciation and depreciation. For students who need quite a bit of revision of percentages, that
can be left till later. A good understanding of percentages is important for everyday life, understanding the news and in
business, science and social science. Many careers will include the use of spreadsheets; this section is an opportunity to use
basic formulas and graphs in a spreadsheet to work with and compare percentage change.

This section is related to the IQR sections percentages overview and risk — students who do not have a good understanding of
percentages might benefit from doing the IQR percentages overview before this section which deals with some of the ways in
which percentages are used and misused in order to support claims. Students should be encouraged not to accept figures at
face value and to examine the narrative behind the figures. Recognising that a percentage is a measure of proportion, so when
making decisions it can be important to know the numbers behind the percentages because a small percentage of a large figure
may still be a large amount and a large percentage of a small amount is actually still a small amount. The difference between
relative and absolute risk is a specific illustration of this point. Examining the wording of particular claims to ensure the correct
figures are used for the numerator and denominator in order to calculate the correct percentage.

Techniques to help visualise percentages; one good way of addressing this is to get them to think of 2% as 2 in 100, 0.2% as 2 in
1000 and 0.02% as 2 in 10 000 etc. Encouraging students to visualise these representations with reference to something from
their own personal experience for example ;.

100 - a very full railway carriage

1000 - size of a particular school perhaps, or the population of a particular (small) village

10 000 - size of Cambridge United Stadium, or particular big village

100 000 capacity of Wembley (not quite, but near enough)

1000 000 population of Birmingham

In this way 2% becomes two people in a busy railway carriage, 0.2% becomes 2 people in a school etc.

Percentages are often used in the news, not always correctly — students should be encouraged to look out for examples of the
use of percentages and to explain what the numbers are saying in simple terms - this is a useful skill for life, work and study.

This section provides an overview of the statistical problem solving cycle, the collection of data and the use of statistical
diagrams and summary statistics to make sense of the data. Students should be encouraged to see statistics as a means of




9 - Business and risk

problem solving rather than as a collection of techniques. The focus of work on statistical diagrams should be on their use to
make sense of data, using a spreadsheet to draw and label appropriate diagrams and interpretation of diagrams.

The collection and interpretation of data is important in science and social science and is also used in many careers, in politics,
business and in understanding the news. The ability to spot errors and rogue figures is part of the CBI’s definition of functional
numeracy.

This section is linked to the risk section in IQR but can be done either before or after it. Students should be able to work out
percentages fairly confidently before doing this section. It also links to the financial problem solving in IQR but can be done
either before or after that section. This section illustrates how insurance companies, banks, services, agriculture, and the
manufacturing industry all make key decisions based on what they predict is going to happen in a given market. In some
businesses, an understanding of probability, in particular risk and expectation, linked to an ability to gather and evaluate data, is
crucial. Students should also see that, from a personal point of view, the same skills can allow you to assess the value for money|
of things like loans and insurance; decisions which most of them will need to make.

Spring 1

10 - Valid argument

11 - Introducing estimation

12 - Regression to the mean

13 - Foreign exchange

This section is related to the IQR statistics work but students do not need to have done that before doing this section. It will be
helpful if students are familiar with scatter diagrams before doing this section. Correlation is where the scatter diagram shows
an (approximate) straight line relationship between the two variables being graphed. There is association between two variables|
if knowing the value of one provides information about the likely value of the other (the relationship does not need to be linear
for association); association is a more general term than correlation. News reports and political statements sometimes identify
an association between two variables and imply that one is causing the other; in this section students should develop a clear
understanding of the difference between some form of association/correlation and causation. They should be able to recognise
and explain some of the reasons for incorrectly assuming causation, and identify where further information is required before a
decision can be reached. The material in this section is relevant for careers in journalism and politics as well as for informed
citizenship.

This section introduces the importance of estimation; there is a later section which takes estimating calculations further.
Encourage students to practice estimation skills throughout the course; being able to recognise when an answer is reasonable is
an important skill for life. Estimation is included in the requirements for biology, chemistry, psychology, geology and
environmental science A levels. The ability to spot errors is included in the CBI's definition of functional numeracy. When
making an estimate, students need to make sensible assumptions about the sizes of numbers that will make the working easier;
This is a good opportunity to follow up by introducing the modelling cycle and making explicit what students have done.
Students need to be able to communicate their method of estimation clearly.

There is no pre-requisite knowledge for this section. This section is intended to examine the effect of regression to the mean, a
statistical phenomenon that occurs when values or measurements of the values of a property have variability. Sometimes the
random variation of this property can produce what may appear to be a causal change. The aim of this section is not to
encourage students to be cynical about all statistics quoted at them, but rather that students can recognise situations where
regression to the mean may form part of the explanation for an observation, then be able to check to see whether this has been
taken into account in explaining the results. Students should recognise situations where regression to the mean is likely to be
most noticeable, for example an exceptionally good performance is often followed by a performance which is not as good,
whilst an unusually poor performance is often followed by a better one.

It will be helpful if students have done the work on multipliers in Percentages B and the introduction to estimation before doing
this section. In this section, they will use multipliers to work out equivalent amounts in different foreign currencies and also
estimate equivalent amounts in different foreign currencies. In this section, students learn to interpret and work with foreign
exchange information presented in a variety of ways — it would be useful to ask them to bring examples of information about

14 — Comparing and deciding

foreign currency exchange which they see advertised or in their area. Nearly all students will go abroad at some time and need
to be able to decide where to change their money and to calculate rough equivalent prices in pounds when shopping abroad.

Some of the skills in this section are used in the IQR section on foreign exchange which can either be done before or after this
section. This section focuses on ways to decide whether a general statement is true, whether one quantity is bigger than
another or which course of action is better. The emphasis is on looking at the information presented in a way which makes.a,
decision easy to make. A number of strategies should be encouraged. Using a graph and looking at the message it shows rather
than reading off individual values. Using a large or small number to test a general statement. Thinking about which calculation
will give a larger answer without actually doing the calculation. The skills which this section focuses on are useful in testing
statements made in the press or in advertising and quickly seeing whether they are likely to be correct. Teachers may prefer to
come back to this section from time to time rather than doing it all at once.

Spring 2

15 - Standard form

16 — Randomised controlled trial
sampling and bias

17 — Measures and scaling

18 — Fermi estimates

Some students will have used standard form to express very large or very small numbers at GCSE. Others may not be familiar
with this. They are likely to encounter numbers expressed in standard form when working with repeated percentage change on
either a calculator or a spreadsheet and need to be able to understand the way that the calculator or spreadsheet shows the
number. It would be useful to do this section soon after the section on appreciation and depreciation. Standard form is used in
science to write very large or small numbers; it is also called scientific notation.

This section follows on from the Critical Maths section Regression to the mean and is best done after that section. Randomised
controlled trials are used in medicine to decide whether a proposed new medical treatment is effective. They have also been
used by charities trying to decide how best to help people and in education. Understanding how randomised controlled trials
work is becoming increasingly important for informed decision making as a citizen as well as for careers in medicine and
research.

It will be helpful if students have done the section on foreign currencies before this section. That provides a context where ratio
is used and so will enable students to practise some of the skills used in this section before moving on to use them in a wider
variety of contexts. If also done after the standard form section, applications to biological contexts of magnification with
microscopes can be used. The idea of scale factors is basic to many areas of uses of mathematics such as maps, scale drawings,
photographs from microscopes or space. Some students will need to interpret scale drawings and photographs as part of future
work and study but most students will use online or paper maps when planning a journey or researching a place they intend to
visit. Relationships between lengths, areas, weights and volumes of similar figures are especially important in biology but also in
manufacturing when considering how to scale up a container to a larger size.

This section deals with making estimates with limited information. Students should develop a quantitative understanding of the
world - having a rough idea of what order of magnitude of answer is reasonable. This section links with the modelling,
estimation and standard form sections in Introduction to Quantitative Methods but students need not have done any of these
before tackling this section. The skills developed in this section are highly valued in industry or further study because they
enable students to develop a sense of whether the answer to a calculation is about right and enable them to get a rough answer|
with little time spent. Fermi estimates are named in honour of physicist Enrico Fermi who was skilled in such estimation and
used questions like this with his students. Questions like this are sometimes used in job interviews to test candidates’ thinking
skills. Rather than doing all this section at once, teachers may prefer to develop and maintain students’ skills by using Fermi
estimation from time to time during the course.




19 - Exponential and logarithmic scales

Appreciation by a constant percentage is a form of exponential growth. Depreciation by a constant percentage is a form of
exponential decay. It will be helpful if students have done both the appreciation and depreciation sections and the algebra and
graphs sections before this section. The modelling cycle can be introduced here in the context of the use of exponential growth
as a model. Exponential growth is used as a model for population growth and so has applications in all the social sciences as well
as business, economics and science. Exponential decay is important in business when modelling depreciation and also in science
for radioactive decay. Radioactive decay is important in carbon dating in archaeology and also in considering issues to do with
nuclear power so a basic understanding of it is important for all citizens. Examples of logarithmic scales are pH in chemistry,
decibels and the Richter scale for earthquakes. Logarithmic scales are sometimes used in graphs showing economic data to
make the scale more manageable.

Summer 1

20 - Voting and decision-making
systems

21 - Modelling

22 - Guessing the answers

23 - The normal distribution

By working through this section students should gain an understanding of some of the systems used to decide on the winner of
a contest and the associated advantages and disadvantages. The students should be able to comment on their interpretation of
the fairness of the system using relevant points as justification. The knowledge and skills gained from working on this resource
could be used in other contexts such as an examination of the voting systems used by governments to pass laws, or in general
elections. This is one of a number of sections aimed at demonstrating how mathematics can be helpful when making decisions.
Decision making systems such as the ones considered in this section are used for competitions and in sport as well as in politics
so the thinking that students do in this section is relevant to a variety of careers and interests.

It will be helpful if students have already encountered the modelling cycle, when doing estimation or when working with
exponentials. This section makes the modelling process more explicit and allows a number of models to be developed in
different contexts. It will be best if this section is done after the algebra, exponentials and graphs sections. Modelling is intrinsic
to the use of mathematics in real life situations, especially in science and economics. Due to the easy availability of computers,
mathematical models are used to predict how an epidemic might unfold, the possible effects of climate change and the long,
term effects of national economic strategy. It is helpful for every informed citizen to have a general understanding of
mathematical modelling.

This section is related to IQR sections about probability and the Normal distribution; it can be done either before or after those
sections. This section examines some of the ideas related to selecting an appropriately sized sample on which to make
decisions. This decision making leads students into exploration of ideas related to probability distributions, including the Normal
distribution, mean, spread and gives them an informal, intuitive idea of the principles underlying statistical hypothesis testing.
Ideas of hypothesis testing are important in many social sciences and in medicine; it is helpful for students to understand that
such decisions are made on the basis of probability.

The Normal distribution is used as a model in biology and psychology; related distributions are used in economics. The approach
intended here is relatively informal and does not depend on any formulae. Students should see the Normal curve as the limit of
histograms where the bars get progressively narrower. This section needs to be after the earlier work on statistics, where
statistical diagrams are reviewed; it would also be useful to do this after the section on modelling to emphasise that the Normal
distribution is an idealised model. It may also be helpful to do this section after the section on upper and lower bounds to make
the connection with the information we have about values from the Normal distribution.

24 - Approximately normal

25 - Statistical problem solving

This section follows on from the IQR statistics sections and the Critical Maths Guessing the answer section. It should be done
after it. The essential idea in this section is to give some examples of when the Normal distribution is a suitable approximate
distribution even when it is not an exact match for the data. For situations which can be modelled by the toss of a fair coin, both
the mean and standard deviation can be simply calculated and used to find values that are unusually large or small. This links to
ideas of statistical hypothesis testing. Many students going on to further study in science or social science will encounter the
Normal distribution so it is helpful for them to understand that it can occur approximately in many contexts. The “bell-shaped
curve” is sometimes referred to in the news so a general understanding of places where the Normal distribution can occur is
also useful for the informed citizen.

This section focuses on using the whole statistical problem-solving cycle to address a statistical question and interpret the
results in the light of the original plan. It should be done after the other statistical section. These skills are essential for anyone
who is likely to use statistics in science, business or social science and is also a useful insight for all informed citizens to ensure
that they have an insight into the power and limitations of statistical enquiry.

Summer 2

26 — Scams

27 - Probability

28 — Medical screening

This section is intended to consolidate the students understanding of some aspects of probability such as expected frequencies.
It is related to the IQR section on probability but may be done before or after it. It is also related to the business and risk section
in Critical Maths — will be helpful if the business and risk section has been done before this one. Students should develop an
understanding of expected return and use this and other factors to enable them to form opinions about the validity of offers
which sound too good to be true. This is one of several sections aimed at demonstrating how mathematics can be helpful when
making decisions. Being able to evaluate offers and opportunities and avoid being taken in is an important skill for future life.

It will be best to do this section after the review of percentages; it follows up on the section on risk to look at more complex
probabilities. An understanding of conditional probability is important in both medicine and law so this section is especially
relevant to students who intend to work in health, law and social work as well as for sport and for every citizen who may have
to interpret medical or legal information one day either as a patient or on a jury. When working with conditional probabilities,
either in a two-way table or in a tree diagram, students may find that they are better able to understand the situation if they
work with representative frequencies than if they work with probabilities. Of course, if they are happier working with
probabilities and able to use them successfully then that is also fine.

This section is related to the IQR sections about risk and probability but does not depend on students having done either of
those. Students need to be reasonably confident with working with percentages before doing this section. This section explores
conditional probability in contexts such as understanding the risk surrounding a positive result from a screening test. These tests
occur in a wide variety of situations such as pre-natal screening, cancer screening, DNA testing, airport security, lie detection
and random drugs tests. Research shows that people find it difficult to understand the probabilities involved in such a test. In
particular, if testing is taking place for some rare condition (that most people being tested don’t have), then with any test that is
less than 100% accurate there is always a possibility of error that can result in a high proportion of the people testing positive
not actually having the condition (false positives). The students should be encouraged to investigate the different outcomes
from these tests, particularly the ones which result in a false indication by the test — both false positive and false negative
(people who do have the condition but it does not show up on the test). It is suggested that this is best achieved by examining
the expected frequencies of each of the outcomes and then using these figures to make judgements about the likelihood of a
false indication and the possible consequences. An understanding of conditional probability is important in both medicine and
law so this section is especially relevant to students who intend to work in health, law and social work as well as for sport and
for every citizen who may have to interpret medical or legal information one day either as a patient or on a jury.




29 - Upper and lower bounds for
calculations

30 - Making decisions

31 - Costing and financial problem
solving

This section should be done after the introduction to estimation. It completes this work to consider how to make and justify
upper and lower bounds for a calculation. In manufacturing, lengths of components can vary slightly; it is important to know
how long or short a component can be and still be acceptable - this is expressed by giving a tolerance for the length of the
component. Getting the best possible estimate for a value which is difficult or impossible to calculate exactly can be very useful.
Getting an interval in which you are sure that the actual value must lie can be even more useful as it allows intelligent forward
planning. In more advanced work, the idea of an interval estimate is combined with probability to give a confidence interval.
Confidence intervals are used in opinion polls and in monitoring target setting.

This section is linked to the IQR section on risk; it would be useful to have done that section first as well as the Critical Maths
sections about business and risk and scams. This section is based on ideas from “Thinking, Fast and Slow” by Daniel Kahneman.
It aims to get students to consider their attitude to risk and understand how emotions play a large part in our decision-making
process. Students should learn how the fear of a loss balances with the joy of a gain, understand that these feelings tend to
intensify at odds nearing certainty, and vary with the amount at stake. This section is connected to psychology, business, and
economics.

This section brings together earlier work on finance and introduces the financial problem-solving cycle as a way of organising
thinking when addressing a financial situation arising in either business or in personal life. This section should be done after the
other financial sections - the example problems can then be tacked over time to consolidate the financial content of this course;
this may be more effective than attempting to do them all, one after another. There is also the opportunity here for students to
tackle different problems, present solutions to the rest of the class and discuss and refine solutions. The ability to apply financial
thinking to real life is important for everyone. Costing and being able to monitor a budget has been identified as an important
skill for work by ACME’s Mathematical Needs in the Workplace report (2011). It can also be included in business qualifications
at level 3.




