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This pathway is suitable for students who are targeting GCSE grades 1 - 4. It is aimed at students who are not yet secure with the 
content from Stage 8 (and Stage 7) of the Key Stage 3 Maths curriculum.  

This course focuses predominantly on developing content found specifically on the Foundation examination in Year 10 before 
approaching selected overlapping content that is found both on the Higher Tier and on the Foundation tier in Year 11. 
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Overview of Curriculum: 
 

Year 10 
Autumn 

Term 

1. Investigating 
Number 
Systems 

2. Pattern Sniffing 3. Solving 
Calculation 
Problems 

4. Generalising 
Arithmetic 

5. Exploring 
Shape 

6. Reasoning with 
Measures 

Place Value 
Rounding 
Ordering numbers, 
decimals 
Writing numbers in 
standard form 

Generating sequences 
Nth terms of linear sequences  
Primes, factors, multiples, 
HCF, LCM, product of primes 
Calculating with powers and 
roots 

Calculating with standard 
form 
Four operations – whole 
numbers and decimals 
Formulae – substitution, 
rearranging, writing  

Collecting like terms, 
expanding single 
brackets, factorising, 
using index laws 
Simple inequalities  
 

Angles at a point, on a 
line, in shapes, on parallel 
lines 
Properties of shapes (2D 
and 3D) 

Perimeter including 
circumference 
Area – rectangles, 
parallelograms, trapezia, 
circles 
Volume of cuboids, right 
prisms and cylinders 

 

Year 10 
Spring Term 

7. Discovering 
Equivalence 

8. Solving Number 
Problems 

9. Reasoning with 
Fractions 

10. Investigating 
Statistics 

Percentages of amounts 
Percentage change problems 
Ordering fractions, decimals 
and percentages 
Terminating decimals 

Solving linear equations 
Solving graphically 

Fraction Arithmetic 
Express amounts as fractions 
Calculating simple probabilities 

Construct and interpret charts, 
tables and diagrams 
Scatter graphs 
Central tendency and spread 

 

Year 10 
Summer 

Term 

11. Visualising Shape 12. Exploring Change 13. Proportional 
Reasoning 

14. Describing 
Position 

15. Measuring 
and Estimating 

Bearings 
Constructions 
Plans and Elevations 
Congruence 
 

Coordinates 
Straight line graphs 
Gradient and intercept 

Ratio – simplifying, dividing in a 
given ration, solving problems 
Scale factors 
Similarity 
Direct and inverse proportion 
problems  

Reflection, Rotation, 
Translation, Enlargement 

Standard Units 
Converting between units 
Compound Units 
Real life graphs including 
kinematics 
 

 

Year 11 
Autumn 

Term 

16. Investigating 
Number Systems 

17. Generalising 
Arithmetic 

18. Reasoning with 
Measures 

19. Solving Number 
Problems 

20. Reasoning with 
Fractions 

Rounding, truncating 
Error intervals and limits of 
accuracy 

Expanding double brackets 
Factorising quadratics 
Showing equivalence  

Pythagoras 
Congruence and Similarity 
Areas of sectors 

Solving quadratics 
Solving equations graphically 
Simultaneous equations 
Solving inequalities 

Tree Diagrams 
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Foundation Pathway 
Overview 

Unit Approx 
Learning  Hours 

Summary of Key Content 

1. Investigating Number Systems 8 Place value (with very large or very small numbers, and when calculating with decimals); 
Order positive and negative integers and decimals. 
Round numbers to appropriate accuracy (including dp and sf) 
Interpret standard form (i.e. convert into and out of) 

2. Pattern Sniffing 10 Generate a sequence from a term-to-term rule and position-to-term rule; nth term of linear 
sequences 
Prime numbers, highest common factors, lowest common multiples, prime factorisation, 
product notation and unique factorisation theorem.  
Positive integer powers and roots. 

3. Solving Calculation Problems 12 Calculate with numbers in standard form 
Apply four operations to integers and decimals; use conventional order of operations for 
these calculations 
Substitute into formulae; change the subject of a formula; use algebraic notation. 

4. Generalising Arithmetic  8 Simplify and manipulate algebraic expressions by collecting like terms and multiplying a 
single term over a bracket  
Simplify and manipulate algebraic expressions by factorising; simplify expressions 
involving sums, differences and products including the laws of indices. 
Understand and write simple inequalities 

5. Exploring Shape 12 Angles at a point, angles at a point on a straight line, vertically opposite angles 
Properties of special types of quadrilaterals, triangles and other plane figures 
Angles on parallel lines 
Derive and use sum of angles in a triangle; interior and exterior angles of regular polygons 
Identify properties of the faces, surfaces, edges and vertices of 3D shapes. 

6. Reasoning with Measures 16 Calculate perimeters of 2D shapes including circles; 
Calculate areas of triangles, parallelograms, trapezia 
Calculate areas of circles and composite shapes; 
Know and apply formulae to calculate volumes of cuboids, right prisms and cylinders 

7. Discovering Equivalence 8 Express one quantity as a percentage of another; Compare two quantities using 
percentages Work with percentages greater than 100%;  
Solve percentage change problems including original amount and simple interest 
problems; 
Interpret fractions and percentages as operators; order positive and negative integers, 
decimals and fractions  
Work interchangeably with terminating decimals and their fraction equivalents 

8. Solving Number Problems 8 Solve linear equations (including with unknown on both sides) 
Find approximate solutions to linear equations using a graph 
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9. Reasoning with Fractions 12 Calculate exactly with fractions;  
Express one quantity as a fraction of another 
Apply the property of probabilities summing to 1 
Enumerate sets, outcomes etc systematically using tables, grids and Venn diagrams 
Construct theoretical possibility spaces and use them to calculate theoretical probabilities 

10. Investigating Statistics 12 Interpret and construct tables, charts and diagrams, including frequency tables, bar 
charts, pie charts and pictograms for categorical data, vertical line charts for ungrouped 
discrete numerical data. 
Use and interpret scatter graphs; Recognise correlation 
Interpret, analyse and compare the distributions of data sets through appropriate 
graphical representation (discrete, continuous and grouped data).  
Interpret, analyse and compare the distributions of data sets through appropriate 
measures of central tendency and spread 
Apply statistics to describe a population 

11. Visualising Shape 12 Measure line segments and angles in geometric figures, including interpreting scale 
drawings and maps 
Use bearings 
Standard ruler and compass constructions (perpendicular bisector, perpendicular from/at 
a given point, angle bisector) 
Use constructions to solve loci problems 
Interpret and construct plans and elevations of 3D shapes 
Use the basic congruence criteria for triangles 
Identify and apply circle definitions and properties (tangent, arc, sector, segment) 
 

12. Exploring Change 8 
 

Coordinates 4 quadrants 
Plot graphs of equations that correspond to straight line graphs 
Identify and interpret gradients and intercepts of functions graphically and algebraically 
Recognise, sketch and interpret graphs of linear (and quadratic functions) 

13. Proportional Reasoning 10 Use ratio notation, including reduction to simplest form 
Divide a given quantity into two parts in a given part:part or part:whole ratio  
Recognise a ratio problem; apply ratio to real problems; Express a multiplicative 
relationship as a ratio or fraction; Understand and use proportion as equality of ratios; 
Relate ratio to fractions and to linear functions; Compare lengths, areas and volumes 
using ratio notation; Use scale factors, scale diagrams and maps; identify and work with 
fractions in ratio problems; solve problems involving direct and inverse proportion using 
graphical and algebraic representations.  

14. Describing Position 8 Solve geometrical problems on coordinate axes 
Identify, describe and construct congruent shapes by considering rotation, reflection and 
translation; Describe translations as 2D vectors  
Identify, describe and construct similar shapes (including on coordinate axes) using 
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enlargement  
15. Measuring and Estimating 8 Use standard units of mass, length, capacity, area time, money and other measures 

(including standard compound measures) using decimal quantities where appropriate 
Convert between related standard units  
Convert between miles and kilometres and apply this to solve problems 
Use compound units such as density and pressure 
Change freely between compound units in numerical contexts 
Plot and interpret graphs (including reciprocal graphs) and graphs of non-standard 
functions in real contexts, to find approximate solutions to problems such as simple 
kinematic problems involving distance, speed and acceleration  
Interpret the gradient of a straight line graph as a rate of change 

16. Investigating Number Systems 4 Specify error intervals due to truncation or rounding using inequalities 
Apply and interpret limits of accuracy 

17. Generalising Arithmetic 10 Simplify and manipulate algebraic expressions by expanding products of two binomials 
and factorising quadratic expressions of the form x² + bx + c, including the difference of 
two squares 
Argue mathematically to show algebraic expressions are equivalent, and use algebra to 
support and construct arguments 
 

18. Exploring Shape 12 Know the formula for Pythagoras’ Theorem and apply it to right-angled triangles 
Conjecture and derive results about angles and sides in geometric figures using angle 
facts, congruence, similarity and properties of shapes and obtain simple proofs 
Calculate arc lengths, angles and areas of sectors 
Apply congruence and similarity to finding missing lengths in similar figures 
 

19. Solving Problems with Number 12 Find approximate solutions to simultaneous equations using a graph 
Find approximate solutions to quadratic equations using a graph 
Solve quadratic equations by factorising 
Solve two linear simultaneous equations algebraically 
Solve linear inequalities in one variable; represent the solution set on a number line 

20. Reasoning with Fractions 8 Enumerate sets and combinations of sets systematically using tree diagrams 
Calculate the probability of independent and dependent combined events, including using 
tree diagrams and other representations, and know the underlying assumptions 
Understand that with increasing sample size, empirical probability distributions will tend to 
theoretical ones 

 
Note that underlined national curriculum statements represent content that appears on both the higher and foundation GCSE exam 
papers.  
Italicised, bold national curriculum statements represent content that appears only on the higher GCSE exam paper.   
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Year 10 
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Foundation Pathway – Y10 Unit 1: Investigating Number Systems 

 
10 learning hours 
 
 

This unit introduces the number systems and structures that we use at different levels of the curriculum.  
At KS1 children are working on the place value system of base 10 with the introduction of Roman Numerals as an example 
of an alternative system in KS2. Negative numbers and non-integers also come in at this stage and progress into KS3.  
 At KS3 and KS4 we start to look at other ways of representing numbers, including standard form, inequality notation and 
so on. 

Prior Learning Core Learning Learning Leads to .... 
➢ understand and use place value 

(e.g. when working with very large 
or very small numbers, and when 
calculating with decimals) 

➢ order positive and negative 
integers, decimals and fractions  

 
 
➢ round numbers and measures to 

an appropriate degree of accuracy 
(e.g. to a specified number of 
decimal places or significant 
figures) 

 

➢ understand and use place value  
 
➢ order positive and negative integers, decimals  
 
➢ interpret standard form A x 10n, where 1 ≤ A < 10 and n is an integer 
 
 
 
 
 
 
 
➢ round numbers and measures to an appropriate degree of accuracy 
(e.g. to a specified number of decimal places or significant figures) 

 

 
 
 
 
 
 
 
 

➢ use inequality notation to specify 
simple error intervals due to 
truncation or rounding 

➢ apply and interpret limits of 
accuracy 

Exemplification Vocabulary 
1. Here are some number cards 

 
a) Make the smallest 6 digit number that you can 
b) Make the largest 6 digit number that you can 
c) How many possible numbers are there above 870 000? 
 
2.  Sort these numbers into ascending order: 
a) 4, -5, -4.5, -4, 0.5, -3, 1 
b) 0.783, 0.07, -0.73, -0.7003, 0.037, -0.7 
 
 
3. a) Write these numbers in standard form:  i)  5 460 000 000      ii)  0.000 003 
    b) Convert these numbers from standard form to normal numbers:   i) 3  ×10!     ii) 4.87×10!! 
 

Place Value 
Partition 
Million 
Billion 
Positive 
Negative 
Integer 
Decimal 
Decimal Point 
Decimal Place(s) 
Round 
Significant figure(s) 
Greater than, > 
Less than, < 
Order 
Ascending; Descending 
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4. a)  Round 398.1542 to i) 2 decimal places      ii) 2 significant figures 
 
 

Nearest IntegerStandard Form 
Power /Indices (and Index)/Exponent 
Round 
 
Appropriate degree of accuracy 

Representation Fluency 
Representing Integers and Decimals and Ordering 

• Building numbers from place value counters  
• Using overlapping partitioning cards to construct and deconstruct 

numbers  
• Comparing two numbers by constructing, partitioning and analysing 

place by place.  
• Exploring the position of numbers on a scale (e.g. on geogebra) 
• Positioning integers and decimals on paper strips using paper clips (and 

adjusting the scale of the strip) 
 
 
Standard Form 

• Exploring the value and scientific application of standard form using 
examples of very large and very small numbers and placing in order. N4 
Standards Unit 
 

• The Scale of the Universe and Powers of Ten films also support the 
concepts behind the magnitude of numbers using standard form.  
 

• Exploring the process of ordering numbers in standard form by 
converting to normal numbers initially. Once in order, studying the 
original numbers to investigate and identify any structural links between 
the exponents and start numbers and the final order.   

 
 

 
 
Rounding 

• Positioning number on number line to identify neighbouring rounding 
options 

• Using number line to investigate when a number is closer to the lower 
end than the upper end 

• Investigating the impact of rounding too much, too early in the final result 
of a calculation by applying to examples and generalising.  

1. Read and write integers and decimals using place value 
• articulate the value of each digit (integer) 
• articulate the value of each digit (decimals) 
• record a large integer from description of its place value e.g. six 

million, three hundred and forty-seven thousand, six hundred 
and nine 

• record a simple decimal from description of its place value e.g. 
four ten-thousandths 

• record more complex decimal from description of its place value 
e.g. thirty-eight hundredths 

2. Order integers  
• order large natural numbers 
• place negative integers on a number line 
• order negative integers 
• order a combination of positive and negative integers 

3. Order decimals 
• order (positive) decimals of same length 
• order (positive) decimals of different lengths 
• order positive and negative decimals 
• order a combination of positive integers and decimals 
• order a combination of negative integers and decimals 
• order a combination of integers and positive or negative 

decimals 
4. Convert large numbers into standard form and vice versa 

• define standard form 
• convert large numbers with one significant figure 
• convert large numbers with two significant figures 
• convert large numbers with three or more significant figures 
• convert large numbers with three or more significant figures 

including some intermediate zeroes 
• convert smaller integers e.g. 400, 30, 65 and 5 
• read a calculator display when showing standard form 
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5. Convert small numbers into standard form and vice versa 
• convert small number with two or more significant figures 
• convert small number with two or more significant figures 

including some intermediate zeroes 
• convert small numbers with one significant figure only 
• convert larger decimal examples e.g. 0.4 or 0.056 
• read a calculator display when showing standard form 

6. Order numbers written in standard form 
• by converting to normal numbers 
• by inspection using exponents first, then starting numbers 

7. Round to the nearest integer 
• identify the two closest integers 
• determine the closer of the two options 
• by inspection of the first decimal place 

8. Round a number to a (positive) power of 10 
• identify the two closest multiples of 10, 100, etc 
• determine the closer of the two options 
• by identification of the last required digit and inspection of the 

following digit (including correct use of placeholders 
9. Round a number to a given number of decimal places or significant 

figures 
• round a decimal to a given number of decimal places 

i. examples with no double rounding e.g. 24.897 to 1dp 
ii. examples with double rounding e.g. 24.897 to 2dp 

• state the number of significant figures of an integer or decimal 
• round an integer to a given number of significant figures with 

integers 
i. integer with no intermediate zeroes e.g. 14 567 
ii. integer with intermediate zeroes e. 13 005 678 
iii. examples with double rounding 

• round a decimal to a given number of significant figures  
i. decimals with non-zero integer parts e.g. 4.578 
ii. decimals with non-zero integer parts containing 

additional zeroes e.g. 4.507806 
iii. decimals with zero integer parts e.g. 0.005682 
iv. decimals with zero integer parts containing additional 

zeroes e.g. 0.04506008  
v. examples with double rounding 

• round a number in standard form to a given number of significant 
figures (usually three) 
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10. Round a number to an appropriate degree of accuracy based on context 
• automatically round answers to money calculations to 2 decimal 

places 
• automatically round answers to questions concerning objects 

that cannot be divided (e.g. people) to the nearest integer 
• identify the accuracy of the numbers in the question and match 

this in the answer 
• understand the potential impact of over-rounding too early on the 

final answer  
Probing Questions 

Show me...  Convince me... What's the same? What's different?  Always, sometimes, never 
. ... a number with 7 hundreds 
.... a number with 7 hundredths 
... a number with 354 thousandths 
 
... a number that lies between -3 and 1; 
-3 and -1; -3 and -4; -3.5 and -3.58 
 
...the number 4913.6519 rounded to 
the nearest integer, the nearest 1000, 
3sf, 2dp etc.  
 
..how you would write 540000 in 
standard form?  20000? 26156? 
 
... how you would write 0.000045 in 
standard form?  0.005?  
 
... how you would write this number in 
ordinary form?  5.2x10^6 etc 
 
... a number between 3 x 10^5 and 3 x 
10^6 
 
.... the result of  4x10^5   x  2x10^8 
 
... which is bigger   4x10^5   x  2x10^8 

... that  4x10^5 is less than 2x10^8 
 
... that 3x10^5 is greater than 3x10^4 
 
... that 0.456 < 0.48 
 
... that -15 < -3 
 
... that all these numbers would be 
rounded to 29.0 to 3 significant figures: 
29.005; 28.97;  28.909090909; 29 
 
... that 34 578 is closer to 35000 than 
34000 
 
... that 0.8745 does not round to 1 to 
one significant figure 
 
 

2x10^5   2x10^-5   5 x 10^2 and 5 
x10^-2 
 
standard form; normal form 
 
rounding to 3sf, 1dp, nearest integer, 
nearest million 
 
300 thousandths, 30 hundredths, 3 
tenths, 0.3, 2 tenths and 10 hundredths 
 
7, -7, 0.7, -0.7, 7.7, -7.7, 0.77, -0.77 
 
24 x 100; 2.4 x 10; 240 x 10; 240 000 
÷ 100; 2400÷ 100; 0.0024 x 10 000 
 
significant figures; decimal places 
 

When you round a number to 3sf you 
get the same answer as if you rounded 
it to 1dp 
 
You can order numbers in standard 
form by ordering their powers first and 
then the decimals second 
 
All numbers can be expressed in 
standard form 
 
All integers are either positive or 
negative.  
 
Ordering negative numbers is just the 
same as ordering positive numbers but 
backwards.  
 
You get a different answer when 
rounding to 2 decimal places than 
when rounding to 2 significant figures. 
 
When you divide a number by 1000, 
you get a decimal answer. 

Further Extension Rich and Sophisticated Tasks 
• How can you ‘adjust’ this number so that it is in standard form? 23.4×10! 

What about 0.025  ×10!! 
STANDARDS UNIT: N4 Estimating Length using Standard Form 
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How can you generalise this approach?  
• The bill for an event comes to £100. 60 people took part. Josie 

calculates each person’s share of the bill as £2 to the nearest pound. Is 
Josie right to charge each person £2?  
 

 
 
 

NRich:  A question of scale http://nrich.maths.org/6349 
 
Estimating/Rounding 
Place Your Orders* ü  
Thousands and Millions* ü  
 

Misconceptions Teacher Guidance and Notes 
Students struggle to understand where the decimal point lies if it is not directly 
shown in a question. For example, they forget that the decimal point lies after an 
integer when there are no decimal places.  
 
Students often think that standard form can be achieved by just adding zeroes. 
For example, they say that 2.34 x 10^4 is 2340000 not 23400. Similarly with 
small numbers, students may think that the power of 10 simply tells you how 
many zeroes to insert between the point and the numbers. For example, they 
say that 2.34 x 10^-4 is 0.000023 not 0.000234.  
 
Students are often misled by the idea of ‘rounding down’, thinking this means 
that, for example, 0.72 will round to 0.6 and not 0.7 (to 1 decimal place). 
 
Students round from the end of the number, not just the adjacent number (so 
they end up with a chain of rounding) 
 
Students struggle to understand the meaning of a significant figure - they forget 
that 0s INSIDE a number are significant, but those at the start of a number are 
not.  
 
When rounding a large number, students forget to use 0s as placeholders to 
maintain the order of magnitude e.g. they round 456,879 to 457 to 3sf rather than 
457000.  
 
Be aware of students often rounding numbers between 0 and 1 to either 0 or 1 to 
1 significant figure.  
 
 

This unit is focused on integers and decimals (fractions will be explored in Unit 7 
and so are greyed out above). Note that if negative numbers are a weak area, 
this is covered in Stage 5 and 6 further.  
 
When working with decimals, be careful to model correct language i.e. read 
decimals digit by digit. Do not read them as HTU e.g. 0.36 is Nought-point-three-
six and never Nought-point-thirty-six.  
 
Similarly, be precise with the use of greater than for > (rather than ‘bigger than’ 
which can be misleading with negative numbers particularly) 
 
It is important to secure a strong understanding of place value for both integers 
and decimals before moving on to rounding or multiplying/dividing. It can be 
useful to introduce some real life problems to show how misinterpreting place 
value can lead to large errors, for example in administering anaesthetics or in 
designing a building.  
 
When rounding, ensure students can explain visually why numbers are closer to 
one option rather than another as well as applying the ‘5 and up’ rule. Note that 
the decision to round the half way point of 5 upwards is a convention (i.e. an 
agreed way of doing things) rather than an innate feature of the concept.  
 
Try using a line to 'cut' the number at the required level of accuracy to help focus 
on the decision of keeping the stem or 'rounding up' - avoid the language of 
rounding down initially as this can encourage students to lower the number.  
 
Be aware that standard form is also known as ‘standard index form’ or ‘scientific 
notation’.  
 
When introducing standard form make it clear that is an easier way of writing 
very big and very small numbers, link to science and distance from the sun etc. 
Make students 'feel the pain' of having to write a really large or small number so 
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they can see why we use standard form to both save time and avoid making 
important but indistinguishable errors.  
 
It is worth liaising with the Science dept re the introduction of this concept as it 
will be covered there too.  
 
Give students the chance to use a scientific calculator to both enter numbers in 
standard form and read those emitted in standard form.  
 
When teaching rounding, refer back to Stage 6 and Stage 7 as required to 
explore rounding to powers of 10, the nearest integer and decimal places in 
more depth.  

Key Assessment Checklist 
1. I understand the concept of place value in large numbers 

2. I understand the concept of place value in decimals and can put the decimal point in the correct place 

3. I can round a number to the nearest whole number, 10, 100 etc. 

4. I can round a number to decimal places. 

5. I can round a number to significant figures 

6. I can position and order negative numbers 

7. I can order decimals 

8. I can order combinations of positive and negative integers and decimals 

9. I can convert standard form to ordinary numbers 

10. I can convert ordinary numbers to standard form 
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Foundation Pathway – Y10 Unit 2: Pattern Sniffing 
 
10 learning hours 
 
 

This unit explores pattern from the early stages of counting and then counting in 2s, 5s, and 10s up to the more formal 
study of sequences. This sequence work progresses through linear sequences up to quadratic, other polynomial and 
geometric for the most able older students. For children in KS1, this unit is heavily linked to the following one in terms of 
relating counting to reading and writing numbers.  
 
Also in this unit children and students begin to study the properties of numbers and to hone their conjecture and 
justification skills as they explore odd/even numbers, factors, multiples and primes before moving to indices and their laws. 

Prior Learning Core Learning Extension Learning 
➢ generate terms of a sequence from 

a term-to-term rule 
➢ recognise and use sequences of 

triangular, square and cube 
numbers, simple arithmetic 
progressions 

 
 

 
➢ use the concepts and vocabulary 

of prime numbers, factors 
(divisors), multiples, common 
factors, common multiples, highest 
common factor and lowest 
common multiple 

➢ use positive integer powers and 
associated real roots (square, 
cube and higher), recognise 
powers of 2, 3, 4, 5 

➢ generate terms of a sequence from either a term-to-term or a position-
to-term rule 

➢ deduce expressions to calculate the nth term of linear sequences 
 
 
 
 
 
 
➢ use the concepts and vocabulary of prime numbers, highest common 

factor, lowest common multiple, prime factorisation, including using 
product notation and the unique factorisation theorem 
 
 
 

➢ calculate with positive integer indices 

➢ recognise and use Fibonacci type 
sequences, quadratic sequences 

 
 
 
 
 
 
 

 
 
 
 
 
 

➢ calculate with roots, and with 
(negative) integer indices 

Exemplification Vocabulary 
1. Generate the first five terms of a sequence using the following rules 
a) start on 7, subtract three each time          b) n2 - 1 
 
2. Find the nth term of these sequences: 
a)  29, 39, 49, 59, ....      b) 7.5, 11, 14.5, 18, ....     c)   11, 9, 7, 5, .... 
 
3. a) Express 108 as a product of primes 
b) Calculate the highest common factor of 108 and 180 
c) Calculate the lowest common multiple of 108 and 180 
4. a) By simplifying or otherwise, evaluate: !

!"×!!

!!
 

 

term-to-term rule 
position-to-term rule 
nth term 
prime (number) 
highest common factor;  
lowest common multiple 
prime factor (decomposition) 
product of primes/prime factorisation 
unique factorisation theorem 
index notation 
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Representation Fluency 
Sequences: 
 

• Build patterns using objects (e.g. shapes, number cards, match sticks, 
cubes, counters, place value counters etc) using given first term and 
term-to-term rule 

• Use a spreadsheet to generate a sequence from a term-to-term rule and, 
more importantly, from a position-to-term rule. (This can then also lead 
to graphing if desired – see further extension) 
 

• Explore sequences of images representing linear sequences. Predict the 
next term(s). Then relate the structure of the pattern to the position in the 
sequence to discover the rule.  For example: 

 
 
 

• Explore linear sequences as variations of times tables by building the 
times table first and then modifying (and describing) 
 

• Build patterns using objects (e.g. shapes, number cards, match sticks, 
cubes, counters, place value counters etc) using given position to term 
rule (including non-linear – can you see the squares in the pattern 
arising from an nth term like n2 + 2 etc.?)  

 
• Draw images of sequences of numbers (from a given position-to-term 

rule or vice versa) 
 
 
Number Properties 
 

• Represent a number as a product of prime using counters e.g. 10 as 5 
groups of 2 counters and then 20 as 5 groups of 2x2 counters etc.  

 
• Use animated prime factorisation tool to explore representing numbers 

as a product of primes 
http://www.datapointed.net/visualizations/math/factorization/animated-
diagrams/ 
 

1. Generate a sequence from a term-to-term rule 
• linear sequence, first term ± positive integer 
• linear sequence, first term ± fraction/decimal 
• geometric sequence, first term ×  or  ÷ positive integer 
• geometric sequence, first term ×  non-integer 
• alternating sequence, first term ×  or  ÷ negative integer 
• combination rules e.g. subtract 1, divide by 2  
• first fractional term with rule split between numerator and 

denominator 
 

2. Generate a sequence from a position-to-term rule 
• exact multiple of n, e.g. 4n (or 4 times table) 
• linear, ascending, integer multiples of n e.g. 3n + 2  or 5n - 1 
• linear ascending, non-integer multiples of n e.g. 2.5n + 1 or 0.75 

+ 3.25n 
• linear, descending, integer multiples of n e.g. 20 – 3n 
• linear, descending, non-integer multiples of n e.g. 20 – 2.5n 
• non-linear e.g. n2 + 4 or 3n or 48 ÷ n or n(n+1) 

 
3. Find and use the nth term of an ascending linear sequence  

• find the differences of terms in a sequence and state whether it 
is linear 

• an where a is a positive integer e.g. 6, 12, 18, .... 
• an + b where a is a positive integer and b is a positive integer 

e.g. 5, 7, 9, 11, .... 
• an + b where a is a positive integer and b is a negative integer 

e.g. 4, 11, 18, 25, .... 
• an where a is a positive decimal or fraction e.g. 2.5, 5, 7.5, 10, ... 
• an + b where a is a positive decimal or fraction and b is a 

positive or negative integer e.g. 3.5, 4, 4.5, 5, 5.5, .... 
• an + b where a is a positive decimal or fraction and b is a 

positive or negative decimal or fraction e.g. 3.6, 3.8, 4, 4.2, ... 
4. Find an use the nth term of a descending linear sequence 

• an where a is a negative integer e.g. -3, -6, -9, -12, ... 
• an + b where a is a negative integer and b is a negative integer 

e.g. -8, -11, -14, -17, ... 
• an + b where a is a negative integer and b is a positive integer 

and a+b < 0 e.g. -3, -7, -11, -15, .... 
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• Compare different starting points to arrive at the prime factor 
decomposition to ‘discover’ the unique factorisation theorem 
 

• Use a Venn diagram to position prime factors to identify common prime 
factors easily to support finding the HCF and the LCM (by not duplicating 
these) 

 
Positive integer indices 

• Representing indices as repeated multiplications e.g. 34 = 3 x 3 x 3 x 3 
• Discovering the product rule for indices by expansion and contraction of 

the repeated multiplications 
• Discovering the quotient rule by use of the inverse of the product rule 

above i.e. to calculate 310 ÷ 34 we can ask: “34 x ? = 310 “. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

• an + b where a is a negative integer and b is a positive integer 
and a+b > 0 e.g. 7, 4, 1, -2, .... 

• an where a is a negative decimal or fraction e.g. -2.5, -5, -7.5, -
10, ... 

• an + b where a is a negative decimal or fraction and b is a 
positive or negative integer/decimal/fraction e.g. 3.2, 2.7, 2.2, 
1.7, ... 
 

5. Calculate a positive integer power of a positive number 
• represent a base number with a positive integer power as a 

repeated multiplication 
• squares (non-calculator) 
• cubes (non-calculator) 
• higher powers (non-calculator) 
• using a calculator  
• of a simple decimal or fraction 

6. Multiply and divide numbers with positive integer indices 
• represent a product of two identical base numbers with positive 

integer powers as a repeated multiplication 
• instantly find the product of two identical base numbers with 

positive integer powers 
• represent a quotient of two identical base numbers with positive 

integer powers as a repeated multiplication / repeated 
multiplication 

• instantly find the product of two identical base numbers with 
positive integer powers 

• answer with a positive power 
• answer with a negative power 

• find products/quotients of three or more identical base numbers 
with positive integer powers 

• product of three 
• product of two, divided by third 
• one divided by product of other two 

7. Find and use the prime factorisation of a number (and understand the 
unique factorisation theorem) 

• numbers with no repeated prime factors e.g. 210 
• numbers with one repeated prime factor requiring use of an 

index e.g. 48 
• numbers with more than one repeated prime factor requiring use 
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of indices e.g. 108 
• prime numbers 
 

8. Find the HCF of two or more numbers expressed as products of prime 
factors 

• where only a single prime factor is shared 
• where multiple but unrepeated prime factors are shared 
• where multiple and/or repeated prime factors are shared 
• where no prime factors are shared (i.e. coprime) 

9. Find the LCM of two or more numbers expressed as products of prime 
factors 

• where the HCF is a single prime number 
• where the HCF is a product of two or more primes 
• where the HCF is 1 
• where the HCF is one of the numbers itself 

10. Recognise and solve problems involving prime factorisation, the HCF 
and LCM 

• know the relationship between HCF and LCM 
• find the LCM given the HCF and vice versa  
• prove a number is square (or cube etc.) 
• recognise and solve HCF problems e.g. two pieces of string of 

lengths x and y are to be cut into equal lengths with no string left 
over. What is the greatest possible length of string? 

• recognise and solve LCM problems e.g. what is first year Bug A 
and Bug B will appear together if Bug A appears every x years 
and Bug B appears every y years 
 

Probing Questions 
Show me...  Convince me... What's the same? What's different?  Always, sometimes, never 
... a linear sequence 
 
... the first 5 terms for the sequence 
2n+3 
... 7n – 1 
... n2 + 10 
 
... the nth term of a sequence where 
the 5th term is 5 
... the nth term of a sequence where 
the term-to-term rule is subtract 2.  

... there is more than one linear 
sequence where the third term is 3 
 
... the sequences 5n-2 and 2n+1 will 
start on the same number 
 
... that the nth term of the sequence  8, 
14, 20, 26, ... is 6n+2 
 
... 3n + 4  and 4n + 3 are different 
sequences 

5, 8, 11, 14, ... ;  7, 10, 13, 16, ...;  
5, 9, 13, 17, .... ; 5, 2, -1, -4, .... 
 
3n, 3n -3, -3n + 3, -3n-3 
 
2n+2, 2n-2, -2n +2, 2n 
 
6, 15, 20 and 21 (PFD)  
 
HCF and LCM 
 

Two linear sequences can have two 
terms in common. 
 
Three linear sequences can have three 
terms in common. 
 
If you know the mth term in a 
sequence you can find the 2mth term 
by doubling the mth term. 
 
A fractional difference pattern means 
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... the nth term of a sequence where 
the term-to-term rule is add 3 
... the nth term of a sequence with only 
fractional terms 
.. the nth term of a sequence with only 
even terms 
 
... a sequence that could be generated 
from nth term  3n + a  
 
... a picture to represent the sequence 
2,4,6,8 
 
... 48 as a product of its prime factors 
... 96 as a product of its prime factors 
... how these two numbers are 
connected 
 
... the HCF of 360 and 225 
 
... two numbers that have a product of 
59 

... two numbers that have a quotient of 
59 

 
... the 200th term of the sequence  7, 
11, 15, 19, ... will be 803. 
 
... there is more than one way to 
decompose 24 
... of which number under 100 has the 
fewest prime factors  
 
... the highest common factor of 34 and 
45 will be 1 
 
... that 196 is a square number (using 
its prime factor decomposition) 
 
 

factor; prime factor 
 
factor tree; prime factor decomposition 
 
24   42    22 x 22   45 ÷ 43 

the terms of the sequence are 
fractional.  
 
The HCF of a pair of numbers is 
greater than their LCM. 
 
If you know the HCF of two numbers, 
you also know the LCM.  
 
To find the product of two numbers 
with powers, just add the powers.  

Further Extension Rich and Sophisticated Tasks 
• Investigate what happens when you plot the terms of a linear sequence 

like 4, 7, 10, 13, 16, ... on a graph. How does the rule for nth term relate 
to the picture? How do sequences with similar nth terms relate to each 
other e.g.  6, 11, 16, 21, 26, ..... and 4, 9, 14, 19, 24, ....  
 

• Investigate sequences with fractional terms – does the nth term have to 
contain a fraction? 
 

• When will the LCM of two numbers just be the product of the numbers? 
Why does this happen? 
 

• Make a product of prime factors that will result in a quartic number. 
Check your result using a calculator. Explain how you could find more 
quartic numbers in this way. 

 

Generating Sequences: 
NRICH:  Charlie’s Delightful Machine ü  
NRICH:  Coordinate Patterns* ü  
 
Nth term 
Frogs ü  
Seven Squares ü  
What Numbers Can We Make? 
What Numbers Can We Make Now? ü  
Picturing Triangle Numbers ü  
Slick Summing ü  
Elevenses ü  
BOWLAND assessments: Geoboard Squares 
BOWLAND assessments: Patchwork Cushions 
NUFFIELD AMP: Stacks 
 
Use multiples, factors, common factors, highest common factors, lowest 
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common multiples and primes; find the prime factor decomposition of a number,  

 
Gabriel’s problem 
Multiple Surprises 
Counting Cogs ü  
Stars ü  
Power Mad! ü  
How much can we spend? ü  
 
Use the prime factorisation of a number 
Product Sudoku ü   
Funny Factorisation 
14 Divisors ü  
 
NUFFIELD AMP: Co-Primes 

Misconceptions Teacher Guidance and Notes 
Pupils think that if first differences are not constant then they are not looking at a 
sequence (they believe all sequences are linear).  
 
Pupils are confused by the use of n to represent the position of a term in the 
sequence. They do not see nth as a generalisation of 1st, 2nd, 3rd, 4th etc.  
 
Pupils believe there is a 'right way' to begin a prime decomposition – thus they 
do not believe in the unique factorisation theorem.  
 
Pupils use addition when forming decomposed terms 
 
Pupils do not routinely check the PD is numerically equal to the start value 

• It can be a good idea to motivate students to find an nth term by asking 
them to use a less efficient method first to find, say, the 500th term. Then 
you can justify why we use algebra as a way of saving time and effort to 
get an answer (plus reducing chance of error) 

• Compare linear sequences to known sequences i.e. times tables. Try to 
get students to see 4, 7, 10, 13, etc as the 3 times table but with every 
number shifted up 1. This will help them to then see why we call that 
sequence 3n+1.  

• This logic will later be used for quadratics and so makes for a common 
approach to naming sequences.  

• This approach is different to finding the 0th term, which can be explored 
also - make sure to look at why this works as well as the procedure 
alone to ensure conceptual understanding.  

 
• Ensure you are defining a prime number as ‘a number with exactly two 

factors’ to avoid reinforcing misconceptions in this area 
• Demonstrate that any staring factor pair will result in the same PFD at 

the end overtly. Ensure students understand what the PFD actually is i.e. 
the multiplicative building blocks of a number before they start to use it. 

Key Assessment Checklist 
1. I can identify missing terms in a sequence 

2. I can identify and describe patterns 

3. I can explain the difference between position and term 

4. I can formulate an nth term rule 
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5. I can substitute into nth term rules 

6. I can identify HCF and LCM 

7. I can decompose a number into its prime building blocks applying index notation 

8. I can use a number in its prime decomposition form to solve problems. 
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Foundation Pathway – Y10 Unit 3: Exploring Calculation  
 
10 learning hours 
 
 

This unit explores the concepts of addition and subtraction at KS1 building to wider arithmetic skills including multiplication 
at KS2.  It is strongly recommended that teachers plan this unit for KS1/KS2 with direct reference to the calculation policy!  
At KS3 students are developing calculation into its more general sense to explore order of operations, exact calculation 
with surds and standard form (which have been introduced in Inv Number Systems briefly) as well developing their skills in 
generalising calculation to algebraic formulae. They need to substitute into these formulae and calculate in the correct 
order to master this strand. The formulae referenced are examples of the types of formula they will need to use, but the 
conceptual understanding for these formulae will be taught elsewhere in the curriculum. 

Prior Learning Core Learning Learning Leads to... 
➢ apply the four operations, including 

formal written methods, to 
integers, decimals and simple 
fractions (proper and improper), 
and mixed numbers 
 
 
 
 

➢ use conventional notation for 
priority of operations, including 
brackets 

➢ use the symbols =, ≠, <, >, ≤, ≥ 
 
 
 

➢ substitute numerical values into 
formulae and expressions 

➢ understand and use standard 
mathematical formulae 

➢ understand and use the concepts 
and vocabulary of expressions, 
equations, formulae and terms 

➢ use and interpret algebraic 
notation, including: ab in place of a 
× b, 3y in place of y + y + y and 3 × 
y, a² in place of a × a, a³ in place of 
a × a × a, a/b in place of a ÷ b, 
brackets 

 
 
 

➢ apply the four operations, including formal written methods, to 
integers, decimals - both positive and negative 
 

➢ calculate with standard form A x 10n, where 1 ≤ A < 10 and n is an 
integer 
 
 
 

➢ use conventional notation for priority of operations, including brackets, 
powers, roots and reciprocals 

 
 
 
 
 
➢ substitute numerical values into scientific formulae 
➢ rearrange formulae to change the subject 
➢ use and interpret algebraic notation, including: a²b in place of a × a × b, 

coefficients written as fractions rather than as decimals 

➢ calculate exactly with multiples of 
π 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

➢ translate simple situations or 
procedures into algebraic 
expressions or formulae 

➢ know the difference between an 
equation and an identity 
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Exemplification Vocabulary 
1. Calculate: 
a)   4561 x 0.72      b)  -485.25  ÷ 15     c) 489.49 + 135.7     d) 467 – 489.12 
 
 
2. Calculate, leaving your answer in standard form    
a) 2.4×10!        ×        2.5×10!!              b)   2.4×10!!     +       1.89×10!!            c) (3.6×10!)     ÷     (4×10!!)    
 
3. Calculate: 

a)  36 − 2×4!       b) !"÷(!!!)
!

 
 
4. Use the formula 𝐴 = !!!!!

!
  to calculate the value of 𝐴 when 𝑥 = 4.5, 𝑦 = 3 and 𝑧 = −2 

 
 
5. Rearrange these formulae to make x the subject: a) 𝑦 = 2(𝑥 + 5 )   b)   𝑦 = !

!
−1 

 
6. Convert into words: 
i) 6𝑝!𝑞     ii) !

!
𝑓 + 2    

 
  

calculate  
integer 
positive 
negative 
decimal 
add, plus, sum, total 
subtract, take away, difference 
multiply, product 
divide, quotient, dividend, divisor 
square, cube, power 
square root, cube root, root 
operation 
order of operations 
brackets 
formula 
subject (of a formula) 
equation 
identity 
term 
expression 
substitute 
evaluate 

Representation Fluency 
Addition and Subtraction 

• Building numbers from place value counters and adding these, 
exchanging ten 0.1s for one 1 etc as required  

• Building a number from place value counters and removing (subtracting) 
the second amount to see what is left, exchanging one 1 for ten 0.1s etc 
as required 

 
Multiplication and Division 

• Building and drawing (and even simply describing) arrays to represent 
multiplication (for a x b build an array of a objects across, copied into b 
rows) using place value counters.  Generalising to grid method as an 
‘undrawn’ array.  

• Building and drawing arrays to represent division for c ÷ b take c objects 
and arrange them into as many columns of b counters as possible to 
leave the number of groups, the answer, as the number of counters per 
row). Continuing this process with place value counters for larger 

1. Add and subtract integers and decimals (positive and negative) 
• add whole numbers up to 6 digits (no exchange, one exchange, 

multiple exchanges) 
• add decimals of the same length (no exchange, one exchange, 

multiple exchanges) 
• add a decimal to an integer 
• add decimals of different lengths  
• subtract whole numbers up to 6 digits (no exchange, one 

exchange, multiple exchanges) 
• subtract decimals of the same length (no exchange, one 

exchange, multiple exchanges) 
• subtract a shorter decimal from a longer decimal 
• subtract a longer decimal from a shorter decimal 
• subtract an integer from a decimal 
• subtract a decimal from an integer 
• subtract a positive decimal or integer from a negative number 
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numbers and decimals also.  
 
Arithmetic with Negative Numbers (see Stage 7 if required) 
 
 
Standard Form 

• See unit 2 for introduction to concepts of standard form including  N4 
Standards Unit 

• Expanding a number in standard form to a repeated multiplication by 10 
e.g. 3.5  ×  10! = 3.5  ×10×10×10×10×10 

• Multiplying two numbers in standard form by expanding, reordering and 
using prior knowledge of powers to combine 

• Adjusting numbers not in standard form but with a power of 10 using 
place value counters 

 
Calculating in the correct order 

• Calculating using scientific calculators and basic (non-scientific) 
calculators simultaneously and observing the differences in result e.g. for 
2 + 5 x 3.  

• Exploring which calculations this matters for and which it does not.  
• Exploring how to notate a calculation correctly using the STANDARDS 

UNIT: N5 Understanding the Laws of Arithmetic task 
 

 
Formulae 

• Building expressions from algebra tiles (beware that you may need to 
use the neutralisation logic and approaches above for negatives in this 
area) 
 

• Replacing (substitute) tiles with their values once known – this works 
well when students write on the back of their tiles and turn them over to 
ensure the variables really are replaced completely. 
 

• Building a formula using algebra tiles and then changing the subject of a 
formula by applying operations to both sides (as in equations in Stage 
7). 

 
• You can also explore famous formulae e.g. from science that students 

may already know and can make sense of. 
 

• subtract a negative decimal or integer from a negative number 
• subtract a negative decimal or integer from a positive number 

(i.e. add) 
2. Multiply integers and decimals (positive and negative) 

• multiply a integer of up to 6 digits by a single digit 
• multiply an integer of up to 6 digits by a two-digit number 
• multiply an integer of up to 6 digits by a three-digit number 
• multiply a decimal by a single-digit integer 
• multiply a decimal by a two-digit integer  
• transform a calculation involving decimals (up to 6d x 3d) to one 

involving integers and position decimal point correctly afterwards 
3. Divide integers and decimals (positive and negative) by whole numbers 

using a formal method 
• divide a whole number by a single integer (no exchange, one 

exchange, multiple exchanges) 
o no remainder 
o remainder leading to extension of calculation into 

a decimal 
• divide a decimal by a single integer (no exchange, one 

exchange, multiple exchanges)  
o no remainder 
o remainder leading to extension of calculation to 

additional decimal places (terminating) 
• divide a whole number by a two-digit integer  

o no remainder 
o remainder leading to extension of calculation into 

a decimal 
• divide a decimal of up to 3dp by a two-digit integer 

o no remainder 
o remainder leading to extension of calculation into 

additional decimal places (terminating) 
4. Divide integers and decimals by decimals (positive and negative 

dividends and divisors) 
• transform a calculation involving division by a decimal to one 

involving division by an integer and position the decimal point 
correct afterwards 

o one decimal place, zero integer part 
o two decimal places, zero integer part 
o one decimal place, non-zero integer part 

5. Add and subtract numbers written in standard form (by converting) 
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• convert a number to normal form (large integer) 
• convert a number to normal form (decimal<1) 
• add two numbers in standard form by converting 

• same magnitude 
• different magnitudes 

• subtract two numbers in standard form by converting 
• same magnitude 
• different magnitude 

• convert a number in the form A x 10n where A <1 or A≥10 to 
standard form 

6. Multiply and divide numbers written in standard form (use product and 
quotient rules for powers) 

• multiply examples where answer is automatically in standard 
form e.g. 2 x 105 x 3.4 x 108 

• divide examples where answer is automatically in standard form 
e.g. (6.4 x 1015) ÷ (2 x 108) 

• multiply examples where answer needs to be converted to 
standard form e.g. 2 x 105 x 6.4 x 108 

• divide examples where answer needs to be converted to 
standard form e.g. (1.8 x 1015) ÷ (3 x 108) 

7. Calculate in the correct order 
• examples involving only four operations including division as a 

reciprocal e.g. !!!×!
!!!

 
• examples involving four operations, including division as a 

reciprocal and brackets e.g. (!!!)×!
!!!

   
• examples with a single positive power without brackets e.g. 10 + 

4 x 52 
• examples with a single positive power and a bracket e.g. 3 x (19 

– 24 
• examples applying a positive power to a bracket e.g. 48 ÷ (10-

6)2  
• examples with multiple powers e.g. 44 + (8 – 5)3  
• examples with a single square root without brackets e.g. 

7 + 3  ×   36 
• examples with a single root and a bracket e.g. (5 + 3)  ×   9  
• examples applying a positive power to a bracket e.g. 8 +

4  ×   (30 − 3)!   
• examples with multiple roots (e.g. 2  ×  (20 + 12)!   ÷    16! ) 
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• combinations of roots and powers 
 

8. Read and write rules, formulae etc. using correct algebraic notation 
• examples using just four operations 
• examples involving brackets  
• examples involving powers 
• examples involving roots 

9. Substitute into formulae to find values 
• formulae involving four operations only (including division as a 

reciprocal) e.g. 𝑃   =    !!  !  !!
!

 
• formulae involving brackets e.g.  𝐴   =   𝑥(3   +   𝑦) 
• formulae involving powers and roots e.g. 𝐴 = 𝑥 + (𝑦 − 3)! 

10. Change the subject of a formula  
• examples using a single inverse operation (+,−,×,÷) e.g. 

𝑃 = 𝑥 + 5 or 𝑃 = !
!
 

• examples using two inverse operations (+,−,×,÷) e.g. 𝑃 = 2𝑥 +
5 

• examples involving expansion of a single bracket first e.g. 
𝑃 = 3(𝑥 + 5) 

• examples involving a power (i.e. a root as inverse) e.g. 
𝑃 = 𝑥! + 5 or 𝑃 = (𝑥 + 5)! 

• examples involving a root (i.e. a power as inverse) e.g. 
𝑃 = 𝑥 + 5 

Probing Questions 
Show me...  Convince me... What's the same? What's different?  Always, sometimes, never 
... a number in standard form 
 
... how you can easily order numbers 
when they are in standard form 
 
... a reciprocal 
 
... two decimals that are hard to 
subtract 
... two integers that are easy to multiply 
... two integers that are hard to multiply 
 
... a formula that is easy to rearrange 
... a formula that is hard to rearrange 

... that 2.4 x 10^6 / 3.6 x 10^5 is 
different to (2.4 x 10^6) / (3.6 x 10^5)  
 
... that dividing two fractions can give 
an answer greater than 1 
 
... that when a = 3 and b = -5, c = 57 
using the formula c = 3( a^2 – 2b) 
 
... that standard form is necessary for 
very large or very small numbers 
 
... that numbers in standard form are 
easier to order than those written as 

4x10^6, 2.5x10^3, 7x10^2, 0.3x10^9 
 
a²b, a × a × b, ab², a × b × a 
 
2 + 3^2, (2 + 3)^2, 2^2 + 3 
 
y=mx+c, v=u+at, F=ma, s=ut+1/2at^2 
 
2!  , 4!      ,      2!  ×  2!,        4! ÷ 4! 

 

a + b × c = a × b + c 
 
You can find a missing value in a 
formula if you are given all the others 
 
You can rearrange a formula to make 
any variable the subject. 
 
𝑎×𝑏! = (𝑎×𝑏)! 
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normal numbers 
 
... that  a = c – b is the same formula 
as a + b = c 

Further Extension Rich and Sophisticated Tasks 
• Standard Form: 

Complete the boxes shown as ∎ to make as many true statements as 
possible: 

∎×10∎    ∎      ∎×10∎ = 2×10!         
Organise your statements. 
Can you generalise any of them? 
 

• Make each letter the subject of the formula: 

𝐴 = 𝐵 + 𝐶 − 𝐷 + 2𝐸 + 𝐹! −
𝐺
3

 
 

• What is the difference between: 
𝑦 = (!!!!)!

!
 and 𝑦 = 3𝑥 + 2! ÷ 4 ? 

 
• How could you make x the subject of this formula? 

𝑦 = 𝑥 3 + 𝑥 − 1 

Calculate with integers 
Impossibilities 
Overlaps 
 
Order of operations 
What Numbers Can 
We Make?* ü  
Consecutive Numbers ü  
Where Can We Visit? ü  
Consecutive Seven ü  
STANDARDS UNIT: N2 Evaluating Statements about Number Operations 
 
 
Formulae – using, devising and changing subject 
Temperature ü  
STANDARDS UNIT: A4 Evaluating Algebraic Expressions 
Pick's Theorem 

Misconceptions Teacher Guidance and Notes 
When adding and subtracting numbers of different magnitude (including 
decimals of different lengths), students often misalign these in column addition 
and subtraction (and multiplication).  
 
 
Students can struggle to understand why they ‘add a zero’ when multiplying by 
the tens digit during column multiplication.  
They also make errors in adding up the results of grid methods.  
Times tables weaknesses will cause errors in calculations and should be 
addressed asap to minimise the impact.  
 
 
Students frequently quote the rule ‘two negatives make a positive’ and apply it 
incorrectly to the addition and subtraction of negatives.  
Students particularly struggle to understand what it means to subtract a negative. 
They conflate subtraction as an operation with a negative number as a noun.   
 
In standard form (a x 10^b ), students don't always appreciate that 1 <= a <10  

• This unit is focused on developing calculation with integers and decimals 
(fractions will be explored in Unit 7 and so are greyed out above), 
including application in situations with formulae and substitution.  

• The pitch of Stage 8 is in adding and subtracting numbers with multiple 
decimal places (including of different lengths and a decimal to/from an 
integer) and in multiplying integers by decimals with 2dp or dividing a 
decimal by an integer (including more than single digits).  

• It is expected that students will apply four operations with both positive 
and negative numbers – should this require refreshing, see Stage 7 Unit 
1 and 3 for further guidance on breaking this concept down.  

• As always, when working with decimals, be careful to model correct 
language i.e. read decimals digit by digit. Do not read them as HTU e.g. 
0.36 is Nought-point-three-six and never Nought-point-thirty-six.  

• Stage 6 and below contain guidance and teaching prompts for the 
calculation work that precedes this. Ref the Calculation Policy for Four 
Operations St1-6 

• Standard form was introduced in Unit 1 so refer back as needed. Here 
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When converting a number like 36 x 10^7 to standard form, students find it hard 
to see why the compensation for dividing 36 by 10 to get 3.6. is to increase the 
power of 10 by 1.  
Students try to apply rules for multiplying and dividing numbers in standard form 
to addition and subtraction questions.    
 
 
When working with formulae, students often think that letters represent an object 
rather than a number e.g. a is an antelope rather than the number of antelope in 
the zoo.  
Students sometimes think that algebra is an alphabet code e.g. a =1, b = 2, c = 
3, ... 
 
When substituting, students forget that the order of operations applies - this 
learning for number is not connected to algebraic situations. This is why these 
things are together in this unit! e.g. they forget that multiplying two negatives will 
give a positive answer and they calculate in the wrong order (often left to right 
rather than using BIDMAS).  
Additionally, students also fail to remove and genuinely replace the letter with the 
number during substitution, often replacing a with for example 10a because 
a=10. 
 
Students interchange squaring and doubling in both number calculations and 
those involving algebraic symbols.  
 
Students do not always realise that two adjacent letters or letter and number in 
algebra imply a multiplication.  

we rely on the work on powers from Unit 2 also to multiply and divide 
numbers in standard form.  

• The focus for the algebra work here is on the use of formulae and the 
application of the calculation skills they have just learned with such 
formulae. Try not to get too absorbed in the rules of notation etc at this 
stage and instead concentrate on the use of a letter to standard for a 
number. Students will have basic knowledge of how to read and notate 
algebra from Stage 7 but the focus is definitely on interpreting 
algebraic notation, rather than on recording it and simplifying etc. Save 
simplifying, collecting, expanding more than simple brackets etc for Unit 
5.  

• The formula work is deliberately paired with calculation in this unit as a 
generalised form of calculation to which the same rules (ie order of 
operations) must apply. Use the opportunity to practise this order of 
operations work here too.  

• Make reference to the Stage 7 work that students have done on 
equations to change the subject of a formula and hence only go as far 
with examples that match the Stage 7 pitch (i.e. only one unknown with 
series of simple operations to invert). Note that sometimes 
rearrangement of a formula is referred to as ‘transposing a formula’.  

 
 
 
 

Key Assessment Checklist 
1. I can add and subtract large and small numbers using standard form by converting if necessary 

2. I can multiply and divide numbers in standard form 

3. I can add, subtract, multiply and divide integers 

4. I can add, subtract, multiply and divide decimals  

5. I can use the correct order of operations to calculate, including expressions involving square roots and reciprocals 

6. I can substitute numbers into scientific formulae and interpret the answer in context 

7. I can rearrange simple algebraic formulae e.g. one or two step formulae such as making y the subject of 2y - x = z formulae 

8. I can rearrange a formula and then substitute to finding a missing value. 
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Foundation Pathway – Y10 Unit 4: Generalising Arithmetic  
 
8 learning hours 
 
 

This unit is focused on developing fluency in the manipulation of number.  
At primary level this is focused on arithmetic itself and the methods for four operations particularly; however, this is 
naturally generalised to thinking about rules of arithmetic more widely at secondary level i.e. algebra. These aspects have 
been paired together intentionally to help teachers describe algebra as simply a generalisation of number. It is expected 
that teachers will go back to arithmetic to help students see where the 'rules' of algebra come from.  
Note that the greyed out content is covered elsewhere and hence is not required content here.  

Prior Learning Core Learning Learning Leads to... 
 
➢ simplify and manipulate 
algebraic expressions by collecting 
like terms and multiplying a single 
term over a bracket 
 
 
 
 
 
 
 
 
 
➢ understand and use the 
concepts and vocabulary of 
expressions, equations, formulae 
and terms (continued from Unit 3) 
 
➢ use and interpret algebraic 
notation, including: ab in place of a 
× b, 3y in place of y + y + y and 3 × 
y, a² in place of a × a, a³ in place of 
a × a × a, a/b, brackets (continued 
from Unit 3) 
➢  

 
➢ simplify and manipulate algebraic expressions by taking out common 

factors and simplifying expressions involving sums, products and 
powers, including the laws of indices 
 
 
 
 
 
 
 
 
 
 

➢ understand and use the concepts and vocabulary of inequalities and 
factors 
 
 
 

➢ use and interpret algebraic notation, including: a²b in place of a × a × b, 
coefficients written as fractions rather than as decimals 
 

 
➢ simplify and manipulate 

algebraic expressions (including 
those involving surds) by 
expanding products of two 
binomials and factorising 
quadratic expressions of the 
form x² + bx + c, including the 
difference of two squares 

➢ argue mathematically to show 
algebraic expressions are 
equivalent, and use algebra to 
support and construct arguments 
 

➢ understand and use the 
concepts and vocabulary of  
identities 

➢ know the difference between an 
equation and an identity 

Exemplification Vocabulary 
1.  
a) Factorise fully (i)  15𝑎 + 10  (ii)    24𝑎! + 6𝑎𝑏 

Expression 
Term 
Sum 
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b) Simplify  !!
!  ×  !!!  ×!!"

!!
 

c) 3a²b + 4a2 + a2b + 6a2	  	   
 
2.  
a) State three common factors of  42𝑝𝑞! and 35𝑞𝑟! 
b) Explain the meaning of this inequality    3𝑥 + 1 < 13 
 
 
3. Simplify 
a)  a × b × a    b) 4 × b × 2 × a     c) 4a ÷ 8a       d) 15b8 ÷ 3ab3	  
 

Difference 
Product 
Quotient 
Co-efficient 
Power 
Index (Indices) 
Law 
Simplify 
Bracket 
Distributive Law 
Expand 
Factor 
Factorise 
Factorise fully 
Common Factor 
Notation 
Inequality 
Equation 
Formula 

Representation Fluency 
Forming Expressions, Equations and Inequalities 

• Building expressions using algebra tiles step by step along with word 
description and simplifying where appropriate 

• Similarly for equations and inequalities – will require use of an = or < > 
sign etc.  

 
Expanding Brackets 

• Representing a multiplication using an array e.g. 3(2x+1) as 3 rows of 
two x tiles and one 1 tile.  

• Then representing this more generally as an area i.e. a grid 
multiplication (be explicit about the link to multiplication of numbers – 
e.g. use a grid to multiply 23 by 7 and then multiply x + 3 by 7 

 
 
Factorising and Common Factors 

• Representing an expression with individual algebra tiles and then 
arranging these into an array to show them as a product of two terms i.e. 
factoring them e.g. 12x + 4 could be built out of twelve x cards and four 1 
cards and then arranged into an array of two rows of 6x+4 [i.e. 2(6x+4)] 
or four rows of 3x + 1 [i.e. 4(3x+1)]. Understanding that this represents a 

1. Write expressions, equations and inequalities from word descriptions 
and vice versa 

• convert a word description to an expression 
• form a word description from an expression 
• convert a word description to an equation 
• form a word description from an equation 
• convert a word description to an inequality 
• form a word description from an inequality 

2. Multiply and divide terms with positive indices 
• 𝑥!  ×  𝑥! 
• 𝑥!  ×  𝑥!  ×  𝑥!! 
• 𝑥!  ×  𝑦!  ×  𝑦!  ×  𝑥! 
• 𝑥!𝑦  ×  𝑦!  ×  𝑥𝑦 
• 2𝑥!  ×  3𝑥! 
• 2𝑥!  ×  3𝑦!  ×  10𝑦!  ×  𝑥! 
• 3𝑥!𝑦  ×  𝑦!  ×  11𝑥𝑦 
• 𝑥!"   ÷   𝑥! 
• 15𝑥!"   ÷   5𝑥! 
• !!"  ×    !!

!!
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factor pair of the expression.  
• Using a reverse grid method and populating the ‘answer’ sections i.e. the 

inside of the grid in order to find possible combinations of terms to 
produce these results 
 

Indices 
• Representing an number with an index such as 25 as 2 x 2 x 2 x 2 x 2 
• Representing multiplication examples in this longer form in order to 

simplify and then spot the rule  
(e.g. 2!  ×  2! = 2  ×  2  ×  2  ×  2  ×  2            ×            2  ×  2  ×  2 =     2!)   

• Representing division examples in this longer form using cancellation to 
simplify and then spot the rule 
(e.g. !

!

!!
  = !  ×  !  ×  !  ×  !  ×  !    

!  ×  !  ×  !
=      !  ×  !  ×  !  ×  !  ×  !    

!  ×  !  ×  !
    =     2!)   

 
 
 

Collecting Terms (adding and subtracting) 
• Building an expression using algebra tiles and collecting like tiles 

together. Where subtraction is used, removing tiles. Additionally, when 
insufficient positive tiles exist to subtract, adding more in by bringing in 
‘neutralised pairs’ of one positive and one negative tile.  
 

 
 
 
 
 

• !!"  ×    !!

!!!
 

• !!!"  ×  !!!

!!!
 

• !!!!  ×  !!"!

!!"!
 

3. Collect terms involving indices 
• Recap collecting terms with multiples of single letters e.g. 

3𝑥   ± 2𝑦 ± 6𝑥 ± 5𝑦 
• Collecting terms with multiples of combinations of letters  e.g. 

3𝑥𝑦   ± 2𝑥 ± 6𝑥𝑧 ± 5𝑦𝑥 
• Collecting terms with single letters raised to a power e.g. 

3𝑥!   ± 2𝑦! ± 6𝑥! ± 5𝑧 
• Collecting terms with combinations of letters raised to a power 

e.g. 3𝑥!𝑦   ± 2𝑦! ± 6𝑦𝑥! ± 5𝑦𝑧   ± 𝑦! 
4. Collect terms involving fractional coefficients 

• proper fractions with the same denominator e.g.  !
!
𝑥! + !

!
𝑦 +

!
!
𝑥! − !

!
𝑦 

• proper fractions with different denominators e.g.  !
!
𝑥! + !

!
𝑦 +

!
!
𝑥! − !

!
𝑦 

• proper fractions that bridge over 1 e.g.  !
!
𝑥! + !

!
𝑥! 

• mixed numbers (no bridging) e.g.  2 !
!
𝑥! + 1 !

!
𝑦 + 1 !

!
𝑥! − 1 !

!
𝑦 

• mixed numbers that bridge over a whole e.g.  2 !
!
𝑥! + 3 !

!
𝑦 +

1 !
!
𝑥! − 1 !

!
𝑦 

5. Expand a single bracket 
• numerical multiplier   

o single letter first or second  3(𝑔 ± 2) or 3(5 ± 𝑔)  
o combination of single letters and number terms   

3(𝑓 ± 𝑔 ± 7)  
o multiple of different letter first or second   3 3𝑔 ± 10  or 

3(11 ± 3𝑔)  
o multiples of the same letter and other letters anywhere 

3(3𝑓 ± 7𝑔 ± 2)  
o terms with indices in the brackets  3 11 ± 3𝑔!  or 

3(𝑓!𝑔 ± 2𝑓)  
o fractional co-efficient  !

!
(𝑓!𝑔 ± 2𝑓)  

• algebraic single letter multiplier 
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o single letter first or second  𝑓(𝑔 ± 2) or 𝑓(5 ± 𝑔)  
o same single letter first or second 𝑓(𝑓 ± 5) or  𝑓(6 ± 𝑓)  
o combination of single letters and number terms   

𝑓(𝑓 ± 𝑔 ± 7)  
o multiple of different letter first or second   𝑓 3𝑔 ± 10  or 

𝑓(11 ± 3𝑔)  
o multiple of same letter first or second   𝑓 2𝑓 ± 9   or 

𝑓(11 ± 5𝑓)  
o multiples of the same letter and other letters anywhere 

𝑓(3𝑓 ± 7𝑔 ± 2)  
o terms with indices in the brackets 𝑓 11 ± 3𝑔!  or 

𝑓(𝑓!𝑔 ± 2𝑓)  
• algebraic multiplier, combination term  

o coefficient that is a combination term, different letters  
6𝑓(8𝑔 ± 2) or 6𝑓(5 ± 2𝑔)  

o coefficient that is a combination term, same letters 
6𝑓(7𝑓 ± 3) or 6𝑓(11 ± 2𝑓)  

o fractional co-efficient  !
!
𝑓(7𝑓 − 2𝑔)  

o coefficient that is a combination term, more than 3 terms 
in the bracket, including negative first terms examples  
6𝑓(±2𝑓 ± 3𝑔 ± 7)  

o terms with indices in the brackets 2𝑓 11 ± 3𝑔!  or 
11𝑓(𝑓!𝑔 ± 2𝑓) 

o fractional co-efficient  !
!
(𝑓!𝑔 ± 2𝑓)  

• algebraic multiplier with indices 
o multiplier of letter to a power   𝑓! 11𝑔 ± 3𝑓!  
o multiplier of letter to a power with a coefficient  

3𝑓! 11𝑔 ± 3𝑓!  
o multiplier of combination of letters with powers 

𝑓!𝑔 11𝑔 ± 3𝑓!  
6. Identify factors of terms, including common factors 

• identify all factor pairs of a term (no indices) 12𝑦 or 7𝑥𝑦  or 
18𝑥𝑦𝑧 

• identify all factor pairs of a term (with indices) 12𝑥!𝑦  or  5𝑥𝑦! 
• identify all common factors of two terms – numbers only e.g. 

16𝑥! and 8𝑦𝑧 
• identify all common factors of two terms – one letter only e.g. 

17𝑥! and 8𝑥𝑦 
• identify all common factors of two terms – combination of 
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numbers and single letters only e.g. 16𝑥! and 8𝑥𝑦 
• identify all common factors of two terms – examples with indices 

e.g. 16𝑥!𝑦! and 8𝑥!𝑦 
• identify highest common factor in examples above 

7. Factorise expressions 
• numerical factors only  12𝑥 + 8   or 16𝑥! + 14𝑦𝑧 
• single letter factors only 12𝑥 + 8   or 16𝑥! + 14𝑦𝑧 
• multiple of single letter factors  12𝑥 + 8𝑥!   or 16𝑥!𝑦 + 14𝑦𝑧 
• more than one letter factors (with or without coefficients) 

12𝑥𝑦𝑧 + 7𝑥!𝑦!   or 16𝑥!𝑦! + 14𝑦𝑥!𝑧 
8. Simplify expressions involving expanding, factorising and collecting 

terms 
• Examples of expanding two or more single brackets and then 

collecting terms e.g. 2𝑦(3𝑥! + 4𝑦) ± 𝑥𝑦(7𝑥 − 1) 
• Showing equivalence of two expressions  

 
Probing Questions 

Show me...  Convince me... What's the same? What's different?  Always, sometimes, never 
... two terms with a product of x13 
 
... two terms with a quotient of x13 
 
... an expression that is equivalent to 
4p+3q–2 
 
... two algebraic terms with a sum of 
4x? 9x2? 2/3 x? 
 
... two algebraic terms with a product of 
6𝑎!𝑏! 
 
.. two algebraic terms with a quotient of 
2xy 
 
... a bracket that expands to give 12x + 
20xy 
 
... a factor of the expression 15ab3 + 
20ab2 
(then the HCF of ....) 

... that 1/2 of 2/3 x is 1/3x 
 
... that 4/5 x + x = 9/5 x 
 
... that there is more than one way to 
factorise 8x2 + 12xy 
 
... that you could calculate the value of 
2 + 5a if you knew the value of a 
 

2n and n+2 
 
3(c+5) and 3c+5 
 
n2 and 2n 
 
2n2 and (2n)2 
 
2(3x + 9x2); 3(2x + 6x2); 6(x+3x2); x(6 + 
18x); 6x(1+3x) 

Every expression has a single 
factorisation  
 
There are some expressions that 
cannot be factorised 
 
2(b+2)=4b+2 
 
 3(p–4)=3p–7 
 
–2(5–b)=-10–2b 
 
12–(n–3)=9–n 



AETmathematics.org                                                                                       @aetmaths 
 

This document can be used but we restrict editing or removal of the Academies Enterprise Trust logo. 
Copyright © AET Solutions Ltd (AETS) 2010 All rights reserved. 

 

Further Extension Rich and Sophisticated Tasks 
• A1 Standards Unit Task matching expressions and word descriptions 

 
• How many different brackets are there that expand to give 12a2b3 + 

18ab2? 
 

• I think of a number and write it down. I add two to it and write this new 
number down. I add eight to this number and write down the new 
number I have produced.  
I find the sum of the three numbers I have written.  
True or False: I will always have a multiple of 3.  
Justify your answer 
 

• Simplify this expression !!
!!!!!"

!!!!!"!!
 

 
• Investigate the calculation 𝑥!   ÷ 𝑥! 

What does this tell you about an index of 0?  
 
 

Use letter symbols to represent unknown numbers or variables; know the 
meanings of the words term, expression and equation 
Your Number Is… ü  
Number Pyramids ü  
Crossed Ends ü  
 
Simplify or transform linear expressions by collecting like terms; multiply a 
single term over a bracket 
Always a Multiple?* ü 
More Number Pyramids ü  
Perimeter Expressions ü  
Fibonacci Surprises 
Special Numbers ü  
Reversals ü  
 
 
Simplify or transform algebraic expressions by taking out single-term 
common factors; add simple algebraic fractions 
Puzzling Place Value ü  
Harmonic Triangle ü 

Misconceptions Teacher Guidance and Notes 
Students may still find the concept of using a letter to represent a number 
challenging and hence try to do things with the letters that they would not with 
numbers instead.  
 
When adding and subtracting terms, students find it hard to work with negative 
numbers or subtractions and often fail to retain the sign to the subsequent to 
term. They also incorrectly apply rules about negative numbers saying that -3a - 
4a = 7a, for example. This is often because they start to mix up the rules for 
multiplying with directed numbers. Students also frequently quote the rule ‘two 
negatives make a positive’ and apply it incorrectly to the addition and subtraction 
of negatives.  
 
Students find it difficult to identify like terms that are not a single letter. For 
example, they believe that a2 + a2 = a4 because they do not view these as 'like' 
terms that can be added. This is exacerbated when looking at examples without 
a coefficient.  
 
When expanding single brackets, students forget to apply the multiplier to every 
term inside the bracket, often just doing this to the first term only.  
They may also add rather than multiply.  

• This unit is focused on becoming confident in simplifying any algebraic 
expression, including expanding and factorising in situations involving 
indices.  

• It is important to emphasise the conventions of algebraic notation. For 
example, we prefer to write 3𝑥 rather than 𝑥3; we tend not to use a co-
efficient or power of 1 and instead write 𝑥 in place of 1𝑥 or 𝑥1 

• In Stage 8 we only need to multiply a single term over a bracket, so 
double brackets should be left for now. However, there is the opportunity 
to link earlier work on decimals as well as Year 7 elements of fractions 
into this unit if desired.  You can build challenge using the indices also.  

• It is strongly advised that teachers try to avoid an ‘alphabet soup’ 
approach to algebra and really emphasise the numerical nature of the 
letter.  

• The use of algebra tiles to represent the algebra concepts concretely 
and/or visually is also strongly recommended. This enables students to 
build expressions directly and to link the more abstract algebraic notation 
to something more tangible that they can work with. The base building 
blocks should be 1s and xs or equivalent with –xs and -1s introduced 
when negatives are required and the idea of neutralisation can be used.  
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Students do not believe that a fraction is a legitimate co-efficient for an algebraic 
term. 
 
When factorising students take out the first common factor they find rather than 
the highest. Therefore, they do not always appreciate the meaning of the phrase 
'factorise fully'. 
 
Students do not always realise that two adjacent letters or letter and number in 
algebra imply a multiplication.  
 

• It is important to make constant reference to the rules of arithmetic as 
the basis for these algebra rules  e.g. 3x + 2x = 5x because if you were 
asked to calculate  3 x 145   +  2 x 145 you could just work out 5 x 145 - 
you can represent this visually using the bar model or with a grid 
approach also.  

• When forming an expression from a word description, ensure that 
students are using the correct order of operations to support them. If 
they need to do an operation like an addition first, then they need to 
include a bracket.  

• Consider using directed numbers in starters or numeracy tests before 
simplifying if this is a weak area.  

• Similarly, before spending considerable time on collecting terms with 
fractional coefficients, ensure fraction arithmetic is secure from Unit 7/8 
in Stage 7. When dealing with fractional coefficients make sure students 
understand the 3/4 x a can be written as 3a/4 

• Make the link between division and factorising clear - students often do 
not see that these words are connected (which is also why they cannot 
remember what a factor is in numeric terms) so make a big deal of this. 

• This is a great opportunity to apply the fraction knowledge that students 
should be developing - however, you can always strip this out to focus 
on the algebraic elements first if necessary. The unit is about algebra 
first, with the number work forming the basis for this rather than the 
focus of the unit. 

Key Assessment Checklist 
1. I can write an expression, equation or inequality to represent a word description 

2. I can collect like terms including examples with multiple or repeated letters. 

3. I can collect like terms where there are fractional coefficients 

4. I can multiply and divide algebraic terms, using indices laws where appropriate 

5. I can multiply an expression by any single term, including situations with indices. 

6. I can factorise a simple expression by dividing it by a number or a letter. 

7. I can factorise a simple expression by dividing it by combination of a numbers and/or letters 

(including situations with indices). 

8. I can simplify expressions involving collecting terms, expanding brackets and factorising, 

including applying the laws of indices and dealing with fractional coefficients. 
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GCSE Foundation Pathway – Y10 Unit 5 : Exploring Shape  
 
 12 learning hours 
 
 

In this unit children and students explore the properties of shapes, both 2D and 3D.  
At KS1 this is focused on common shape names and basic features of vertices, sides etc. but this then develops to 
classifying quadrilaterals and triangles in KS2.  Alongside this focus children begin to explore angle and turn in KS2 and 
develop this to more formal angle rules through Stages 5, 6, 7, 8.  
Older students begin to explore the field of trigonometry, encountering first Pythagoras' Theorem, then RA-triangle trig 
before finally looking a the sine rule and cosine rule. 

Prior Learning Core Learning Learning Leads to... 
➢ use conventional terms and 

notations: points, lines, 
vertices, edges, planes, 
parallel lines, perpendicular 
lines, right angles, polygons, 
regular polygons and polygons 
with reflection and/or rotation 
symmetries 

➢ use the standard conventions 
for labelling and referring to the 
sides and angles of triangles 

➢ apply the properties of angles 
at a point, angles at a point on 
a straight line, vertically 
opposite angles 

➢ derive and apply the properties 
and definitions of: special types 
of quadrilaterals, including 
square, rectangle, 
parallelogram, trapezium, kite 
and rhombus; and triangles 
and other plane figures using 
appropriate language 

 
 
 
 
 
 
 

➢ Recap: apply the properties of angles at a point, angles at a point 
on a straight line, vertically opposite angles 
 

➢ understand and use alternate and corresponding angles on parallel 
lines 

➢ derive and use the sum of angles in a triangle (e.g. to deduce and 
use the angle sum in any polygon, and to derive properties of 
regular polygons) 
 

➢ know the formulae for: Pythagoras’ 
theorem, a² + b² = c², and apply it to 
find lengths in right-angled triangles 
in two dimensional figures 

➢ apply angle facts, triangle 
congruence, similarity and 
properties of quadrilaterals to 
conjecture and derive results about 
angles and sides, including 
Pythagoras’ Theorem and the fact 
that the base angles of an isosceles 
triangle are equal, and use known 
results to obtain simple proofs 
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Exemplification Vocabulary 
1. Calculate angle f and angle g, giving reasons for your answer 

 
 
 
2. Find the size of angles a, b and c in the diagrams below. You should give reasons for your answer.  

 
 
3. a) Show that the angles in an octagon sum to 1080° 
    b) Hence find the size of the interior angle in a regular octagon 
 
4. a) How many edges does a cuboid have?  
    b) Are the faces on a pyramid always triangular? Explain. 
    c) Identify the properties of a cylinder 
 
 
5. a) Describe the properties of a rhombus 
    b) Explain the difference between a parallelogram and a trapezium 
    c) Find the missing angle 𝑥 in this kite. Give reasons for your answer. (Not drawn accurately) 

 
    d) One angle of an isosceles triangle is 50 degrees. What could the other angles be? Give all possibilities.  

angle 
degrees 
full turn 
around a point 
half turn 
straight line 
vertically opposite 
parallel lines 
transversal (line) 
alternate angles 
corresponding angles 
co-interior angles 
equal 
prove 
polygon 
regular / irregular 
sum 
interior angle 
exterior angle 
angle sum 
vertices 
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Representation Fluency 
Angle Rules 

• Completing a historical investigation to discover why we use 360 
degrees to represent a full turn/circle (and the related facts for a straight 
line, right-angle etc by seeing a straight line as half a turn) 

• Using dynamic geometry packages to see what happens to angles at a 
point, on a straight line or those that are vertically opposite as the lines 
involved are moved (e.g. geogebra) 

• Exploring vertically opposite angles with real life equipment e.g. scissors 
or geostrips 

 
Angles on Parallel Lines 

• Using dynamic geometry software such as geogebra to explore what 
happens to the angles on parallel lines as you move the transversal line 
around and to deduce which angles must always be equal.   

• Using metre rules to build parallel lines and a transversal practically and 
sliding the parallel lines (rulers) up and down to show why they produce 
the same angles as they cross the transversal 

 
 
Angles in Polygons 

• Dividing polygons into triangles by connecting vertices [without crossing 
existing lines], counting these triangles and finding the angle sum as 
180°  × number of triangles = 180°  (𝑛 − 2) for an 𝑛-sided polygon 

For example, for an octagon:  
• Alternatively, dividing polygons into triangles from the centre and finding 

the sum as 180°  × number of triangles - 360°  = 180°  𝑛 + 360° for an 𝑛-
sided polygon. 

For example, for an octagon:  

1. Calculate a missing angle using 
• angles around a point 
• angles on a straight line 
• vertically opposite angles 
• angles in a triangle 
• combinations of the above 

 
 

2. State/draw diagrams to illustrate the rules of  
• alternate angles 
• corresponding angles 
• co-interior angles 

 
3. Find a missing angle on parallel lines 

• using corresponding angles 
• using alternate angles 
• using co-interior angles 
• using one of the above and vertically opposite angles 
• using one of the above and angles on a straight line 

 
4. Find missing angles in geometric diagrams including parallel lines 

• examples using on only rules of angles of parallel lines 
• examples involving angles in triangle and quadrilaterals e.g. 

 
• examples involving angles around a point and vertically opposite angles 

 
5. Calculate the sum of angles in a polygon 

• state sum of angles in a triangle 
• quadrilaterals  
• pentagon 
• hexagon, heptagon, ... using sequence with term to term rule +180° 
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• Using Logo (or pro-bots) to draw regular polygons (starting with 
equilateral triangle) to discover the meaning and significance of an 
exterior angle and its relationship to the interior angle 

• Dividing the sum of the angles in a polygon by the number of vertices to 
deduce the value of each interior angle in a regular polygon (and hence 
the exterior angle using angles on a straight line) 

• Walking round a polygon to deduce that the sum of the exterior angles is 
360° 

 
 
 
Properties of 3D Shapes 

• Manipulating 3D shapes to count their faces, edges and vertices (use 
real life example too e.g. packaging) 

• Pulling apart 3D packaging/boxes to reveal the nets and constituent 
shapes and help the counting process 

• Producing nets to make 3D shapes 
• Investigating Euler’s formula to see if there is a relationship between the 

number of edges, vertices and faces on a 3D shape (there is:  𝑉 − 𝐸 +
𝐹   =   2) 

 
Properties of 2D shapes 

• Measuring sides and angles of cut-out/cardboard 2D shapes to discover 
equal angles and lengths. Marking these on using mathematical 
notation.  

• Folding cut-out/cardboard shapes to identify lines of symmetry and 
properties of diagonals 

• Spinning cut-out/cardboard shapes to identify rotational symmetry 
• Using a geoboard and elastic bands to produce polygons with given 

properties e.g. make me a quadrilateral with only one pair of parallel 
sides [can be done visually using dotty paper also] 

• Using geogebra or equivalent to create polygons and measure their 
angles/diagonals etc to discover properties 

• Using circles with (equally spaced) dots on the circumference to 
generate (regular) polygons 

• Using a ten-point circle to make a right-angled triangle, a kite, a 
rectangle, a trapezium, a shape by jumping round the circle in 2s, 3s, 
etc.  

• Fitting two right-angled triangles together to make a rectangle, a kite, a 
parallelogram, a pentagon, a hexagon, an isosceles triangle, another 

• derive and use formula from number of sides with reference to 
division into triangles 

• show that the sum of angles in a given polygon is x 
 

6. Find a missing angle in a polygon  
• only one polygon 
• only one polygon, one or more notated as right-angles 
• only one polygon, one or more notated as equal  
• only one polygon, symmetry included 
• multiple polygons requiring multi-step reasoning e.g. find missing 

angle in one polygon to lead to missing angle in the next 
 

7. Find the interior and exterior angle of a regular polygon 
• Find the interior angle from the sum of angles in the polygon 
• Find the interior angle directly from the number of sides 
• Find the exterior angle from the interior angle 
• Find the exterior angle directly from the number of sides  
• Find the interior angle from the exterior angle 
• Find the number of sides of a regular polygon given the interior 

angle 
• Find the number of sides of a regular polygon given the exterior 

angle 
 
8. Identify the properties of 3D shapes (cube, cuboid, prisms, cylinder, 

pyramids, cone, and sphere) 
• Count the number of faces, edges and vertices  
• Name and describe the properties of the faces using mathematical 

language 
• Sketch (and recognise) the net of a shape  

 
9. Identify the properties of triangles (scalene, isosceles and equilateral as well 

as right-angled and, if possible, acute-angled and obtuse-angled) 
• Identify the type of triangle from a marked diagram 
• Sketch the triangle from a given name including marking equal angles 

and sides 
• Describe the side and angle properties of a given triangle  
• Describe the symmetry and rotational symmetry of a given triangle 
 

10. Identify and use the properties of quadrilaterals (square, rectangle, 
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quadrilateral, .... 

 
 

• Recap: Cutting off corners of a triangle and rearrange to form a straight 
line, (tips of corners touching) to show that the angles of a triangle add 
up to 180 degrees 

• Recap: Cutting off corners of a quadrilateral and rearranging to form a 
full turn. 

 

parallelogram, rhombus, kite, trapezium, irregular) 
• Identify the quadrilateral from a marked diagram 
• Sketch the quadrilateral from a given name  
• Understand that quadrilateral definitions are inclusive e.g. a square is a 

rectangle too (and a parallelogram etc.) 
• Describe the side and angle properties of a given quadrilateral  
• Mark the side and angle properties of a given quadrilateral on a diagram 
• Describe the symmetry and rotational symmetry of a given quadrilateral  
• Mark the lines of symmetry of a quadrilateral on a diagram 

• Describe the diagonal properties of a given quadrilateral  e.g.  
• Mark the diagonals of a quadrilateral on a diagram, including marking 

equal lengths and right angles 
 
 
11.  Classify 2D and 3D shapes using their properties (including special triangles 

and quadrilaterals) 
• Say whether a shape is a polygon or not 
• Say whether a polygon is regular or not 
• Say whether or not a given shape has a specified property e.g. 

 
• Suggest shapes that meet a given property or criterion e.g. has a right-

angle or has a pair of parallel sides or is regular or has a triangular face 
or is a pyramid etc.  

• Sort shapes using two criteria (Venn diagram) 
• Sort shapes using two criteria (Caroll diagram) 
• Suggest criteria to sort shapes into a given grouping 

 
Probing Questions 

Show me...  Convince me... What's the same? What's different?  Always, sometimes, never 
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...another angle that is 50 degrees on 
this diagram... how do you know? 
 
... a pair of interior angles on this 
diagram/corresponding/alternate 
 
... three ways of finding missing angle 
ABC 
 
... the exterior angle of a regular 
decagon 
 
... the interior angle of a regular 
polygon with exterior angle 18 
degrees.  
 
... the number of vertices of a regular 
polygon with exterior angle 24 degrees 
 
... the exterior angles of a polygon sum 
to 360 deg 
 
... a triangle with a missing angle that 
must be 50 degrees 
.... an isosceles triangle with the same 
missing angle 
 
... the angle ∠ BDE on the diagram 
 
... how you would name this angle  
 
... the triangle DEF on the diagram 
 
... how you would show that these 
angles were equal? and these ones? 
 
... how you would notate that these 
lines are parallel 
 
... a quadrilateral whose diagonals 
cross at right angles 

... that the interior angle + exterior 
angle = 180 degrees 
 
... ... any two regular polygons with the 
same number of sides are similar 
 
... alternate angles are equal (using 
congruent triangles). 
 
,,, how you can use the fact that the 
sum of the angles on a straight line is 
180° to explain why the angles at a 
point are 360°? 
 
... a triangle can be right-angled and 
isosceles 
 
... that the angles in an kite must sum 
to 360 degrees 
 
... that a square is a parallelogram 
 
... that a pyramid will always have the 
same number of vertices as faces 
 
... that the number of edges on a  
prism will be three times the number of 
edges of the cross-section.  
 
... that there are two isosceles triangles 
containing an angle of 70 degrees 
 
... that if I know one angle in a 
rhombus, I can find them all 
 
... that angle ABC = angle DEF 

regular and irregular 
 
square, rectangle, parallelogram, 
quadrilateral 
 
kite and rhombus 
 
square and rhombus 
 
parallel and perpendicular 
 
prism and pyramid 
 
acute-angled; right-angled; obtuse-
angled 
 
scalene; isosceles; equilateral 
 
angles in a triangle; angles in a 
quadrilateral; angles around a point; 
angles on a straight line 
 
alternate angles, corresponding 
angles, interior angles 
 
interior angle of a regular trigon, 
exterior angle of a regular hexagon, 
interior angle of a regular octagon 
 
 

A triangle can be right-angled and 
equilateral 
 
All triangles have three acute angles 
 
Opposite angles in a kite are equal 
 
If you fold a square in half you get two 
triangles.  
 
There is an irregular quadrilateral.  
 
There is no regular 2-sided polygon 
 
A cylinder is a prism 
 
Exterior angles are equal in a regular 
polygon 
 
Equilateral triangles, squares and 
regular hexagons will tessellate 
 
Other regular polygons will not 
tessellate. 
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... a quadrilateral that contains a right-
angle 
 
... how you would define a square 
 
... a diagram to show the difference 
between a trapezium and a rhombus 
 
... the quadrilateral family tree 
 

Further Extension Rich and Sophisticated Tasks 
1. Investigate which regular polygons will tessellate (alone). What are the interior 
angles of these polygons. Can you use this to explain why they will tessellate? 
Hence, can you predict which other regular polygons will tessellate from their 
interior angles?  
You could then explore other tessellations involving two or more shapes.  
 
2. Find the angles numbers 1-9 on this diagram: 

 
 
 
 
3. Calculate the size of angles x and y 

  

Angles in Polygons: 
Semi-regular Tesselations ü  
Which Solids Can We Make? ü  
 
Angle Problems 
Triangles in Circles ü  
Cyclic Quadrilaterals* ü  
Subtended Angles* ü  
Right Angles* ü 
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4. Is triangle ADE isosceles? Explain your answer 

 
 
5. Match the quadrilateral to a correct statement about its properties. Complete 
the missing shape and property to make a complete matching set.  
 

Square  Has diagonals that cross at right 
angles 

Kite  Has four lines of symmetry 

Trapezium  Has four different angles 

Parallelogram   

Rectangle  Has no lines of symmetry 

  Has four equal length sides 

Irregular  Has four right angles 

 
 

Misconceptions Teacher Guidance and Notes 
Students often struggle to use correct and precise language when describing 
shapes e.g. they will say the sides are the same (instead of equal length) or that 
the shape has 'a parallel side' instead of one pair of parallel sides.  
 
You may notice that students will also often be led by a misleading diagram and 
assume that the picture is accurate rather than deducing properties themselves 
from the information given. This is particularly true when they believe they can 
see a right angle in the diagram.  Similarly, when labelling a diagram, students 
may forget to use a different symbol for a SECOND set of parallel or equal length 

• This unit aims to recap and extend knowledge of shape names and 
properties in 3D and 2D, combining related angle facts. Note that the 
majority of this content has appeared before and so should be familiar.   

• This unit encounters angles on parallel lines.  
• Students should already be familiar with the angle sum in a triangle and 

quadrilateral but will explore this in larger polygons for the first time.  
• Once parallel lines and their angles are secure this opens the door to 

being able to prove that the angles in a triangle add up to 180 degrees. 
This is worth doing with students so that they can develop the skills of 
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sides/equal size angles. 
 
Specifically within angles, students confuse the rule about angles on a straight 
line (at a point) with a rule for every angle appearing on that line.  
 
With vertically opposite angles, students sometimes struggle if there is a third 
line at the intersection as they cannot see the 'pairs' of angles.  
 
In problems involving geometrical reasoning that combines shape properties and 
angle rules, students sometimes fail to use properties of symmetry or equal 
angles to help them deduce missing angles.  
 
When classifying, students struggle with the inclusive definitions of some shapes 
e.g. the idea that a rectangle is a parallelogram and a square is a rectangle and 
hence a square is a parallelogram also.   
 
Students often confuse the rules that alternate, corresponding an co-interior 
angles represent. Firstly, they may mix up which word is associated with which 
pair of angles. Secondly, they may confuse which rules refer to equal angles and 
which to those with a sum of 180o. Within this, students interchange alternate 
and corresponding angles particularly.  
 
When dividing polygons into triangles, students sometimes 'catch extra angles' 
that are not necessary - you can avoid this by making them divide all polygons 
from the centre if necessary.  
 
Students often think that the exterior angle is the full reflex angle outside the 
vertex of the shape and thus they do not realise that the sum of the interior and 
the exterior angle at a vertex is 180 degrees.  
 
Students do not appreciate that only regular polygons have ALL their 
interior/exterior angles equal. 
 
 
 

reasoning and justification as well as construction of a mathematical 
argument in writing, although not a requirement of the national 
curriculum statements.  

• This unit lends itself to investigation to discover the rules that underpin it 
as per the ideas in the Representation box above.  

• Ensure students can notate correctly and understand that some of the 
conventions of labelling and naming are exactly that, conventions, and 
thus these are agreed ways of working rather than implicit, natural truths 
that must be so.  

• Be aware that security in the language and notation is key in geometry 
work going forward due to the high burden of proof and reasoning and 
hence this phase lays important foundations for future work.  

• When developing angle deduction skills, encourage students to find ALL 
the missing angles on a diagram rather than just a single angle as this 
will develop their skills in persevering and realising that some problems 
are inevitably multi-step.  

• This unit is a great opportunity to develop students' speaking and 
listening skills by describing shape properties orally and using the 
technical language.  

• Confront the issue of defining a shape directly by asking students to 
define, for example, a square and then drawing a shape that meets their 
definition but is definitely not a square. Encourage them to refine their 
definition until it is watertight! 

 

Key Assessment Checklist 
1. I can find missing angles by using the properties of angles at a point, angles on a straight line and vertically opposite angles. 

2. I can recognise alternate, corresponding and interior angles on parallel lines 

3. I can use facts about angles on parallel lines to find missing angles and to give reasons for my answer. 
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4. I can show why the sum of angles in a triangle is 180 degrees. 

5. I can find the angle sum in an n-sided polygon and use it to find missing angles. 

6. I can find the interior and the exterior angle of any regular polygon 

7. I can use the interior or exterior angle of a regular polygon to deduce how many edges or vertices it has. 

8. I can count and describe the faces, edges and vertices of common 3D shapes. 

9. I can derive and describe the properties of triangles in detail and use these to solve problems. 

10. I can derive and describe the properties of quadrilaterals in detail and use these to solve problems. 

11. I can define a given triangle, quadrilateral or other polygon precisely and mathematically. 
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Foundation Pathway – Year 10 Unit 6 : Reasoning with Measures  
 
 16 learning hours 
 
 

This unit focuses on mensuration and particularly the concepts of perimeter, area and volume. 
Primary children are also working on money concepts at this stage, while older secondary students develop mensuration 
into volume and surface area of challenging shapes, applying Pythagoras' Theorem and trigonometry also in combination 
with these problems.  
Note the focus on reasoning within this unit: it is common for children to complete routine problems involving mensuration 
but this unit is about the developing a secure conceptual understanding of these ideas that they can apply to a wide range 
of problems and contexts. The opportunity to use and build on earlier number work is built into this unit and it is expected 
that children apply their arithmetic skills, for example, in these problems. 

Prior Learning Core Learning Learning Leads to... 
➢ calculate perimeters of 2D shapes 

 
➢ know and apply formulae to 

calculate area of triangles, 
parallelograms, trapezia 
 
 
 
 
 

➢ know and apply formulae to 
calculate volume of cuboids 

➢ calculate perimeters of 2D shapes, including circles 
 
 
 
➢ calculate areas of circles and composite shapes 
 
 
 
 
 
➢ know and apply formulae to calculate volume of right prisms 
(including cylinders) 

➢ calculate arc lengths, angles and 
areas of sectors of circles 

 
 
 
 
 
➢ apply the concepts of congruence 

and similarity, including the 
relationships between lengths in 
similar figures 

➢ know the formulae for: 
Pythagoras’ theorem, a² + b² = c², 
and apply it to find lengths in right-
angled triangles in two 
dimensional figures 

Exemplification Vocabulary 
1. Find the perimeter of these shapes: 
 

 
 

perimeter 
 
rectangle 
parallelogram 
trapezium 
triangle 
composite shape 
compound shape 
dissect 
 
circumference 

area 
annulus 
constituent 
 
cuboid 
prism 
cylinder 
cross-section 
 
 
surface area 



AETmathematics.org                                                                                       @aetmaths 
 

This document can be used but we restrict editing or removal of the Academies Enterprise Trust logo. 
Copyright © AET Solutions Ltd (AETS) 2010 All rights reserved. 

 

2. Find the area of the shapes above 
 
3. a) Find the volume and surface area of this triangular prism:  

 
b) A cylinder has a volume of 500 cm3 and a radius of 8cm. Calculate the height of the cylinder to 1 decimal place.  

circle 
radius/radii 
diameter 
circumference 
arc 
semicircle 
 
 

net 
curved surface 
 
volume 
 

Representation Fluency 
Perimeter 

• Measuring distance around shapes with string, clinometers, metre rules, 
trundle wheels 

• Using geoboards to produce shapes with a given perimeter 
 
Circumference 

• Measuring distance around a circle with string and measuring the 
diameter to spot a connection i.e. that the distance around the outside is 
approximately three times the distance across the middle 

• Forming a circle of people and sending one student running round the 
outside and one running back and forth across the middle (diameter) to 
observe that the diameter student can run approximately three ‘lengths’ 
while the other person runs round once 

• Inscribing a regular hexagon into a circle (which is made of 6 equilateral 
triangles with side length = radius of circle) and realising that perimeter 
of circle > perimeter of hexagon = 6 x radius or 3 x diameter.  

 
Area (Recap) 

• All: Dissecting rectangles to form parallelograms and dissecting 
parallelograms to form triangles.  

• Rectangles: Exploring shapes drawn on squared paper to develop 
efficient counting strategies to deduce 𝐴   =   𝑙  ×  𝑤 

• Using squares and arranging into arrays (rectangles) to suggest possible 
rectangles with a given area 

• Parallelograms: Exploring the sequence of toppling parallelograms 
drawn on squared paper, counting the squares to find their areas and 
realising that they will always be the same 

1. Recap: find the perimeter of a composite shape (polygonal) 
• find perimeter of shape given all lengths 
• find perimeter of rectilinear composite shape e.g. L-shape/T-shape 
• find perimeter of a polygon given all side lengths or properties of 

equal sides and selected lengths 
2. Find the circumference of a circle 

• state/recall formula 𝐶 = 𝜋𝑑 
• find circumference given diameter 
• find circumference given radius 
• find diameter given circumference 
• find radius given circumference 
• estimate circumference given radius or diameter (i.e. without a 

calculator) 
3. Find the perimeter of a composite shape involving circles 

• find arc-length of half a circle or a quarter of a circle 
• find perimeter of a semicircle 
• find perimeter of a quarter circle 
• find perimeter of shape made from arcs and straight lines by 

dissecting 
4. Recap: Find the area of a rectangle 

• state formula 𝐴   =   𝑙  ×  𝑤 
• rectangle shown on a grid 
• rectangle with length and width given (whole numbers then 

decimals/fractions) 
• square 
• mixed units 
• find the area of composite shape made of rectangles, including 
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• Cutting the ‘slanted’ piece of a parallelogram off and repositioning it to 

form a rectangle to show why 𝐴   =   𝑙𝑒𝑛𝑔𝑡ℎ  ×  𝑝𝑒𝑟𝑝𝑒𝑛𝑑𝑖𝑐𝑢𝑙𝑎𝑟  ℎ𝑒𝑖𝑔ℎ𝑡 

 
• Triangles: Putting two identical triangles together to form a parallelogram 

to realise that every triangle is half of a parallelogram. [It is best to avoid 
starting with a right-angled triangle if possible as this leads straight to a 
rectangle but acute-angled and obtuse-angled triangles do not].  

 
• Drawing ‘the other triangle’ to form the parallelogram of which a given 

triangle is half to deduce the formula 
𝐴   = !

!
  ×  𝑙𝑒𝑛𝑔𝑡ℎ  ×  𝑝𝑒𝑟𝑝𝑒𝑛𝑑𝑖𝑐𝑢𝑙𝑎𝑟  ℎ𝑒𝑖𝑔ℎ𝑡 

• Trapezia: Putting two identical trapezia together to form a parallelogram 
to realise that every trapezium is half of a parallelogram of length a+b 
and height h.  

 
• Drawing the other trapezium’ to form the parallelogram of whch a given 

trapezium is half to deduce the formula 

𝐴 =
1
2
𝑎 + 𝑏 ℎ 

• Using geoboards to produce shapes with a given area 
 

Area of a Circle 
• Cutting a circle up into sectors and arranging into a near parallelogram. 

The using length x perpendicular height to find the area tends to ½ 

finding missing lengths 
• given the area and length, find the width 
• given the area, suggest possible length and width combinations 
• given the perimeter, suggest possible rectangles and areas 

5. Recap: Find the area of a parallelogram 
• derive formula for area of a parallelogram as 𝐴   =   𝑙𝑒𝑛𝑔𝑡ℎ  ×

  𝑝𝑒𝑟𝑝𝑒𝑛𝑑𝑖𝑐𝑢𝑙𝑎𝑟  ℎ𝑒𝑖𝑔ℎ𝑡 
• state/recall formula  
• examples given base and perpendicular height 
• examples given base, perpendicular height and another 

(extraneous) length 
• examples oriented differently i.e. base not parallel to bottom of page 
• mixed units 
• given the area of a parallelogram and its length (or height), find the 

height (or length) 
6. Recap: Find the area of a triangle 

• derive formula for area of a triangle as 
𝐴   = !

!
  ×  𝑙𝑒𝑛𝑔𝑡ℎ  ×  𝑝𝑒𝑟𝑝𝑒𝑛𝑑𝑖𝑐𝑢𝑙𝑎𝑟  ℎ𝑒𝑖𝑔ℎ𝑡 

• state/recall formula 
• examples given base and perpendicular height (acute-angled, then 

obtuse-angled) 
• right-angled triangles 
• examples given base, perpendicular height and another 

(extraneous) length 
• example oriented differently i.e. base not parallel to bottom of page 
• mixed units 
• given the area of a triangle and its length (or height), find the height 

(or length) 
7. Find the area of a trapezium 

• derive formula for area of a trapezium as 𝐴 = !
!
𝑎 + 𝑏 ℎ 

• examples given lengths of parallel sides and perpendicular 
height  

• right-angled trapezium given lengths of parallel sides and 
perpendicular side 

• examples given lengths of parallel sides, perpendicular height 
and one or more extraneous lengths 

• examples oriented differently i.e. base not parallel to bottom of 
page 
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circumference x radius or ½ 𝜋 x diameter x radius or ½ 𝜋 x radius x 2 x 
radius or 𝜋 x radius x radius or 𝜋 x radius2 
(the more sectors, the better the approximation) 

 
Animation here 

• Enclosing a circle by a square and observing that the area of the square 
is 4 x radius2 and the area of the circle is just less than this i.e. ‘3 and a 
bit’ x radius2.  
 

 
 

Volume 
 

• Dissecting a cuboid made from small cubes (e.g. unifix or multilink) into 
layers to find ways of counting efficiently  

• mixed units 
• given the area and the lengths of the parallel sides, find the 

perpendicular height 
• given the area and the perpendicular height, find the total of the 

parallel sides 
• given the area and the perpendicular height, suggest possible 

lengths for the parallel sides 
• given the area, the perpendicular height and the length of one of 

the parallel sides, find the length of the other parallel side 
8. Recap: find the area of a composite shape (polygonal) 

• find area of a combination of the shapes above given all necessary 
lengths directly 

• find area of a combination of the shapes above, including deducing 
some missing lengths 

• find area requiring subtraction of one area from another 
• given area of a compound shape, work backwards to find a missing 

length 
9. Find the area of a circle 

• state/recall formula 𝐴 = 𝜋𝑟! 
• find area given radius 
• find area given diameter 
• find radius given area 
• find diameter given area 
• estimate area given radius or diameter (i.e. without a calculator) 

10. Find the area of a composite shape involving circles 
• find area of a semicircle 
• find area of a quarter circle 
• find area of an annulus 
• find area of shape made from polygons and 

circles/semicircles/quarter circles e.g. racetrack 
• given area of a compound shape, work backwards to find a missing 

length 
11. Find the surface area of a cuboid 

• find surface area of a cube given side length 
• find surface area of a cuboid given length, width and height 
• given surface area of a cube, find side length (and area of one face) 
• given surface area and length and width, find height 
• find surface area of composite shape made from cuboids e.g. L-

shape 
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x 10 
• Building cuboids out of a given number of cubes to find different cuboids 

of the same volume 
• Cutting a cuboid in half to show that a right-angled triangular prism is 

half of a cuboid 
• Cutting slices of a prism made from dough to produce layers of the 

cross-section to deduce that volume of a prism = area of cross-section x 
length  

 
Surface Area 

• Wrapping a cuboid (or prism) with wrapping paper [no overlaps] and 
unfolding to represent surface area 

• Deconstructing packaging to produce a net to represent surface area 
e.g. cereal box or Toblerone packet or tube.  

• Removing the label from a tin to show that the curved surface of a 
cylinder is a rectangle of length = circumference of the cross-section and 
height = height of cylinder. 

 
 

12. Find the surface area of a prism and cylinder 
• triangular prism (all lengths given) 
• prisms with cross-sections of parallelogram and trapezium (all 

lengths given) 
• prism with cross-section of a composite shape 
• cylinder (height and radius/diameter given) 

13. Find the volume of a cuboid 
• derive formula for volume of a cuboid 𝑉 = 𝑙  ×  𝑤  ×  ℎ 
• state/recall formula 
• examples where the shape is shown broken into cubes 
• examples where the length, width and height are given 
• cubes 
• examples oriented differently i.e. where base is not parallel to bottom 

of page 
• examples where area of a face and other length given 
• mixed units 

 
14. Solve problems involving the volume of a cuboid: 

• given the volume of a cuboid and two lengths, find the other length 
• given the volume of a cuboid and area of a face, find the length 
• given the volume of a cuboid and one length, suggest other possible 

lengths for the remaining two dimensions (or sketch possible 
cuboids) 

• given the volume of a cuboid, suggest possible dimensions for the 
cuboid 

• find the larger volume of a selection of shapes/order shapes by 
volume 

• given an irregular shape made of cubes, say how many more are 
required to make a cuboid 
 

15. Find the volume of a composite shape made of cuboids 
• composite shape of two cuboids (e.g. L-shape, T-shape), broken into 

cubes 
• composite shape of two cuboids, all lengths marked 
• composite shape of two cuboids, some lengths to be deduced 
• composite shape made of three or more cuboids 
• composite shape requiring subtraction  

16. Find the volume of a prism 
• find volume of (any) prism given cross-sectional area and length 
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• find volume of triangular prism given length, width and height 
• given volume, length and width of a triangular prism, find height (or 

vice versa) 
• find volume of prism with quadrilateral cross-section (e.g. 

parallelogram or trapezium) 
• find a missing length given volume and other information as required  

17. Find the volume of a cylinder 
• find volume of a cylinder given radius 
• find volume of a cylinder given diameter 
• find height of cylinder given volume and radius/diameter 
• find radius/diameter of cylinder given volume and height  

Probing Questions 
Show me...  Convince me... What's the same? What's different?  Always, sometimes, never 
... how to find the diameter of a circle 
of area 36cm2. 
 
... how to find the volume of a 4cm 
cube that has had a 1cm radius hole 
drilled through it 
 
... how you could get from the area of a 
circle to its circumference 
 
... a triangular prism with volume 
36cm^3 
 
... a cuboid with surface area 96cm2 

... that ( a circle with circumference 
18cm will fit inside a 6cm x 6cm 
square, but a circle with circumference 
21cm will not. (non-calculator) 
 
... that a cuboid is a prism 
 
... that a triangular prism is half a 
parallelogram prism 
 
... that the curved surface area of a 
cylinder is rectangular 
 
... that you need to know four lengths 
to find the surface area of a right prism 

perimeter; circumference; area; 
surface area; volume; cross-section 
 
prism; cylinder; cuboid; cube; 
tetrahedron; square-based pyramid; 
triangular prism; trapezoid; cone 
 
Two identical blocks of cheese are cut 
in half: one with a diagonal cut and one 
with a cut parallel to the sides. Which 
way of halving gives the bigger surface 
area? Which gives the bigger volume? 
 
cuboid of 2cm x 5cm x 6cm; cuboid of 
3cm x 4cm x 5cm 

A quadrant with radius x cm has the 
same area as a circle of diameter x 
cm. 
 
If you know the area of a circle, you 
also know its circumference.  
 
If you know the surface area of a 
cuboid, you know its lengths. 
 
The surface area of a cuboid = area of 
one face x 6 

Further Extension Rich and Sophisticated Tasks 
 
1. The Large Hadron Collider at CERN in Switzerland is a particle accelerator. It 
is made from a very large circular tunnel that has a circumference of 27 
kilometres.  
When operating at full speed, protons travel around the tunnel approximately 
11,000 times per second.  
Find the diameter of the Large Hadron Collider. 
 
2. Here is an annulus: 

Know and use the formulae for the circumference and area of a circle 
Blue and White 
An Unusual Shape ü 
BOWLAND assessments: Royal Liver Clock 
BOWLAND assessments: Fruit Pies 
 
Know and use the formula for the volume of a cuboid; calculate volumes and 
surface areas of cuboids and shapes made from cuboids 
Cuboid Challenge ü 
Painted Cube* ü  
Sending a Parcel 
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The area of the annulus is 119𝜋 cm2 
The diameter of the inner circle is 10cm.  
Find the circumference of the outer circle.  
 
3.  
a) The surface area of this cuboid is 104 cm2. 

 
Find the height of the cuboid. 
 
b) Another cuboid has a surface area of 34cm2 
All of its lengths are a whole number of centimetres.  
Suggest possible values for the cuboid’s length, width and height.  
 
 
4. Match each cuboid to its volume and surface area.  
Complete the missing cuboid, volume and surface area to produce six matching 
pairs.  
 

Calculate the surface area and volume of right prisms 
Changing Areas, Changing Volumes ü  
BOWLAND assessments: Sports Bag 
 
Solve problems involving surface areas and volumes of cylinders 
Efficient Cutting ü  
Cola Can 
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5. The surface area of a cylinder is 110𝜋. If the height of the cylinder is 6cm, find 
the volume.   
 
 

Misconceptions Teacher Guidance and Notes 
At this stage there may still be some confusion between perimeter and area for 
students. Try to teach it separately initially to avoid this issue and to bring 
perimeter into revision activities linked to addition and then area into revision 
activities linked to multiplication.  
 
Often there is confusion between different shape types due to weaker knowledge 
of the properties of quadrilaterals and triangle.   
 
Many students do not realise the importance of perpendicular height for 
parallelograms and triangles and, even if they do, may find it hard to identify the 
perpendicular height. They find this particularly hard where ‘extra’ lengths are 

• This unit focuses on perimeter, area and volume. There is no explicit 
mention of surface area in the statements nationally (until it appears for 
complex 3D shapes) hence the necessary preparatory is included 
additionally here in Stage 8 for cuboids and right prisms. Those working 
towards mastery of this stage may also be able to find the surface area 
of a cylinder.  

• The unit formalises the calculation of the circumference and area of a 
circle which was introduced in Stage 7 and is now consolidated. The 
pitch here is up to semicircles and quarter-circles but not sectors of other 
angles, which are covered in Stage 9.  

• Composite shapes, of which students may need to find the perimeter or 
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given that are not needed.  
 
Students may struggle with the concept of pi, particularly its infinite decimal 
status and meaning as the ratio of the diameter and circumference of a circle. 
They may also interchange the formulae for circumference and area, particularly 
where the 'wrong' one of radius or diameter is given. It may still be common for 
students to double the radius rather than squaring it to find the area. Similarly, 
students may confuse the radius and the diameter and use the wrong one to 
calculate area or circumference.   
 
 
When finding perimeters and areas of parts of circles, difficulty in finding a 
fraction of an amount can cause issues for some students.  
 
It is common for students to forget to include the straight edges in perimeters 
involving arcs.  
 
When working on inverse problems, some students struggle to see the order of 
operations they need to invert and therefore do not always commence by 
dividing by pi.  
 
For both area and volume, it is common to see some students multiplying any 
lengths given rather than identifying those they need.  
 
For some students, there is a failure to grasp idea of surface area or to 
decompose the shape into its constituent surfaces.  This can extend to an 
inability to see how SA of cylinder 'unwraps' leading to reliance on formula.  
Some students have difficulty splitting up composite shapes into familiar parts - 
often caused by issues with visualisation - this can also cause issues with the 
concept of cross-section. 
 
Many students lack a sense of the concept of volume as the number of unit 
cubes needed to fill a solid.  
 
There can be difficulty in linking area to volume, specifically difficulty in seeing 
equivalence of area of base and no. of cubes in bottom layer. Note that this can 
sometimes be caused by a lack of experience or basic knowledge to support 
estimates of measures. 
 

area, may contain circles, semicircles and quarter-circles too.  
• Volumes of cuboids was covered extensively in Stage 7 (and at primary 

level) and hence the focus here is on prisms, particularly triangular right-
prisms, and cylinders.  

• It is critical that students have the opportunity to reason for themselves 
how they will describe the shape given to them in terms of known 
shapes e.g. a quarter circle and a triangle. Avoid using any type of 
formula for composite shapes and instead focus on appropriate 
dissection to build the concepts more deeply. Try not to neglect 
examples where a section has been removed from a known shape 
(alongside the more common shapes made by joining known shapes). 
Try to explore multiple ways of arriving at the answer.  

• Many students find reversing the formulae for circumference and area 
hard, especially in the case of area involving the square root - be 
prepared to teach this explicitly if necessary. Try to link this to work from 
Unit 3 on using formulae. 

• Surface area causes a number of visual challenges for some students - 
ensure you teach it as the total area of all faces rather than using a 
formula as this can then be extrapolated to any shape. Be prepared to 
use models of the shape and nets to help students 'see' the constituent 
shapes. This is a good way to practise and apply area work.  

• When teaching volume, make strong links to previous work on cuboids, 
making specific reference to volume by layers and the cross-sections 
discussed. Ensure students can recognise prisms and cylinders, 
regardless of orientation. Use a range of prisms including those with 
parallelogram or trapezium cross-sections. Make links between a 
general (ie non-right) triangular prism and a parallelogram prism.  

• It is recommended that you Introduce the surface area of a cylinder via a 
practical example e.g. wrapping a Pringles tube efficiently - the formula 
is not as important at this stage as the students can construct this from 
first principles if the grounding is good. 

Key Assessment Checklist 
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1. I can calculate the circumference of a circle from the radius or diameter.  

2. I can calculate the perimeter of a semicircle or quarter-circle and compound shapes, including those made up of circular arcs and straight edges. 

3. I can calculate the diameter and radius of a circle given its circumference use this to solve problems.  

4. I can find the area of a compound shape by dissecting into constituent rectangles, parallelograms, trapezia and triangles.  

5. I can calculate the area of a circle given its radius or diameter. I can calculate the area of a semicircle or quadrant given its radius. I can find the area of an 

annulus given the inner and outer radii. 

6. I can calculate the diameter and radius of a circle given its area and use this to solve problems 

7. I can calculate the area of composite shapes including quadrilaterals, triangles, semicircles and quadrants 

8. I can calculate the surface areas of cuboids and (right) triangular prisms by adding the areas of their faces 

9. I can visualise the surface of a cylinder as 2 circles and a rectangle and use this to calculate the surface area. 

10. I can calculate volumes of prisms using the formula volume = cross-sectional area x height. 

11. I can calculate the volume of a cylinder (as a circular prism).  

 
 
 
  



AETmathematics.org                                                                                       @aetmaths 
 

This document can be used but we restrict editing or removal of the Academies Enterprise Trust logo. 
Copyright © AET Solutions Ltd (AETS) 2010 All rights reserved. 

 

 
Foundation Pathway – Y10 

 
8 learning hours 

Unit 7: Discovering Equivalence 
This unit explores the concepts of fractions, decimals and percentages as ways of representing non-whole 
quantities and proportions.  
For the youngest children, the work is focused on fractions and developing security in recognising and 
naming them.  
At KS2 this then builds to looking at families of fractions and decimals and percentages.  
At secondary level this is extended to more complex % work and equivalence with recurring decimals and 
surds. 

Prior Learning Core Learning Learning Leads to .... 
➢ define percentage as ‘number of parts per 

hundred’ 
➢ interpret percentages and percentage changes 

as a fraction or a decimal, and interpret these 
multiplicatively 

➢ express one quantity as a percentage of another 
➢ compare two quantities using percentages 
➢ solve problems involving percentage change, 

including percentage increase/decrease 
➢ interpret fractions and percentages as operators 
➢ order positive and negative integers, decimals 

and fractions 

➢ work with percentages greater than 100% 
➢ solve problems involving percentage change, 

including original value problems, and simple 
interest including in financial mathematics 

➢ work interchangeably with terminating decimals 
and their corresponding fractions (such as 3.5 and 
7/2 or 0.375 or 3/8) 

Not applicable 

Key learning steps Key Vocabulary 
1. I can explain the meaning of any percentage in the context of a problem (including those greater than 

100%) 

2. I can increase and decrease an amount by a given percentage using a multiplier 

3. I can calculate an original amount before a percentage increase/decrease by dividing by an 

appropriate multiplier 

4. I can carry out repeated percentage changes such as simple interest examples 

5. I can carry out repeated percentage changes using a multiplier and an index. 

6. I can solve a range of problems involving percentage changes. 

7. I can convert any fractions to a decimals using division and hence convert fully between FDP. 

8. I can recall and use common fraction/decimal equivalences e.g. eighths 

percentage 
increase 
decrease 
multiplier 
original amount 
equivalent 
index 
simple interest 
compound interest 
terminating 
recurring 

Probing Questions 
Show me...  Convince me... What's the same? What's Always, sometimes, never 
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different? (Odd one out) 
... a problem that could be solved 
with the following calculation "340 x 
1.3" 
 
... how you would increase 75 by 
31% using a multiplier? decrease? 
 
... how you would show an amount of 
£670 increased by 3% per year for 5 
years using a multiplier (compound). 
 
... the inverse of x 1.35? ... of dividing 
by 0.83?   
 
.. the decimal equivalent of 5/6? 
10/11? 5/18?  3/7? 

... that increasing by 25% is the 
inverse operation to decreasing by 
20% 
 
... how you decide which number 
represents 100% or a whole when 
working on problems 
 
...  a ball bounces to 3⁄4 of its previous 
height each bounce. It is dropped from 
8m. How many bounces will there be 
before it bounces to approximately 1m 
above the ground? 

Each side of a square is increased by 
10%. By what percentage is the area 
increased? 
 
 
x 1.3; x 1.03; x 1.30; x 3.1 
 
decrease 40 %, x 0.6, find original 
amount before 40% increase, / 1.4,  

Division makes things smaller 
 
All terminating decimals can be 
written as  
fractions 
 
All recurring decimals can be written 
as fractions 
 
All numbers can be written as a 
fraction 

Misconceptions Guidance 
Students don't believe that a percentage multiplier could be a number less than 
1 (when decreasing).  
 
Students think that you find an original amount by carrying out an 
increase/decrease on the new amount - e.g. to reverse an increase of 20%, 
students find 20% of the new amount and subtract it.  
Generally, they do not realise that it matters which quantity you are finding the 
percentage of - the % itself isn't a fixed number when used as an operator.  
 
Students confuse simple and compounding examples of repeated % change - 
they may forget to apply the % to the NEW amount when compounding or 
alternatively assume this is what they should do when the question is in fact 
only a simple interest question.  
 
Students do not believe that you can divide a smaller number by a larger one 
(especially using a written method) and so may place the dividend and divisor 
in the wrong places when converting a fraction to a decimal.  
When the decimal recurs, students do not always notice a repeating pattern 
and so may not stop at the right time. 

Ensure students are confident in converting between FDP (possibly excepting 
fractions with a recurring decimal equivalent) 
 
Once again, enforce the importance of carrying out % increaser or decrease 
with a multiplier (use a repeated example to 'convince' students of the 
efficiency if necessary).  
 
Explain multipliers by considering 100% + increase % (or 100% - decrease %). 
Linking multiplying by 100% to multiplying by 1 to understand why the amount 
stays the same.  
 
When trying to find original amounts, use the logic of inverse operations to help 
understand why we DIVIDE by the original multiplier - you may need to explore 
an example to PROVE that 're-increasing' the new amount by the % does not 
take you to the correct original amount. 

Activities Resources 
 
Compounding (repeated percentage change) 

place value frame/grids 
number lines 
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The Legacy 
Dating Made Easier 

fraction cut outs (circles and bars) 
fraction/percentage/decimal wall/number line 
blank 1x10 grids (to show tenths and their equivalents) 
blank 10 x 10 grids (to show hundredths and their equivalents) 
 
calculators 
 
bar modelling software 
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Foundation Pathway – Y10 

 
8 learning hours 

Unit 8: Investigating Statistics 
 
 

This unit is the only one directly exploring the collection, representation analysis and interpretation of data.  
Therefore it covers a range of calculations of central tendency and spread as well as multiple charts and 
graphs to represent data.  
It is critical that children have time to explore the handling data cycle here and to focus sufficient time on 
interpreting their results. 
 
 

Prior Learning Core Learning Learning Leads to .... 
➢ interpret and construct tables, charts and 

diagrams, including frequency tables, bar charts, 
pie charts and pictograms for categorical data, 
vertical line charts for ungrouped discrete 
numerical data and know their appropriate use 
interpret, analyse and compare the distributions 
of data sets from univariate empirical 
distributions through appropriate measures of 
central tendency (median, mean, mode and 
modal class) and spread (range) 

➢ use and interpret scatter graphs of bivariate data 
➢ recognise correlation 
➢ interpret, analyse and compare the distributions 

of data sets from univariate empirical 
distributions through appropriate graphical 
representation involving discrete, continuous 
and grouped data 

➢ interpret, analyse and compare the distributions 
of data sets from univariate empirical 
distributions through appropriate measures of 
central tendency (median, mean, mode and 
modal class) and spread (range, including 
consideration of outliers) 

➢ apply statistics to describe a population 

➢ interpret and construct tables, charts and 
diagrams, including tables and line graphs 
for time series data and know their 
appropriate use 

➢ draw estimated lines of best fit; make 
predictions 

➢ know correlation does not indicate causation; 
interpolate and extrapolate apparent trends 
whilst knowing the dangers of so doing 

Key learning steps Key Vocabulary 
1. I can construct a scatter graph to test a connection between two data sets. 

2. I can recognise positive and negative correlation, interpreting this in the context of the original data sets. 

3. I can construct a stem and leaf diagram; I can find averages and spreads from my diagram and use 

these to summarise the data. 

4. I can construct a frequency diagram or frequency polygon to represent grouped discrete data; I can 

analyse this graph appropriately. 

5. I can calculate estimated averages from a frequency table of grouped data. 

6. I can calculate spreads from a frequency table 

scatter graph 
connection 
correlation 
positive correlation 
negative correlation 
no correlation 
frequency diagram 
frequency polygon 
mode 
modal class 
grouped data 
 
 

frequency table 
estimate 
mean 
median 
range 
spread 
average 
central tendency 
variation 
sample 
population 
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7. I can compare two data sets by comparing measures of central tendency and spread. 

I can select appropriate calculations to make and charts to construct to analyse a data set in full and 

describe a population. 

 

Probing Questions 
Show me...  Convince me... What's the same? What's 

different? (Odd one out) 
Always, sometimes, never 

... an example of two variables where 
you would expect positive 
correlation/negative correlation/no 
correlation 
 
... where you plot this point on the 
scatter graph 
 
... a suitable key for this stem and 
leaf diagram 
 
... a sketch of the frequency polygon 
for this data 
 
... a possible list of data that this 
grouped frequency table has come 
from 
 
... the range of the data in this freq 
table 
 
... an example of: Two sets of data 
with the same mean, where one set 
has the mean = median, and the 
other set has mean > median. What 
might this data look like if 
represented graphically? 

How do you go about labelling the 
horizontal axis when constructing a 
frequency polygon? 
 
... that it is only possible to estimate 
the mean (median, range) from 
grouped data? 
 
... that it best to use the mid-point of 
the class interval to calculate an 
estimated mean? Why not the end of 
the class interval? 
 

positive correlation, negative 
correlation, no correlation, strong 
correlation, weak correlation 
 

The estimated mean is the best 
average to use if possible.  
 
A scatter diagram should be used to 
represent bivariate data 
 

Misconceptions Guidance 
Students sometimes try to draw a scatter graph for a single set of data 
because they do not understand its pupose.  
They may 'see' correlation where there is not significant correlation.  
 

When teaching scatter graphs, it is important that students understand that this 
type of chart tests for a connection between two variables. Therefore two data 
sets are needed. Students may need assistance with drawing their axes to 
create a roughly square overall graph - this is worth spending some time on 
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Students sometimes struggle with the idea that scatter graphs show a trend or 
tendency - they feel that an individual piece of data might disagree with the 
overall trend - but they find it hard to weight these individual cases against the 
vast majority of cases that do fit the trend.  
 
When working with stem and leaf, students forget to include or to read a key 
and may misread this. They do not always list the data in order within a row. 
Also, they sometimes do not align the columsn of data in rows so that the 
length of a row cannot be properly estimated with sight.  
 
Students plot frequency polygons at the ends of the categories (often 
confusing this with cumulative frequency - see Stg 10) and may fail to connect 
the points together with straight lines. Sometimes they use curved lines 
instead.  
 
Often students do not see how the frequency table relates to the original list of 
data. Therefore, they calculate the mean by adding up the frequencies 
(numbers in the right column) and dividing by the number of categories. 
Similarly they find the range of these numbers (the frequencies) instead of the 
original data.  
 
Students sometimes think that the only averages available are the mean, mode 
and median - they don't realise that these are just the famous versions and that 
any representation of the central tendency is an average (e.g. in diving, take off 
the top 2 and bottom two then find the mean of the remaining three etc). 

and is generally an issue where proportional reasoning is weaker.  
 
Try to discuss examples where one might expect a particular correlation and to 
articulate why this is - similarly look at examples where there wouldn't be a 
correlation anticipated. It is worth reviewing some studies from the media in 
this section e.g. eating beetroot makes you live longer etc.  
 
When constructing frequency diagrams, make sure you explore the differences 
between a bar chart and a frequency diagram, considering whether the data is 
discrete or continuous or categoric.  
 
Ensure students plot points in the middle of a category for a frequency polygon 
and connect with straight lines (ref the definition of a polygon).  
 
This unit looks at grouped data so the averages section is all about estimating 
averages from grouped data in a table - make links to the stage 7 work here 
which does the same thing with non-grouped data. It is important that students 
realise that when data is grouped, we lose the actual responses given in the 
survey/experiment and hence we are estimating. Similarly, they may need to 
be reminded that the table is showing a summary of the actual data and hence 
you cannot just find the mean of the frequencies for example. 

Activities Resources 
 
Central Tendency and Spread 
Unequal Averages 
Half a minute 
How Would You Score It? ü  
Wipeout 
Top Coach ü  
 
Construct and Interpret 
What’s the Weather Like? ü  
Charting Success ü  
 
Compare data sets 
Which List Is Which? ü 

scales (rulers, metre rules, printed scales etc) 
 
examples of real life charts to view, analyse and interpret 
 
blank axes, pre-printed outlines, results tables etc 
 
calculators 
 
ICT to use to record and represent data  
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Foundation Pathway – Y10 
 

6 learning hours 

Unit 9:Solving Number Problems 
This unit explores the use of arithmetic and generalised arithmetic to SOLVE problems. 
 It builds up from applying four operations at KS1 and KS2 into solving equations to find unknowns from 
Y6 upwards. Note that greyed out text indicates work already covered but that you MAY wish to revisit as 
part of the unit if mastery is not yet complete. However, you do not need to reteach these aspects if they 
are secure. Be aware that if pupils have NOT mastered the greyed out parts, the new aspects of the unit will 
be very challenging to learn and teach. 

Prior Learning Core Learning Learning Leads to .... 
➢ solve linear equations in one unknown 

algebraically 
➢ use the symbols =, ≠, <, >, ≤, ≥ 

➢ solve linear equations with the unknown on 
both sides of the equation 

➢ find approximate solutions to linear equations 
using a graph 

➢ solve two linear simultaneous equations in 
two variables algebraically 

➢ derive an equation (or two simultaneous 
equations), solve the equation(s) and 
interpret the solution 

➢ solve quadratic equations algebraically by 
factorising 

➢ find approximate solutions to simultaneous 
equations using a graph 

➢ find approximate solutions to quadratic 
equations using a graph 

➢ solve linear inequalities in one variable null 
➢ represent the solution set to an inequality 

on a number line 
Key learning steps Key Vocabulary 

1. I can produce an equivalent equation to the one I'm given by carrying out the same operation to both 

sides. 

2. I can solve a simple equation with unknowns on both sides. 

3. I can solve a more complex equation with unknowns on both sides. 

4. I can solve a problem by writing and solving an appropriate equation. 

5. Given a graph of y= ax + b, I can solve the equation ax+b = c. 

6. Given a graph of y= ax + b and y=cx+d, I can solve the equation ax+b = cx+d. 

equation 
equivalent equation 
side 
solve 
unknown 
(variable) 

operation 
graph 
plot 
intersection 
solution 
graphically 

Probing Questions 
Show me...  Convince me... What's the same? What's 

different? (Odd one out) 
Always, sometimes, never 

... an equation equivalent to 3x + 1 = 
5x - 2 
 
... what happens to this equation 

... that an equation of the form ax+b = 
cx+d will have one solution 
 
.. that there are an infinite number of 

3x + 1 = 5x - 2, 30x+10 = 50x - 2, 3x = 
5x - 3 

Linear equations have exactly one 
solution.  
 
There is no solution to 6x - 4 = 2(3x - 
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when you: 
 - add four 
- subtract x 
- square everything 
- divide by 2 
 
... an equation with unknowns on 
both sides where x = 5.  
 
... the graph of y = 5x - 2 
 
.. an equation that represents this 
problem:  the cost of a taxi is a fixed 
fare of £3.00 with an additional £2.20 
per km. How far can you go in a taxi 
for £15.00? 

equations equivalent to 6x - 1 = 17 
 
... that given the graph of y = 3x - 1, 
you can solve the equation 3x - 1 = 14;  
...3x - 1 = 26  
... and 3x - 1 = 1 

2) 

Misconceptions Guidance 
As in stage 7, students can struggle to see the point of inverse operations.  
 
They may not appreciate the infinite number of operations you can do to the 
equation to create an equivalent equation.  
 
Students still make notation errors with 2x and x^2 and with 4x^2 and (4x)^2 for 
example.  
 
Students may struggle to see the equivalence of the graphical functions and 
the two sides of the equation. They may struggle with the concept that there 
are multiple value of x that can be used in ax+b but only one that will also work 
in cx+d (in most cases!). 

Note that in this unit the graphical work is based on being provided with a 
graph of the equation in question - graph plotting and sketching appears in Unit 
12: Exploring Change.  
 
As in Stage 7, consider using algebra tiles and/or the bar model to help you 
create an image of the equation that students can more easily relate to. You 
can then encourage the concept of either balancing (with tiles) or finding new 
equal relationships (with the bar model). 
It is useful to get students to record at the same time as they manipulate the 
objects or images so that they can see the formal algebraic notation that 
accompanies each physical move e.g. if you subtract 32 from each side, what 
do you now have - record this.  
 
Ensure you use examples where the equations are not formatted as we might 
elect to format them so that students have to think more flexibly e.g. 2 + 2x = 
10 - 2x.  
 
Expose students to lots of problems where they need to represent the problem 
to construct the equation first.  

Activities Resources 
Solving equations with unknowns on both sides 
Think of Two Numbers 

Algebra tiles 
Envelopes to represent unknown numbers (hidden inside) 
Dynamic graphing software e.g. geogebra 
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Foundation Pathway – Y10 

 
8 learning hours 

Unit 10:Reasoning with Fractions 
 

This unit progresses from the development of the understanding of non-whole items at the lowest end to 
flexibility and fluency with calculations involving fractions for older primary students.  
This knowledge is then applied within the secondary curriculum to the topic of probability, thus providing a 
clear context in which the skills of adding and multiplying fractions particularly are needed.  
It is critical that pupils develop confidence and security in understanding and manipulating fractions as well 
as flexibility in representing a number as a fraction or as a decimal, percentage, diagram etc.  
Note that once fractions are mastered here, they should be used in following units as examples just as other 
numbers are in order to keep the skills fresh. 
 

Prior Learning Core Learning Learning Leads to .... 
➢ express one quantity as a fraction of another, 

where the fraction is less than 1 or greater than 1 
 

➢ record describe and analyse the frequency of 
outcomes of probability experiments using tables 
and frequency trees 

➢ apply ideas of randomness, fairness and equally 
likely events to calculate expected outcomes of 
multiple future experiments 

➢ relate relative expected frequencies to theoretical 
probability, using appropriate language and the 0 
- 1 probability scale 

➢ construct theoretical possibility spaces for single 
experiments with equally likely outcomes and use 
these to calculate theoretical probabilities 

 
 
 

 

➢ calculate exactly with fractions 
➢ apply the property that the probabilities of an 

exhaustive set of outcomes sum to one; apply 
the property that the probabilities of an 
exhaustive set of mutually exclusive events 
sum to one 

➢ enumerate sets and combinations of sets 
systematically, using tables, grids, Venn 
diagrams 

➢ construct theoretical possibility spaces for 
combined experiments with equally likely 
outcomes and use these to calculate 
theoretical probabilities 

 
 
 
 

➢ apply systematic listing strategies including 
use of the product rule for counting 

➢ enumerate sets and combinations of sets 
systematically, using tree diagrams 

➢ understand that empirical unbiased 
samples tend towards theoretical 
probability distributions, with increasing 
sample size 

➢ calculate the probability of independent 
and dependent combined events, including 
using tree diagrams and other 
representations, and know the underlying 
assumptions 

 
 
 

Key learning steps Key Vocabulary 
1. I can add/subtract fractions and mixed numbers that do not involve a carry eg 1½ + 1¼ = 2¾ or + 2¾ - 

1½ = 1¼ 

 

2. I can multiply fractions, including cases with mixed numbers and apply cancelling before calculation: eg 

2⅔ x 1¼ = 8/3 x 5/4 = 2/3 x 5/1 = 10/3 = 3⅓ 

Fraction 
Improper 
Mixed number 
Exhaustive 
Mutually Exclusive 
Venn Diagram 
Union 
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3. I can divide fractions by whole numbers, fractions and mixed numbers: eg 2⅔ ÷ 4 = 8/3 ÷ 4 = 8/3 x 1/4 

= 8/12 = ⅔  or 2¾ ÷ 1½   = 11/4 ÷ 3/2 = 11/4 x 2/3 = 11/2 x 1/3 = 11/6 

 

4. I can add/subtract any mixed numbers and combine two or more operations when calculating with 

fractions: eg ¾ + (⅔ x ½) = ¾ + ⅓ =9/12 + 4/12 = 13/12 

 

5. I know that an event is a set of outcomes and can calculate its probability as (no. of outcomes in the 

event)/(total number of outcomes): eg P(Heart) = 13/52.  I can explain what it means for a collection of 

events to be exhaustive and I can find the probability that an outcome or event does not happen (a 'missing 

probability'). 

 

6. I can explain that mutually exclusive events have no outcomes in common and in this case calculate 

P(A or B) = P(A) + P(B): eg 'picture cards' and 'tens' are  mutually exclusive, so P(picture or ten) = 12/52 + 

4/52 = 16/52; but 'hearts' and 'picture cards' are not because the heart pictures would be counted twice: ie 

P(A or B) = P(A) + P(B) - P(A and B). 

 

7. I can record probability outcomes using using tables, grids & Venn diagrams. I can identify the regions 

A, B, A', B', A∪B and A∩B  and apply the rules P(A') = 1 - P(A) and P(A∪B) = P(A) + P(B) - P(A∩B). 

 

8. I can construct theoretical possibility spaces (sample spaces) for a combined experiment by listing the 

(equally likely) outcomes and use it to calculate probabilities: eg in choosing 2 balls without replacement 

from a bag containing 2 blue, 1 red and 1 green S = {b1b2, b1r, b1g, b2b1, b2r, b2g, rb1, rb2, rg, gb1, gb2, 

gr} so P(both blue) = 2/12. 

Intersection 
Complement 
Probability 
Theoretical 
 

Probing Questions 
Show me...  Convince me... What's the same? What's 

different? (Odd one out) 
Always, sometimes, never 

.. two fractions that add up to 2/3 ... that when multiplying two fractions I improper fraction, mixed number, a/b + c/d = (a+c)/(b+d) 
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... two more 

... two more 
 
... two fractions that differ by 1/2 
.... two more 
... two more 
 
... two fractions whose product is 
8/15 
... two more 
... two more 
 
... a situation where you need to 
divide by a fraction 
 
... two exhaustive events when rolling 
a die 
… three exhaustive events 
... two events that are exhaustive but 
not mutually exclusive 

can cancel the numerator of one 
fraction with the numerator of the 
other. 
 
... that the probability of rolling a score 
of 10 with two dice is 1/12. 
 
... P(A or B) ≤ P(A) + P(B). 

proper fraction, unit fraction 
 
outcome, possibility, event, sample 
space 
 
union, intersection, complement 

 
a/c ÷ b/c = a/b 
 
Exhaustive events are mutually 
exclusive. 
 
P(A or B) = P(A) + P(B) 

Misconceptions Guidance 
Students think that you add (or subtract) fractions by adding the numerators 
and adding the denominators.  
 
Students do not find equivalent fractions when adding and subtracting, instead  
they find a common denominator and simply the add the existing  numerators.  
 
Students think they need to find a common denominator when multiplying or 
dividing. 
 
Students think that you cannot have an improper fraction.  
 
When converting an improper fraction to a mixed number, students write 3r4 
instead of 3 4/5 for example.  
 
They do not see that 6 is actually 6/1 
 
Students confuse outcomes with events (which are sets of outcomes). They 
confuse the term mutually exclusive, for non-mutually exclusive or for 
exhaustive. 

You need to ensure that students have a clear understanding of the concept of 
a fraction before you get them to combine them. For further guidance on this, 
see Unit 7 Discovering Equivalence from KS2.  
 
When adding fractions, make use of rectangular grids as visual representations 
(eg a 4x3 grid for ading thirds to quarters) rather than 'pizza slices'. 
 
This will help students to see why you cannot simply add the numerators  
and denominators together.  
 
The Bar Model is also very useful here as a tool for representing each fraction 
with reference to the whole and beginning to estimate the answers.  
 
When working out a fraction of an amount teach that this is the same as 
multiplying fractions. The word 'of' is equivalent to 'times': 3/4 of 16 is 3/4 x 16 
= 3/4 x 16/1 
 
When teaching fraction multiplication, make use of the array model for 
multiplying any numbers together to help see why the answer will be (product 
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Students do not realise the importance of identifying 'equally likely outcomes'.  
 
Students use P(A or B) = P(A) + P(B) when the events are not mutually 
exclusive. 
 
When finding missing probabilities they cannot add decimals like 0.2 and 0.15, 
they will view the numbers as 2 and 15 and get 0.17 instead of 0.35. 
 
When using a Venn diagram they repeat outcomes that are in A and B, rather 
than placing them in A∩B. 

of  numerators) / (product of denominators). It may help to see 2/3 x 4/5 as an 
area calculation and represent it using a 3 x 5 grid with 2 rows of 4 squares out 
of 3 rows of 5 squares. 
 
Remind students that 2/3 x 4/5 could be said as 2/3 multiplied by 4/5 but also 
as 2/3 of 4/5. You can again use the Bar Model here to support the array 
representation.  
 
Fraction division can be taught using the Bar Model or a reverse array - for 2/3  
divided by 1/6 think about how many sixths fit inside 2/3 or think about  1/6 x  
?/? makes 2/3.  
 
Avoid teaching a rule without meaning such as 'keep, change, flip' or 'flip the 
second fraction' as this will not be  
well recalled and embedded. Let the students discover this for themselves. 

Activities Resources 
Probability 
Sociable Cards ü  
Non-transitive Dice ü  
At Least One… ü  
Interactive Spinners ü  
 
Summing to 1 
Odds and Evens* ü 
In a Box ü 

place value frame/grids 
number lines 
fraction cut outs (circles and bars) 
fraction/percentage/decimal wall/number line 
blank 1x10 grids (to show tenths and their equivalents) 
blank 10 x 10 grids (to show hundredths and their equivalents) 
 
calculators 
 
bar modelling software 
 
 
dice 
cards 
spinners 
random number generators 
 
calculators 
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Foundation Pathway – Y10 

 
8 learning hours 

Unit 11: Visualising Shape 
In this unit children focus on exploring shapes practically and visually. 
 There is an emphasis on sketching, constructing and modelling to gain a deeper understanding of the 
properties of shapes. 
 It is therefore necessary to secure this practical skills at the same time as using them to explore the shapes 
in questions.  
At secondary level students are developing their skills in construction and the language/notation of shape 
up to the understanding, use and proof of circle theorems. 

 
Note: although 8 learning steps are given here, it should be possible to teach this unit more rapidly than the 

full 2 week allocation and thus spend additional time mastering other concepts if required.  
Prior Learning Core Learning Learning Leads to .... 
➢ draw diagrams from written description 
➢ measure line segments and angles in geometric 

figures 
➢ use conventional terms and notations: points, 

lines, vertices, edges, planes, parallel lines, 
perpendicular lines, right angles, polygons, 
regular polygons and polygons with reflection 
and/or rotation symmetries 

➢ use the standard conventions for labelling and 
referring to the sides and angles of triangles 

➢ identify and apply circle definitions and 
properties, including: centre, radius, chord, 
diameter, circumference 

 
 
 
 
 
 
 
 
 
 
 

➢ measure line segments and angles in geometric 
figures, including interpreting maps and scale 
drawings and use of bearings 

➢ use the standard ruler and compass constructions 
(perpendicular bisector of a line segment, 
constructing a perpendicular to a given line from/at 
a given point, bisecting a given angle) 

➢ use these to construct given figures and solve loci 
problems; know that the perpendicular distance 
from a point to a line is the shortest distance to the 
line 

➢ interpret plans and elevations of 3D shapes 
 
 
 
 
 
 
 
 

➢ use the basic congruence criteria for 
triangles (SSS, SAS, ASA, RHS) 

➢ identify and apply circle definitions and 
properties, including:  tangent, arc, sector 
and segment 

➢ construct plans and elevations of 3D 
shapes 

 
 
 
 
 
 

Key learning steps Key Vocabulary 
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1. I can draw and measure lines and angles accurately 

2. I can solve problems involving scale drawings where I have to measure 

3. I can read and interpret scales on a map. 

4. I can read and construct bearings, using these to solve problems 

5. I can construct an angle bisector and the perpendicular bisector of a line 

6. I can construct the perpendicular from a point on a line and to a point from a line  

7. I can construct loci for given conditions and use this skill to solve problems.  

8. I can draw the plans and elevations from 3D objects 

scale 
ratio 
proportion 
similar 
bearing 
locus/locii 
bisect 
plans 
elevations 
constructions 
perpendicular 
angle 
intersect 
equidistant 

Probing Questions 
Show me...  Convince me... What's the same? What's 

different? (Odd one out) 
Always, sometimes, never 

… a triangle measuring 4cm, 5cm 
and 6cm using a compass and a 
ruler  
 
… the difference between the 
construction of a square and drawing 
a square using dynamic geometry 
software (eg Geogebra) 
 
... the locus of points 5cm from a 
rectangle (both with lengths less than 
10cm and greater than 10cm) 
 
... how you would construct the 
perpendicular bisector of this line 
segment (without the equipment) 
 
... roughly where the locus of points 
lies in this problem (before 
constructing accurately) 
 
... the plan of this shape 
... the front elevation 

…a compass and a ruler (or circle tool 
and a line segment on a dynamic 
software package) are necessary to 
construct a bisector 
 
... that the bearing of A from B 
indicates the angle at point B (not A) 
 
...that if you know the bearing of B 
from A then you also know the bearing 
of A from B 
 
… that the intersection of bisectors of 
the sides of a triangle form the centre 
of a circle which circumscribes that 
triangle 
 
... that the locus of points that are 
equidistant from two points A and B 
will form the perpendicular bisector of 
the line segment AB 

bearing of 045 degrees and bearing of 
315 degrees      
 
a drawing of a square and a 
construction of a square using dynamic 
geometry software 
 
sketch and construction 
 
map; scale drawing; diagram; 
construction 
 
locus of points equidistant from A; 
locus of points equidistant from line 
BC; locus of points equidistant from A 
and B; locus of points equidistant from 
A, B and C. 

The bearing of A from B and B from 
A add up to 180 degrees 
 
The plan view and the front elevation 
of a shape will look the same  
 
The locus of points that are 
equidistant from a wall will always be 
a straight line 
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.... the side elevation 
 
... a possible shape that has this plan 
Misconceptions Guidance 
Students may still struggle with the correct use of a protractor at this stage, 
particularly with incorrect alignment at the centre of the angle and the use of 
the wrong scale i.e. not measuring from 0.  
 
Bearings and their features seem alien to some students, who may forget to 
present them with 3 figures or to measure clockwise. The orientation of the 
protractor when measuring/drawing bearings may be incorrect.  
 
Students struggle to retain the order of the language i.e. to realise that the 
bearing of B from A should be drawn at B instead of A. 
 
Similarly, the language of construction is precise and students need to pay 
close attention as to whether they are constructing the perpendicular bisector 
of a line (segment) or the perpendicular from a line  at a given point etc.  
 
Students often conceptually understand the set of points equidistant from a line 
is another parallel line; however, they do not so easily grasp that the set of 
points equidistant from a point (or in real life, a vertex on a shape) is a circle (or 
arc of a circle).  
 
Some students really struggle to see the individual elevations or even single  
faces of a shape. They actually need to look at the shape directly form the front 
or side or above to appreciate what the elevation or plan will look like. Software 
can help this process somewhat. 

Teach students how to set up a protractor correctly to ensure both alignment 
and measurement from the correct side.  
Similarly, spend time teaching students how to set up a pair of compasses 
correctly; when you close it the pencil and the point should meet. The motor 
skills for this piece of apparatus may not be developed and therefore practice 
is necessary and should be planned in.  
 
The section on scale including maps and bearings has great opportunities to 
show relevance to real life. For example, explore maps in detail, use dynamic 
geometry software to allow students to appreciate the difference between 
constructions and scale drawings or look at plans for the building industry.  
 
During construction, encourage students to use the correct language of circles 
(see earlier stages) to consolidate this e.g. line segment or arc. Construction is 
a classic topic where students will not remember it if they only copy the teacher 
doing it once or twice - they need to practice multiple times and to apply the 
learning to the loci contexts to make it memorable.  
 
Loci is a great activity to do kinaesthetically with each student acting as a 
single point obeying the criteria e.g. ask all the students to stand exactly 5m 
from you (they should naturally form a circle since they can't stand in the same 
place) and then to stand exactly 5m from a wall (they should naturally form a 
line). Then ask them to stand the same distance from you and another person 
and they should automatically form the perp bisector of the line segment 
between you. This can then be applied to drawn examples.  
 
Try to apply plans and elevations to real life e.g. plans for buildings to link the 
earlier work together and demonstrate the significance of accurate 
measurement, constructions and scale drawing. 

Activities Resources 
Construction 
Constructing Triangles ü  
 
Loci 
Outdoor Loci   http://www.cre8atemaths.org.uk/building-future/architects-skills 
Rolling Around 
 

rulers 
geostrips and split-pins 
protractors/angle measurers 
compasses 
rulers 
straight edges (unmarked) 
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3D shapes 
Nine Colours ü  
Marbles in a Box ü  
Tet-trouble ü  
Triangles to Tetrahedra ü  
 

 
dynamic geometry software 
 
3D shapes to support plans and elevations 
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Foundation Pathway – Y10 
 

8 learning hours 

Unit 12: Exploring Change 
For primary pupils this unit focuses on the measures elements of time and co-ordinates.  
There is a progression from sequencing and ordering through telling the time formally to solving 
problems involving time.  
The co-ordinate work flows in the secondary students' learning focused on the relationships between 
co-ordinates.  
Key objectives include the use of y=mx+c for straight lines, the use of functions and the graphing of 
more complex functions. 

Prior Learning Core Learning Learning Leads to .... 
➢ work with coordinates in all four quadrants ➢ plot graphs of equations that correspond to 

straight-line graphs in the coordinate plane 
➢ identify and interpret gradients and intercepts of 

linear functions graphically and algebraically 
➢ recognise, sketch and interpret graphs of linear 

functions and quadratic functions 

➢ use the form y = mx + c  to identify 
parallel lines 

➢ find the equation of the line through two 
given points, or through one point with a 
given gradient 

➢ identify and interpret roots, intercepts, 
turning points of quadratic functions 
graphically 

➢ deduce roots of quadratic functions 
algebraically 

➢ recognise, sketch and interpret graphs of 
simple cubic functions and the reciprocal 
function  y = 1/x with x ≠ 0 

Key learning steps Key Vocabulary 
1. I can construct a linear graph in four quadrants by constructing a series of coordinates using 

an equation and recognising properties of a linear function 

2. I can calculate the gradient of a line or the intercepts, from a graph 

3. I can identify the gradient of a line and the y intercept, from an equation 

4. I can identify whether the graph of a linear function will intersect a given coordinate when given 

the function in algebraic or graphical form. 

5. I can plot a quadratic function by constructing a set of coordinates, recognising the importance 

of plotting in all four quadrants. 

6. I can roughly sketch the graph of a linear of quadratic function 

7. I can use the graph of a linear or quadratic function to solve a problem.  

linear 
straight line 
co-ordinate 
graph 
function 
quadratic 
gradient 
intercept 
algebraic form 
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8. I can use the graph of a linear function to solve a linear equation; ie: use y = 3x + 5 to solve 3x 

+ 5 =17 

Probing Questions 
Show me...  Convince me... What's the same? What's 

different? (Odd one out) 
Always, sometimes, never 

... a co-ordinate on the line y=5x 

... and another 
 
... a linear function that runs 
through the origin when plotted 
 ... and another 
 
... a sketch of the function f(x) = x^2 
 
... the gradient of the graph of the 
equation y=3x+1 
 
... where the graph of y=5x + 2 will 
intercept the y-axis 
 
... a line that will be vertical when 
plotted 
... horizontal? 

... that all graphs in the form y=mx+c 
are straight lines 
 
... that (4, 1) lies on the line y= 5x - 
19 
 
... that there are many coordinate 
pairs between any two coordinates 
on any line 
 
... that the graphs y=3x+1 and y=3x-4 
are parallel 
 
... that I could use any x values to 
find a corresponding y value for an 
equation 
 
... that it is possible to draw a graph 
of any linear function without finding 
coordinate pairs 

The line y=2x+1 and the line y=1-2x 
 
y=2, x=2, y=x, y=x+2 

Any two coordinate pairs on a 
straight line can be used to give the 
gradient of a line 
 
A gradient can be less than or equal 
to zero 
 
Some lines have an infinite 
gradient.  
 
Parallel lines will have the same co-
efficient of x in their equation 

Misconceptions Guidance 
Students sometimes struggle to read the algebra of a linear equation.  E.g. 
they do not recognise y=2x+1 as " the y co-ordinate is two times the x-co-
ordinate with 1 added on".  
Similarly, they may have weak skills in manipulating equations and so not 
recognise equivalent equations e.g. they may consider the equation y = 3x + 
2 to be different to y - 3x = 2 

Encourage students to identify their own coordinate pairs, rather than giving 
x = 0, 1, 2, 3 and ask for the y values, to support students in recognising that 
a y value exists for any x value and viceversa. This also supports students in 
reasoning why they would expand the number of coordinate pairs for a 
quadratic function, rather than seeing it as set procedures for plotting 
functions. 
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Students do not necessarily view the line y = 3x, for example, as the 
collection of all co-ordinates where the y-coordinate is 3 times the x 
coordinate - instead they view it as a single object and hence they struggle 
to find co-ordinates on the line from the algebra or to find the equation of the 
line from the diagram.  
 
Students may draw a graph as a line segment between two/three 
coordinates rather than recognising it extends in each direction infinitely. 
This can lead to them not recognising that negative co-ordinates can meet 
the rule or non-integers.  
 
Students may not embrace the real concept of gradient and so will not 
realise that a gradient can be calculated between any two points to get the 
same result.   
 
Sometimes overexposure to linear graphs results in students presuming all 
graphs are linear and hence using a ruler to construct a quadratic graph. 

 
Explore this problem in reverse also i.e. identify co-ordinates on a given line 
(or curve) and try to spot the connection and hence the name/equation of 
the line/curve.  
 
It is strongly recommended that you use dynamic graphing software to 
explore what happens to the graph when you change various elements of 
the equation. Students should be able to see the impact of changing the x 
co-ordinate on the slope of the line etc.  
 
Encourage students to deduce how to find the gradient themselves and to 
spot the connection between the gradient and the y=mx+c format for the 
equation.  
Explore what happens to lines with increasing gradients or gradients 
approaching 0. Also look at negative gradients.  
 
Try to introduce function notation at this stage as a precursor to the work 
that follows in later years. Understanding the meaning of f(x) now will help a 
great deal later.  
 
Ensure that students are exposed to situations where they need to interpret 
graphs of functions within a context e.g. costs of taxis, bills etc. 

Activities Resources 
Plotting linear functions 
How Steep Is the Slope? ü  
Parallel Lines ü  
Constructing real life functions 
Walk and Ride* ü  
 
Gradients 
Diamond Collector ü  
Translating Lines ü  
Reflecting Lines ü  
 

blank grids with and without axes marked 
 
number lines including negatives 
 
giant axes/grid on carpet or outside 
 
geogebra or equivalent for electronic coordinates 
 
rulers 
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Foundation Pathway – Y10 

 
10 learning hours  

Unit 13: Proportional Reasoning 
In this unit pupils explore proportional relationships, from the operations of multiplication and division 
on to the concepts of ratio, similarity, direct and inverse proportion.  
For primary pupils in Stages 1-3, this is an opportunity to revisit, consolidate and extend the skills of 
multiplication and division from Unit 9, applying them to a wide range of problems and contexts.  
Stages 4 and 5 revisit the whole of calculation (hence the additional 2 hours of time) to broaden to all 
four operations in a range of contexts and combination problems 
 - the emphasis here is really on representing and then solving a problem using their calculation skills, 
not just calculating alone.  
In Stage 6 the real underpinning concepts of proportion and ratio develop and hence Stage 6 requires 
additional hours.  
Secondary pupils begin to formalise their thinking about proportion by finding and applying scale 
factors, dividing quantities in a given ratio and fully investigating quantities in direct or inverse 
proportion, including graphically. 
 This topic is essential as a building block for strong GCSE performance so this unit should be 
prioritised in the summer term to secure mastery of these critical concepts, especially at KS3. 
 

Prior Learning Core Learning Learning Leads to .... 
➢ Change freely between related standard 
units (e.g. time, length, area, mass, 
volume/capacity) in numerical contexts 
➢ Express one quantity as a fraction of 
another, where the fraction is less than 1 or 
greater than 1. 
➢ use ratio notation, including reduction to 
simplest form 
➢ divide a given quantity into two parts in a 
given part:part or part:whole ratio 

➢ express the division of a quantity into two 
parts as a ratio; apply ratio to real contexts 
and problems (such as those involving 
conversion, comparison, scaling, mixing, 
concentrations) 

➢ express a multiplicative relationship between 
two quantities as a ratio or a fraction 

➢ understand and use proportion as equality of 
ratios 

➢ relate ratios to fractions and to linear functions 
➢ compare lengths, areas and volumes using 

ratio notation 
➢ use scale factors, scale diagrams and maps 

➢ identify and work with fractions in ratio 
problems 

➢ solve problems involving direct and 
inverse proportion, including graphical 
and algebraic representations 

➢ understand that X is inversely 
proportional to Y is equivalent to X is 
proportional to 1/Y 

Key learning steps Key Vocabulary 
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1. I can use a ratio to represent a range of situations, including division of a quantity into 2 parts and 

expressing a multiplicative relationship.  

2. I can relate a ratio to the relevant proportion as a fraction and use this to solve a problem.  

3. I can compare 'best buys' by converting to unit pricing or via 2 x 2 proportion grids 

4. I can use a function to express the relationship between two variables in a given ratio. 

5. I can find the scale factor in enlargements and use a given scale factor to calculate missing lengths 

in similar shapes. 

6. I can compare the lengths, areas and volumes of similar shapes using ratios. 

7. I know that if the scale factor of length is 2, then the sf of Area is 2^2 =4 and of volume 2^3 

=8.Given the sf of any one of length, area or volume: I can find the other two 

8. I can determine the 'real' length from a map or diagram, given its scale ratio. Given the real length I 

can construct a scale drawing. 

9. I can solve direct on inverse proportion problems by interpreting a suitable graph or representing 

algebraically. 

10.  I can solve a range of ratio and proportion problems. 

 

ratio 
proportion 
fraction 
quantity 
variable 
direct proportion 
inverse proportion 
function 
rate 
gradient 
per 
scale factor 
similar 
enlargement 
length, area and volume 
relative 
whole 

Probing Questions 
Show me...  Convince me... What's the same? What's 

different? (Odd one out) 
Always, sometimes, never 

... how you would represent this 
problem with a bar model 
The cost of 4 kg of apples is £3.36. 
The total cost of 3 kg of apples and 
2.5 kg of pears is £4.12. Work out 
the cost of 1 kg of pears. 
 
... how you would solve: 
 The ratios of Lycra to other 
materials in two stretch fabrics are 
2 : 25 and 3 : 40. Which fabric has 
the greater proportion of Lycra? 
 

... which is the better deal? Buy one 
get one half-price or three for the 
price of two? 
 
... that the result is always the same 
regardless of price?  
 
... graphs showing direct proportion 
will be straight lines 
 
... that if I double the lengths of a 
shape, I will quadruple its area 

Buy one get one free; 3 for the price 
of 2; 50% extra free; buy one get one 
half price; 25% off.  
 
1:20 ; scale factor 20 
 
Draw some different rectangles that 
are in proportion.  What is the 
same/different about the dimensions. 
What about their areas? 
 
Now draw some cuboids that are in 
proportion. Explore the relationships. 

... graphs showing quantities in 
(direct) proportion will be straight 
lines 
 
... graphs showing quantities in 
(direct) proportion will start at the 
origin 
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... how to find the missing numbers 
in this table? 
Miles  Kilometres 
5  8 
?  20 
36  ? 
Can you do it in a different way? 
Misconceptions Guidance 
Students find it hard to use a range of fractions, decimals and percentages 
(and even word descriptions of these) to compare value. They cannot 
always successfully convert these numbers to the same format to make 
comparisons.  
 
Students assume that the larger 'bulk buy' will be better value.  
 
Students see an additive relationship in similar shapes, rather than a 
multiplicative (proportional one). E.g. they may believe that all the sides of 
the larger shape will be 4cm more than those of the smaller shape, rather 
than multiplying by a scale factor.  
 
Students often assume that length scale factors can be used directly to 
compare areas and volumes.  
 
Students do not always link their work on gradient from Unit 12 to the rate of 
change in proportion questions to see the scale factor. This is a sign of a 
weak connection between different representations 
(algebraic/graphical/tabular/word description/diagam) 

The Bar Model is a powerful strategy for pupils to ‘re-present’ a problem 
involving ratio and is very useful when the question requires more subtle 
interpretation.  
This builds on earlier work in Stage 7 (and the primary stages) and so is 
highly recommended as a consistent way of representing the problem.  
 
With proportion at this level it is important to use the full range of 
representations and so you should try to make use of graphical, tabular, 
diagrammatic, algebraic and word representations. The Cornerstone unit on 
Linear Graphs (mentioned in Unit 12) is a very useful way of integrating all 
these ideas together.  
 
When exploring the impact of scale factors on area and volume, blocks of 
multi link cubes can be used to explore the concepts. 

Activities Resources 
NRICH: In proportion 
 
NRICH: Ratio or proportion? 
 
NRICH: Roasting old chestnuts 3 
 
Standards Unit: N6 Developing proportional reasoning 
 
NRICH Ratios and Dilutions ü  
NRICH: A Chance to Win?               
NRICH : Areas and Ratios ü                       

Counters etc. to support ratio exploration and proportion 
 
Shapes that have been enlarged to investigate area etc.  
 
Graphical software 
 
Pre-printed axes 
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Foundation Pathway – Y10 
 

6 learning hours 

Unit 14: Describing Position 
In this unit pupils explore how we can communicate position and movement mathematically.  
They look at transformations from simple turns to reflection/rotation/enlargement/translations up to 
similar shapes generated by enlargements, co-ordinate systems and ultimately vectors. 

Prior Learning Core Learning Learning Leads to .... 
➢ solve geometrical problems on coordinate 
axes 
➢ identify, describe and construct congruent 
shapes, including on coordinate axes, by 
considering rotation, reflection and translation 
➢ describe translations as 2D vectors 

➢ identify, describe and construct similar 
shapes, including on coordinate axes, by 
considering enlargement 

Not applicable 

Key learning steps Key Vocabulary 
1. I can enlarge a shape by a given positive integer scale factor (no centre). 

2. I can recognise similar shapes and calculate the scale factor. 

3. I can enlarge a shape by a positive integer scale factor where the centre of enlargement is the 

origin. 

4. I can enlarge a shape using positive and integer scale factors where the centre of enlargement is a 

given coordinate outside the object. 

5. I can enlarge a shape using positive and integer scale factors where the centre of enlargement is a 

given coordinate inside the object. 

6. I can describe an enlargement mathematically, stating the centre of enlargement and the scale 

factor. 

 

 

 

 

transformation 
similar 
congruentt 
enlargement 
centre of enlargement 
ray 
scale factor 
integer 
ratio 
proportion 
describe 
object 
image 

Probing Questions 
Show me...  Convince me... What's the same? What's 

different? (Odd one out) 
Always, sometimes, never 

... a similar shape to this one 

... a congruent shape to this one 
 
... a shape that would be similar to 

... there is a condition whereby a pair 
of similar shapes can also be 
congruent 
 

similar shapes; congruent shapes 
 
enlargement; reflection; rotations; 
translation 

... similar shapes must always be 
congruent 
 
... if the centre of enlargement is 
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this but for one thing 
 
... roughly where the centre of 
enlargement would sit if this is the 
object and this is the image 
 
... how you would find the centre of 
enlargement of these two shapes 

... a enlargement sf2 will produce an 
images that is twice as far away from 
the centre as the object 

 
centre of enlargement; centre of 
rotation 

inside the object, the image will 
contain the object 
 
... enlargement produces a similar 
shape 
 
... shapes are either congruent or 
similar 

Misconceptions Guidance 
Students sometimes believe that shapes must be either congruent or 
similar, not realising that most shapes are neither congruent nor similar.  
 
They may also interpret similar to mean 'scaled up' and not appreciate the 
need for the same scale factor to be applied in all dimensions (ie the shape 
must have been enlarged rather than stretched).  
 
Many students understand that the lengths of the shapes are scaled up by 
the given scale factor; however, they do not understand that this also 
applies to the distance of each point on the shape from the centre of 
enlargement.  
 
Incorrect matching of corresponding vertices on the object and image can 
cause some students problems in finding the centre of enlargement. 

Define congruent and similar carefully to ensure students understand that 
shapes can be similar, congruent or neither. They can only be both similar 
AND congruent if the scale factor is 1 (or -1). Consider looking at shapes 
that are not similar and exploring why to reinforce the definition more clearly.  
 
Ensure that students can find the scale factor by carrying out an appropriate 
division, even when the result is not an integer.  
 
Spend time exploring the impact of both changing the scale factor and 
moving the centre of enlargement - this is best accomplished using dynamic 
geometry software such as geogebra.  
 
Focus students on looking at the impact of the scale factor on both the 
lengths of the lines in the  image AND the distances from the centre. 
Constructing the rays can help develop this concept more clearly. 

Activities Resources 
NRICH: Fit for Photocopying: http://www.nrich.maths.org/7385 
TES: Enlargement of shapes: http://www.tes.co.uk/teaching-
resource/enlargement-of-shapes-level-6-lesson-6319683 
 

co-ordinate grids (with pre-printed axes) 
 
large grid on floor or mat to use for kinaesthetic exploration 
 
 
geogebra or equivalent software for plotting and connecting coordinates and 
seeing enlargements (especially exploring what happens when you move 
the centre or change the scale factor) 
 
visualiser, OHP or webcam set up to see the specific modelling with the 
equipment 
 
rulers 
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Foundation Pathway – Y10 
 

8 learning hours 

Unit 15: Measuring and Estimating 
 

In this unit pupils explore the process of measurement (of lengths, masses, capacities, 
time, temperature, money, volume, area, speed etc) using practical equipment.  
They read scales and interpret these measurements. Pupils also convert between units 
with increasing difficulty to make comparisons. 
 

Prior Learning Core Learning Learning Leads to .... 
➢ use standard units of mass, length, time, 
money and other measures (including standard 
compound measures) using decimal quantities 
where appropriate 
➢ use standard units of measure and related 
concepts (length, area, volume/capacity, mass, 
time, money, etc.) 
➢ change freely between related standard 
units (e.g. time, length, area, volume/capacity, 
mass) in numerical contexts 
➢ convert between miles and kilometres and 
apply this to solve problems 
➢  

➢ use compound units such as speed, rates of pay, 
unit pricing) 

➢ change freely between compound units (e.g. 
speed, rates of pay, prices) in numerical contexts 
 

➢ plot and interpret graphs and graphs of non-
standard functions in real contexts, to find 
approximate solutions to problems such as 
simple kinematic problems involving distance, 
speed and acceleration 

➢ use compound units such as density 
and pressure 

➢ change freely between compound 
units (e.g. density, pressure) in 
numerical and algebraic contexts 

➢ plot and interpret graphs (including 
reciprocal graphs) and graphs of non-
standard functions in real contexts, to 
find approximate solutions to problems 
such as simple kinematic problems 
involving distance, speed and 
acceleration 

➢ interpret the gradient of a straight line 
graph as a rate of change; 

Key learning steps Key Vocabulary 
1. I can reason solutions to compound measures (e.g. travelling at 10km/h means I would travel 20 

km in two hours or 5 km in half an hour) 

2. I can apply generalised formulae for compound measures and identify links between the formulae 

and units  

3. I can apply knowledge of converting between units to convert compound units 

4. I can interpret real life graphs identifying key features including travel graphs 

5. I can plot real life graphs including travel graphs 

6. I can interpret and plot real life graphs of compound measures such as speed or accelerations  

7. I can plot non standard functions given a formula 

8. I can interpret non standard functions and use it to find solutions to problems 

compound measures 
formula(e) 
unit 
rates of change 
real life graph 
distance/displacement 
speed/velocity 
acceleration 
functions 
 

Probing Questions 
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Show me...  Convince me... What's the same? What's 
different? (Odd one out) 

Always, sometimes, 
never 

... a distance time graph for two 
cars racing, car A has travels faster 
at some point during the race but 
has a slower average speed than 
car B  
 
... a unit which could represent 10 
metres/minute as a larger quantity 
... a smaller quantity 
 
... the units for pressure? Density? 
Area? Acceleration? 
 
... how you could find the speed of 
travel from a distance-time graph 

... that a steeper line indicates a 
faster speed (on a distance-time 
graph) 
 
... that a greater speed does not 
indicate greater distance travelled 
 
... that a function can have multiple y 
values but only one x value 

millisecond, millimetre, milligram, 
millilitre 
 
converting cm - m, km - miles, cm^2 
to m^2 

Converting km/h to m/s will 
always result in a smaller 
number 

Misconceptions Guidance 
Students do not always see a compound measure as a rate of change; 
instead they see it as a quantity and so assume that a larger measure 
implies a larger quantity.  
Students interpret a steep line on a distance time graph as travelling up a 
hill or equivalent – they see these graphs as literal height journeys rather 
than record of distance 
Similarly, the may assume that a flat line on a velocity-time graph indicates 
‘stopping’  
 
When two lines cross on a real life graph, students may presume that this 
indicates a collision. 
 

It is important to expose students to a wide range of compound units 
alongside the ever-popular speed and density! You can use scientific 
formulae as a good place to start for this, by encouraging reasoning of 
links between units and formulae e.g. pressure  = force/area so what 
must the unit be?  Also explore informal examples relating to rates of 
change e.g. litres/minute.  
 
Make sure that you avoid using ‘formula triangles’ with students so that 
you encourage them to make links and strengthen algebraic skills. You 
may wish to ask the Science department to do so also! 
 
Give opportunities to explore real life graphs through student made clips 
dramatising key misconceptions and explore representations of 
acceleration on distance time graphs etc.. 
 
Make connections between plotting standard linear functions and 
plotting non standard functions.  

Activities Resources 
Compound measures 
Speed-time Problems at the Olympics ü 
An Unhappy End ü  
Speeding Boats ü  

access to ICT e.g. spreadsheets to apply calculation to a range of 
values 
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Walk and Ride* ü  
 

access to graphing software to show and interpret graphs e.g. distance-
time 
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Year 11 
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Foundation Pathway – Y11 Unit 16: Investigating Number Systems 
 
4 learning hours 
 
 

This unit introduces the number systems and structures that we use at different levels of the curriculum.  
At KS1 children are working on the place value system of base 10 with the introduction of Roman Numerals as an example 
of an alternative system in KS2. Negative numbers and non-integers also come in at this stage and progress into KS3.  
 At KS3 and KS4 we start to look at other ways of representing numbers, including standard form, inequality notation and 
so on. 

Prior Learning Core Learning Learning Leads to .... 
➢ round numbers and measures to 

an appropriate degree of accuracy 
(e.g. to a specified number of 
decimal places or significant 
figures) 

 

➢ use inequality notation to specify simple error intervals due to 
truncation or rounding 

➢ apply and interpret limits of accuracy 

➢ apply and interpret limits of 
accuracy, including upper and 
lower bounds 

Exemplification Vocabulary 
1.  Use inequality notation to write down the error interval of:   
      i) x = 3.78 rounded to two decimal places   ii) x = 3.78 truncated to two decimal places 
2.  A javelin thrower registered a throw of 81.29 m (rounded to 2 decimal places). What is the shortest distance that they 

could have thrown to have registered this distance?  
 
 
 
 

Bounds 
Upper 
Lower 
Measurement 
Error 
Inequality 
Notations 
'to the nearest' 
accuracy 

Representation Fluency 
• Measuring and recording lengths/times/weights/volumes etc. accurately 

before rounding them to a given level of accuracy and explore what 
happens. Notice that some of the measurements that have been 
rounded to the same value come from different original values. Begin to 
consider the limits of these sets of values that round to the same answer 
 

• Exploring ages as an example of truncated values that represent a wider 
range of actual values when measured more accurately  
 

• Drawing number line diagrams to mark values that round to the same 
answer and then begin to represent the set.  

• Similarly, drawing these diagrams for truncation and compare to the 
rounding ones.  
 

• Exploring the effect of rounding by considering ‘worst case scenarios’ 
when calculating with measurements.  

11. Round or truncate a number to a given level of accuracy 
• round to nearest power of 10 
• round to nearest integer 
• round to given number of dp 
• round to given number of sf 
• truncate to given place value e.g. 10s 
• truncate to given number of dp 
• truncate to given number of sf 

12. State the highest and lowest possible values of a measurement  
• number rounded to nearest 10 
• number rounded to nearest 100, 1000 etc.  
• number rounded to nearest integer 
• number rounded to 1 dp 
• number rounded to 2 or more dp 
• number rounded to 3sf 
• number rounded to any number of significant figures 
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• This links to investigating the impact of rounding too much, too early in 
the final result of a calculation by applying to examples and generalising.  

 
 
 
 
 
 
 
 
 
 

• number rounded to given unit of measurement e.g. nearest cm 
or nearest hundredth of a second etc.  

13. Write an inequality to specify an error interval due to rounding 
• number rounded to nearest 10 
• number rounded to nearest 100, 1000 etc.  
• number rounded to nearest integer 
• number rounded to 1 dp 
• number rounded to 2 or more dp 
• number rounded to 3sf 
• number rounded to any number of significant figures 
• number rounded to given unit of measurement e.g. nearest cm 

or nearest hundredth of a second etc.  
14. Write an inequality to specify an error interval due to truncating 

• number truncated to given number of dp 
• number truncated to a given number of sf  
• number truncated to a given unit of measurement e.g. to cm or 

hundredths of a second 
Probing Questions 

Show me...  Convince me... What's the same? What's different?  Always, sometimes, never 
... the smallest value that a 
measurement of 6cm could actually be 
if it has been rounded to the nearest 
(whole) cm?  
 
... three different values that a 
measurement of 60kg could actually be 
if it has been rounded to the nearest 
kg? 10kg?  
 
... the maximum error I could have 
made if I am up to half a degree out in 
my measurement of all the angles in 
this pie chart? 

...that the lower bound will always end 
in a digit 5 
 
... that when you add measurements 
together you can make lots of small 
errors worse? or cancel them out? 
 
... that you cannot find the absolute 
maximum value that a measurement 
could be, only an upper bound 
 
...why it might not be possible to 
identify the first three places in a long 
jump competition if measurements 
were taken in metres to one decimal 
place?  

2.49, 2.49999, 2.49r and 2.5 
 
the impact of an error when you.... 
add measurements; subtract 
measurements; multiply 
measurements; divide measurements  

Maximum and minimum values of 
measurements end in the digit 5 
 
If you make an error with two 
measurements, when you combine the 
measurements the error will be even 
bigger  

Further Extension Rich and Sophisticated Tasks 
• The length and width of a rectangle have been measured to the nearest 

metre as 7m and 3m. What are the smallest and largest possible real 
values of the perimeter and area of the rectangle?  

• The distance travelled by a car was measured as 320m in a time of 10 

NRICH: Constantly Changing 
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seconds to the nearest metre and second respectively. Calculate the 
error bound of the speed of the car over the journey.  

• When a number ‘x’ is rounded to 2 significant figures the result is 80.  
Alison writes the error interval ’65 < x < 75’.  Is Alison correct? How do 
you know? 

 
 
 

Misconceptions Teacher Guidance and Notes 
Students do not realise that if something has been rounded to the nearest 5cm 
that there could be a range of values bigger or smaller than the answer. 
 
Students think that dividing by a smaller number will give you a smaller answer. 
 
Students think that the maximum cannot be a number ending in 5 because that 
would round up - they therefore use .49r instead despite this being 
mathematically equivalent. 
 

When teaching rounding, refer back to Stage 6, 7, and 8 as required to explore 
rounding to powers of 10, the nearest integer, decimal places and significant 
figures in more depth.  
 
 
 
 

Key Assessment Checklist 
11. I I can find the upper and lower limits of measurements, and express this using inequality notation 

1. I can apply the concept of upper and lower bounds to real-world problems 
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Foundation Pathway – Y11 
 

8 learning hours 

Unit 17: Generalising Arithmetic 
This unit is focused on developing fluency in the manipulation of number and then algebra. 
  
At primary level this is focused on arithmetic itself and the methods for four operations particularly; 
however, this is naturally generalised to thinking about rules of arithmetic more widely at secondary level 
i.e. algebra. These aspects have been paired together intentionally to help teachers describe algebra as 
simply a generalisation of number. It is expected that teachers will go back to arithmetic to help students 
see where the 'rules' of algebra come from.  
 
Note that the greyed out content has been previously covered in Unit 3 Solving Calculation Problems but is 
a necessary precursor for the more complex problems required here.  
Therefore, if children are secure with these skills you can focus solely on the black objectives. However, if 
not then this is a built-in opportunity to ensure that the children have fully mastered the grey statements. 
 

Prior Knowledge Core Learning Learning could lead to 
➢ apply the four operations, including formal written 

methods, to integers, decimals and simple 
fractions (proper and improper), and mixed 
numbers – all both positive and negative  

➢ use conventional notation for priority of 
operations, including brackets, powers, roots and 
reciprocals" 

➢ use and interpret algebraic notation, including: 
a²b in place of a × a × b, coefficients written as 
fractions rather than as decimals 

➢ simplify and manipulate algebraic expressions by 
taking out common factors and simplifying 
expressions involving sums, products and 
powers, including the laws of indices 
understand and use the concepts and vocabulary 
of inequalities and factors 

➢ simplify and manipulate algebraic expressions 
(including those involving surds) by expanding 
products of two binomials and factorising 
quadratic expressions of the form x² + bx + c, 
including the difference of two squares 

➢ argue mathematically to show algebraic 
expressions are equivalent, and use algebra to 
support and construct arguments 

➢ understand and use the concepts and 
vocabulary of  identities 

➢ know the difference between an equation and an 
identity 

➢ simplify and manipulate algebraic 
expressions involving algebraic 
fractions 
➢ simplify and manipulate algebraic 
expressions (including those involving 
surds and algebraic fractions) by 
expanding products of two or more 
binomials 
 

Key learning steps Key Vocabulary 
1. I can simplify algebraic expressions by collecting like terms and expanding single brackets. 

2. I can expand double brackets in the form (x + a)(x + b), where a and b can be positive or negative integers. 

3. I can expand double brackets in the form (x + a)(x + b), where a and b can be surds. 

4. I can expand double brackets in the form (x + a)^2, where a is an integer or a surd. 

Simplify 
Expand 
Product 
Quadratic 
Expression 
Integer 
Surd 
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5. I can factorise a quadratic expression in the form x^2 + bx + c, where b and c are positive. 

6. I can factorise a quadratic expression in the form x^2 + bx + c 

7. I can recognise and factorise the difference of 2 squares. 

8. I can use algebra to prove that 2 expressions are equivalent (or not!) and identify an identity using these 

skills.  

Factorise 
Difference between two squares 
Equation 
Prove 
Identity 
Equivalent 
Algebra 

Probing Questions 
Show me...  Convince me... What's the same? What's 

different? (Odd one out) 
Always, sometimes, never 

... a bracket that expands to give 24x 
+ 18 
 
... how you expand (x + 3)(x + 11) 
 
... an expression in the form (x + a)(x 
+ b) which when expanded has: 
(i) the x coefficient equal to the 
constant term 
(ii) the x coefficient greater than the 
constant term. 
 
... two numbers that add up to 7 and 
multiply to 12 
... two numbers with a sum of 2 and a 
product of -35 
 
... how you factorise x^2 + 11x + 28 
 
... an expression which can be 
written as the difference of two 
squares 

... that (x+4)^2 is not equal to x^2 + 
4^2 
 
... that there is only one way to 
factorise a quadratic expression like 
x^2 + 7x + 1 

... 35 x 37 and (x+5)(x+7) 
 
... 34 squared and (x+4)^2 
 
... 40^2 - 6^2 and 46 x 34 
 
... x^2 + 11x + 28 and x^2 - 11x + 28 

... quadratic expressions factorise 
into two brackets 
 
... all quadratic expressions can be 
factorised 
 
... (x + a)^2 = x^2 + a^2 
 
... quadratics with a negative 
constant term have one positive and 
one negative term in their two 
brackets 

Misconceptions Guidance 
Students do not view letters with indices as like terms e.g. they do not 
recognise that a^2 + a^2 = 2a^2, instead they say that a^2 + a^2 = a^4, 
 
Students sometimes believe that -3a - 4a = 7a, they start to mix up the rules for 
multiplying with directed numbers 
 

When teaching bracket expansion, ensure that you make direct links to how we 
multiply numbers.  
For example, (x+4)(x+5) is really the generalised case of what you do when 
you calculate, for example, 24 x 25.  
For this reason, the grid method is a good place to start this process, which 
can then be streamlined to a more efficient system once the conceptual 
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Similarly, the rules for multiplying and addition may be conflated when 
expanding a bracket, e.g. 2(4x - 4)  gives 6x - 2 
 
With single brackets, students sometimes expand the firstt term correctly but 
then forget the second 2(4x + 5) = 8x + 5 
 
With double brackets, students often miss out one or two of the four terms, 
sometimes just multiplying the first terns together and the last terms. For 
example, they say that (x+3)(x+6) = x^2 + 18.  
Similarly, with repeated brackets, there is a failure to realise that this is a 
double bracket in disguise e.g. (x+5)^2 is often mis-expanded as x^2 + 25 
because the student does not see it as (x+5)(x+5).  
 
Students do not realise that a root times multiplied by itself gives the original 
number - they also do not recognise surds as like terms e.g. rt(2) + 4rt(2) = 
5rt(2) is often missed as a simplifying step. Contrarily, when multiplying with 
surds students sometimes believe that you can combine a number and a surd 
5 x rt(2) = rt(10) 
 
When factorising a quadratic they see 2 numbers that make the constant and 
add to make the middle term s=and ignore signs x^2 + 10x - 24 they would use 
6 and 4 instead of 12 and 2.  
 
Students do not see the difference of two squares as a quadratic and so do 
consider using two brackets for its factorisation.  
 
Students do not always appreciate the difference between an identity that is 
always true and a statement that MAY be true sometimes but not always.  

understanding is secure.  
Note that this is true for single brackets also - you want students to see this as 
a generalisation of how the multiply 6 x 35 for example to enable them 'see' 
why 6(x+5) gives 6x + 30.  
 
Consider also making use of algebra tiles to help avoid errors with expansion - 
the area representation is a good one for helping students visualise what we 
mean when we multiply two terms together.  
 
When teaching factorising, consider using a reverse grid method to help 
students to visualise the process of factorisation - you can enter the x^2 and 
constant term into the grid to establish the xs in the brackets and the possible 
numbers that could go with them - you can then try out these options until you 
get the correct number of xs in the remaining two boxes.  
 
If you have been clever with expansion, students will see factorisation as a 
natural inverse of the process you have been following and therefore pick it up 
quickly.  
 
Additionally, when working with negatives and factorising, get students to write 
down the signs the numbers HAVE to be e.g. x^2 + 10x - 24  + - or - +, that 
way avoiding the confusion with 6 -4 or -6 4 and 12  -2 or  -12  2. 
C 
 
 
When introducing like terms introduce things like a^2+ a^2 straight away to 
avoid confusion later on. 
 
Re-teach directed numbers in starters or numeracy tests before simplifying to 
refresh directed numbers 
 
Make it explicit when teaching multiplying/dividing with negatives that the - x - = 
+ rule only works for multiplying or dividing, and introduce a mixture od + - x 
and divide immediately to correct this misconception. 
 
When teaching the difference of 2 squares get students to expand lots of 
brackets like (x + 5)(x - 5) and (2x +3)(2x - 3) so thatthey can see why the 
middle terms cancel out. 

Activities Resources 
Pair Products ü  
Quadratic Patterns 

algebra tiles 
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What’s Possible? ü  
Plus Minus ü  
Multiplication Square 
Pythagoras Perimeters 
 
Factorising with Multilink ü  
Square Number Surprises 
Difference of Two Squares 
 
 
NRICH: Harmonic Triangle • 
NRICH: Pair Products • 
NRICH: What’s Possible? • 
NRICH: Plus Minus • 
NRICH: Multiplication Square 
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Foundation Pathway – Y10 

 
6 learning hours 

Unit 18: Exploring Shape 
In this unit children and students explore the properties of shapes, both 2D and 3D.  
At KS1 this is focused on common shape names and basic features of vertices, sides etc. but this then 
develops to classifying quadrilaterals and triangles in KS2.  
Alongside this focus children begin to explore angle and turn in KS2 and develop this to more formal angle 
rules through Stages 5, 6, 7, 8.  
Older students begin to explore the field of trigonometry, encountering first Pythagoras' Theorem, then RA-
triangle trig before finally looking a the sine rule and cosine rule. 

Prior Knowledge Core Learning Learning could lead to 
➢ understand and use alternate and 

corresponding angles on parallel lines 
➢ derive and use the sum of angles in a triangle 

(e.g. to deduce and use the angle sum in any 
polygon, and to derive properties of regular 
polygons) 

 
 
 
 
 

➢ calculate perimeters of 2D shapes, including 
circles 

➢ calculate areas of circles and composite 
shapes 

➢ know and apply formulae to calculate volume 
of right prisms (including cylinders) 

➢ know the formulae for: Pythagoras’ theorem, a² + b² 
= c², and apply it to find lengths in right-angled 
triangles in two dimensional figures 
 

➢ apply angle facts, triangle congruence, similarity 
and properties of quadrilaterals to conjecture and 
derive results about angles and sides, including 
Pythagoras’ Theorem and the fact that the base 
angles of an isosceles triangle are equal, and use 
known results to obtain simple proofs 

 
 
➢ calculate arc lengths, angles and areas of sectors of 

circles 
➢ apply the concepts of congruence and similarity, 

including the relationships between lengths in 
similar figures 

 

➢ know the formulae for: Pythagoras’ 
theorem, a² + b² = c², and apply it to 
find lengths in right-angled triangles 
and, where possible, general triangles 
and in three dimensional figures 

➢ know the trigonometric ratios, sinθ = 
opposite/hypotenuse, cosθ = 
adjacent/hypotenuse, tanθ = 
opposite/adjacent 

➢ apply it to find angles and lengths in 
right-angled triangles in two dimensional 
figures 

➢ know the exact values of sinθ and cosθ 
for θ = 0°, 30°, 45°, 60° and 90°; know 
the exact value of tanθ for θ = 0°, 30°, 
45° and 60° 

Key learning steps Key Vocabulary 
1. I can discover Pythagoras’ Theorem through a guided investigation. 

2. I can use Pythagoras' Theorem to find the hypotenuse of a right-angled triangle 

3. I can use Pythagoras' Theorem to find any missing side of a right-angled triangle 

4. I can understand a proof of Pythagoras' Theorem  

5. I can use Pythagoras' Theorem to say if a triangle is right angled or not 

6. I can find missing lengths in geometric problems by using properties of shapes, congruence and 

similarity and Pythagoras' Theorem.  

7. I can prove that two triangles are congruent by using geometric reasoning to demonstrate equal angles 

Pythagoras' Theorem 
right-angled triangle 
hypotenuse 
prove 
iff 
square(d) 
square root 
congruent 
similar 
properties 
equal 
sector 
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and lengths 

8. I can calculate an arc length  

9. I can calculate the area of a sector 

10. I can solve problems involving perimeter and area of compound shapes involving sectors 

arc 
arc length 
area 
proportion 
angle, theta 
 
 

Probing Questions 
Show me...  Convince me... What's the same? What's 

different? (Odd one out) 
Always, sometimes, never 

... a RA triangle with integer sides 
 
... two square numbers that add up to 
another square number 
 
... the hypotenuse on this triangle 
 
... a right-angled triangle in this 
diagram 
 
... another RA triangle given that 5-
12-13 is RA.  
 
... how to find the area of an 
isosceles triangle 
 
... the perimeter of this triangle 
 
... the proportion of a whole circle 
represented by a sector with angle 
30 degrees 
... 135 degrees 
... 5 degrees 
 
... the radius of the circle from which 
a sector of area 50cm^2 of angle 40 
degrees is cut 
 
... how you could find the arc-length 
of a sector given its area 

...is it possible to have a right-angled 
triangle with sides of length 8cm, 15cm 
and 17cm 
 
... that you can find the area an 
equilateral triangle if you know its side 
length 
 
... that the perimeter of a sector > 
diameter of the circle 
 
... that these two shapes are congruent 
(or similar) 
 
... any two regular polygons with the 
same number of sides are similar 
 
... that there is more than one triangle 
ABC that fits these conditions: AB = 
10cm, angle B =  60 degrees, BC = 9 
cm 
 
... that there is a right-angled triangle 
with sides 5cm, 12cm and 13cm 
 
... that a^2 + b^2 = c^2 

a right-angled triangle with sides 5cm, 
12cm and an unknown hypotenuse, 
and a right-angled triangle with sides 
5cm, 12cm and an unknown shorter 
side 
 
a triangle with sides 3, 4, 5; a triangle 
with sides 6, 8, 12; a triangle with sides 
6, 7, 8 
 
congruent; not congruent; similar; not 
similar 
 
a RA triangle with sides 5cm, 12cm 
and an unknown hypotenuse; a RA 
triangle with sides 5cm, 12cm and an 
unknown shorter side. 

Any two right-angled triangles will be 
similar 
 
If you enlarge a shape you get two 
similar 
shapes. 
 
All circles are similar. 
 
There are a finite number of RA 
triangles with integer sides 
 
Joining the midpoints of the sides of 
a triangle creates a triangle similar to 
the original. 
 
Circles are similar.  
 
Two right-angled triangles will be 
similar. 
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... a shape that is congruent to this 
one 
... a shape that would be congruent 
to this one but for one thing 
 
... which of these shapes are similar 
 
... the ratio of sides in these similar 
shapes 
 
... Pythagoras' Theorem for this 
triangle 
 
... the hypotenuse 
Misconceptions Guidance 
Students find it hard to identify the hypotenuse of a right angled triangle 
because they cannot see 'the longest side' by inspection and they do not 
consider the definition of 'opposite the right angle'. This is particularly true 
where the orientation of the triangle is non-standard.  
 
Students do not always successfully rearrange the formula when finding a 
shorter side and, where they have simply learnt to subtract to find a shorter 
side, they forget to do this.  
 
Sometimes students fail to square root their answers.  
 
Students do not appreciate that while right-angled triangle implies Pythagoras' 
Thm works, the reverse is also true i.e. Pythag Thm works implies the triangle 
is right angled.  
 
Students find it hard to 'spot' right-angled triangles that therefore could use 
Pythagoras' Thm in more complex problems or diagrams. This can include 
circle theorems, isosceles triangles once the perpendicular is dropped, 
cones/pyramids once the perpendicular is dropped and so on. 
 
Often sector calculations are let down by weak fraction skills or poor 
understanding of proportional reasoning.  
 
Some students struggle with the definition of congruence - they may not have 

As this is the introduction to Pythagoras' Thm, guided investigation is best 
agreed across all classes. It should start with concrete cases and generalise 
to formula. Pythag is then applied in simple then harder contexts, including 
shortest distance from A to C in rectangle ABCD, leading to distance between 
coords. 
 
There are a wide range of proofs of Pythagoras' Thm available, including some 
good visual versions that enable students to see why c^2 must equal the sum 
of a^2 and b^2. Check them out at http://www.cut-the-knot.org/pythagoras/ 
It is worth exposing students to some of these proofs as well as some of the 
historical/cultural background to help them understand where the mathematics 
is coming from and, in this case, the age of it.  
 
Ensure that you expose students to examples of triangles that are oriented 
differently and those that are part of larger diagrams. Similarly make use of 
problems where students must sketch their own triangles. 
 
This stage builds on Stage 8 to move beyond semicricles and quadrants to 
other fractions and eventually any sector. It is recommended that this is taught 
via proportional reasoning (either directly e.g. 1/5 of a whole circle because 72 
is 1/5 of 360 or then indirectly using the unitary method). Eventually sector of 
any angle should be 'obviously' θ/360 of circle. Ensure students have the 
opportunity to apply this knowledge to wider problems including those of 
volume and surface area.  
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seen sufficient examples of not congruent to really understand what being 
congruent means or they may have had inadequate experience of constructing 
shapes from instructions earlier.  
 
Many students do not understand the significance of the order of vertices when 
naming a triangle e.g. they may not appreciate that ABC ≡ PQR is not same as 
ABC ≡ PRQ. This can also lead to them mis-corresponding sides.  
 
Students struggle to work the word similar sometimes because of its precise 
meaning mathematically versus everyday English. Look out also for students 
not recognising similarity when the scale factor is negative or fractional.  
 
When finding the ratio of corresponding sides, there can be reall issues with 
lack of algebraic fluency in seeing how a:a' = b:b' implies a/b = a'/b'.  
 
Note also that weak number skills can cause a failure to detect pattern or to 
spot shapes with sides in a common ratio.  
 
When working with Pythagoras' Theorem, the labelling of the sides of the 
triangle can cause confusion for some. Some students will try to use the 
theorem in a non-right-angled triangle.  
 
It is common for students to fail to adapt when finding a shorter side and to try 
always to apply the 'method' for finding the hypotenuse.  
 
As always, some students will confuse squaring with doubling (and square 
rooting with halving). Additionally, there can be difficulty with the square root 
concept e.g. thinking √(a2 + b2) = a + b.  
 
Many students struggle to notate correctly e.g. 32 + 42 = 9 + 16 = 25√ =5). 

 
Note that congruence of triangles and the criteria for this is dealt with in Unit 11 
Visualising Shape. However, here the focus is on using congruence and 
similarity to make deductions about unknown sides in shapes. Students need 
to be able to identify similar (or congruent) shapes and deduce the relevant 
scale factor before applying it to find missing sides in either of the shapes.  
Ensure you look at examples where congruent shapes are arrived at due to the 
geometry of other shapes e.g. showing a diagonal splits a parallelogram into 
congruent triangles (as this underpins A = 1/2 bh). 
Teach standard labelling convention (vertices A,B,C opposite sides of length 
a,b,c). 
 
As Pythagoras’ Thm has been introduced in Unit 4, this is an opportunity to 
recap but then to extend, hence the small steps looking at implicit right-angled 
triangles and finding the distance between points. However, if you need to then 
go back to Unit 4’s elements to explore further. 
 

Activities Resources 
Pythagoras 
Tilted Squares ü  
Inscribed in a Circle 
Semi-detached 
Ladder and Cube 
Where to Land 
 
NRICH: Inscribed in a Circle 
NRICH: Semi-detached 
NRICH: Ladder and Cube 

Practical proofs of Pythagoras' Thm 
rulers 
dynamic geometry software 
calculators 
 



AETmathematics.org                                                                                       @aetmaths 
 

This document can be used but we restrict editing or removal of the Academies Enterprise Trust logo. 
Copyright © AET Solutions Ltd (AETS) 2010 All rights reserved. 

 

NRICH: Where to Land 
NRICH: Walking around a cube 
 
Geometrical Reasoning 
NRICH: Circles in Quadrilaterals • 
NRICH: Squirty • 
NRICH: Partly Circles • 
 
NRICH: Triangle Mid Points • 
NRICH: Angle trisection• 
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Foundation Pathway – Y11 
 

16 learning hours 

Unit 19:Solving Number Problems 
This unit explores the use of arithmetic and generalised arithmetic to SOLVE problems. 
 It builds up from applying four operations at KS1 and KS2 into solving equations to find unknowns from 
Y6 upwards. Note that greyed out text indicates work already covered but that you MAY wish to revisit as 
part of the unit if mastery is not yet complete. However, you do not need to reteach these aspects if they 
are secure. Be aware that if pupils have NOT mastered the greyed out parts, the new aspects of the unit will 
be very challenging to learn and teach. 

Prior Knowledge Core Learning Learning could lead to 
➢ solve linear equations with the unknown on both 

sides of the equation 
➢ find approximate solutions to linear equations 

using a graph 

➢ solve two linear simultaneous equations in two 
variables algebraically 

➢ derive an equation (or two simultaneous 
equations), solve the equation(s) and interpret the 
solution 

➢ solve quadratic equations algebraically by 
factorising 

➢ find approximate solutions to simultaneous 
equations using a graph 

➢ find approximate solutions to quadratic equations 
using a graph 

➢ solve linear inequalities in one variable null 
➢ represent the solution set to an inequality on a 

number line 

➢ solve two simultaneous equations in 
two variables where one is quadratic 
algebraically 

➢ find approximate solutions to equations 
numerically using iteration 

➢ solve quadratic equations (including 
those that require rearrangement) 
algebraically by factorising. 

Key learning steps Key Vocabulary 
7. I can solve a linear equation algebraically or graphically. 

8. I can solve a linear inequation in one variable algebraically.  

9. I can represent a solution set to an inequality on a number line; I can interpret a solution set on a number 

line algebraically.  

10. I can solve two linear simulataneous equations using elimination.  

11. I can solve two linear simultaneous equations using substitution.  

12. I can construct and solve simultaneous equations to solve a word problem.  

13. Given the graphs of two simultaneous equations, I can solve them graphically.  

14. I can factorise an expression x^2 + bx + c correctly 

15. I can solve an equation like x^2 + bx + c = 0 by factorising.  

equation 
linear 
inequation 
solve 
solution 
solution set 
quadratic 
simultaneous equations 
elimination 
substitution 
construct 
factorise 
graphically 
intersection 
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16. Given a graph of y=x^2+bx+c, I can graphically solve x^2+bx+c = d.  

Probing Questions 
Show me...  Convince me... What's the same? What's 

different? (Odd one out) 
Always, sometimes, never 

... how you solve 2(x–5) ≤ 0 and x > 
–2 
 
... an inequality with solution x > 3 
... and another 
 
... the inequality represented by this 
diagram (-2 < x ≤ 1) 
... the diagram that represents this 
inequality 3 ≤ x < 6 
 
... a value that y could be if -2 < y ≤ 1 
and y is an integer 
 
... an expression with a factor of x + 4 
... an expression with a factor of x - 3 
... an expression with a factor of x + 4 
and x - 3 
 
... a value that satisfies both of these 
inequalities   x ≤ 1 and 2x - 1 > -5 
 
... a pair of values that satisfy  2x + 
3y = 20 
... an another? 
... the graph of 2x + 3y = 20 
... the solution to the simultaneous 

... how a graphical representation of 
two simultaneous equations helps you 
know how many solutions there will be 
 
... that you get the same solution using 
elimination as you do using 
substitution 
 
... that there is only one solution to the 
equations 3x + y = 13 and y = x + 1 
 
... that 1000 × 998 must give the same 
result as 9992 –1? 
 
... x^2 –9=(x+3)(x–3) 
 
.. that given the graph of y = x^2 - 6x + 
8, you can solve x^2 - 6x + 8 = 5 

x^2 + 6x + 9, x^2 + 6x , x^ + 9, x^2 - 9, 
x^2 - 6x - 9, x^2 + 10x + 9 
 
2x + y = 12;  x + 2y = 12;  y = 12 - 2x;  
4x + 2y = 12. 

It is possible for a pair of 
simultaneous equations to have two 
different pairs of solutions 
 
It is possible for a pair of 
simultaneous equations to have no 
solution 
 
x^2 + bx cannot be factorised into 
two brackets 
 
x^2 + c cannot be factorised into two 
brackets 
 
If an expression will not factorise, 
then the equation of the expression = 
0 has no solutions. 
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equations 2x + 3y = 20 and y = 3x -
19 
 
... how you factorise  
x^2 + 5x + 6 
x^2 + x –  6 
x^2 + 5x 
 
... an expression which can be 
written as the difference of two 
squares 
Misconceptions Guidance 
Students consider inequalities to be unrelated to equations 
 
Students swap the < or > sign for an = and don't swap it back.  
 
Students struggle to read inequalities with 'two ends' e.g. -3<x<2. 
 
Students struggle to represent the boundaries correctly on a number line - they 
muddle up whether to colour in or not 
 
Students make errors with negatives when eliminating a variable in 
simultaneous equations.  
Students do not always eliminate the easiest variable. They may also struggle 
to find the other variable once either x or y is known.  
 
Students do not correctly subsitute for x or y in their simultaneous equations, 
often leaving the letter in place AND adding in the expression.  
 
Students do not appreciate that a single equation with two variables has infinite 
solutions (straight line graph) and so another equation is necessary to pin it 
down.  
 
Students struggle to factorise examples with a zero root e.g. x^2 + 7x  or a 
repeated root x^2+ 6x + 9 or the difference of two squares e.g. x^2 - 4.  
 
Students may not believe that some expressions cannot be factorised. 

Note that in this unit the graphical work is based on being provided with a 
graph of the equation in question - graph plotting and sketching appears in unit 
12: exploring change.  
 
Make the connection between equations and inequations - students need to 
see that these are all part of the same family with possible different numbers of 
solutions.  
 
Again, use tiles and/or the bar model to support your conceptual teaching here.  
 
With simultaneous equations, try to explore why the elimination method works 
by showing students how it is easier to make a comparison when two parts are 
the same i.e. there is only one thing different. Try the example with the dice: I 
am holding two dice. Their scores add to 7 - what could they be? (multiple 
possibilities)/. They have a difference of 5 - what MUST they be? Then model 
this algebraically.  
Ensure you use good mathematical layout and communication here so that 
students match these standards. Your dept should have an approach to this 
that is consistent. 
Also make sure you use examples where students eliminate y and those where 
they eliminate x. You might want to finish with one where it hard to eliminate 
either! 
 
Students find substitution harder than elimination - try to do an example you 
have already looked at in this way to show the equivalence of the method.  
Think about times when substitution would be easier.  
 
When factorising, make sure you explore special cases e.g. repeated root, root 
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of 0 and include examples that cannot be factorised. Relate this to the graph 
i.e. no intersection with the line y=0.  
You can use reverse grid method to help you teach factorising - this is great on 
a WB as some amendment is usually needed. 

Activities Resources 
Simultaneous Equations 
What’s it worth? ü  (Intro) 
Warmsnug Double Glazing* ü  
Arithmagons ü 
 
Inequalities 
Which Is Cheaper? ü  
 
Quadratics 
How Old Am I? ü  
 
 

Algebra tiles 
 
Envelopes to represent unknown numbers (hidden inside) 
 
Dynamic graphing software 
Calculators 
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Foundation Pathway – Y11 

 
 

8 learning hours 

Unit 20:Reasoning with Fractions 
 

This unit progresses from the development of the understanding of non-whole items at the lowest end to 
flexibility and fluency with calculations involving fractions for older primary students.  
This knowledge is then applied within the secondary curriculum to the topic of probability, thus providing a 
clear context in which the skills of adding and multiplying fractions particularly are needed.  
It is critical that pupils develop confidence and security in understanding and manipulating fractions as well 
as flexibility in representing a number as a fraction or as a decimal, percentage, diagram etc.  
Note that once fractions are mastered here, they should be used in following units as examples just as other 
numbers are in order to keep the skills fresh. 
 

Prior Knowledge Core Learning Learning could lead to 
➢ calculate exactly with fractions 
➢ apply the property that the probabilities of an 

exhaustive set of outcomes sum to one; apply 
the property that the probabilities of an 
exhaustive set of mutually exclusive events 
sum to one 

➢ enumerate sets and combinations of sets 
systematically, using tables, grids, Venn 
diagrams 

➢ construct theoretical possibility spaces for 
combined experiments with equally likely 
outcomes and use these to calculate 
theoretical probabilities 

 
 
 

 

➢ enumerate sets and combinations of sets 
systematically, using tree diagrams 

➢ understand that empirical unbiased samples tend 
towards theoretical probability distributions, with 
increasing sample size 

➢ calculate the probability of independent and 
dependent combined events, including using tree 
diagrams and other representations, and know the 
underlying assumptions 

 
 
 

➢ apply systematic listing strategies 
including use of the product rule for 
counting 

➢ calculate and interpret conditional 
probabilities through representation 
using expected frequencies with two-
way tables, tree diagrams and Venn 
diagrams 

 
 

Key learning steps Key Vocabulary 
9. I know (from experience) that experimental probabilities tend towards their theoretical probabilities with 

increasing number of trials and I can offer an explanation. 

10. I can list all possible outcomes of an event systematically e.g. the event of getting both odd numbers 

from a 4-way spinner and a six-sided die: list as {(1,1), (1,3), (1,5), (3,1), (3,3), (3,5)}. 

11. I can work out numbers of possible outcomes in simple cases and hence probabilities: eg when dealing 

3 cards from a pack of 13 hearts, P({A,K,Q}) = (3 x 2 x 1)/(13x12x11) = 1/286. 

Outcome 
Systematically 
Unbiased 
Theoretical 
Experimental 
Independent 
Dependent 
Tree Diagram 
Conditional  
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12. I use systematic lists to calculate the number of permutations of n objects and the number of 

permutations of n objects taken r at a time (eg I can show that there are 24 permutations of the letters 

ABCD, and 12 permutations of three letters from ABCD ie {ABC, ABD, ACD, BAC, BAD, BCD, ...} 

13. I can explain the difference between dependent and independent events in terms of cause and effect. 

14. I know that for independent events, P(A and B) = P(A) x P(B). 

15. I can use tree diagrams to represent sequential information and to calculate the probabilities of chains 

of (independent) events: eg P(0 sixes) when a die is rolled twice by using a tree to identify the case 

(not6,not6)  with probability 5/6 x 5/6. 

16. For dependent events, I can calculate simple conditional probabilities.and apply this in simple (two-

stage, two-way) tree diagrams. 

Probing Questions 
Show me...  Convince me... What's the same? What's 

different? (Odd one out) 
Always, sometimes, never 

... a permutation of the letters XYZ. 
And another, etc. 
 
... where to place 7 on this Venn 
diagram (A: the number is even, B: 
the number is prime). What about 9? 
2? 1? 0? 1/2? 

... P(A and B) ≤ P(A) x P(B). 
 
... the lottery tickets {12, 17, 23, 24, 39, 
41} and {1, 2, 3, 4, 5, 6} have the same 
chance of winning. 

permutation of letters, anagram, 
combination 
 
tree diagram, Venn diagram. 
 
{AB, AC, BA, BC, CA, CB} and {AB, 
AC, CA, CB, BA, BC} 
 
dependent events; independent 
events; 

After 15 rolls of a die, the relative 
frequency of sixes equals the 
probability of a six. 
 
If the events on the second stage of 
a tree are independent of those on 
the first stage, the first and second 
stages will have the same 
probabilities. 

Misconceptions Guidance 
Students think that  theoretical  probabilities predict exactly what will happen 
(eg they think that if they roll a dice 6 times they will  get 1 of each number) 
 
Students do not realise that when a tree branches, each of the branches are 
mutually exclusive and exhaustive. 
 
They do not realise that dependent or conditional probabilities on the second 
branches of a probability tree (may) depend on what route is taken and that 
they will not be the same as each other 
 
Students get confused between 'and' and 'or'. They don't relate this to the 

Teaching theoretical and experimental probabilities through actually doing 
experiments, this is a great way to teach maths in a practical context. 
 
When teaching independent probability in terms of tree diagrams, explain that 
this is just a methodical way of writing out all of the possibilities.  
 
When teaching conditional probability you could teach this practically by 
bringing in sweets and showing that the probability of getting 2 reds or one red 
and one yellow etc by practical examples. It is helpful to get the students to 
‘draw a picture of the outcomes’ so that they can then look at what will happen 
if one outcome has been removed.  
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probability tree structure ie  along the branches means 'and' so we multiply; 
while 'or' involves adding the results of 2 or more branches. 
 
They do not interpret 'selecting two reds' as 'red then red'; or they interpret 'one 
red, one blue' as 'red then blue' rather than' RB or BR' 
 
They are confused by 'at least' statements eg interpreting 'at least 1 red' as 
being exactly 1 red or 'one or fewer' reds, rather than 'one or more' reds. 
 
Students draw unnecessarily complex trees - eg 6-way branching for dice rolls 
when they only need 2-way ('five' or 'not five') 
 
When using a Venn diagram they repeat outcomes that are in A and B, rather 
than placing them in A∩B. 

 
Teach Venn diagrams by always starting with the middle intersection and 
working outwards – note that listing the outcomes in a Venn has been covered 
already in Stage 8. 

Activities Resources 
Tree Diagrams 
Last One Standing ü  
 
AND/OR rule 
Mathsland National Lottery ü  
Same Number! ü  
 
Tending towards theoretical distribution 
The Better Bet 
 

calculators 
 
bar modelling software 
 
 
dice 
cards 
spinners 
random number generators 

 
 


