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Module 7
Developing the personal maths skills of teachers and assessors

Induction session: participant pack

Handouts

HO 1: Workshop reflection sheet 

HO 2: Initial assessment: answer sheet and mark scheme
HO 3: Self-study revision pack 
HO 4: Approaches to problem solving 
HO 1: Workshop reflection sheet 

Use this sheet to record your own reflections and development needs.

	Introductory activity

(number grid)
	

	Factors affecting progress


	

	Review of initial assessment
	

	Carousel of activities

(assessment / consolidation / learning)
	

	Creation of ILP
	

	Balancing equations 
	

	Proportional reasoning in 2D and 3D shapes
	

	General comments
	


HO 2: 
Initial assessment: answer sheet and mark scheme
Questions 5, 18, 19 and 20 are taken from QCA Key Skills Application of Number test papers and are reproduced here with kind permission of QCA. 

Number

1. Place the following in ascending order.

	60
	(-6)2
	5-2
	[image: image2.png]


24
	-3.42
	25
	-3.561
	52
	6

	1
	36
	0.04
	4.90
	-3.42
	32
	-3.561
	25
	6


ANSWER is:

	-3.561
	-3.42
	5-2
	60
	[image: image4.png]


24
	6
	52
	25
	(-6)2


2. Kate has £700 to invest and wants to invest this money for as long as it takes to reach a value of £800. If the account pays 3.5% interest per annum, how long will it take Kate to reach her target?

ANSWER = 4 years

Year 1 interest = £700 x 3.5% = £24.50

Total sum = £724.50

Year 2 interest = £724.50 x 3.5% = £25.36
Total sum = £749.86

Year 3 interest = £749.86 x 3.5% = £26.25
Total sum = £776.10

Year 4 interest = £776.10 x 3.5% = £27.16
Total sum = £803.27

or 700 x 1.0354 = £803.27

3. An aircraft takes 1hr 34min to fly 634 miles. Assuming the average speed is the same, how long would it take to complete a journey of 1 100 miles? What about a journey of 464 miles?

Speed = 634 miles ÷ 1.5666 hours = 404.7mph

ANSWER 1: To complete 1 100 miles @ 404.7mph = 1 100 ÷ 404.7 

= 2.718 hours 

= 2hr 43 min

ANSWER 2: To complete 464 miles @ 404.7mph = 464 ÷ 404.7 

= 1.147 hours 

= 55.68 min 

= 1hr 9min
4. The distance of Mars from Earth varies between 54 million kilometres and more than 402 million kilometres, depending on where the two planets are in their respective orbits. Express these distances in Standard Form.

ANSWER:
 54 million km = 5.4 x 107 km

402 million km = 4.02 x 108 km

Light travels 3 × 105 km in 1 second. What is the difference in time between light from Mars reaching Earth when nearest to us and when furthest away?  Give your answer in standard form correct to 2 significant figures.

ANSWER:
Difference in distance 
= 348 million km






= 3.48 x 108 km

This will take 
(3.48 x 108)  sec





   (3 x 105)





=
1.16 x 103 sec

5.
The table below shows the number of coins of each type in circulation in the UK in 2005.

	Coin
	Number of coins in millions

	£2
	268

	£1
	1452

	50p
	749

	20p
	2190

	10p
	1587

	5p
	3679

	2p
	6421

	1p
	10586

	Total coins
	26932


a) What percentage of the total number of coins were 1p coins?

b) What was the approximate ratio of 5p coins to 50p coins?

c) The total value of all coins in circulation was £3 386.43 million.

    Approximately what fraction of this total value was made up of 1p coins?

ANSWER: 
a) 
10586 out of 26932 were 1p coins = 39.3%


b)
Ratio of 5p to 50p coins = 3679:749




= approx. 5:1


c)
Value of 1p coins = £105.86 million



As a fraction of the total value = 
105.86 million








3 386.43 million








=
approx. 1/33 or 3%
Algebra

5. Simplify the following algebraic expressions:

[image: image5.png](@) 8a+ 3a— 2a





ANSWER
= 9a

[image: image6.png](b) 3a x2a xb





ANSWER
= 6ab
[image: image7.png](c) 7a%b® + 2ab





ANSWER
= 3.5 ab2
[image: image8.png](d) 3ab+pq —ab+ 5pq





ANSWER
= 2ab + 6pq  

= 2(ab + 3pq)

[image: image9.png](e) 8la—b)—3(2a—-b)




ANSWER
= 8a – 8b – 6a + 3b



= 2a – 5b

7.
Dave has worked a 40 hour week. He has exceeded his sales target and so gets his £45 bonus. His gross pay for the week is £435. Let his hourly rate be £x. Write an expression for his weekly wage. Form an equation and solve it to find his hourly rate.

ANSWER

40x + 45 = 435



40x = 390




x = 9.75

ANSWER

Hourly rate = £9.75
8.
A mobile phone company offers two different packages. One is 30 text messages and 20 minutes of calls for £5.30. The other is 200 texts and 100 minutes of calls for £29.


Represent this information as two equations.


Solve these equations to find the cost of one text message and one minute call time.

How could you check your answer to see if it was correct?

ANSWER

(a)
30t + 20m = 5.3   




(b)
200t + 100m = 29

Solving these equations:

(a) x 5 gives:


150t +100m = 26.5

Subtract this from (b)

50t = 2.5






t = 0.05

Subst. in (a)


1.5 + 20m = 5.3






20m = 3.8






m = 0.19

ANSWER:  One text costs 5p and a one minute call time costs 19p

9.
What are the next 2 terms in the following series?
0

3
8
15
___
___

Give an expression for the nth term in the series      

ANSWER
Next terms are 24 & 35




Expression for nth term is n2 - 1
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10.
Write an expression for the area of the shape shown in the diagram. Simplify it if you can.

What is the area of the shape when   x  =  3?

ANSWER 
Expression = 
x(x + 10) + 2x(x + 4) 





or
3x(x + 4) + 6x





or
3x(x+10) - 12x




Simplified 
= 3x2 + 18x






= 3x(x + 6)

ANSWER
When x = 3, area 
= 9(3 + 6)






= 81
Shape and space
11.
Draw the reflection of the shape in the line shown.

[image: image16.wmf]Draw a 90( clockwise rotation of the shape using the black dot as the centre of rotation.

12. 
What is the interior angle of a regular 10-sided polygon?


Write an expression for the interior angle of any regular polygon.



ANSWER:
Exterior angle = 360 ÷ 10 = 36o

Interior angle = 180 – 36 

= 144o



Expression for interior angle of polygon = [image: image11.png]



13. 
The diagram represents a pendant that is to be made from silver and gold.

What is the proportion of the pendant made from gold (shaded area)? Explain your answer.

[image: image17.png]



ANSWER: 
Dimensions of whole pendant are 2x size of shaded area.
So area of whole pendant is 4x size of shaded area.
So 25% (or a quarter) of the pendant will be gold.
14.
A village hall needs to put in a ramp to provide access under the Disability Discrimination Act 2005. The rise to the doorway of the hall is 25cm. A committee member reports that the angle of slope of the ramp must be no greater than 20( for safety. What is the minimum length the ramp will need to be to comply with this requirement? (You will need a scientific calculator for this question.)

The ramp is to be 125cm wide and needs to be covered in anti-slip felting.  How much felt will be required? Give your answer in square metres and suggest any factors that may need to be taken into consideration.

ANSWER:
        sin 20o 
= 25 ÷ length



         
length
= 25 ÷ sin 20o





= 73 metres


ANSWER:
      Amount of felt 
= 1.25 x 73 m2
= 91.25 m2

You will need to make an allowance for the felt overlapping the edge of the ramp (or other appropriate consideration)
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15.
The volume of a cone is one third of the area of its base multiplied by its perpendicular height.

[image: image12.png]



Calculate the volume of a cone which has a base diameter of 10cm and a perpendicular height of 20cm.

ANSWER: 
  
Volume 
= 1/3 x π x 5 x 5 x 20





= 523.6 m3
Handling data

16. 
Calculate the range, mode, median and mean for the learner data shown in the bar chart.
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ANSWER: 

Range 
= 19 – 16 = 3 years


Mode 
= 17 years

Median
= 17 years



Mean
= [(16 x 10) + (17 x 16) + (18 x 7) + (19 x 15)] ÷ 48





= 843 ÷ 48





= 17.56 years

17.
A bag contains 20 balls: 7 are yellow, 4 are black and 9 are green.  What is the probability that a ball taken without looking is black?

The ball is replaced and another one selected without looking.  What is the probability that this one is either black or yellow?

This time the ball is not replaced.  Supposing the non-replaced ball is green, what is the probability of selecting a black ball now?  What is the probability of selecting a green one?

ANSWER:

p(black)

= 
4/20







=
1/5 (or 0.2)





p(black or yellow)
=
11/20 (or 0.55)

With non-replacement:




p(black)

= 
4/19

p (green)

=
8/19

18.
The table below shows the income distribution of taxpayers in England in 
2004. 
	Yearly income (£P) in thousands
	Number of people in millions

	4.4 ≤ P < 5
	1.3

	5 ≤ P < 10
	4.4

	10 ≤ P < 15
	5.1

	15 ≤ P < 20
	4.0

	20 ≤ P < 30
	4.8

	30 ≤ P < 50
	2.9

	50 ≤ P < 100
	1.3


a) Calculate an estimate of the mean income of taxpayers.

b) Give one reason why the mean income of taxpayers that you have calculated is only an estimate.

c) What is the probability of a taxpayer stopped at random earning less than £10 000?

ANSWER: 



a) Est. of mean income = 

[(4.7x1.3) +(7.5x4.4) +(12.5x5.1) +(17.5x4) +(25x4.8) +(40x2.9) +(75x1.3)] ÷ 23.8





= (6.11 + 33 + 63.75 + 70 + 120 + 116 + 97.5) ÷ 23.8





= 506.36 ÷ 23.8





= 21.28 thousands





= £21 280

b) It is an estimate because data is in grouped frequency bands, and not the raw data.  Assumptions have been made about the values within each band.
c) Probability of taxpayer earning less than £10 000


= 5.7 ÷ 23.8





= 0.24

19.
The data in the table below shows the total numbers of different types of books issued to borrowers in the years 1999, 2004 and 2009.
	Type of book
	1999
	2004
	2009

	Adult fiction
	303 million
	235 million
	167 million

	Adult non-fiction
	138 million
	115 million
	85 million

	Children’s
	110 million
	110 million
	89 million


Use the information in the table to draw a line graph with three lines on the same axes to compare the numbers of books of different types issued to borrowers in the UK in 199, 2004 and 2009. Label your lines appropriately.

Use your graph to estimate between which two consecutive years the number of children’s books issued became greater than the number of adult non-fiction books issued.
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ANSWER: Graph suggests number of children’s books issued became greater than the number of adult non-fiction books issued between 2006 and 2007 (also accept 2007 to 2008).
20.
The chart below gives information on attendances at home matches and the stadium capacities of five football clubs in the Scottish Premier League.
[image: image20.png]



a) Compare the average attendances with the stadium seating capacities for all the clubs shown in the chart.  Interpret your observations and make one comment.

b) Compare the highest attendance with the stadium seating capacities for all the clubs shown in the chart.  Interpret your observations and make one comment.

ANSWER: 


a) (e.g.) Average attendance is much lower than seating capacity for all clubs. Gap between average attendance and capacity is particularly large for Kilmarnock.


b) (e.g.) Highest attendance for each team (except Kilmarnock) is close to the seating capacity.  None of the clubs have reached their seating capacity for a match.

Mark scheme
	Qu
	Marks
	Details

	1
	2
	All in correct order = 2 marks

1 item in wrong position = 1 mark

2 or more items in wrong position = 0 marks

	2
	2
	Correct answer = 2 marks

1 error in calculation, or use of simple interest instead of compound = 1 mark

2 or more errors in calculation = 0 marks

	3
	2
	1 mark for correct answer to each part

	4
	2
	1 mark for expressing 2 distances correctly in standard form.

1 mark for correctly calculating difference in time in standard form.

	5
	2
	Parts a), b) & c) correct = 2 marks

1 part incorrect = 1 mark

2 or 3 parts incorrect = 0 marks

	6
	2
	All parts (a) – (e) correct = 2marks.

Subtract ½ mark for each part incorrect. (NB 4 or 5 errors = 0 marks)

	7
	2
	1 mark for forming the equation correctly.

1 mark for calculating hourly rate correctly.

	8
	2
	1 mark for forming equations

1 mark for costs calculated correctly

	9
	2
	1 mark for next two terms correct.

1 mark for correct expression for nth term

	10
	2
	1 mark for correct expression.

1 mark for correct calculation of area when x = 3.

	11
	2
	1 mark for each transformation correctly drawn.

	12
	2
	1 mark for correct calculation of interior angle.

1 mark for correct expression for interior angle of polygon.

	13
	1
	1 mark for correct answer & rationale.

	14
	3
	1 mark for correct length of ramp.

1 mark for correct area of felt.

1 mark for at least one suggestion of appropriate factor for consideration.

	15
	1
	1 mark for correct volume calculated.

	16
	2
	2 marks for range, mode, median & mean calculated correctly.

Subtract ½ mark for each incorrect calculation.

	17
	2
	2 marks for all probabilities calculated correctly.

Subtract ½ mark for each incorrect calculation.

	18
	3
	a) 2 marks for correct answer. 1 mark for one error in calculation using correct method.

b) ½ mark for appropriate reason given.

c) ½ mark for correct probability.

	19
	2
	1 mark for correct drawing of graph, with correctly labelled axes, legend & title.  ½ mark for 1 label omitted.

1 mark for 2 consecutive years correctly identified.

	20
	2
	1 mark for appropriate comment for each part.

	
	40
	TOTAL MARK (number = 10, algebra = 10, shape and space = 9, handling data = 11)



HO 3: Self-study revision pack
· You will find the content of the master classes much more accessible if you have revised and practised the topics listed below.  

· The links are to websites, information and maths activities.  

· They have been chosen to develop your personal skills and confidence in areas where you may be a little rusty.  

· These areas will have been highlighted during the initial assessment activities you have undertaken. 

· Use your ILP to guide your selection.

In general the activities become more challenging as you move down each section but we all have spiky profiles so what is less challenging for you may be more so for others.

Note: Materials have been recommended from a number of providers; links and accuracy cannot be guaranteed.

	Number 

	Estimation and accuracy
	Estimation
http://www.cimt.plymouth.ac.uk/projects/mepres/book9/bk9i14/bk9_14i2.html


	
	Approximations
http://www.s-cool.co.uk/gcse/maths/approximations


	Proportional change, two- and three-part ratios, scales
	Percentage increase and decrease
http://www.cimt.plymouth.ac.uk/projects/mepres/book9/bk9i4/bk9_4i5.html


	
	Ratios
http://www.mathsrevision.net/gcse/pages.php?page=35 

Equivalent ratios
http://www.cimt.plymouth.ac.uk/projects/mepres/book8/bk8i7/bk8_7i1.htm


	
	Direct proportion
http://www.cimt.plymouth.ac.uk/projects/mepres/book8/bk8i7/bk8_7i2.htm


	
	Proportional division
http://www.cimt.plymouth.ac.uk/projects/mepres/book8/bk8i7/bk8_7i3.htm


	Powers, roots and standard form
	Prime factors
http://www.cimt.plymouth.ac.uk/projects/mepres/book8/bk8i2/bk8_2i2.htm
What are prime factors?
http://www.bbc.co.uk/schools/gcsebitesize/maths/number/primefactorsact.shtml
Prime factors 2
http://www.bbc.co.uk/schools/gcsebitesize/maths/number/primefactorshirev1.shtml
Test
http://www.bbc.co.uk/apps/ifl/schools/gcsebitesize/maths/quizengine?quiz=primefactorshighertest&templateStyle=mat



	
	Index notation 

http://www.cimt.plymouth.ac.uk/projects/mepres/book9/bk9i3/bk9_3i1.html
Laws of indices
http://www.cimt.plymouth.ac.uk/projects/mepres/book9/bk9i3/bk9_3i2.html
Negative indices
http://www.cimt.plymouth.ac.uk/projects/mepres/book9/bk9i3/bk9_3i3.html
Test
http://www.bbc.co.uk/apps/ifl/schools/gcsebitesize/maths/quizengine?quiz=powersandrootsfoundationtest&templateStyle=maths


	
	Standard form 1
http://www.cimt.plymouth.ac.uk/projects/mepres/book9/bk9i3/bk9_3i4.html
Standard form 2
http://www.bbc.co.uk/schools/gcsebitesize/maths/number/powersrootshirev1.shtml



	Working with formulae

	Expressions and equations


	Powers and roots
http://www.bbc.co.uk/schools/gcsebitesize/maths/number/powersrootsrev1.shtml
Test
http://www.bbc.co.uk/apps/ifl/schools/gcsebitesize/maths/quizengine?quiz=powersandrootshighertest&templateStyle=maths
Test
http://www.bbc.co.uk/apps/ifl/schools/gcsebitesize/maths/quizengine?quiz=powersandrootsfoundationtest&templateStyle=maths


	
	Basic substitution 1
http://www.cimt.plymouth.ac.uk/projects/mepres/book8/bk8i12/bk8_12i1.htm
Basic substitution 2 

http://www.cimt.plymouth.ac.uk/projects/mepres/book8/bk8i12/bk8_12i2.htm 



	
	Working with brackets
http://www.cimt.plymouth.ac.uk/projects/mepres/book8/bk8i8/bk8_8i1.htm


	
	Simplifying expressions
http://www.cimt.plymouth.ac.uk/projects/mepres/book9/bk9i11/bk9_11i2.html
Factorising
http://www.cimt.plymouth.ac.uk/projects/mepres/book9/bk9i11/bk9_11i3.html


	
	Linear equations
http://www.cimt.plymouth.ac.uk/projects/mepres/book9/bk9i5/bk9_5i3.html
Solving equations   

http://www.bbc.co.uk/schools/gcsebitesize/maths/algebra/equationsrev1.shtml
Test
http://www.bbc.co.uk/apps/ifl/schools/gcsebitesize/maths/quizengine?quiz=equationstest&templateStyle=maths


	
	Linear inequalities
http://www.cimt.plymouth.ac.uk/projects/mepres/book9/bk9i13/bk9_13i1.html
Symbols, solving inequalities and graphs
http://www.bbc.co.uk/schools/gcsebitesize/maths/algebra/inequalitiesrev1.shtml


	
	Equations, formulae and identities
http://www.cimt.plymouth.ac.uk/projects/mepres/book9/bk9i11/bk9_11i1.html
Using formulae
http://www.cimt.plymouth.ac.uk/projects/mepres/book9/bk9i11/bk9_11i4.html
Using formulae 

http://www.bbc.co.uk/schools/gcsebitesize/maths/algebra/formulaerev1.shtml


	
	Simultaneous equations
http://www.cimt.plymouth.ac.uk/projects/mepres/book9/bk9i5/bk9_5i5.html


	Graphs
	Algebraic graphs (first few sections)
http://www.s-cool.co.uk/gcse/maths/graphs/revise-it/algebraic-graphs


	
	Co-ordinates
http://www.cimt.plymouth.ac.uk/projects/mepres/book9/bk9i5/bk9_5i1.html
Straight line graphs
http://www.cimt.plymouth.ac.uk/projects/mepres/book9/bk9i5/bk9_5i2.html
Co-ordinates and straight line
http://www.bbc.co.uk/schools/gcsebitesize/maths/algebra/graphsrev1.shtml



	Space and shape



	Properties of geometric figures 
	Properties of 2D shapes (3 pages)    

http://www.bbc.co.uk/schools/ks3bitesize/maths/shape_space/2d_shapes/revise1.shtml
2D shapes
http://www.cimt.plymouth.ac.uk/projects/mepres/book9/bk9i9/bk9_9i1.html

	
	Congruent and similar shapes   

http://www.bbc.co.uk/schools/gcsebitesize/maths/geometry/congruencysimilarityrev1.shtml
Test
http://www.bbc.co.uk/apps/ifl/schools/gcsebitesize/maths/quizengine?quiz=congruencysimilarity&templateStyle=maths


	
	Circles (3 pages)     

http://www.bbc.co.uk/schools/gcsebitesize/maths/geometry/circles2hirev1.shtml
Test questions
http://www.bbc.co.uk/apps/ifl/schools/gcsebitesize/maths/quizengine?quiz=circles2&templateStyle=maths


	
	Area
http://www.cimt.plymouth.ac.uk/projects/mepres/book9/bk9i9/bk9_9i2.html
Perimeter
http://www.cimt.plymouth.ac.uk/projects/mepres/book9/bk9i9/bk9_9i3.html
Volume and surface area
http://www.cimt.plymouth.ac.uk/projects/mepres/book9/bk9i9/bk9_9i4.html


	
	Angle properties of polygons (including interior / exterior)
http://www.bbc.co.uk/schools/gcsebitesize/maths/geometry/polygonsrev1.shtml


	
	Polygon test
http://www.bbc.co.uk/apps/ifl/schools/gcsebitesize/maths/quizengine?quiz=polygons&templateStyle=maths


	
	Properties of 3D shapes (3 pages)   

http://www.bbc.co.uk/schools/gcsebitesize/maths/geometry/3dshapesrev1.shtml
3D Test
http://www.bbc.co.uk/apps/ifl/schools/gcsebitesize/maths/quizengine?quiz=3dshapeshigher&templateStyle=maths

	Pythagoras and trigonometry
	Pythagoras’ theorem
http://www.cimt.plymouth.ac.uk/projects/mepres/book9/bk9i15/bk9_15i1.html
Pythagoras (2 pages) 
http://www.bbc.co.uk/schools/gcsebitesize/maths/geometry/pythagorastheoremrev1.shtml


	
	Trigonometric functions
http://www.cimt.plymouth.ac.uk/projects/mepres/book9/bk9i15/bk9_15i2.html
Calculating sides
http://www.cimt.plymouth.ac.uk/projects/mepres/book9/bk9i15/bk9_15i3.html
Calculating angles
http://www.cimt.plymouth.ac.uk/projects/mepres/book9/bk9i15/bk9_15i4.html  




	Handling data

	Data
	Discrete and continuous data
http://www.bbc.co.uk/schools/gcsebitesize/maths/data/representingdata3hirev1.shtml


	
	Grouped data
http://www.cimt.plymouth.ac.uk/projects/mepres/book9/bk9i16/bk9_16i2.html
Grouping data
http://www.bbc.co.uk/schools/gcsebitesize/maths/statistics/representingdata3hirev2.shtml


	Charts and graphs
	Representing data
http://revisionworld.co.uk/gcse-revision/maths/handling-data-statistics/representing-data


	
	Cumulative frequency
http://www.cimt.plymouth.ac.uk/projects/mepres/book9/bk9i16/bk9_16i3.html  



	
	Box and whisker plots
http://www.cimt.plymouth.ac.uk/projects/mepres/book9/bk9i16/bk9_16i4.html  



	
	Scatter diagrams
http://www.cimt.plymouth.ac.uk/projects/mepres/book9/bk9i8/bk9_8i3.html
Lines of best fit
http://www.cimt.plymouth.ac.uk/projects/mepres/book9/bk9i8/bk9_8i4.html
Scatter diagrams
http://www.bbc.co.uk/schools/gcsebitesize/maths/statistics/scatterdiagramsrev1.shtml


	Measures of location and spread
	Mean, median, mode and range
http://www.cimt.plymouth.ac.uk/projects/mepres/book9/bk9i8/bk9_8i2.html  

Mean, median and mode
http://www.bbc.co.uk/schools/gcsebitesize/maths/data/measuresofaveragerev1.shtml


	Probability
	Probability of a single event
http://www.cimt.plymouth.ac.uk/projects/mepres/book9/bk9i6/bk9_6i2.html     

Basic probabilities
http://www.bbc.co.uk/schools/gcsebitesize/maths/statistics/probability1rev2.shtml


	
	Probability
http://revisionworld.co.uk/gcse-revision/maths/hadling-data-statistics/probability


HO 4: Approaches to problem solving
Problem solving, using and applying and functional mathematics
Reproduced with kind permission from the NRICH website http://nrich.maths.org/ which publishes free mathematics resources designed to challenge, engage and develop the mathematical thinking of students aged 5 to 19.
Problem solving

The problem-solving process can be described as a journey from meeting a problem for the first time to finding a solution, communicating it and evaluating the route. There are many models of the problem solving process but they all have a similar structure. One model is given below. Although implying a linear process from comprehension through to evaluation, the model is more of a flow backward and forward, revisiting and revising on the problem solving journey.

Comprehension

This stage is about making sense of the problem by using strategies such as retelling, identifying relevant information and creating mental images. This can be helped by encouraging learners to re-read the problem several times and record in some way what they understand the problem to be about (for example by drawing a picture or making notes).

Representation

This stage is about ‘homing in’ on what the problem is actually asking learners to investigate.

· Can they represent the situation mathematically?

· What is it that they are trying to find?

· What do they think the answer might be (conjecturing and hypothesising)?

· What might they need to find out before they can get started?

Central to this stage is identifying what is unknown and what needs finding.

Planning, analysis and synthesis

Having understood what the problem is about and established what needs to be found, this stage is about planning a pathway to the solution. It is within this process that you might encourage learners to think about whether they have seen something similar before and what strategies they adopted then. This will help them to identify appropriate methods and tools. Particular knowledge and skills gaps that need to be addressed may become evident at this stage.

Execution and communication

During the execution phase, learners might identify further related problems they wish to investigate. They will need to consider how they will keep track of what they have done and how they will communicate their findings. This will lead on to interpreting results and drawing conclusions.

Evaluation

Learners can learn as much from reflecting on and evaluating what they have done as they can from the process of solving the problem itself. During this phase learners should be expected to reflect on the effectiveness of their approach as well as other people's approaches, to justify their conclusions and assess their own learning. Evaluation may also lead to thinking about other questions that could now be investigated.

Using and applying mathematics

Aspects of using and applying mathematics reflect skills that can be developed through problem solving. For example:

In planning and executing a problem, problem solvers may need to:

· select and use appropriate and efficient techniques and strategies to solve problems;

· identify what further information may be required in order to pursue a particular line of enquiry and give reasons for following or rejecting particular approaches;

· break down a complex calculation problem into simpler steps before attempting a solution, and justify their choice of methods;

· make mental estimates of the answers to calculations; and

· present answers to sensible levels of accuracy; understand how errors are compounded in certain calculations.

During problem solving, solvers need to communicate their mathematics for example by:

· discussing their work and explaining their reasoning using a range of mathematical language and notation;

· using a variety of strategies and diagrams for establishing algebraic or graphical representations of a problem and its solution;

· moving from one form of representation to another to get different perspectives on the problem;

· presenting and interpreting solutions in the context of the original problem;

· using notation and symbols correctly and consistently within a given problem;

· examining critically, improving, then justifying their choice of mathematical presentation; and

· presenting a concise, reasoned argument.

Problem solvers need to reason mathematically, including through:

· exploring, identifying, and using pattern and symmetry in algebraic contexts, investigating whether a particular case may be generalised further and understanding the importance of a counter-example; identifying exceptional cases;

· understanding the difference between a practical demonstration and a proof;

· showing step-by-step deduction in solving a problem; deriving proofs using short chains of deductive reasoning;

· recognising the significance of stating constraints and assumptions when deducing results; and

· recognising the limitations of any assumptions that are made and the effect that varying the assumptions may have on the solution to a problem.

Functional mathematics

Functional maths requires learners to be able to use mathematics in ways that make them effective and involved as citizens, able to operate confidently in life and to work in a wide range of contexts. The key processes of functional skills reflect closely the problem solving model but within three phases:

· making sense of situations and representing them;

· processing and using the mathematics; and

· interpreting and communicating the results of the analysis.
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