	[bookmark: _GoBack]Lesson 1: Introduction
	Suggested Teaching Time: 1 Hour

	Learning Outcome: Introduction to Learning Outcomes

	Topic
	Suggested Teaching
	Suggested Resources

	Introduction
Unit introduction
	Explain: Introduce the Learning Outcomes:
· Use basic mathematics, methods and techniques to solve equations.
· Use geometric and trigonometric techniques.
· Determine perimeters, areas and volumes.
· Use graphical and statistical techniques.
Explain the content of each Learning Outcome.
Illustrate the Learning Outcomes as applied to a typical building project – domestic or commercial applications.
Explain the method of assessment, issue dates, time constraints, type of evidence required for submission and method of presentation.












	Unit Specification

	
Lesson 2: Use of scientific calculator, rounding and approximation techniques
	Suggested Teaching Time: 1 Hour

	Learning Outcome: Use basic mathematics, methods and techniques to solve equations

	Topic
	Suggested Teaching
	Suggested Resources

	Topic 1.1
Use of scientific calculator, rounding and approximation techniques
	Describe the basic functions of a scientific calculator.
Explain the following calculator functions: add, subtract, divide, multiply; exponents, logarithms; sin, cos, tan; the inverse functions of arc sin, arc cos, arc tan; degrees, radians.
Opportunity for applied learning
The following tasks can be applied to a construction or civil engineering context using approximation for excavation quantities.
Task: Learners are given some simple, basic problems that require approximation and estimation to be undertaken. These problems should be related to construction or civil engineering to put them in a vocational context.
Explain the following, as applied to simple mathematical problems:
· decimal places and significant figures
· standard form
· estimation of an answer to check accuracy.
Stretch and challenge: Look at degrees of accuracy applied to a solution, and analysis of rounding errors within problems, 
Look at arc trig calculations using the second functions on a calculator.
Extended learning: Compare accuracy when different significant figures are used to solve problems.




	Books
AS Level mathematics Complete Revision & Practice (CGP, 2003)
ISBN varies by board
Bird, J. O. – Engineering Mathematics (Routledge, 2014) 
ISBN 9780750631211
Greer, A. and Taylor, G. W. – BTEC First Mathematics for Technicians, 4th edition (Nelson Thornes, 2004) 
ISBN 9780859509169
Virdi, S., Baker, R., Virdi, N. K. – Construction Mathematics (Routledge, 2014) 
ISBN 9780415810784


	Lesson 3: Indices and transposition
	Suggested Teaching Time: 2 hours

	Learning Outcome: Use basic mathematics, methods and techniques to solve equations

	Topic
	Suggested Teaching
	Suggested Resources

	Topic 1.2
Indices and transposition
	Recap the basic scientific functions of a calculator and define the first, second and third terms, and like terms. 
Opportunity for applied learning 
Set tasks that use indices related to quantities of materials on a construction site.
Task: Give learners some algebraic expressions for them to practise the following:
· adding terms together
· subtracting terms
· multiply ingterms
· dividing terms
· working with order of operations.
Explain the law of indices by defining it and explaining how it is used to express a large number simply. 
Explain the ’base’ associated with expressions – only bases of the same value can be manipulated.
Explain the six rules of the laws of indices.
Task: Give learners exercises on each of the six laws of indices.
Stretch and challenge: Check sample calculations by opening out each of the indices into its full expression, then undertake the calculation and compare against the rule undertaken.
Extended learning: Ask the learners to undertake more complex calculations using the six laws of indices.



	Books
AS Level mathematics Complete Revision & Practice (CGP, 2003)
ISBN varies by board
Bird, J. O. – Engineering Mathematics (Routledge, 2014) 
ISBN 9780750631211
Greer, A. and Taylor, G. W. – BTEC First Mathematics for Technicians, 4th edition (Nelson Thornes, 2004) 
ISBN 9780859509169
Virdi, S., Baker, R., Virdi, N. K. – Construction Mathematics (Routledge, 2014) 
ISBN 9780415810784


	Lesson 4: Indices and transposition
	Suggested Teaching Time: 2 hours

	Learning Outcome: Use basic mathematics, methods and techniques to solve equations

	Topic
	Suggested Teaching
	Suggested Resources

	Topic 1.2
Indices and transposition
	Recap the law of indices.
Define transposition; give a definition of the term illustrated with simple calculations.
Opportunity for applied learning
Use financial-related transposition based on production rates for work that then has to be compared against the estimated costs of production for any variance.
Worked exercises: Give learners some algebraic expressions that contain:
· transposition, including formulae that involve:
· squares
· square roots
· cubes
· cube roots
·  evaluation of formulae that have been transposed.
Task: Give learners exercises involving transposition that involve squares, square roots, cubes and cube roots.
Stretch and challenge: Use complex transposition exercises. For example a bricklaying team consisting of two bricklayers and one operative all paid in a ratio basis. A priced contract has to be analysed and formula transposed to ensure that the team all receive shares in a ratio (3:3:1.5).
Extended learning: Enter values into the transposed formulae and evaluate for solutions.




	Books
AS Level mathematics Complete Revision & Practice (CGP, 2003)
ISBN varies by board
Bird, J. O. – Engineering Mathematics (Routledge, 2014) 
ISBN 9780750631211
Greer, A. and Taylor, G. W. – BTEC First Mathematics for Technicians, 4th edition (Nelson Thornes, 2004) 
ISBN 9780859509169
Virdi, S., Baker, R., Virdi, N. K. – Construction Mathematics (Routledge, 2014) 
ISBN 9780415810784


	Lesson 5: Linear and quadratic equations
	Suggested Teaching Time:  2 hours

	Learning Outcome: Use basic mathematics, methods and techniques to solve equations

	Topic
	Suggested Teaching
	Suggested Resources

	Topic 1.3	 
Linear and quadratic equations
	Explain the standard form of equations that are linear and quadratic in terms of y = mx + c, and ax2 + bx + c = 0. Explain roots of equations in terms of answers that contain more than one solution, when a quadratic is solved against a linear. Explain the methods of substitution and elimination for the solution of simultaneous equations.
Opportunity for applied learning 
Case study: Look at an engineering-related case study on the failure rates of a piece of equipment used on site, where plotted data has been provided. Learners should plot the data and produce a best fit line in terms of y = mx + c, which is then used to predict when failure may occur in the future.
Worked examples: Provide learners with an explanation of a worked example with a full solution:
· linear equations are solved for different values
· solution of linear simultaneous equations (solution by substitution and elimination methods).
Task: Issue learners with:
· linear equations
· linear simultaneous equations.
Encourage them to find solutions using substitution methodology.
Extended learning: Learners should use elimination methodology to check the original solutions.
Stretch and challenge: Use complex equations and exercises.


	Books
AS Level mathematics Complete Revision & Practice (CGP, 2003)
ISBN varies by board
Bird, J. O. – Engineering Mathematics (Routledge, 2014) 
ISBN 9780750631211
Greer, A. and Taylor, G. W. – BTEC First Mathematics for Technicians, 4th edition (Nelson Thornes, 2004) 
ISBN 9780859509169
Virdi, S., Baker, R., Virdi, N. K. – Construction Mathematics (Routledge, 2014) 
ISBN 9780415810784


	Lesson 6: Linear and quadratic equations
	Suggested Teaching Time: 3 hours

	Learning Outcome: Use basic mathematics, methods and techniques to solve equations


	Topic
	Suggested Teaching
	Suggested Resources

	Topic 1.3	 
Linear and quadratic equations
	Explain the standard form of equations that are quadratic in terms of ax2 + bx + c = 0. 
Explain roots of equations in terms of answers that contain more than one solution when a quadratic equation is solved against a linear equation. 
Opportunity for applied learning 
Applied problems: Apply engineering-related problems. See the applied engineering exercises section in Engineering Mathematics by J. O. Bird.
Worked examples: Provide learners with an explanation of a quadratic worked example with a full solution:
· quadratic equations (solution by factorisation and simultaneous formula techniques)
· checking answers by re-substitution.
Task: Issue learners with a case study on the size of a small steel-frame section to which they must apply stated dimensions to the frame with a limiting cross-sectional area. The width of the cross-section hollow frame must be calculated both numerically and graphically. Use the website provided in Suggested Resources.
Extended learning: Learners are to solve tasks by using elimination methodology to check the original solutions. The graphical solution is placed into the formula to check that the answer fits the stated area.
Stretch and challenge: Use complex equations and exercises.





	Books
AS Level mathematics Complete Revision & Practice (CGP, 2003)
ISBN varies by board
Bird, J. O. – Engineering Mathematics (Routledge, 2014) 
ISBN 9780750631211
Greer, A. and Taylor, G. W. – BTEC First Mathematics for Technicians, 4th edition (Nelson Thornes, 2004) 
ISBN 9780859509169
Virdi, S., Baker, R., Virdi, N. K. – Construction Mathematics (Routledge, 2014) 
ISBN 9780415810784
Websites
http://goo.gl/qY5GqG


	Lesson 7: Geometric techniques
	Suggested Teaching Time: 3 hours 

	Learning Outcome: Use geometric and trigonometric techniques

	Topic
	Suggested Teaching
	Suggested Resources

	Topic 2.1
Geometric techniques
	Present information on basic geometry using angles and triangles.
Opportunity for applied learning
Apply engineering-related problems that can relate to the case studies below.
Case Study: Look at the geometry of bridge construction.
Video case study: Look at the Bank of China Tower.
Explain the following as applied to triangles and geometrical shapes on the Bank of China Tower:
· intersection and geometric shapes
· the different shapes of triangles and their form using diagrams
· the measurement of angles in degrees and radians
· properties of triangles.
Task: Give learners an angle in degrees; they have to convert this into radians. Look at solutions for angles in similar triangles.
Extended learning: Encourage learners to solve tasks by using a CAD package to confirm angular calculations.
Draw simple geometrical diagrams to illustrate the properties of lines and intersections.
Stretch and challenge: Use complex intersections and angles.






	Books
AS Level mathematics Complete Revision & Practice (CGP, 2003)
ISBN varies by board
Bird, J. O. – Engineering Mathematics (Routledge, 2014) 
ISBN 9780750631211
Greer, A. and Taylor, G. W. – BTEC First Mathematics for Technicians, 4th edition (Nelson Thornes, 2004) 
ISBN 9780859509169
Virdi, S., Baker, R., Virdi, N. K. – Construction Mathematics (Routledge, 2014) 
ISBN 9780415810784
Websites
http://goo.gl/yTJ02i
http://goo.gl/R2uEab

	Lesson 8: Geometric techniques
	Suggested Teaching Time: 2 hours

	Learning Outcome: Use geometric and trigonometric techniques

	Topic
	Suggested Teaching
	Suggested Resources

	Topic 2.1
Geometric techniques 
	Present information on Pythagoras’ theorem as applied to a right-angled triangle.
Worked examples: Provide learners with an explanation of a worked example with a full solution for a right-angled triangle.
Opportunity for applied learning 
Look at practical problems that have a construction-related context.
Task: Give learners a triangle with missing sides that they have to find solutions for. For example, a distance that cannot be measured or surveyed due to an obstruction.
Explain the application of mathematics to properties of:
· rectangles
· trapeziums
· parallelograms
· the circle, and its practical application.
Task: Give learners examples of the above with missing sides and angles – they have to find solutions using basic geometry principles.
Extended learning: Explore intersections with circles and their angles and geometry.
Stretch and challenge: Establish diameter, radius and circumference, and sectors of circles.
Case study: Apply geometry to a road junction with a radius and two intersecting roads that have to join the radius. Apply it to road building and the safety of road users.





	Books
AS Level mathematics Complete Revision & Practice (CGP, 2003)
ISBN varies by board
Bird, J. O. – Engineering Mathematics (Routledge, 2014) 
ISBN 9780750631211
Greer, A. and Taylor, G. W. – BTEC First Mathematics for Technicians, 4th edition (Nelson Thornes, 2004) 
ISBN 9780859509169
Virdi, S., Baker, R., Virdi, N. K. – Construction Mathematics (Routledge, 2014) 
ISBN 9780415810784


	Lesson 9: Basic trigonometric techniques
	Suggested Teaching Time: 3 hours

	Learning Outcome: Use geometric and trigonometric techniques


	Topic
	Suggested Teaching
	Suggested Resources

	Topic 2.2
Basic trigonometric techniques
	Explain basic trigonometrical ratios involving SOH-CAH-TOA (sine, cosine, tangent), accessing these functions on a calculator. Describe the hypotenuse, adjacent and opposite in terms of trigonometry.
Opportunity for applied learning
Set practical problems that have a construction-related context 
For example, the calculation of the height of a building using a theodolite angle and the distance from the instrument and the building.
Worked exercises: Show example calculations for the use of trigonometry, with fully worked solutions.
Tasks: Learners are to solve the sides of right-angled triangles using sine, cosine or tangent functions and one side. Establish the missing sides and angles in different problems.
Extended learning: Apply problems relating to roof heights and pitch.
Describe angles of elevation and depression and how they can be used to establish heights of buildings and structures.
Stretch and challenge: Encourage learners to solve angles of elevation and depression using radians.
Tasks: Set 2D / 3D construction-related problems involving calculations of angles and lengths.






	Books
AS Level mathematics Complete Revision & Practice (CGP, 2003)
ISBN varies by board
Bird, J. O. – Engineering Mathematics (Routledge, 2014) 
ISBN 9780750631211
Greer, A. and Taylor, G. W. – BTEC First Mathematics for Technicians, 4th edition (Nelson Thornes, 2004) 
ISBN 9780859509169
Virdi, S., Baker, R., Virdi, N. K. – Construction Mathematics (Routledge, 2014) 
ISBN 9780415810784


	Lesson 10: Assessment Workshop
	Suggested Teaching Time: 2 hours

	Learning Outcomes: Use basic mathematics, methods and techniques to solve equations; Use geometric and trigonometric techniques


	Topic
	Suggested Teaching
	Suggested Resources

	Assessment Workshop
for Learning Outcomes 1 and 2


	Preparation for Assessment
Explain to learners that this covers the first two Learning Outcomes, and workshops will be provided towards the end for the balance of the Learning Outcomes.
Assessment: Issue the first few tasks to learners and give a full tutorial on the evidence requirements.
Task: Explore the role of the building surveyor.
Independent research by learners should be carried out for each task contained within their assessment to gather information to help them answer questions and tasks. Use worked examples to help them understand the set tasks.
Provide guidance on citations and referencing of sources obtained.
Stretch and challenge: Learners can attempt the higher-order grades of merit and distinction.
Link forward to subsequent tasks referenced by the Learning Outcomes.
	Websites
http://www.mathcentre.ac.uk/
http://mathworld.wolfram.com/



















	Lesson 11: Sine rule 
	Suggested Teaching Time: 2 hours

	Learning Outcome: Use geometric and trigonometric techniques
             

	Topic
	Suggested Teaching
	Suggested Resources

	Topic 2.3
Sine rule and cosine rule

	Present the sine rule to learners in the two forms, with the side and angle on the top or bottom of the formula. Draw a triangle with the annotation used within the sine rule.
Demonstrate a worked example of the calculation of a missing side and angle using the sine rule.
Opportunity for applied learning
Set practical problems involving the surveying of land where unknown sides and angles have not been measured in error, and solutions have to be found.
Task: Give learners a plot of land that contains trilateration in establishing its area using mathematical methods.
Ask them calculate diagonals within the trilateration areas using sine rule.
The missing information from the survey has to be established using the sine rule. 
Carry out the final calculation of the area of land.
Stretch and challenge: Apply the ambiguous case of the sine rule to find a solution.
	Books
AS Level mathematics Complete Revision & Practice (CGP, 2003)
ISBN varies by board
Bird, J. O. – Engineering Mathematics (Routledge, 2014) 
ISBN 9780750631211
Greer, A. and Taylor, G. W. – BTEC First Mathematics for Technicians, 4th edition (Nelson Thornes, 2004) 
ISBN 9780859509169
Virdi, S., Baker, R., Virdi, N. K. – Construction Mathematics (Routledge, 2014) 
ISBN 9780415810784






	Lesson 12: Cosine rule
	Suggested Teaching Time: 3 hours

	Learning Outcome: Use geometric and trigonometric techniques

	Topic
	Suggested Teaching
	Suggested Resources

	Topic 2.3
Sine rule and cosine rule 
	Present the cosine rule to the learners in the three standard annotations that it can be written in.
Draw a triangular area with the annotation used within the cosine rule.
Demonstrate a worked example of the calculation of a missing side and angle using the cosine rule.
Illustrate the conditions that have to be met for the rule to be applied correctly.
Opportunity for applied learning
Set practical problems involving the surveying of land, calculation of check diagonals, and missing measurements from a complex survey.
Task: Give learners given a plot of land that contains trilateration in establishing its area using mathematical methods.
The missing information from the survey has to be established using the cosine rule. 
Carry out the final calculation of the area of land.
Extended learning: Look at the calculation of an angle using cosine rule from three given sides.
Stretch and challenge: Apply the ambiguous case of the cosine rule to find a solution.





	Books
AS Level mathematics Complete Revision & Practice (CGP, 2003)
ISBN varies by board
Bird, J. O. – Engineering Mathematics (Routledge, 2014) 
ISBN 9780750631211
Greer, A. and Taylor, G. W. – BTEC First Mathematics for Technicians, 4th edition (Nelson Thornes, 2004) 
ISBN 9780859509169
Virdi, S., Baker, R., Virdi, N. K. – Construction Mathematics (Routledge, 2014) 
ISBN 9780415810784




	Lesson 13: Perimeters and areas of regular shapes
	Suggested Teaching Time: 2 hours

	Learning Outcome: Determine perimeters, areas and volumes

	Topic
	Suggested Teaching
	Suggested Resources

	Topic 3.1
Perimeters and areas of regular shapes	 

	Debate a range of shapes given to the learners. Discuss how their perimeters can be calculated, and how you would undertake this task. 
Guide the discussions and make suggestions for finding solutions.
Opportunity for applied learning
Calculate a combined shaped area’s perimeter – for example a tiling exercise with perimeter tiles to a floor area.
Task: Give learners a regular shape that they have to calculate the perimeter of.
Extended learning: Carry out the calculation of a perimeter for an irregular shape.
Explain the calculation of areas of common shapes, to include:
· triangles 
· quadrilaterals 
· rectangles
· trapeziums
· parallelograms
· circles.
Exercises: A range of combinations of the above shapes have to be calculated for areas involved with the tiling around a recessed café area in a shopping centre, which has curves, straight lines and other areas to be quantified.
Stretch and challenge: Carry out calculation of circle elements with a combined area to include segments of circles and sectors.


	Books
AS Level mathematics Complete Revision & Practice (CGP, 2003)
ISBN varies by board
Bird, J. O. – Engineering Mathematics (Routledge, 2014) 
ISBN 9780750631211
Greer, A. and Taylor, G. W. – BTEC First Mathematics for Technicians, 4th edition (Nelson Thornes, 2004) 
ISBN 9780859509169
Virdi, S., Baker, R., Virdi, N. K. – Construction Mathematics (Routledge, 2014) 
ISBN 9780415810784


	Lesson 14: Perimeters and areas of regular shapes	 
Learning Outcome: Determine perimeters, areas and volumes.

	 Suggested Teaching Time: 3 hours

	Topic
	Suggested Teaching
	Suggested Resources

	Topic 3.1
Perimeters and areas of regular shapes	 

	Recap the calculation of irregular and regular areas and perimeters.
Explain the surface areas of regular shapes and their inclusion in modern building designs, and specifically where they might be used. 
Explain the calculation of surface areas of common shapes, to include:
· cylinders
· spheres
· pyramids
· cones.
Opportunity for applied learning
Apply surface area calculations to construction contexts, eg shaped roofs and external envelopes.
Task: Ask learners to seek a complex roof within their location. They then have to estimate certain key dimensions from observation. Ask learners to calculate the surface area of the complex roof finish.
Extended learning: Calculate a surface area for an irregular shape.
Exercises: Calculate a storage vessel’s external surface area for treatment by painting with a specialist coating.
Stretch and challenge: Calculate the volume of these regular common shapes.


	Books
AS Level mathematics Complete Revision & Practice (CGP, 2003)
ISBN varies by board
Bird, J. O. – Engineering Mathematics (Routledge, 2014) 
ISBN 9780750631211
Greer, A. and Taylor, G. W. – BTEC First Mathematics for Technicians, 4th edition (Nelson Thornes, 2004) 
ISBN 9780859509169
Virdi, S., Baker, R., Virdi, N. K. – Construction Mathematics (Routledge, 2014) 
ISBN 9780415810784







	Lesson 15: Midordinate and trapezoidal rules
	Suggested Teaching Time: 3 hours

	Learning Outcome: Determine perimeters, areas and volumes

	Topic
	Suggested Teaching
	Suggested Resources

	Topic 3.2
Areas of irregular shapes

	Fieldwork: Learners are to measure an irregular-shaped plot of land using ordinate strips at equal distances apart to gather enough data to use mid-ordinate, trapezoidal and Simpson’s rules to calculate the area.
Present the formulae for mid-ordinate, trapezoidal and Simpson’s rules with worked examples of the calculations involved and the differences between the formulae in terms of accuracy.
Opportunity for applied learning
Give learners an estate agent’s guide price for the land and a false area that they have to check to see if the value is realistic for the area calculated for the task.
You will need to find a piece of land for sale and obtain the marketing details. Adapt the area of land and issue to it learners to check using a web-based mapping tool and / or physical measurements and subsequent calculations.
Task: Learners are use their collected data to calculate the area of land using the following rules:
· mid-ordinate
· trapezoidal.
Discuss the comparison of the two results obtained for the area of land. Why is there a difference?
Research: Learners are to research the accuracy of the two applied methods using web-based resources.
Extended learning: Encourage comparison between the two employed methods in terms of accuracy. Ensure accurate alternative calculation of the area using GPS or GNSS – link to surveying unit.
	Books
AS Level mathematics Complete Revision & Practice (CGP, 2003)
ISBN varies by board
Bird, J. O. – Engineering Mathematics (Routledge, 2014) 
ISBN 9780750631211
Greer, A. and Taylor, G. W. – BTEC First Mathematics for Technicians, 4th edition (Nelson Thornes, 2004) 
ISBN 9780859509169
Virdi, S., Baker, R., Virdi, N. K. – Construction Mathematics (Routledge, 2014) 
ISBN 9780415810784




	Lesson 16: Simpson’s Rule
	Suggested Teaching Time:  3 hours

	Learning Outcome: Determine perimeters, areas and volumes

	Topic
	Suggested Teaching
	Suggested Resources

	Topic 3.2
Areas of irregular shapes

 
	Present the formulas for mid-ordinate, trapezoidal and Simpson’s rules with worked examples of the calculations involved and the differences between the formulae in terms of accuracy.
Worked Exercise: Demonstrate the application of Simpson’s Rule to an irregular area.
Opportunity for applied learning
Excavations on site have been stockpiled on level ground. The estimator has asked for a calculation of how much earth will need to be carted away. Provide the estimate using Simpson’s Rule and several cross-sections across the mound. (Tutor to provide data.)
Task: Learners are to use their collected data to calculate the area of land using Simpson’s Rule. 
Discuss the comparison of the three results obtained for the area of land.
Why is there a difference between them and Simpson’s Rule?
Research: Learners are to research the accuracy of the three applied methods using web-based resources – which is the best to use?
Extended learning: Encourage comparison between the two employed methods in terms of accuracy. Ensure accurate alternative calculation of the area using GPS or GNSS – link to surveying unit.







	Books
AS Level mathematics Complete Revision & Practice (CGP, 2003)
ISBN varies by board
Bird, J. O. – Engineering Mathematics (Routledge, 2014) 
ISBN 9780750631211
Greer, A. and Taylor, G. W. – BTEC First Mathematics for Technicians, 4th edition (Nelson Thornes, 2004) 
ISBN 9780859509169
Virdi, S., Baker, R., Virdi, N. K. – Construction Mathematics (Routledge, 2014) 
ISBN 9780415810784


	Lesson 17: Volumes of regular and irregular objects
	Suggested Teaching Time: 2 hours

	Learning Outcome: Determine perimeters, areas and volumes


	Topic
	Suggested Teaching
	Suggested Resources

	Topic 3.3
Volumes of regular and irregular objects
	Present the formulae for the calculation of the volumes of prisms, cuboids, cylinders, cones, pyramids and spheres.
Illustrate to learners aspects of these shapes within modern architecture.
Worked exercise: Demonstrate the application of standard formulae to the calculation of the volumes for prisms, cuboids, cylinders, cones, pyramids and spheres.
Extended learning: Calculate combinations of standard volumes.
Opportunity for applied learning
Scenario: Calculate the volume of concrete required for a hexagonal base for an oil tank at a processing plant where the length of a side is 12m and the tank base is 1m deep.
Task: Give learners exercises on volumes to complete, extended to combine some shapes.
Task: Use the prismoidal rule to put complex shapes together into realistic scenarios. For example, the calculation of a volume within a mono pitched roof, or the calculation of the volume of a sloping swimming pool.
Revisit the application of Simpson’s Rule, and the rules in preparation for its application to construction-related embankment and cutting calculations for balancing excavation.







	Books
AS Level mathematics Complete Revision & Practice (CGP, 2003)
ISBN varies by board
Bird, J. O. – Engineering Mathematics (Routledge, 2014) 
ISBN 9780750631211
Greer, A. and Taylor, G. W. – BTEC First Mathematics for Technicians, 4th edition (Nelson Thornes, 2004) 
ISBN 9780859509169
Virdi, S., Baker, R., Virdi, N. K. – Construction Mathematics (Routledge, 2014) 
ISBN 9780415810784


	Lesson 18: Volumes of regular and irregular objects
	Suggested Teaching Time: 2 hours

	Learning Outcome: Determine perimeters, areas and volumes

	Topic
	Suggested Teaching
	Suggested Resources

	Topic 3.3
Volumes of regular and irregular objects
	Present the formulae for the calculation of the volumes using Simpson’s Rule.
Worked exercise: Demonstrate the application of Simpson’s Rule to an embankment and cutting, and an excavation and filling exercise for an infrastructure project.
Opportunity for applied learning
Show learners aspects of these calculations, for:
· motorways and roads
· tunnels
· cuttings
· railways and canals.
Task: Issue learners with levelling data for a road, embankment and cutting, along with chainage in order to produce volumes for the cutting and the embankment.
Calculate each cross-section.
Calculate volume using sections inserted into Simpson’s Rule.
Extended learning: Price quantities of excavation and filling to establish a positive or negative financial solution.
Video: Show the YouTube clips on the different infrastructures above and the application of volumes to excavate and fill for cuttings and embankments.






	Books
AS Level mathematics Complete Revision & Practice (CGP, 2003)
ISBN varies by board
Bird, J. O. – Engineering Mathematics (Routledge, 2014) 
ISBN 9780750631211
Greer, A. and Taylor, G. W. – BTEC First Mathematics for Technicians, 4th edition (Nelson Thornes, 2004) 
ISBN 9780859509169
Virdi, S., Baker, R., Virdi, N. K. – Construction Mathematics (Routledge, 2014) 
ISBN 9780415810784
Websites
http://goo.gl/SZXShT
http://goo.gl/jBqoez

	Lesson 19: Coordinates
	Suggested Teaching Time: 3 hours

	Learning Outcome: Use graphical and statistical techniques

	Topic
	Suggested Teaching
	Suggested Resources

	Topic 4.2
Data processing and presentation
	Present data on coordinates used within the UK system. 
Explain the application of Cartesian and polar co-ordinates in terms of a ship, train and plane moving in a direction that can be equated to northing and easting.
Worked exercise: Calculate a final length and bearing from several changes in direction from a traverse survey for a housing estate.
Opportunity for applied learning
Carry out a length and bearing task related to a railway track and a tunnel that it must hit to connect the line.
Task: Calculate a length and bearing from coordinate data. Carry out the final calculation of coordinates, and calculation of a whole circle bearing.
Extended learning: Set a task where the third variable of speed is introduced into the bearing and distance calculation for an infrastructure project.
Demonstrate practical problems where graphical analysis can help in finding a solution.
Illustrate statistics applied to excavation plant maintenance schedules for service intervals, for example, a set of breakdowns per plant item. Learners have to calculate the average interval breakdown and the probability of it occurring.







	Books
Crawshaw, D. J. and Chambers, J. S. – Concise Course in A-Level Statistics, 4th edition (Nelson Thornes, 2001) 
ISBN 9780748754755
Graham, A. – Statistics – A Complete Introduction: Teach Yourself (Teach Yourself, 2013) 
ISBN 9781444191172
Upton, G. and Cook, I. – Understanding Statistics – Engineering Mathematics (OUP, 1997) 
ISBN 9780199143917
Virdi, S., Baker, R., Virdi, N. K. – Construction Mathematics (Routledge, 2014) 
ISBN 9780415810784


	Lesson 20: Graphical techniques
	Suggested Teaching Time: 3 hours

	Learning Outcome: Use graphical and statistical techniques

	Topic
	Suggested Teaching
	Suggested Resources

	Topic 4.1  
Graphical techniques
	Present: Learners should be able to use their prior knowledge from Lesson 5 Topic 1.3 to establish:
· gradient of straight lines 
· equation of straight-line graphs (y = mx + c).
Opportunity for applied learning
Demonstrate practical problems where graphical analysis can help in finding a solution. For example, the predicted strength of concrete and the time it takes to achieve this so supports can be removed from the shuttering.
Explain the new topic on graphs and their use in the solution of equations, both linear and quadratic.
Task: Introduce the new topic on the graphical solution of the following by drawing and plotting graphs:
· linear and linear simultaneous equations
· quadratic equations.
Extended learning: Plot statistical data on cube results to establish a line demonstrating the correlation between time and the strength of concrete.







	Books
AS Level mathematics Complete Revision & Practice (CGP, 2003)
ISBN varies by board
Bird, J. O. – Engineering Mathematics (Routledge, 2014) 
ISBN 9780750631211
Greer, A. and Taylor, G. W. – BTEC First Mathematics for Technicians, 4th edition (Nelson Thornes, 2004) 
ISBN 9780859509169
Virdi, S., Baker, R., Virdi, N. K. – Construction Mathematics (Routledge, 2014) 
ISBN 9780415810784






	Lesson 21: Data processing and presentation
	Suggested Teaching Time: 3 hours

	Learning Outcome: Use graphical and statistical techniques

	Topic
	Suggested Teaching
	Suggested Resources

	Topic 4.2 
Data processing and presentation
	Present information on measures of central tendency using statistical formula.
Explain the following aspects in a construction context:
· frequency tables
· grouped data
· mean, mode and median
· statistical diagrams used to represent findings (bar charts, pie charts, frequency polygons and cumulative frequency polygons).
Opportunity for applied learning
Demonstrate practical problems where graphical analysis can help in finding a solution.
Apply statistics to excavation plant maintenance schedules for service intervals.
Task: Give learners a set of 100 raw data readings that have to be grouped and calculated in terms of standard deviation. You could supply a table template for data to be entered, while tally charts are prepared by learners.
Extended learning: Analyse statistical data on cube results to ensure that a minimum strength has been achieved.
Vary the number of groups to see what affect it has on the standard deviation result.
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	Lesson 22: Dispersion of data
	Suggested Teaching Time: 3 hours

	Learning Outcome: Use graphical and statistical techniques

	Topic
	Suggested Teaching
	Suggested Resources

	Topic 4.3 
Dispersion of data
	Present information on measures of central tendency using statistical formulae.
Explain the following aspects in a construction context:
· range
· quartiles
· inter-quartile range
· variance
· standard deviation.
Opportunity for applied learning
Discuss monitoring of processes for wear and tear where products start to fall out of the inter-quartile range – an indication of maintenance required.
Worked exercise: Demonstrate a cumulative frequency chart, with the mean and inter-quartile ranges marked on it.
Task: Give learners a set of 100 raw data readings that have to be grouped and calculated in terms of standard deviation.
Extended learning: Express previous data sets on a cumulative frequency chart that is plotted and the ranges indicated. Issue problems where readings have to be taken from the chart and percentages calculated within ranges.
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ISBN 9780748754755
Graham, A. – Statistics – A Complete Introduction: Teach Yourself (Teach Yourself, 2013) 
ISBN 9781444191172
Upton, G. and Cook, I. – Understanding Statistics – Engineering Mathematics (OUP, 1997) 
ISBN 9780199143917
Virdi, S., Baker, R., Virdi, N. K. – Construction Mathematics (Routledge, 2014) 
ISBN 9780415810784
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