Mathematics Years 7–10 Syllabus: Advice on Programming and Assessment

3.5.1 Stage 5.1 Unit: Trigonometry

3.5.1  Outcomes, Key Ideas and Content from the Syllabus
	Measurement - Trigonometry
	Syllabus Content p 139 

	MS5.1.2
	Key Ideas

	Applies trigonometry to solve problems (diagrams given) including those involving angles of elevation and depression
	Use trigonometry to find sides and angles in right-angled triangles

Solve problems involving angles of elevation and angles of depression from diagrams

	Working Mathematically Outcomes
	

	Questioning
	Applying Strategies
	Communicating
	Reasoning
	Reflecting

	Asks questions that could be explored using mathematics in relation to Stage 5.1 content
	Analyses a mathematical or real-life situation, systematically applying problem-solving strategies
	Uses mathematical terminology and notation, algebraic symbols, diagrams, text and tables to explain mathematical ideas
	Explains and verifies mathematical relationships
	Links mathematical ideas and makes connections with, and generalisations about, existing knowledge and understanding in relation to Stage 5.1 content

	Knowledge and Skills

Trigonometric Ratios of Acute Angles

· identifying the hypotenuse, adjacent and opposite sides with respect to a given angle in a right-angled triangle in any orientation

· labelling the side lengths of a right-angled triangle in relation to a given angle eg the side c is opposite angle C
· recognising that the ratio of matching sides in similar right-angled triangles is constant for equal angles 

· defining the sine, cosine and tangent ratios for angles in right-angled triangles

· using trigonometric notation eg sin A
· using a calculator to find approximations of the trigonometric ratios of a given angle measured in degrees

· using a calculator to find an angle correct to the nearest degree, given one of the trigonometric ratios of the angle

Trigonometry of Right-Angled Triangles

· selecting and using appropriate trigonometric ratios in right-angled triangles to find unknown sides, including the hypotenuse 

· selecting and using appropriate trigonometric ratios in right-angled triangles to find unknown angles correct to the nearest degree 

· identifying angles of elevation and depression

· solving problems involving angles of elevation and depression when given a diagram
	Working Mathematically

· label sides of right-angled triangles in different orientations in relation to a given angle 
(Applying Strategies, Communicating)

· explain why the ratio of matching sides in similar right-angle triangles is constant for equal angles (Communicating, Reasoning)

· solve problems in practical situations involving right-angled triangles eg finding the pitch of a roof 
(Applying Strategies)
· interpret diagrams in questions involving angles of elevation and depression (Communicating)
· relate the tangent ratio to gradient of a line (Reflecting)

	Technology

Cabri Geometry software can be used to explore similar triangles and ratios of sides. Spreadsheets can be used to generate tables of values for the trigonometric ratios.
	Links

Geometry – similar triangles

Measurement – Pythagoras’ theorem, measuring lengths

Number – ratio, rounding, average

	Resources

Clinometer, measuring tape

List of References (p 48) – No.s 3, 4, 7
	Language

The word trigonometry is derived from two Greek words meaning ‘triangle’ and ‘measurement’. Students need to understand the meaning of ‘opposite’ and ‘adjacent’. 


3.5.2
Learning experiences and assessment activities

	Learning Experiences
	Assessment Activities

	Review of Related Topics

For this unit of work, students will need to review their knowledge and skills in: 

· Number – rounding a number to a stated number of decimal places

· Ratio including writing ratios and finding the missing value, x, given 
[image: image1.wmf].

· Geometry including angle sum of a triangle, complementary angles and similar figures

· Algebra including solving equations of the form 
[image: image2.wmf] and perhaps 
[image: image3.wmf]
· Measurement – Pythagoras’ theorem

Introduction to Trigonometry

Using measurements and calculation of the ratios opposite/hypotenuse, adjacent/hypotenuse and opposite/adjacent, students learn that in sets of similar right-angled triangles the ratios of pairs of sides are constant AND the ratio depends on the angles in the triangle, not the size of the triangle.

1. Students identify and label the sides of right-angled triangles, in various orientations, as being opposite, adjacent or hypotenuse in relation to a nominated angle, and use abbreviations for these sides eg opp, adj, hyp. Students should relate the hypotenuse to work completed in Pythagoras’ theorem.

2. Groups of students are given a set of similar right-angled triangles printed on a worksheet eg Group 1 has a set of 20º right-angled triangles (all marked with a 20( angle and a right angle), Group 2 has 30º right-angled triangles etc. Students are asked to describe what they notice about the triangles in their set, concluding that the triangles are equiangular ie similar.

3. Students label the sides of the triangles as opp, adj and hyp in relation to the marked angle and measure each side to the nearest mm.

4. For each triangle in the set, the ratio opp/hyp is written as a fraction and converted to a decimal correct to 3 decimal places.

5. Each group reports on their findings. They should discover that triangles with the same angles have approximately equal ratios. They also should be able to see that the ratio opp/hyp increases as the angle increases. A table is created on the board as follows:

Ratio Values by Measurement

Angle

Opp/Hyp

Adj/Hyp

Opp/Adj

20(
30(
6. Class discussion should emphasise that triangles that have the same ratios also have the same angles. The concept that for each similar right-angled triangle, the ratio of matching sides is constant should be reinforced.

7. The teacher introduces the names of the trigonometric ratios.

8. Students use their measurements to calculate the values for the second and third columns of the table. Patterns of values in the table can be discussed.
	Open-ended Questions [image: image4.wmf]
Open-ended questions can be used to find out what students know and can do from earlier Stages. Students could work on such questions in pairs to encourage discussion of ideas. Listening to students’ conversations provides valuable insights into their knowledge, skills and understanding.

For example:

a write down everything you know about two similar figures 

b describe how you would solve equations like 
[image: image5.wmf] and how you would determine if the solution is correct

c list 3 ratios that are equivalent to 3:4. Record a method for finding equivalent ratios.

d explain why the ratio of matching sides in similar right-angled triangles is constant for equal angles.

Writing Activities to Show  Reflection [image: image6.wmf]
Students’ responses could assist teacher assessment of the Working Mathematically outcomes.
Group activities will promote students’ development and use of terminology and give them the opportunity to consolidate understanding through discussion, reporting and questioning. Students can be encouraged to think about their learning by writing about the activity.

For example:

a write about the group activity in which you compared side lengths of similar triangles. Make sure you include what you have learnt from participating in this activity.

b write down everything you know about the sine, cosine and tangent ratios

c draw a triangle with an unknown side length, place relevant information on the diagram, and describe how trigonometry can be used to find the value of the pronumeral.



	Learning Experiences
	Assessment Activities

	9. Students compare their results to answers obtained using a calculator to find the ratios for each angle. A new table is written on the board, containing trigonometric ratios from the calculator, as follows:

Ratio Values from the Calculator

Angle

(

[image: image7.wmf]

[image: image8.wmf]

[image: image9.wmf]
20(
30(
10. [image: image27.wmf]At this stage students could try to find the missing sides in the following triangles, without the teacher formalising a method.

[image: image28.wmf]

Students could demonstrate their method of solution to the class. The aim here is to show the immediate application of the trigonometric ratios that have been developed in this lesson. Formal methods of setting out can be discussed in the next lesson.

11. [image: image29.wmf][image: image30.wmf]If time allows, students could also use the table of values from the board to establish the value of angle A in the following triangles. (Note sides have been carefully chosen so that A is one of  20(, 30(…80()

12. Students complete exercises reinforcing the skills of naming sides of right-angled triangles, writing sin, cos and tan ratios, and selecting the correct ratio.

Development and Application of Trigonometric Concepts

In the lessons that follow this introduction to Trigonometry, the teacher will need to guide the students to record their working clearly. A variety of exercises will reinforce knowledge, skills and understanding.

Students could:

match a series of right-angled triangles to a set of written problems

match cloze statements to diagrams to emphasise use of  ‘adjacent’ and ‘opposite’ and the correct ratios to solve the unknown

decide which trigonometric ratio is needed for a particular problem.
	1. Sketch a right-angled triangle that has an angle of sixty degrees and a hypotenuse of 8 metres.

2. Complete these statements:

a) The side labelled … is adjacent to angle K.

b) To solve the equation 
[image: image10.wmf]  I must ………………………..

3.

Explain why these two triangles are similar. [image: image11.wmf]
What else will be the same in each triangle?

4. Which of these statements is true about (ABC?



[image: image12.wmf]


[image: image13.wmf]


[image: image14.wmf]


[image: image15.wmf]
5. Given 
[image: image16.wmf] find the value of x in the diagram, correct to 1 decimal place.


6. Find the value of k, correct to 1 decimal place. Show all working.



	Learning Experiences
	Assessment Activities

	Development and Application of Trigonometric Concepts (continued)

Students could:

solve problems like: an escalator at an airport slopes at an angle of 30° and is 20 m long. Through what height would a person be lifted by travelling on the escalator?

[image: image17.wmf]
investigate the lengths of the sides of the triangles illustrated

[image: image18.wmf]

find x in the diagram in three different ways


explain what is wrong with these diagrams:



use a clinometer and a measuring tape to investigate the height of trees and buildings in the school grounds 

solve problems involving angles of elevation and depression, with diagrams given, like

a) The top of a flagpole is connected to the ground by a cable 12 metres long. The angle that the cable makes with the ground is 40(.

Find the height of the flagpole.

b) A ship’s navigator observes a lighthouse on a cliff. She knows from a chart that the top of the lighthouse is 35.7 metres above sea level. She measures the angle of elevation of the top of the lighthouse to be 0.7(.




The coast is very dangerous in this area and ships have been advised to keep at least 4 km from this cliff to be safe.

Is the ship safe?


	7. I used a calculator and found the tan ratio of a certain angle to be 1.234. What could the size of the angle be?

8.
Toni wants to find the value of ( in the triangle below. Which statement is a correct line of working?


[image: image19.wmf]

[image: image20.wmf]

[image: image21.wmf]

[image: image22.wmf]
9.     Find out everything you can about  the right-angled triangle below. [image: image23.wmf]


Assessment Activity and Work Sample (see page 31) [image: image24.wmf]
Can Do Trigonometry

Students are asked to demonstrate what they understand and can do in relation to their work in trigonometry.

Students complete the attached worksheet.

Possible prompts:

Why don’t you draw a right-angled triangle to get started?

Do you remember the names given to each side in relation to a marked angle?

Can you write down the relationship for sin A in your diagram?

Can you remember some types of trigonometry questions you did in class exercises?

Can you use trigonometry to find an unknown side? An unknown angle?

In part 2, what do you think is meant by the words ‘practical problems’?

Can you extend your response by creating and solving more difficult questions in part1? part 2?


3.5.3
Assessment activity and work sample

Focus: Measurement and Working Mathematically

	Can Do Trigonometry
	
[image: image25.wmf]

	Students are asked to demonstrate what they understand and can do in relation to their work in trigonometry.

Students complete the worksheet on page 32.

From Securing Their Future: Mathematics
	

	
	

	Possible prompts to assist student engagement
	Suggested Materials

	Why don’t you draw a right-angled triangle to get started?

Do you remember the names given to each side in relation to a marked angle?

Can you write down the relationship for sin A in your diagram?

Can you remember some types of trigonometry questions you did in class exercises?

Can you use trigonometry to find an unknown side? an unknown angle?

In part 2, what do you think is meant by the words ‘practical problems’?

Can you extend your response by creating and solving more difficult questions in part1? part 2?
	pen and paper

calculator

worksheet 

	Outcomes

	Trigonometry (MS5.1.2) 

Applies trigonometry to solve problems (diagrams given) including those involving angles of elevation and depression 

Applying Strategies (WMS5.1.2)

Analyses a mathematical or real-life situation, systematically applying problem-solving strategies 

Communicating (WMS5.1.3)

Uses mathematical terminology and notation, algebraic symbols, diagrams, text and tables to explain mathematical ideas 

Reasoning (WMS5.1.4) 

Explains and verifies mathematical relationships

	Criteria for judging quality of performance

	The student may demonstrate the following:

	expresses the three ratios in terms of sides eg sin = 
[image: image26.wmf]
creates and solves routine trigonometry questions that involve finding an unknown side 

creates and solves routine trigonometry questions that involve finding unknown sides and angles

creates and solves practical problems which involve finding unknown sides 

creates and solves problems involving angles of elevation or depression given a diagram 

creates problems including those involving angles of elevation and depression  



	Feedback

	Students will receive:

	possible prompt questions related to the assessment activity to assist their engagement

written feedback on individual responses to indicate evidence of understanding of each of the trigonometric ratios and their use to find sides and angles in right-angled triangles

specific advice about strategies to further consolidate knowledge, skills and understanding, and suggestions for completing related additional tasks

oral feedback (to the class and individuals) related to the overall understanding of the concepts and misconceptions about the mathematical ideas.


Can Do Trigonometry

In the examples below, you are asked to demonstrate that you can do something, by doing it.

In each case, you get to pick the examples that you think will show that you can do what has been asked.

1. I can understand and use the trigonometric ratios (sine, cosine, tangent) in right-angled triangles:

2. I can use trigonometry to solve practical problems involving right-angled triangles:

Can Do Trigonometry Work Sample



2. This triangle and the one drawn in Question 5 show that the student does not understand that the hypotenuse is always the longest side in a right-angled triangle.


In Question 2, because sin-1 � EMBED Equation.3  ��� gives an error message, the numerical answer was probably obtained from tan � EMBED Equation.3  ���(( 0.02).


In Questions 2, 4 and 5 Pythagoras’ theorem would enable the unknown side lengths to be calculated.





5. The situation represented in the diagram is physically impossible, as the length given for the ladder is shorter than the distance of the foot of the ladder from the wall. The question asks for the height of the wall, but to the nearest minute. 


An attempt was made to find the angle using the cosine ratio because of the ‘known’ sides. The solution uses the incorrect definition for the cosine ratio.





1. Has correctly learnt the definitions for the sine and tangent ratios, but has confused the cosine definition.
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3. This example shows correct application of trigonometry and is the only example where an angle was marked and found.





4. A side was marked x but the student attempted to find an angle (using tan). 


Tan � EMBED Equation.3  ���= 0.04 shows correct use of a calculator.





Overall Comment:


In this activity, students should give examples of finding the lengths of sides of a triangle as well as finding the sizes of angles. This student has made no attempt to use an angle in any diagram to find a side length.


The student has demonstrated a lack of understanding of basic trigonometry. In attempting to give a numerical answer to each question he/she appears to have used any ratio that does not give an error message on the calculator.


An attempt to use inverse trigonometric notation (sin-1) has been made but without real understanding.


The student may have been more successful if labelled diagrams had been supplied as is usual in Stage 5.1. Triangles in which the student did not give the hypotenuse as the longest side caused calculation difficulty.





Follow Up


Review and consolidation needs to include:


labelling angles and corresponding sides 


determining that the hypotenuse is the longest side of any right-angled triangle


recognising when Pythagoras’ theorem can be used to find a side length


labelling sides as ‘opp’, ‘adj’ and ‘hyp’


identifying and correctly using a trigonometric ratio to find a side or angle.
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