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Investigating the distance travelled across the centre line in a car using trigonometry.
Introduction
Updated 2023.
Curriculum levels 5 and 6. Aimed at Year 10 classes. Could suit Year 11.
Students will use trigonometry to investigate the distance travelled across the centre line when travelling in a car, or the time taken to reach the centre line, if a car starts to veer towards the right. 
This context is relevant at an age when many will soon be learning to drive. They can investigate the effect that factors such as distraction time, veering angle and speed have on the time taken to cross the centre line.
Distractions, micro-sleeps or ‘zoning out’ can all cause a lapse in concentration, leading the car to veer towards the centre of the road. Micro-sleeps or ‘zoning out’ may be attributed to factors such as being over-tired, illegal drugs and over-the-counter medicines.
What’s included
· Detailed lesson plans with suggested duration. You can adjust the range and increment for the variable of interest and choose appropriate values for fixed parameters such as angle. 
· Practice questions and a template with scaffolding to guide students through their investigations. 
· Student worksheet, which can be printed or used directly on student devices. 
· Excel spreadsheet to show the expected results for their choice of parameter. 
· Self-assessment rubric for students.
How to use the lesson plans
The first lesson includes discussion about lapses in concentration while driving and the practice questions familiarise students with the speed conversion and trigonometry calculations required for the investigations. 
Classroom discussion and the provided templates scaffold the student through two investigations:
· the effect that speed and distraction time have on the time taken to cross the centre line
· the distance travelled to the right when veering at a fixed angle. 
The final investigation allows them to set up for themselves the variable of interest and the parameters they use.
The in-class investigation assumes some prior knowledge of trigonometry and some resources are given in the pages below that could be used to teach this material.  
Students may complete investigations for homework or in class with additional time. 
Each lesson and investigation can be used alone but the level of scaffolding is stepped down in the subsequent investigations so adapt your level of guidance to suit your students.
Make time for students to share their results with the class or in small groups so they can learn from each other’s investigations.


Prior knowledge 
Resources for teaching trigonometry:
Introducing trigonometry (NZ Maths) 
Using trigonometry (NZ Maths)
NZ Assessment Resource Banks
Curriculum links
Learning area
Mathematics and Statistics – Number and Algebra & Geometry and Measurement Levels 5-6.
Values
Excellence
Innovation, inquiry and curiosity
Community and participation
Integrity
Respect
Achievement objectives 
Level 5 Number strategies and knowledge
· Use rates and ratios.
· Know and apply standard form, significant figures, rounding and decimal place value.
Level 5 Patterns and relationships
· Relate tables, graphs, and equations to linear and simple quadratic relationships found in number and spatial patterns.
Level 5 Measurement
· Convert between metric units, using decimals.
Level 6 Shape
· Use trigonometric ratios and Pythagoras’ theorem in two and three dimensions.
Key competencies 
Based on achievement objectives related to each competency specific to Mathematics and Statistics 
(source: Team Solutions, University of Auckland). 
Thinking
· Solve problems in new situations
· Reflect on learning
· Justify
· Co-construct knowledge
· Investigate
· Use mathematics to model real life and hypothetical situations
· Hypothesise
· Design investigations
· Predict or envision outcomes.
Using language, symbols and text
· Understand mathematics as a language
· Understand and communicate information and ideas using mathematics
· Communicate findings
· Use ICT as appropriate
· Interpret word problems
· Interpret visual representations such as graphs, diagrams
· Use appropriate units.
Managing self
· Work independently
· Make decisions
· Self-assessment – What can/can’t I do
· Manage time effectively
· Reflect.
Relating to others
· Listen actively
· Share ideas
· Work cooperatively
· Communicate thinking
· Think-pair-share
· Remain open to learning from others
· Collaborate.
Participating and contributing
· Share strategies and thinking
· Work in groups with everyone contributing
· Contribute to thinking groups
· Build on prior knowledge
· Contribute to a culture of inquiry and learning.
Learning intentions
Identify suitable variables for the investigation.
Calculate distances and times.
Graph relevant data.
Analyse the data.
Describe the appearance of a graph.
Relate the results of a calculation to a situation of relevance.
Hypothesise the results of the investigation.
Reflect on the quality of work produced.
Present your findings in a way that will inform others.



Websites
Maths
Introducing trigonometry (NZ Maths) 
Using trigonometry (NZ Maths)
NZ Assessment Resource Banks
Driver distraction and fatigue
Driver distraction (Waka Kotahi)
Let driving distract you (marketing campaign – Waka Kotahi)
The dangers of distraction (online lesson – Drive)
Diverted attention crash statistics (Ministry of Transport)
Driver fatigue (Waka Kotahi)
Feeling tired? (online lesson – Drive) 
Fatigue crash statistics (Ministry of Transport)



Lesson 1: introduction to the investigation and practice calculations
Content
· Introduction to the Crossing the centre line investigations
· Distractions when driving, micro-sleeps and ‘zoning out’
· Converting speeds in km/h to m/s
· Trigonometric calculations.
Activities
Introduce the investigation
Tell students that the investigation will be about calculating how far a car drifts across the centre line when a driver takes falls asleep, ‘zones out’ or is distracted.
Use think-pair-share to discuss the following questions:
· “What might cause a driver to be distracted?”
· “What would cause a driver fall asleep or ‘zone out’ for a short time while driving?”
· “How long do you think it would take before you cross the centre line and collide with a car in the opposite lane?”
Have students read through the introduction to the investigation Crossing the centre line.
Discuss the problem being investigated. Use think-pair-share to discuss who might be interested in these results and why.
Practice calculations
Speed conversion questions.
Trigonometry questions – calculating distances.
Extension questions: Using inverse trigonometry calculations to calculate drift angle.
Notes for teachers
This lesson starts by discussing the causes of lapses in concentration.
There are a number of distractions that students may identify. Some of these are:
· sending or receiving a text 
· talking on phone
· turning on the car stereo
· eating or drinking
· finding their favourite song on their phone
· finding something in their bag
· turning around to talk to someone in the back of the car
· reading a map.
There are several causes of falling asleep or ‘zoning out’. Some of these are:
· not getting enough sleep
· feeling unwell
· driving during the night
· driving for too long
· shift work
· sleep apnoea
· some medications 
· alcohol, illicit drugs
· low blood sugar levels.
Students may identify people who have an interest in these results. Some of these are:
· Police investigating causes of crashes
· Waka Kotahi, which wants to promote safer journeys
· Learner drivers so they realise the importance of not getting distracted 
· People who are tired and thinking about whether they are able to drive.
Practice questions 
See lesson 1 in the student worksheet.
These allow students to become familiar with converting speeds from km/h to m/s and to practice trigonometry calculations in the context of this investigation. This investigation assumes students are familiar with these types of calculations. 
Emphasise the importance of appropriate rounding of answers and the inclusion of units.
Questions 6 and 7 are more challenging questions and involve reversing elements of the calculations to find the answer. The use of diagrams and clear layout of working should be encouraged. Question 7 is an inverse trigonometry calculation to find an angle.
Practice questions could be completed in class or set for homework.
Introduction and practice questions can be projected in a classroom or copies given to students. Students can complete the questions in their own books or the file can be edited to give students space on the page to fill in their working and answers.
Websites on driver distractions are given above. Share these with students to provide background information.
Practice question answers 
Answers may differ if intermediate rounding is used.
1. Answers shown in bold:
	km/h
	30
	45
	47
	54
	75
	79
	90
	97
	100

	m/s
	8.3
	12.5
	13
	15
	20.8
	22
	25
	27
	27.8



2. (a) 11.5 m (b) 0.83 s (c) same distance, 0.59 s
3. (a) 5.7 m (b) 0.21 s (c) 0.10 s
4. (a) 9.8 m (b) 0.51 s (c) 0.39 s
5. Car travels 2.1 m across the centre line (2.5 m towards the right)
6. (a) 14.6 m/s (b) 52.6 km/h
7. 8.0°





Lesson 2: investigating the effect speed has on the time taken to cross the centre line
Content
· Investigating the effect speed has on the time taken to cross the centre line.
· Using trigonometric calculations to calculate distance.
Activities
Planning the investigation
Use small group or whole class discussion for students to discuss what they think the data will look like.
Students need to decide on a fixed angle to investigate.
Students label the diagram of the situation they are investigating.
Data
Students to complete the table with speeds converted from km/h to m/s and calculating the time taken to reach the centre line.
Students graph their data.
Analysis and calculations
Students describe the appearance of their graphs and the assumptions made in this investigation.
Students use their graph to find a time given a speed and then a speed given a time.
Students calculate distances (and time) and angles using trigonometry.
Notes for teachers
See lesson 2 in the student worksheet.
A template is given for students to fill in or copy and compete. For an advanced class the students could be asked to draw the diagram and design the table themselves. They could even set their own parameters such as car and lane widths.
Prior to this lesson students could measure the width of the car at home or a friend’s car. This would make the investigation more relevant to them.
Student can work in pairs. Cooperative work will enhance understanding and communication of context through shared knowledge.
Having the class investigate the same fixed angle would make marking of this investigation easier. However, richer discussion comes from the class investigating different angles. A great sense of ownership also comes from student choice.
A variety of fixed angles investigated by pairs in the class would allow a whole class discussion to take place at the end of the lesson about the effect of veering angle on the time taken to reach the centre line.
The table and graph can be completed manually or could be done using Excel. The sine function in Excel uses radians not degrees, so the students should be instructed to calculate this using their calculator.
Some of the assumptions made in this investigation are:
· Speed once veering is the same as the speed the car was travelling at before the lapse in concentration.
· The speed is constant while the driver is veering.
· Angle doesn’t change once the driver starts veering.
Answers to questions 6 and 7 depend on the choice of angles. Sample graphs are given in the accompanying Excel spreadsheet for this unit.
Question 8 (c) calculates an angle using inverse trigonometry and may be considered an extension question for advanced students.
Answers to question 8: (a) 0.68 s (b) 0.21 s (c) 7.0°




Lesson 3: investigating the effect distraction time has on the distance travelled to the right
Content
· Investigating the effect distraction time has on the distance travelled the right.
· Using trigonometric calculations to calculate distance.
Activities
Planning the investigation
Use small group or whole class discussion for students to discuss what they think the data will look like.
Students need to decide on a fixed angle and fixed speed to investigate.
Discuss a sensible range and increment for distraction times for the investigation.
Students need to draw and label a diagram of the situation they are investigating.
Data
Students to complete the table with distraction times, distance travelled during the time and the distance towards the centre line.
Students graph their data.
Analysis and Calculations
Students describe the appearance of their graphs and the assumptions made in this investigation.
Students use their graph to find a distance given a distraction time and then a distraction time given a speed.
Students calculate distances and angles using trigonometry.
Students to interpret the meaning of the slope in a provided graph.
Notes for teachers
See lesson 3 in the student worksheet.
A template is given for students to fill in or copy and compete. Building on the last lesson, students will now be able to construct their own diagram and decide on suitable range and increments for the distraction time. For an advanced class the students could be asked to set the parameters themselves and construct a table.
Student can carry out this investigation cooperatively in pairs. Alternatively, this investigation could be set as a homework assignment as a follow up to the first in-class investigation.
While using the same fixed angle and velocity would make marking easier, richer discussion comes from the class investigating different parameters. 
A variety of fixed angles or speeds investigated by pairs in the class would allow a class discussion to take place at the end of the lesson about the effect of veering angle and speeds on the distance travelled to the right, towards the centre line.
The table and graph can be completed manually or could be done using Excel. The sine function in Excel uses radians, not degrees, so the students should be instructed to calculate this using their calculator.
Some of the assumptions made in this investigation are:
· speed doesn’t change once the driver starts veering.
· angle doesn’t change after the driver starts veering.
Answers to questions 6 and 7 depend on the choice of angles. Sample graphs are given in the accompanying Excel spreadsheet for this unit.
Question 9 involves interpreting the slope of the graph. This is a more complex question that involves students recognising that the slope of the line comes from the constant value they are multiplying time by, i.e. speed (in m/s) x sin θ.
Answers to questions 8-9
8 (a) The car has travelled 2.2 m to the right, which is 1.2 m across the centre line and 2.4 m from the ditch on the right. (b) The car has travelled 4.4 m to the right, which is 3.4 m across the centre line and 0.2 m from the ditch on the right. This is not far enough for the driver to be able to react and stop the car from ending up in the ditch. (c) The car would travel 1.7 m to the left, so has ended up in the ditch on the left.
9 (a) The gradient is speed (in m/s) x sin θ (b) 3.0° (c) 0.7 m (d) 1.9 m



Lessons 4: further investigations
Content
· Investigating the effect of other relevant factors.
· Using trigonometric calculations to calculate distance.
Activities
Planning the investigation
Students investigate other factors which affect the distance travelled towards the centre line or time taken to cross the centre line, for example: road width or veering angle.
Use small group or whole class discussion for students to discuss what they think the data will look like for the different investigations suggested.
Students need to decide on what parameters they need to fix and decide on a sensible range and increment for the variable of interest. 
Students need to draw and label a diagram of the situation they are investigating.
Data
Students to complete a relevant table.
Students graph their data.
Analysis and Calculations
Students should describe the appearance of their graphs and the assumptions made in this investigation.
Students should write a paragraph summarising their results and giving advice to peers who are learning to drive.
Notes for teachers
See Lesson 4 in the student worksheet.
Building on previous investigations, students will decide on the variable they are investigating and set up the parameters, tables etc themselves. Some guidance is given in the student worksheets, reminding them to do things such as draw a diagram.
Depending on the class, students may need longer than one period to complete this investigation.
The paragraph summarising results and giving advice to peers who are learning to drive could be set as homework.
Student can carry out this investigation in pairs. Alternatively, this investigation could be set as a homework assignment as a follow up to the previous in-class investigations.
Students should be reminded that the paragraph needs to be specific to their investigation. It should summarise their findings and give advice to peers learning to drive. They may include context about things such as distractions. They should write persuasively while keeping factual and relevant to their investigation. A small prize could be offered for the best paragraph to provide an incentive to reflect on their findings and their relevance.
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