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

3.7 Stage 5.3 Unit: Graphs of Physical Phenomena

3.7.1  Outcomes, Key Ideas and Content from the Syllabus

	Patterns and Algebra - Graphs of Physical Phenomena
	Syllabus Content p 106

	PAS5.3.5
	Key Ideas

	Analyses and describes graphs of physical phenomena
	Analyse and describe graphs of physical phenomena

	Working Mathematically Outcomes
	

	Questioning
	Applying Strategies
	Communicating
	Reasoning
	Reflecting

	Asks questions that could be explored using mathematics in relation to Stage 5.3 content
	Solve problems using a range of strategies including deductive reasoning
	Uses and interprets formal definitions and generalisations when explaining solutions and/or conjectures
	Uses deductive reasoning in presenting arguments and formal proofs
	Links mathematical ideas and makes connections, and generalisations about, existing knowledge and understanding in relation to Stage 5.3 content

	Knowledge and Skills

· interpreting distance/time graphs when the speed is variable 

· analysing the relationship between variables as they change over time

eg draw graphs to represent the relationship between the depth of water in containers of different shapes when they are filled at a constant rate

· interpreting graphs, making sensible statements about the rate of increase or decrease, the initial and final points, constant relationships as denoted by straight lines, variable relationships as denoted by curved lines, etc

· describing qualitatively the rate of change of a graph using terms such as ‘increasing at a decreasing rate’

· sketching a graph from a simple description given a variable rate of change 


	Working Mathematically

· decide whether a particular graph is a suitable representation of a given physical phenomenon (Communicating)

· match a set of distance/time graphs to a set of descriptions and give reasons for choices (Applying Strategies, Reasoning, Reflecting, Communicating)

· model, record data and sketch graphs to investigate the distance of a moving object from a fixed point in relation to time

eg move along a measuring tape for 30 seconds in a variety of activities (including variable speeds) such as:

· running as fast as possible

· walking slowly

· walking for 10 seconds, stopping for 10 seconds and walking for the remaining 10 seconds

· starting at the other end of the line and walking back towards the beginning

· walking slowly for 10 seconds and then speeding up until the end of the tape

· running at a decreasing speed

and record the distance at fixed time intervals so that a graph can be drawn to represent each situation (Applying Strategies, Communicating)

· match a set of distance/time graphs to situations, as in the example above, and discuss the likelihood that they are accurate, appropriate, and whether they are possible (Applying Strategies, Communicating, Reasoning)
· use technology such as data loggers to collect data for variable speeds and graph the data to compare and contrast the graphs (Applying Strategies, Reasoning)

	Technology

Data loggers are used in Science for the collection of data and should be readily available in schools.
	Links

Data – Travel Graphs

Number – rates

	Resources

Measuring tapes, stop watches

List of References (p 48) – No.s 1, 2, 5, 6, 8, 10, 14, 15
	Language

This unit is language-based in that students need to develop skills in describing change.


3.7.2
Learning experiences and assessment activities

	Learning Experiences
	Assessment Activities

	Introduction

This unit could be taught in conjunction with the unit for Stage 5.2 which examines data that yields a constant rate of change. At this Stage, the focus is on examining situations where the data yields constant or variable rates of change. 

This topic is intended to provide experiences for students that will give them an intuitive understanding of rates of change and will assist the development of appropriate vocabulary. No quantitative analysis is needed at this Stage.

Language Development

Throughout this unit, students need to develop language to describe graphs. Terms such as the following should be used where appropriate:

gradient, positive, negative, zero gradient, increasing, decreasing, constant, rate of change, stationary, steady, linear, variable, independent variable, dependent variable, maximum value, minimum value, relationship, range.

This can be achieved by providing opportunities for discussion in small groups eg card-matching activities and finding errors in descriptions of graphs.

Drawing Graphs

Students could:

· work in small groups to draw a graph to model an event at school eg the number of students at the canteen over a given time or the number of students remaining in the classroom over a five-minute period after the bell 

· conduct an experiment filling jars of different shapes. A scoop can be used to add fixed amounts of liquid to the jars and the water level graphed against the number of scoops. Students could predict the graph before conducting the experiment and then test their prediction.

· use technology such as data loggers to collect data and graph the data to compare and contrast the graphs.

Distance/Time Graph Practical Activity

As in Stage 5.2, students model and record data, then sketch graphs to investigate the distance of a moving object from a fixed point in relation to time; however the speed of the object is not always constant.
Students move along a measuring tape for 30 seconds in a variety of activities such as:

· running as fast as possible

· walking slowly

· walking for 10 seconds, stopping for 10 seconds and walking for the remaining 10 seconds 

· starting at the other end of the line and walking back towards the beginning

· walking slowly for 10 seconds and then speeding up until the end of the tape

· running at a decreasing speed

and record the distance at fixed time intervals so that a graph can be drawn to represent each situation.

Students could be given a graph so that they can model the movement of an object along the tape.
	Assessment Activity and Work Sample (see page 45) [image: image1.wmf]
Draw the graph to fit the story

The questions included on the attached worksheet can be used to assess this unit.

The teacher discusses the first worked example with the class or group.

Students, in pairs, complete the first 3 questions on the attached worksheet. 

In questions 4 and 5, students are asked to make up a story and draw a graph to match. Students report back to the group on their results.

Possible prompts:

· What name/label would you put on the x axis? The y axis?

· Consider some specific examples.

· Can you explain why you think the graph has that shape?

Card-matching Activities [image: image2.wmf]
One set of cards contains graphs and a second set of cards contains descriptions of the graphs. In groups, students match a graph to a description. After completion, one group compares its solution to that of another. 

Examples of graphs:
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Examples of descriptions:

a. As one variable increases at a constant rate, the other variable increases at a constant rate.

b. As one variable increases at a constant rate the other variable decreases at a constant rate.

c. As one variable increases at a constant rate, the other variable increases at an increasing rate.

d. As one variable increases at a constant rate, the other variable decreases at a decreasing rate.

	Learning Experiences
	Assessment Activities

	Interpreting Graphs

Students could:

· play a card-matching game, with graphs of physical phenomena to be paired with corresponding descriptions

· work in groups writing a story to match an informal graph as follows:

· each group is given a different graph

· a story is written to match the graph

· the story is given to another group of students who try to sketch the graph to match the story

· the two groups compare the graphs drawn with the original graphs. Differences should be discussed.

· complete a cloze passage to match a given graph.

Stocktake

A hardware store is conducting a stocktake in which every item in the store must be counted. Which of the following graphs shows most realistically the relationship between the number of staff involved in the stocktake and the time it takes to complete the job?

[image: image5.wmf]
Bus Stop

The graph shows the number of people waiting at a bus stop at particular times after school.

[image: image6.wmf]
(i) What time did the buses leave?

(ii) Describe how the number of students waiting varies with time.

(iii) How many students caught the third bus?

(iv) What is the total number of students who caught buses during the first half-hour?

Show on the graph what would have happened if the fifth bus did not arrive at all.
	Independent and Dependent     Variables [image: image7.wmf]
Read the statements below and decide which variable is independent and which variable depends on the other:

1. ‘the amount of fuel consumed by a vehicle varies with the distance travelled’

2. ‘as the air leaked out, the balloon’s diameter decreased’

3. ‘the warmer the weather, the louder the crickets chirped’.

Is time always the independent variable? Consider these statements and decide if time should be placed on the horizontal axis or the vertical axis:

1. ‘the temperature of a liquid placed in the refrigerator varies with time’

2. ‘the job will take less time to complete if more people help’

3. ‘the number of bacteria increases slowly at first but then grows exponentially’

4. ‘if the speed is constant, the time taken depends on the distance’.

Interpreting Graphs [image: image8.wmf]
Students are given graphs and a series of statements that can be used to label parts of the graph. For example:

A. increasing at a decreasing rate

B. decreasing at a constant rate

C. increasing at an increasing rate

D. decreasing at an increasing rate


The Race [image: image9.wmf]
The graph below shows the time taken for three Year 12 students to complete the 400 metre race at the school athletics carnival.

If you were the commentator of the race, how would you describe what was happening?



	Learning Experiences
	Assessment Activities

	Graphs Representing Motion in a Circle
Using a Trigonometry Board or a teaching clock, the teacher rotates the arm in an anticlockwise direction, starting from the positive horizontal position.


1. Students track the height of the end of the arm above the starting line (the vertical displacement) as the arm is rotated a full circle. 

They observe that as the angle of rotation (  increases, the vertical displacement changes value from zero, max(+), zero, min(-), zero.

Students could try to graph vertical displacement against ( to obtain graphs like the following, for one rotation:


Discuss the value of the maximum height, a, obtained by the rotating arm.

2. Students track the sideways movement of the end of the arm from the centre (the horizontal displacement).

They observe that as the angle of rotation (  increases, the horizontal displacement changes value from max (+), zero, min(-), zero, max(+).

Students make a graph of horizontal displacement against (  for one rotation.

3. Students observe possible values of the gradient of the arm, as it rotates. Discuss for what values of (  the gradient of the arm is zero, positive, infinitely steep, and negative.

The graph of this could be difficult. Note: the graph of 
[image: image10.wmf]is not in this syllabus.

Later, when teaching the Unit Circle in Trigonometry, these graphs can be linked to, and y = sin (, y = cos ( and y = tan (.


	Travelling to School [image: image11.wmf]
This drawing shows the country road which goes from Jennifer’s house to her school. 


She travels to school each day in her mother’s car. They are able to drive at 60 km/h on straight sections of the road, but they slow down for the corners.

Sketch a graph on the axes below to show the journey to school.




3.7.3  Assessment activity and work sample

Focus: Patterns and Algebra and Working Mathematically

	Draw the graph to fit the story
	
[image: image12.wmf]

	The teacher discusses the first worked example with the class or group.

Students, in pairs, complete the first 3 questions on the attached worksheet. 

In questions 4 and 5, students are asked to make up a story and draw a graph to match. 
Students report back to the group on their results.
From Securing Their Future: Mathematics
	

	
	

	Possible Prompts to assist student engagement 
	Suggested Materials

	What name/label would you put on the x axis? The y axis?

Consider some specific examples. 

Can you explain why you think the graph has that shape?
	worksheet

pen and paper

	Outcomes

	Graphs of Physical Phenomena (PAS5.3.5)

Analyses and describes graphs of physical phenomena

Communicating (WMS5.3.3)

Uses and interprets formal definitions and generalisations when explaining solutions and/or conjectures

Reasoning (WMS5.3.4) 

Uses deductive reasoning in presenting arguments and formal proofs



	Criteria for judging quality of performance

	The student may demonstrate the following:

	draws a graph to match one story 

creates only one story with assistance eg height of a person against age 

draws graphs to match stories

explains the graphs clearly with some prompting 

creates a graph and a matching story

creates several different types of stories and matching graphs

explains the graphs succinctly.



	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 the relationship between the two variables in each of the graphs

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. 


Draw the graph to fit the story

The graph here matches the following story:

	“The weight of the pumpkin increased quite quickly at first, but then the rate of growth slowed down.”

Now it’s your turn!

On the axes below, label the axes and draw the graph for each story:
	


	1. “The temperature of my cup of tea cooled rapidly at first, then cooled more slowly, until it reached room temperature.”


	2. “The smaller the slices of pizza, the more pieces I can eat.”


	3. “The time it would take for us to clean the gym would change as the number of students helping increases.”


For the next two cases, you are asked to make up a story and then draw a graph to match.

Remember to label the axes.

	4. 
	5. 


Draw the graph to fit the story Work Sample

[image: image13.wmf]
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2. The student has interpreted the statement as ‘the larger the pizza piece, the more is eaten’, which is incorrect. 


The number of slices has not been graphed.





Distance from home





Weight (kg)








3. The student has incorrectly chosen time as the independent variable.


The teacher could prompt with the comment:


‘Your graph tells me that in a small amount of time the gym will be cleaned by a small number of students. Is that what you meant to show?’





Speed of car





Jennifer’s house





1. Correct choice of variables for the axes.


Good attempt to show different rates of cooling but the student does not use a curve.


Display of constant room temperature is correct.





Distance (metres)





400





60





Number of people


waiting at a bus stop





Time (months)





School





5. The dependent variable (time) in the description has been placed on the horizontal axis. The graph should have a negative slope because the student’s story implies that the time taken to travel a certain distance is reduced when there is more air in the tyres.





4. There is confusion about distance, speed and time. If the vertical axis represented distance, then this graph would fit the story.


The student understands that the slope of the graph indicates speed.





Follow Up


The student needs:


further experiences in deciding which variable is dependent. Time is not always the independent variable.


more experience with indirect relationships


further practice clarifying variables from given statements


practice in analysing information implicit in each point on the graph, as in the example below:
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