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First Differences: Day 1

75 min

Math Learning Goals
Investigate the pattern in the first differences to determine if a relationship is linear • 
or non-linear.
Construct tables of values.• 

Materials
stacking cups• 
rulers• 
graph paper• 
BLM 1 (A, B, C) • 
BLM 2 (A, B, C)• 
BLM 3 (A, B, C)• 
BLM 4• 

Whole Group  Discussion of Stacking
Introduce the concept of stacking, using NotebookTM p. 2 for example. As a class, list 
items that are stacked.
Students view two video clips on stacking cups (NotebookTM pp. 3 and 4).
Volunteers test their stacking of cups on the IWB (NotebookTM p. 5).

Minds On…

Pairs  Tiered Investigations
Pairs of students work with cups to model three types of stacking tasks. 
Once the exploring is complete, explain the tiered investigations within each task, 
using Task 1: Stack Them.
Students complete three Tasks – 1: Stack Them, 2: Surround Them, and 3: Pile 
Them. Each task uses a different stacking pattern (BLMs 1, 2, 3).
Differentiate process based on student readiness in order to work in their zone of 
proximal development. 
Pairs begin with Task 1, using the appropriate tiered BLM. They complete Tasks 2 
and 3, self-selecting the tier based on readiness and comfort.
Tier A – Investigation A is for students who still need support to create tables of 

values and graphs. Students complete each table of values and graph the 
relation with scaffolding provided.

Tier B – Investigation B is for students who are comfortable with creating tables of 
values and graphs. Students complete tables of values and graphs. 

Tier C – Investigation C is for students who are skilled at creating tables of values 
and graphs. Students make predictions and verify them by creating tables 
and graphs.

Learning Skills/Teamwork/Mental Note: Circulate, observing teamwork skills. 
Note whether students choose a different tier as they move through the tasks.

Action!

Whole Class  Guided Discussion
Take up Tasks 1, 2, and 3, using the IWB (NotebookTM pp. 6-8).
Ask:  How can you tell if a relation is linear or non-linear (students will identify 
equal steps in the tables)?
As a class, students complete Get the Bugs Off! (NotebookTM p. 9).
Students work individually to complete and hand-in BLM Exit Card to show what 
they have learned (BLM 5).

Curriculum Expectations/Reflection/Anecdotal Record: Read exit cards to 
identify students who may need additional support for Day 2.

Consolidate 
Debrief

Home Activity or Further Classroom Consolidation

http://www.edugains.ca/resources/LearningMaterials/TIPS/IWB/FirstDifferencesGd9/FirstDifferencesGd9App.notebook
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1A: Stack Them
Drinking cups are stacked on top of one another. The first 3 frames in a pattern are shown below.

Frame 1 Frame 2 Frame 3 Frame 4 Frame 5

Draw or build the next two frames in the pattern.

In the table below, record the number of cups ADDED in each frame. Continue the pattern two more 
times.

Frame Number of 
Cups Added

1 1
2
3
4
5
6
7

1. Look for patterns in the second column of your table.  
Describe in words what you find.

2. On the grid, plot the points from your table of values.  
Place the frame number on the horizontal axis and number of cups  
added on the vertical axis.

3. Is your graph a straight line (linear) or a curve (non-linear)?

4. Predict the number of cups added in the 10th frame.  
Use your graph, extend your table, or construct the 10th frame with  
cups to verify your prediction.
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1B: Stack Them
Drinking cups are stacked on top of one another. The first 3 frames in a pattern are shown below.

Frame 1 Frame 2 Frame 3 Frame 4 Frame 5

Draw or build the next two frames in the pattern.

In the table below, record the number of cups ADDED in each frame. Continue the pattern two more 
times.

Frame Number of 
Cups Added

1 1
2
3
4
5
6
7

1. Describe any trends in your table.

2. Graph the number of cups added, versus frame number.

3. Describe the shape of your graph.

4. Predict the number of cups added in the 10th frame.  
Verify your prediction.
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1C: Stack Them
Drinking cups are stacked on top of one another. The first 3 frames in a pattern are shown below.

Frame 1 Frame 2 Frame 3 Frame 4 Frame 5

Draw or build the next two frames in the pattern. Record the number of cups ADDED in each frame. 
Continue the pattern two more times.

1. Describe any trends in your data.

2. Predict the shape of the graph relating number of cups added  
versus frame number. Confirm your prediction.

3. Predict the number of cups added in the 10th frame.  
Verify your prediction.
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2A: Surround Them
Drinking cups are stacked on top of one another. The first 3 frames in a pattern are shown below.

Frame 1 Frame 2 Frame 3 Frame 4 Frame 5

Draw or build the next two frames in the pattern.

In the table below, record the number of cups ADDED in each frame. Continue the pattern two more 
times.

Frame Number of 
Cups Added

1 1
2
3
4
5
6
7

1. Look for patterns in the second column of your table.  
Describe in words what you find.

2. On the grid, plot the points from your table of values.  
Place frame number on the horizontal axis and number of cups  
added on the vertical axis.

3. Is your graph a straight line (linear) or a curve (non-linear)?

4. Predict the number of cups added in the 10th frame.  
Use your graph, extend your table, or construct the 10th frame  
with cups to verify your prediction.
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2B: Surround Them
Drinking cups are stacked on top of one another. The first 3 frames in a pattern are shown below.

Frame 1 Frame 2 Frame 3 Frame 4 Frame 5

Draw or build the next two frames in the pattern.

Record the number of cups ADDED in each frame and continue the pattern.

Frame Number of 
Cups Added

1 1
2
3
4
5
6
7

1. Describe any trends in your table.

2. Graph the number of cups added versus frame number.

3. Describe the shape of your graph.

4. Predict the number of cups added in the 10th frame. 
Verify your prediction.
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2C: Surround Them
Drinking cups are stacked on top of one another. The first 3 frames in a pattern are shown below.

Frame 1 Frame 2 Frame 3 Frame 4 Frame 5

Draw or build the next two frames in the pattern. Record the number of cups ADDED in each frame. 
Continue the pattern two more times.

1. Describe any trends in your data.

2. Predict the shape of the graph relating number of cups added  
versus frame number. Confirm your prediction.

3. Predict the number of cups added in the 10th frame. 
Verify your prediction.
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3A: Pile Them
Drinking cups are stacked on top of one another to form a 3-D pyramid. The first 3 frames in a pattern 
are shown below.

Frame 1 Frame 2 Frame 3 Frame 4 Frame 5

Draw or build the next two frames in the pattern.

Record the TOTAL number of cups in each frame. 

Frame Total Number 
of Cups

1 1
2
3
4
5
6
7

1. Look for patterns in the second column of your table.  
Describe in words what you find.

2. On the grid, plot the points from your table of values.  
Place frame number on the horizontal axis and the total number  
of cups on the vertical axis.

3. Is your graph a straight line (linear) or a curve (non-linear)?

4. Predict the number of cups added in the 10th frame.  
What is different in the patterns for number of cups in this activity  
compared to the other activities?  
How is the graph for this activity different from the graphs  
of the other activities?

5. How can you predict the shape of your graph from your table?
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3B: Pile Them
Drinking cups are stacked on top of one another to form a 3-D pyramid. The first 3 frames in a pattern 
are shown below.

Frame 1 Frame 2 Frame 3 Frame 4 Frame 5

Draw or build the next two frames in the pattern.

Record the TOTAL number of cups in each frame and continue the pattern.

Frame Total Number 
of Cups

1 1
2
3
4
5
6
7

1. Describe any trends in your table.

2. Graph the total number of cups versus frame number on the grid.

3. Describe the shape of your graph.

4. Predict the number of cups added in the 10th frame.

5. How can you predict the shape of your graph from your table?
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3C: Pile Them
Drinking cups are stacked on top of one another to form a 3-D pyramid. The first 3 frames in a pattern 
are shown below.

Frame 1 Frame 2 Frame 3 Frame 4 Frame 5

Draw or build the next two frames in the pattern. Record the TOTAL number of cups in each frame. 
Continue the pattern two more times.

1. Describe any trends in your data.

2. Predict the shape of the graph relating the total number of cups  
versus frame number. Confirm your prediction.

3. Predict the total number of cups in the 10th frame.

4. How might you verify your prediction?

5. How can you predict the shape of your graph with out  
actually constructing the graph?
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4: Exit Card – First Differences
Name: ________________________________

1. Create a table of values that shows a linear relation.

2. How do you know this is a linear relation?
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First Differences: Day 2

75 min

Math Learning Goals
Investigate the pattern in the first differences to determine if a relationship is linear • 
or non-linear
Construct tables of values.• 

Materials
BLMs 3.71, 3.72• 
index cards• 

Whole Class  Discussion
Students play the Match It game (NotebookTM p. 1), and complete the What’s the 
Difference pages (NotebookTM pp. 2-6).

Groups  Activity
Groups generate two lists of things in the real world under the headings Linear and 
Non-linear. They share their lists with another group, and add items to their lists.

Learning Skills/Observation/Anecdotal Record: As students work together to 
complete the tasks, observe related teamwork learning skills.

Minds On…

Whole Class  Discussion
Ask: How can you tell from a table of values if a relation is linear or non-linear? 
Discuss finite differences and how to calculate them. (NotebookTM pp. 7 and 8)
Differentiate process based on student interest in order to give student choice: 
Students self-identify to work in groups at the IWB.

Individual  Complete BLMs
Students work individually to complete BLMs 3.7.1 and 3.7.2.

Curriculum Expectations/Demonstration/Checklist: Record results of student 
work on a checklist.

Use NotebookTM pp. 9-15 for students choosing more consolidation.

Curriculum Expectations/Observation/Anecdotal Record: Assess student 
understanding through observation.

Action!

Whole Class  Guided Discussion
Review the key learning, that linear relations have constant first differences 
(NotebookTM p. 19). 

Pairs  Think/Pair/Share
On an index card, each student creates a table of values for either a linear or non-
linear relation. On the back of the index card, students graph their relation. Students 
then trade cards with a partner and identify the type of relation. Students check their 
answers on the backs of the cards. 
OR 

Whole Class  Inside-Outside Circle
Students use their index cards with Inside-Outside Circle to reinforce the concept 
that constant first differences identify a linear relation.
Differentiate content based on student readiness in order to work in zone of proximal 
development: Enrichment – Ask: What does a graph look like if the first differences 
are not constant, but have a pattern?

Consolidate 
Debrief

Home Activity or Further Classroom Consolidation
Write a journal entry identifying the relationship between first differences and the 
shape of a relation’s graph. Give one example of a table of values that produces in 
a linear relation and one example of a table of values that produces a non-linear 
relation. Show how you know.

Curriculum Expectations/Reflection/Anecdotal Note: Read journal entries to 
check for understanding.
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3.7.1: First Differences
Problem 1
A. Jody works at a factory that produces square tiles for bathrooms and kitchens. She helps determine 

shipping costs by calculating the perimeter of each tile.

i) Calculate the perimeter and record your answers in the Perimeter column of the table.

Side Length 
(cm)

Perimeter 
(cm)

First Differences
1

2

3

4

5

ii) Describe what happens to the perimeter of each tile when the side length increases by one 
centimetre. _______________________________________________________________

iii) Construct a graph of the perimeter vs. the side length. Include labels and titles.
 a) Which variable is the independent variable?

 b) Which variable is the dependent variable?

 c) Use the graph to describe the relationship  
between the perimeter and side length of 
a tile.

 d) Describe the shape of the graph.

iv) Calculate the first differences in the First 
Differences column of the table. What do you 
notice about the first differences?

v) Summarize your observations.
 a) When the side length increases by one 

centimetre, the perimeter  
increases by ________.

 b) The plotted points suggest a…

 c) The first differences are…
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3.7.1: First Differences (continued)

B. Jody is paid $8.50/hour to calculate perimeters.
i) Calculate her pay and record your answers in the Pay column of the table.

Number of 
Hours Pay ($)

First Differences
1

2

3

4

5

ii) Describe what happens to her pay when the number of hours she works increases by one hour.  
___________________________________________________________________

iii) Construct a graph of her pay vs. the number of hours she works. Include labels and titles.
 a) Which variable is the independent variable?

 b) Which variable is the dependent variable?

 c) Use the graph to describe the relationship  
between her pay and the number of hours  
she works.

 d) Describe the shape of the graph.

iv) Calculate the first differences in the First 
Differences column of the table. What do you 
notice about the first differences?

v) Summarize your observations.
 a) When the number of hours worked increases  

by one, the pay increases  
by ______________.

 b) The plotted points suggest a…

 c) The first differences are…
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3.7.1: First Differences (continued)

C. Raj, another employee at the factory, also works with the tiles. He helps to determine the shipping 
costs by calculating the area of each tile.
i) Calculate the area and record your answers in the Area column of the table.

Length of 
sides (cm) Area (cm2)

First Differences
1

2

3

4

5

ii) Describe what happens to the area of each tile when the side length of a tile increases by one 
centimetre. ____________________________________________________________

iii) Construct a graph of the area vs. the length of the sides of the tiles. Include labels and titles.
a) Which variable is the independent variable?

 b) Which variable is the dependent variable?

 c) Use the graph to describe the relationship 
between the area and the side length of the 
tile.

 d) Describe the shape of the graph.

iv) Calculate the first differences in the First 
Differences column of the table. What do you 
notice about the first differences?

v) Summarize your observations.
 a) When the side length increases by one 

centimetre, the area increases  
by __________________.

 b) The plotted points suggest a…

 c) The first differences are…
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3.7.1: First Differences (continued)

Problem 2
Chuck works on commission for sales. He earns $12.00 for each of the first 3 boxes he sells.  
He earns $24.00 each for boxes 4, 5, and 6, and $36.00 each for selling boxes 7, 8, 9, and 10.

i) Calculate Chuck’s earnings for the following numbers of boxes of files and record your answers in 
the Earnings column of the table.

Number of 
Boxes Earnings ($)

First Differences
1

2

3

4

5

6

7

8

9

10

ii) Describe what happens to his earnings when the number of boxes he sells increases  
by one box.
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3.7.1: First Differences (continued)

iii) Construct a graph of his earnings vs. the number 
of boxes he sells. Include labels and titles.

 a) Which variable is the independent variable?

 b) Which variable is the dependent variable?

 c) Use the graph to describe the relationship 
between his earnings and the number of 
boxes he sells.

 d) Describe the shape of the graph.

iv) Calculate the first differences in the third column of the table. What do you notice about the first 
differences?

v) Summarize your observations.
 a) When the number of boxes he sells increases by one box, his earnings increase by…

 b) The plotted points suggest a…

 c) The first differences are…
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3.7.2: Using What You Have Discovered

Deep Sea Divers
The table below shows data collected as divers descend 
below sea level. Calculate the first differences. Use the 
first differences to determine if the relationship is linear 
or non-linear. Check your solution by graphing. Include 
labels and titles.

Time  
(min)

Depth  
(m) First  

Differences0 -2

1 -4

2 -6

3 -8

4 -10

The relationship is:

Hot Air Ballooning
The table shows data collected as a hot air balloon leaves the ground. Calculate the first differences. 
Use the first differences to determine if the relationship is linear or non-linear. Check your solution by 
graphing. Include labels and titles.

Time  
(sec)

Height  
(m) First  

Differences0 2

1 4

2 6

3 8

4 10

The relationship is: 
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