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Feel free to write on this.  

I’m going to give you a clean copy.  

And all handouts are on my webpage:   
www.RMEInTheClassroom.com

First, let’s do  
some math.

http://www.RME
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Just tell them.



http://www.regentsprep.org/regents/math/algebra/AC1/Rate.htm
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meaningful?
Students should operate with meaningful quantities in 

situations that they can make sense of.
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Why not steepness?
• Motivating?
• Robust?

• y = mx + b
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Why not “rise over run”?
• Meaningful?
• Focused on rule-based position of the numbers, and not on 

creating a meaningful quantity using meaningful operations
• e.g., (a, b) vs a/b
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Why rate of change?
• Motivating :: predicting the future
• Meaningful quantity 
• Robust 

• One of five NCTM “key concepts” 
• All sub-constructs of slope can be built from there
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Students 
reinvent and 

learn

• ratio table 
• “find one” strategy 
• intensive quantities (     per     ) 
• fractions-as-division

by engaging in 
these activities

“partitive division” situations 
• fair sharing 
• find unit values given  

many-to-many
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coefficient

Intensive 
quantities

• rate of change 
• as an intensive quantity  

(“        per      ”) 
• that expresses covariation 
• and that can be accumulated 

• parametric coefficient (y = mx + b)

make predictions given:  
• rate and start 
• well-ordered function table ( x = 1)

phase 2

by engaging in 
these activities

Students 
reinvent 

and learn





... At the current rate, Apple stands to 
produce more than 40 million iPhone 3Gs 

over the course of twelve months ...

... 800,000 units per week ...



FAP: Randy why is that [multiplication] going 
to get us a prediction for the number of 
iPhones in a year? How does weeks turn into 
iPhones? 

Randy: Because for every week you have, you 
produce a certain amount of iPhones, so if you 
multiply it by a certain amount of weeks, the 
amount of iPhones will go up. [The reason- 

FAP: [For every–  

Randy: -that might be important is for 
(investors to know)
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Rate as an 
intensive 
quantity



FAP: Stacy, where do you see that 
rate of change in the table? 

Stacy: Um, for every number of 
games, the total cost goes up by 
two 

FAP: Ever::y what about the 
number of games?  

Stacy: The, each time the number 
of games increases by one, the 
total cost increases by two. 
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FAP: Stacy, where do you see that 
rate of change in the table? 

Stacy: Um, for every number of 
games, the total cost goes up by 
two 

FAP: Ever::y what about the 
number of games?  

Stacy: The, each time the number 
of games increases by one, the 
total cost increases by two. 

Accumulation Covariation



Melissa: Okay, um Y is like the 
final, cost, and, two is the one 
time fee times how many games you 
have- or not the one time fee- 
like, how much dollars it is per 
game, and four is the one time 
fee.
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final, cost, and, two is the one 
time fee times how many games you 
have- or not the one time fee- 
like, how much dollars it is per 
game, and four is the one time 
fee.

Rate as an intensive 
quantity that can be 

accumulated
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Students 
reinvent 

and learn

unit rate strategy  
(scale down to find a unit rate, 
and scale up to make a 
prediction)

by engaging in 
these activities

make predictions  
• proportional situations 
• within-unit values are 

relatively prime



Ms. Magro runs 6 miles every day. On average, she can run six miles in 54 minutes. At this rate, 
how long would it take Ms. Magro to run an 11-mile race? 

!
!

Rate of 
change

Ratio 
tables

“unit rate” 
strategy

“find one” 
strategy



Ms. Magro runs 6 miles every day. On average, she can run six miles in 54 minutes. At this rate, 
how long would it take Ms. Magro to run an 11-mile race? 

!
!

Rate of 
change

Ratio 
tables

“unit rate” 
strategy

“find one” 
strategy



Ms. Magro runs 6 miles every day. On average, she can run six miles in 54 minutes. At this rate, 
how long would it take Ms. Magro to run an 11-mile race? 

!
!

Rate of 
change

Ratio 
tables

“unit rate” 
strategy

“find one” 
strategy



Ms. Magro runs 6 miles every day. On average, she can run six miles in 54 minutes. At this rate, 
how long would it take Ms. Magro to run an 11-mile race? 

!
!

Rate of 
change

Ratio 
tables

“unit rate” 
strategy

“find one” 
strategy

Within unit values 
are relatively 

prime

Miles are 
proportional 

to minutes
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Students 
reinvent 

and learn

algebraic ratio

by engaging in 
these activities

make predictions  
• linear, non-proportional 

situations 
• two data points with x ≠ 1
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Fractions-
as-division

“The cost of one window 
without the delivery cost”

Rate as a different kind 
of value, not in terms of 
change or covariation

Static situation
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Dynamic

Negative change 
where negative value 
doesn’t make sense
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situations 
• two data points with x ≠ 1
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Students 
reinvent 

and learn

geometric ratio

by engaging in 
these activities

• Show change on number-line 
diagrams. 

• Make predictions in linear 
situations, given a graph of a 
function in a coordinate plane.
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Phase 5: The geometric ratio 
rise
run (~4 days) 

Students reinvent and learn Characteristics of tasks 

• The geometric ratio: 
rise
run 

• Show change on number-line diagrams. 

• Make predictions in linear situations, given a graph of a 
function in a coordinate plane. 

 
Problem contexts should be chosen to make clear the 
distinction between changes and values. 

• Contexts should be dynamic, so that it’s reasonable to 
see both quantities changing.  

• Contexts should involve negative change in situations 
where negative values do not make sense 

Example	activities	
10. The temperature in Helena, MT rose from −12 degrees to 24 degrees.  

 
Draw an arrow on the number line to show this change 

	

	

11. Use the graph on the right: 

 
• What are two variables that are changing in the 

graph?  

• Write a sentence that describes how these two 
variables are changing 

• Find the rate of change in the graph 

• At this rate, when will the stock of Bluefin tuna 
be depleted? 

	
	

Algebra	I:	Warmup	–	Showing	change	graphically	 Name:	______________________________________________	

1. The temperature in Alamosa, Colorado rose from -12° to 

24°.  

Draw an arrow on the number line below to show this 

change.  

 

2. Students are studying the impact of commercial fishing 

on bluefin tuna between years 2 and 5.  

Draw an arrow on the number line below to show this 

change. 

 

	 	
3. The temperature in Anchorage, Alaska dropped from 30° 

to   −6°.  

Draw an arrow on the number line below to show this 

change. 

 

4. Students are studying the cost of windows when the 

number of windows changes from 12 to 4.  

Draw an arrow on the number line below to show this 

change. 
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!

Stage! Artifacts! Characteristics!of!tasks!

5!

!

Assembled!and!coordinated:!
• Number!line!
• Graphs!in!coord.!plane!
• Rate!of!change!
• Algebraic!ratio!

Reinvented!&!objectified:!
• Geometric!ratio!

Objectified:!
• Graphs!in!coord.!plane!

• Show!change!on!numberAline!diagrams.!
• Make!predictions!in!linear!situations!where!

there!is!a!starting!value,!given!a!graph!of!a!
function!in!a!coordinate!plane.!

!
Example!activities:!
!
1. The temperature in Alamosa, Colorado rose from -

12° to 24°.  

Draw an arrow on the number line below to show this 

change.  

 

! 2. 

 

• What are two variables that are changing in the graph?  

• Write a sentence that describes how these two variables are 

changing 

• Find the rate of change in the graph 

• At this rate, when will the stock of Bluefin tuna be depleted? 

! !
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Students 
reinvent 

and learn

geometric ratio

by engaging in 
these activities

• Show change on number-line 
diagrams. 

• Make predictions in linear 
situations, given a graph of a 
function in a coordinate plane.
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Students 
reinvent 

and learn

physical property 
“steepness”

by engaging in 
these activities

• compare rates given graph of 
two intersecting linear 
functions  

• measure steepness of objects
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Connecting rate of 
change and 
steepness

Steepness is not the 
only salient feature 

of the graph
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Students 
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these activities

• compare rates given graph of 
two intersecting linear 
functions  

• measure steepness of objects
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Not robust, 
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meaningful
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slope

Motivating 
meaningful, 
and robust

slope



slope
• Students learn all five faces of slope with meaning by 

engaging in meaningful activity in meaningful contexts 
• Unit is organized around rates and predictions 
• Use tables as the key representation to help students 

see covariation 
• Save graphs and steepness until the end



Questions and
discussion

Frederick Peck

University of Montana 
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www.RMEInTheClassroom.com
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