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There are three conceptions of fractions:
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1) Part/whole ( ¾ means 3 parts of some whole that is divided into 4 equal parts)

2) Division (3/4 means that I have 3 whole units –say 3 pies- that I want to divide into 4 parts)

3) Ratio (3/4 means that the measure 3 units is ¾ TIMES the size of the measure 4 units)

In school mathematics the part/whole conception is the usually the one that is focused on the most and ratio is often taught as a separate concept. 

A rate is a ratio that expresses how long it takes to do something, such as traveling a certain distance. To walk 3 kilometers in one hour is to walk at the rate of 3 km/h. The fraction expressing a rate has units of distance in the numerator and units of time in the denominator.  Rates can also be used to describe such things as taxes and interest. 

A rate generally involves a "something else," either two different kinds of units (such as distance per time), or just two distinct things measured with the same unit (such as interest money per loaned money).

Problems involving rates often involve setting two ratios equal to each other and solving for an unknown quantity, that is, solving a proportion.

There are several approaches to solving a ratio problem.  Some of these include:

Building a table

Unit rate approach

Scaling up and down (used often in “map” problems)

Common multiple method

Cross multiplication (Most common-should be taught last)

[image: image5.wmf]The cross multiplication is an algorithm for solving rate problems that works WHEN the students set the appropriate proportion up.  Unfortunately, this approach offers little insight into what is really going on in the problem and is misused. It also does not provide a good bridge to the harder problems (like slope as rate of change) that students will encounter later.  

Below, is a rate problem that involves the same type of scenario but with varying difficulties of the quantities under consideration and the task that is to be performed.  Consider question #6, it is the calculus equivalent to the prior 5 problems.  However, it is much more abstract in nature. 
A rate problem through the grades

1.  A bunny is hopping at a rate of 2 inches per second.  How far has he traveled in 1 minute?

2.  A bunny hops 60 inches in 10 seconds.  How far has he traveled in 1 minute? Express this as a rate.

 3.  A bunny hops 60 inches in 15 seconds.  How long would it take the bunny to hop 1 mile (assuming a constant rate of travel)? What is his speed in miles per hour?  (table)

4.   A bunny hops 66 inches in 14 seconds.  How long would it take the bunny to hop 1 mile (assuming a constant rate of travel)?  What is his speed in miles per hour?  (table)

5. Consider the following graph that represents the distance a rabbit has traveled t seconds after it starts hopping.  What is the bunny’s speed?




6. Consider the following graph that represents the distance a rabbit has traveled t seconds after it starts hopping.  What is the average speed of the rabbit over the first 8 seconds?  When is the rabbit slowing down?  At what speed is the rabbit traveling at 8 seconds?
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Class work
Exercise: Bridging the grades with a hopping rabbit
I want us to look at the following problems and consider how they will involve the other approaches to solving a ratio problem AND help review many concepts that are tested on the MSA.  These will also prepare the student to work with the more difficult rate problems they encounter in calculus.
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Problem #1  You are told that a certain rabbit hops 60 inches every 10 seconds.
a.  Construct a table of values for this scenario.

b.  Plot your table values on appropriately scaled and labeled axis.

c.  Write an equation that relates the distance the rabbit travels to the time that has elapsed. 

d.  What is the speed of the rabbit?  
e.  How the speed of the rabbit connected to the graph?

f.  How is the speed of the rabbit connected to the table of values?
Problem #2       A tortoise and a hare decide to race one another.  Answer the “leading questions” in order to discover the difference between the two scenarios below. 

	time
	10
	15
	20
	30
	60

	distance
	60
	90
	120
	180
	360


Scenario 1: the tortoise



Scenario 2: the hare





	time
	10
	15
	20
	30
	60

	distance
	60
	90
	100
	120
	180


Leading questions:

1.  Since we have 2 sets of data, can we graph the relationships?

2.  Are the graphed relationships linear?  Why or why not? Could you have tested for linearity by looking at the charts? How? 

3.  Can we find the slope of the two graphs?

4. Can you find the equation of the linear graph?

4.  What is the connection between the slope of the linear relationship and the unit rate of change?

5.  Can you state the relationship of scenario one in terms of a proportion?  For every ________ seconds, the tortoise travels __________.  

6.  Can you fill in the following: at time 120 seconds the tortoise will have traveled_______.

7.   Can you fill in the following: at time 120 seconds the hare will have traveled_______.  Why or why not?

****What is the difference between scenario 1 and scenario 2?****
Adapting the activity to your classroom

This activity contains a variety of questions.  Some are more appropriate to an 8th grade classroom, while others could be used in 5th grade.  
Answer the following questions and be ready to share your ideas with the group. 

1. Which questions (or parts of) could you do in your classroom?

2. How would you have to change the wording?  

3. What could be changed so that the activity is manageable for your classroom?  

Differentiating instruction
How could diagrams be used to represent the scenarios in problems 1 and 2 on pages 4 and 5?

What else could be done?

When I looked at problem #2 and tried to map it to the VSC for grade 8, I found the following objectives were tested:

Algebra 8

B.2.a  Write an equation

C.2.b  Find the slope which is just the unit rate of change

C.1.a (graph the equations)

C.2.a  (ask them to graph the 2 relationships)

Measurement 8

C.2.a solve a proportional relationship

Number 8

C.3.a unit rates

C.3.b rates of increase decrease

4. What parts of your scope and sequence and/or the VSC does this address?

5. What time during the year could you use this?

6. Write you own problem scenario appropriate for your grade level.  Be ready to share it with the whole group.  It  should  meet the following criteria:

1) Has the student work with a rate problem that does not use the algorithm “cross multiplication”.

2) Has the student working on material that the MSA will test.  (State which objectives and/or assessment limits are tested). 

3) Has the student use skills and understanding that they would need to work with a calculus problem like #6 on page 3. . 

============================================================================================================================================

Read


this first and then be ready to work on two problems from page 2 together- I will assign them to the groups. 





Be ready  to share with the class. 





RATES ACROSS THE GRADES








Time (secs)





distance





Class work


Below, you will find several typical ratio problems.  These can be approached by building a table instead of jumping immediately to setting up a proportion that one uses cross multiplication to solve.  By building a table, you are allowing the kids one more opportunity to see a tabular representation of data.  Each group will do 2 problems using the tabular approach and one other approach.  Be ready to discuss results with the class.  





SAMPLE RATIO PROBLEMS





1.  WAWA uses ½ of a cup of mocha mix for its 16 ounce medium iced mocha drink .  How much mocha mix is in its 20 ounce large iced mocha drink?





2.  Joe and Fred are 40 miles apart headed toward each other on the same road.  Joe is walking at the rate of 4 miles per hour.  Fred is riding a bicycle at the rate of 12 miles per hour.  If they begin walking or biking at the same time, and both maintain a constant rate of speed, how long does it taKe until they meet?  (table and line diagram)





3. If 32 degrees Fahrenheit is 0 degrees Celsius and 212 degrees Fahrenheit is 100 degrees Celsius, what is the Fahrenheit equivalent of 50 degrees Celsius.





4. The scale on a map shows that 1 inch on the map is 60  miles in actual distance.  IF 2 cities are 3.75 inches apart on a map, how many miles apart are these two cities?





5. A given foot long section of beach has the tide pull away 0.1 cubic feet of sand (approximately the volume of a 5 lb bag of flour) each 3 days.  If this rate of sand loss is constant, how many minutes does it take for this section of beach to lose 0.5 cubic feet?





6.  A popular fruit smoothie has 2 strawberries for every 4 ounces of frozen yogurt.  A medium fruit smoothie requires 10 ounces of frozen yogurt.  How many strawberries are required?





Look over the rate problems here.  You do not have to do them. 





Which grade are they appropriate for?
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