“The Right Fit” Lesson Plan
Instructor:  GWAEA Math Consultants
Adapted from “R & R – Residuals and Regression”, http://www.nsa.gov/academia/_files/collected_learning/high_school/statistics/residuals_regressions.pdf

	Objective(s):


	· To understand how to interpret the goodness of fit of a linear model
· To develop a number (metric) for measuring prediction error 

	Grade Level:
	Grades 7-8

	Est. Time:
	45-60 minutes

	Pre-requisite

Knowledge:
	· Using a table of values
· Graphing a line in slope-intercept form
· Scatter plot

· Evaluate a function for given values of x

	Vocabulary:
	· Coordinates
· Linear Function
· Metric
· Line of Best Fit

	Materials Needed:
	· Plain white paper

· Markers

· Straight Edge

· Graph paper

· Calculator
· Laptops

	ICC

MS:


	8.SP.1  Construct and interpret scatter plots for bivariate measurement data to investigate patterns of association between two quantities.  Describe patterns such as clustering, outliers, positive or negative association, linear association, and nonlinear association.

8.SP.2  Know that straight lines are widely used to model relationships between two quantitative variables.  For scatter plots that suggest a linear association, informally fit a line, and informally assess the model fit by judging the closeness of the data points to the line.
8.SP.3  Use the equation of a linear model to solve problems in the context of bivariate measurement data, interpreting the slope and intercept.  For example, in a linear model for a biology experiment, interpret a slope of 1.5 cm/hr as meaning that an additional hour of sunlight each day is associated with an additional 1.5 cm in mature plant height.


Launch (10 min) 
Fred and Ginger have been given the following coordinates and are asked to find a linear function to model the data.  The coordinates include: (0,2), (1,3), (2,5), (3,6), (4,8), and (5,9).  Fred believes f(x) = 2x + 1 will be a good model while Ginger believes g(x) = x + 3 will be a better equation to model the data.  Which equation is a better model to predict data?

Note:  The use of calculators is prohibited until later in the activity.
Teacher Follow-Up to Whole Class

Questions:

· What method was used to decide on the better fit? Explain.

· What comparisons could be made while graphing the lines? Explain.

· Will we all make the same conclusion? Explain.

Explore (45 min) 

In order to incorporate more standards, we want to develop a context for this problem.  We will use the following context: 

The JRM Company has decided to start a big ad campaign to increase their customer base.  This company currently has 20,000 customers.  After 3 months of the campaign, or 1 quarter, the company has grown to 30,000 customers.  As their ad campaign wraps up after 5 quarters, they have grown to a total of 90,000 customers.

We will then ask the following questions:


What would be the labels of the x- and y-axis?

What do the values of slope and y-intercept represent in Fred and Ginger’s equations?

In context, which model seems to fit the data the best?

Sample answers:
1. x- qtrs, y-customers in 10,000’s
2. Fred: 2x +1 so they start at 10,000 customers and increase by 20,000 per qtr
Ginger: x +3 so they start at 30,000 customers and increase by 10,000 per qtr

3. Ginger’s data makes more sense since we don’t expect customers to continue to grow at such a high rate.


In order to determine whether Fred or Ginger has a better model we will need to develop a way to measure how well their equations fit the data.  

Because it can be difficult to come to a consensus on which model is the better fit, we need a number (i.e. metric) to quantify the relationship between the lines and the coordinates.  This number (metric) will be used to decide which model is the better fit for the coordinates we were given.
As a pair, create a metric that will quantify which equation better fits the data.  Record the method that you will use and then test it out to determine if Fred or Ginger had the better model.  (Give students time to work)

Explain the methodology that was used to develop a metric to find the equation with the better fit.  (Record methods)
Teacher Follow-Up to Whole Class

Questions:

· Was there anything in common between the methods chosen?  Explain.

· Do some measurements seem easier to come by?  Explain.

· Will some methods be better than others?  Explain.

Now that we have some grounding in how to look at a metric to assess the better fitting line, we will move our journey into the world of technology (by using NCTM’s Core Tools, TI-84, etc).

If using NCTM’s Core Tools, model how it could be used.  This includes opening the spreadsheet, finding data sets, making scatter plots, fitting a line to the data, and getting the equation of the line.  If using a TI-84, you will need to discuss the use of tables with the STAT key, graphing using the STAT PLOTS key as well as the WINDOW and GRAPH keys, using the Y= key to try best fit lines, and finally graphing the possible best fit lines with the original data points.  
Key Ideas

	Key ideas/important points
	Teacher strategies/actions

	Prediction error is one way to establish goodness of fit of a line.

Prediction error can be quantified.
There are many lines that may fit data points well.
	Examine multiple scatter plots to look at linear representations of the data.
Calculate several metrics to decide which will help us find the best fit.  
Model multiple examples and discuss which lines seem to be a “better” fit


Guiding Questions

	Good questions to ask
	Possible student responses or actions
	Possible teacher responses

	Do certain lines seem to fit the data better than others?

	Yes, some lines seem to be in the middle of all the points.
Yes, but I cannot tell which one has the “best” fit.
	Look at where the data lie.  How close are the points to the line?  Do you see any data points that do not follow the line?  Are some of the data clustered?  What would make a line better fitting than others?
Pick two of the lines and have the students compare them.

	How would you quantify (put a number to) what you have been describing?


	Are you talking about “distance” from the line or the data points?

You could sum the column with the prediction error and compare the two graphs.
	“Distance” could be one way to do this, and either could work.
How will this number help us decide on an equation?  Could we manipulate the column any other ways?  Will these methods amplify any particular data points?


Misconceptions, Errors, Trouble Spots

	Possible errors or trouble spots


	Teacher questions/actions to 
resolve them

	When students are first asked to choose the better equation, they may forget how to graph coordinates or linear equations in slope-intercept form.

When students are first asked to choose an equation they go straight to a linear regression on a graphing calculator.

When asked to generate a number (metric) students may not have ideas where to start.
	Remind students that coordinates are (x,y).  Slope-intercept form gives them a y-intercept to start from and a slope to continue the line with.
Restrict the students so they are not able to use the calculator until later in the presentation.
Suggest they try to concentrate on the graph they drew in the launch and what information can be obtained visually.


Summarize and Clarify (5 min)
Did the metric created for the “best” fit line verify your visual intuition?

The majority of “best” fit lines did not start at the y-intercept of 2, is this a problem?

Why would we need a line to represent our data?

Check for Understanding

Susan says that Fred and Ginger are nice people and great dancers, but she can get an even better line to model the data.  Her equation is h(x) = 1.5x + 2.  Did Susan find a better equation?

Accommodation(s)

· Students work in pairs or collaborative groups

· Adapt size of graph paper

· Written directions for technology
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