Stat 2470, Lab #12, Fall 2014 

Name ____________________________________

Linear Correlation and Regression, Residuals & Diagnostic Plots

Part I: Linear Correlation and Regression Explorer
OBJECTIVES:

· Use the correlation exercise at the site https://www.desmos.com/calculator/qsomcipfcx to explore the relationship between the arrangement of points and the correlation value and the regression line.

1. Open the site and note the original location of the red dot, along with the correlation of the current configuration. Record the values here.

2. Move the red dot to a new location.  Note the new location and the new correlation.  Record the values here.  How did moving the point change the correlation?

3. Move the red dot around to try to maximize the correlation value.  How does moving the point closer to the other points, or further from it affect the correlation value?

4. Can you move the single point to a location that makes the correlation negative?  How is this effect related to outliers on a scatterplot?

5. Click on the arrow next to “Points”.  Experiment with a different configuration of points on the graph and then repeat 1-4 above.  Take a screen shot of your points and configurations and post them here.
Part II: Linear Correlation and Regression Line
OBJECTIVES:
· Use Excel to graph a scatterplot in order to determine the relationship between two variables.

· Identify slope and y-intercept in the Excel regression equation.

· Test for a significant correlation and interpret regression analysis.
· Make predictions based on the regression equation.

Open the file from the Blackboard course folder entitled 2470lab12_data.xlsx.  You will find survey results recorded there.  We will be working with the data from this survey on shoe size and height.  You will probably want to copy the data from columns G & H to a new sheet since we won’t be using the other data, and so that it corresponds to the directions below.
1. Why might you expect there to be a relationship between the height of a person and their shoe size?
2. Identify the independent and dependent variables.
EXCEL PROCEDURES:
1. In Excel, type “Height” in cell A1 and “Shoe Size” in cell B1.  Copy the data you collected the survey results below.
2. Have Excel calculate the linear correlation coefficient (r), the coefficient of determination (r2), and the test statistic (t) for you:

a. In cell D1, type “r”. 

b. In cell D2, type “r-square”.
c. In cell D3, type “n”.

d. In cell D4, type “d.f.”.

e. In cell D5, type “t”.

f. In cell E1, find the correlation coefficient (r) by select the Formulas tab and clicking on the More Functions icon and selecting Statistical.  Under the statistical menu select CORREL.  You will see the Function Arguments dialog box open.  In the Function Arguments dialog box select cells A2 through A104 for Array1 and select cells B2 through B104 for Array2.  Click OK.  The correlation coefficient will now be displayed.
g. In cell E2, find the coefficient of determination (r2) by using the formula =E1^2.

h. In cell E3, find the sample size (n) by using the formula =COUNT(A2:A104).

i. In cell E4, find the degrees of freedom (d.f.) by using the formula =E3-2.

j. In cell E5, find the test statistic (t) by using the formula =(E1)/SQRT((1-E2)/(E4)).
k. Copy these cells to the end of this lab.

3. Have Excel produce a scatterplot for you:
a. In the Insert tab, click on Scatter in the Charts group.

b. Select the first chart in the Scatter menu (a blank chart will appear).
c. At the top of excel, choose Select Data icon in the Data group.

d. Click on cell A1 and drag to cell B104 to select these cells for the Chart data range.

e. Click OK and your scatterplot will appear.

4. Have Excel add a linear regression line to the scatterplot you constructed above:

a. Left click anywhere in the chart region of your scatterplot and notice that a new Chart Tools tab is added to the ribbon at the top of Excel.

b. Click on the Layout tab, and then click on the Trendline icon in the Analysis group. 

c. Select More Trendline Options from the very bottom of the menu that appears.

d. Check the Display Equation on chart box.
e. Click Close.
f. Right click on the regression equation and select Format Trendline Label.  Select “general” in the number category to keep this from showing the y-intercept in scientific notation.

g. Change the chart title by clicking it and overwriting it with “your name, Height vs. Shoe Size”
h. Right click on the legend and select delete.
i. Right click on the graph and select Copy.
j. Copy the scatterplot to the end of this lab.
ANALYSIS:
1. What is your regression equation for predicting shoe size from height?

2. Identify the values for the following from your Excel printout:

a. Slope of regression line: 

b. y-intercept of regression line:
c. Linear correlation coefficient (r):
d. Coefficient of determination (r2):
3. Does the value of the linear correlation coefficient (r) agree with your scatter plot - in terms of the correlation's strength and direction?  Why or why not?

4. Determine if there is a significant positive linear correlation at the .10 level of significance.  

a. State the null and alternate hypotheses to test for a significant positive linear correlation.

b. Determine the critical value(s) and sketch(or describe) the rejection region(s).  

c. Record the test statistic (t) from your Excel printout.  

d. Compare the t values in part c to the critical value(s) in part b and make a decision to reject or not reject the null hypothesis.  Interpret the results in context.  

5. Based on your conclusion from #4, is this regression equation appropriate for predicting shoe size?

6. Use the regression equation to predict your own shoe size:

a. How tall are you?





b. What is your shoe size?






c. Use the regression equation from above to predict your shoe size based on your height.
7. Interpret the coefficient of determination (r2) in the context of this application. 
Another method of determining if a linear model is appropriate for a specific situation is to test a plot of residuals.  Residuals are the difference between the value predicted by a regression line and the value obtained from the actual data.
EXCEL PROCEDURES:

1. Copy your columns A and B to a new sheet to start the residual calculation.

2. In cell C1 type “Y-hat”.  In cell C2, type an equation (starting with the = sign) that represents the regression equation prediction for the value in A2.  For instance, if the regression equation was y=0.03x-15, you’d type =0.03A2-15 in cell C2. Then copy the formula into cells C3 through C104.
3. In cell D1 type “Residuals”.  In cell D2 compute the difference between the measured value and the predicted value by typing =B2-C2.  Then copy this formula into the remaining cells in the column down to D104.

4. Create a scatter plot of the data in column D plotted against the x-values in Column A.  Repeat steps 3 & 4 from the previous set of Excel procedures to produce the scatterplot and the trendline for the residual data.  Use the scatterplot to answer the following questions.  Copy and paste the graph here.

ANALYSIS:
8. Do the residuals in your plot appear to be scattered randomly above and below the line y=0 or do they appear to take on a pattern?  (Patterns suggest the linear model may not be appropriate; randomness suggests it’s the best predictor.  Use your best judgment here, but explain your reasoning.)
9. Does the trendline on the residual plot follow the line y=0?   What might this suggest about how good your model is?

10. Can you spot any clear outliers in the data?

Part III: Nonlinear Correlation and Regression Curve
OBJECTIVES:

· Use Excel to graph a scatterplot in order to determine the relationship between two variables.
· Find a regression equation using intrinsically linear methods or nonlinear methods.

1. Select a data set from the website http://www.itl.nist.gov/div898/strd/nls/nls_main.shtml. There are several to choose from. Choose a data set with a minimum of 14 data points, but probably no more than 50 or so.

2. Transfer the data into Excel.

3. Graph the scatterplot and post the graph below.  What sort of regression equation does it look like?

4. Add the trendline to the graph.  The default is linear, but if you click on the More Options dropdown menu in the trendline, you can select other models like polynomials and other types.  Select display Equation on Chart and Display R-Squared value to find the best fit.

5. Transform the variables if the equation is likely to be logarithmic, exponential, power or rational as described in the textbook and find the regression line.  Record the value of r2 or R2 here along with the regression line.  How good a fit were you able to get?
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