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Class Size and Test Scores

Ordinary Least Squares (OLS) Regression

California has instituted testing to rank school quality in the state.  The Department of Education has recently released the results from last year’s test.  These results provide school level data for an academic performance index score, average class size, percent of teachers with credentials, teachers with emergency credentials, and demographics of students.  We can use regression analysis to examine which factors are most important in determining student success.  This problem set walks you through the process of using Excel to conduct a regression of test scores on class size, credential status, and student demographics.  The purpose of this exercise is for you to become familiar with the concept of regression analysis, and for you to recognize its potential and its limitations.  

The data can be found on my website, www.csus.edu/indiv/o/okeefes, ‘api regression exercise.xls.’  Right click on this file, and click ‘Save target as’ to save the file to your desktop.  You will find data on 4601 schools describing API score, average class size for K-3rd grade and 4th-6th grade, percent of teachers credentialed, percent with emergency credentials, percent of students who receive free lunches, and percent of students representing each racial group. 

Regression analysis can be used to find the equation of a line that describes the relationship between two variables.  It does this by minimizing the sum of the square of the distances between each observation point and the line.  By minimizing the sum of the square of the distance, rather than the sum of the distance, it places more importance on points far from the line.

1. Open the Tools menu and choose Data Analysis.  A window will open which shows you different analysis procedures in Excel.  Choose Regression and click OK.  Begin by determining how the share of teachers with emergency credentials affects test scores.  In the window, you need to enter the data for the regression. Your y-variable is test scores (api), and your x-variable is percent with emergency credentials.  In the ‘Input Y-Range’ box enter the column of api scores by typing in the reference for the corresponding cells, E1:E4602.  Excel will enter the corresponding column and rows ($E$1:$E$4602).  Similarly enter the X variable, emergency credentials, in the ‘Input X-Range’ box, F1:F4602.  Click the ‘Labels’ box so that the output has variable labels.  In the second box choose ‘New worksheet ply’, and give the new sheet a name.  Click OK and the regression results will appear in a new worksheet.  

2. Important statistics are presented in the output.  ‘R2’ describes the percent of the variation in Y that is explained by X.  R2 equal to 1 would imply that emergency credentials are a perfect predictor of test scores.  Since this is not the case, our R2 is less than one.  Generally, higher values of R2 imply that the model is a better fit for the data.  The equation of the line is embedded in the ‘coefficients’ provided by the regression.  The intercept and the slope are presented, which give us the equation of the line.  (Remember slope intercept form is Y=a+bX, where a is the intercept and b is the slope.)  Write out the equation of the line.  If the share of teachers with emergency credentials increases by one percentage point, how much does the API change? 

3. T-statistics describe the significance of the coefficients.  Larger t-statistics imply that the coefficient is more precisely estimated.  A t-statistic with absolute value greater than 2 generally means that the coefficient is statistically different from zero.  Is the coefficient on emergency credentials statistically significant?

4. We have data on other factors that may influence test scores, and may improve the fit of our model.  We can conduct a multiple regression that controls for the influence of these other factors on test scores, and improves our estimate of the impact of emergency credentials.  The procedure is similar to step 1.  Go back to your original data worksheet.  Change the ‘Input X-Range’ to include average class size for both K-3 and 4-6, F1:H4602.  Also remember to give the output sheet a new name. 

5. What has happened to R2?  

6. What has happened to the magnitude and significance of the coefficient on emergency credentials?  

7. What is the effect of increasing the average class size in grades K-3 by one student?  

8. Now add all available variables to the regression. Go back to your original data worksheet.  Change the ‘Input X-Range’ to include student demographics, F1:Q4602.  Also remember to give the output sheet a new name.

9. What has happened to R2?  

10. What has happened to the magnitude and significance of the coefficient on emergency credentials?  

11. What is the effect of increasing the average class size in grades K-3 by one student?  Compare this to what you found in question 7.

12. Write the equation which describes the effect of all observed variables on test scores.  (This equation will take the form Y=a+b1X1+ b2X2+ b3X3+ b4X4+ … where Y is ‘API’ and X1 is ‘% emergency credentials’)  

13. If we had just conducted the regression in question 4 and stopped there, what would we have concluded about the importance of class size on test scores?  Now that we have added other variables to the analysis, what would you conclude?

14. Do you believe that the results suggest that teachers with emergency credentials are less effective than other teachers?  Do you believe that the results suggest that small class sizes do not increase student test scores?  What other factors could be affecting test scores that we were unable to include because of lack of data?  What information would you like to have in order to determine the impact of each variable on test scores?

Education and Wages

Ordinary Least Squares (OLS) Regression

One of the questions you probably asked yourself when choosing to go to college was, “How much will my earnings increase if I continue my education?”  In order to try to answer this question, you will use data on earnings and education taken from the Current Population Survey.  This problem set walks you through the process of using Excel to conduct a regression of wages on years of education.  The purpose of this exercise is for you to become familiar with the concept of regression analysis.  

1. The data can be found on my website, www.csus.edu/indiv/o/okeefes, ‘regression-1.xls.’  Right click on this file, and click ‘Save target as’ to save the file to your desktop.  Open this file in Excel.  You will find data on over 500 workers that describe years of education, marital status, race, sex, union status, regional location, potential experience
, and hourly wage.  The top of the sheet describes each variable.  Using pencil and paper, sketch a graph with education on the horizontal axis and wage on the vertical axis.  Plot wage and education for the first 20 observations.  







2. Regression analysis can be used to find a line that describes the relationship between two variables.  It does this by minimizing the sum of the square of the distances between each observation point and the line.  By minimizing the sum of the square of the distance, rather than the sum of the distance, it places more importance on points far from the line.  Draw a line on your graph which seems to be a ‘best fit’ for the data points you just plotted.  Draw vertical lines between some of the points and the line you just drew.  The sum of the square of these vertical distances will be minimized in regression analysis.  

3. Open the Tools menu and choose Data Analysis.  A window will open which shows you different analysis procedures in Excel.  Choose Regression and click OK.  In the window, you need to enter the data for the regression.  You want to determine how years of education affect wages, so your y-variable is wages, and your x-variable is years of education.  In the ‘Input Y-Range’ box enter the column of wages by highlighting the observations and the label above the wages on the spreadsheet.  Excel will enter the corresponding column and rows ($I$17:$I$545).  Similarly enter the X variable, education, in the ‘Input X-Range’ box.  Click the ‘Labels’ box so that the output has variable labels.  In the second box choose ‘New worksheet ply’, and give the new sheet a name.  Click OK and the regression results will appear in a new worksheet.  

4. Important statistics are presented in the output.  ‘R2’ describes the percent of the variation in Y that is explained by X.  R2 equal to 1 would imply that education is a perfect predictor of wages, that is, all people with the same years of education always earn the same wage.  Since this is not the case, our R2 is less than one.  Generally, higher values of R2 imply that the model is a better fit for the data.  The equation of the line is embedded in the ‘coefficients’ provided by the regression.  The intercept and the slope are presented, which give us the equation of the line.  (Remember slope intercept form is Y=a+bX, where a is the intercept and b is the slope.)  Write out the equation of the line.  If education increases by one year, how much does wage change? 

5. T-statistics describe the significance of the coefficients.  Larger t-statistics imply that the coefficient is more precisely estimated.  A t-statistic with absolute value greater than 2 generally means that the coefficient is statistically different from zero.  Is the coefficient on education statistically significant?

6. Education is not the only factor that influences wages.  We have data on other factors that may influence wage, and may improve the fit of our model.  We can conduct a multiple regression that controls for the influence of all of these other factors on wages, and improves our estimate of the impact of education.  The procedure is similar to step 3.  Go back to your data worksheet.  Change the ‘Input X-Range’ to include Education, South, Black, Hispanic, Female, Married, Experience, and Union by highlighting all of these variables.  Also remember to give the output sheet a new name. 

7. What has happened to R2?  

8. What has happened to the magnitude and significance of the coefficient on education?  

9. What is the effect of one more year of education on wages?  

10. If you work 40 hours a week, 50 weeks a year, about how much would you expect your annual salary to increase if you obtained one more year of education?  

11. Write the equation which describes the effect of all observed variables on wages.  (This equation will take the form Y=a+b1X1+ b2X2+ b3X3+ b4X4+ …)  

12. Notice that most of the variables added to the model are ‘indicator’ or ‘dummy’ variables which take on the value of zero or one, to ‘indicate’ whether the worker fits the category of southern, Hispanic, or female, etc.  To consider the effect of being female on wage, recognize that the variable takes on the value of 1 for women and 0 for men.  The coefficient on female is about –2, which implies that women’s wages are generally two dollars less than men’s, even after controlling for differences in education.  What is the effect of having a union job on wages?
















� Potential labor market experience is calculated as (age-years of education-5).





1

