lab guide
BIVARIATE LINEAR REGRESSION (SPSS); LINEAR MODELS (R-COMMANDER)
What variables can I use?
Both of your variables (outcome/dependent and predictor/independent) should be numerical variables. Do not use categorical variables. If you decide to use scale variables with a small number of scale values (such as Likert-type items), do so with caution—these variables are not really numerical data. 
At this point, do not use a binary variable for your outcome/dependent variable (that should be done with a logistic regression or a linear probability model).
Variables should be somewhat normally distributed for regression analysis. If they are positively skewed, consider using a log (LN) transformation before entering them into the model. Note that a variable needs to be positively skewed for the LN transformation and that it should not include any 0 values. (For example, if a country reports 0% illiterate, that number should be changed to 1% or even .1% for “mathematical reasons.”)
Step 1: Formulating a Question
· Think about relationships between variables that might be interesting to examine. One way to do this is to select a variable that would make a good dependent variable (“outcome”) and ask which other (numerical) variables might be good predictors.
· State your question clearly in plain language (e.g., Are people’s weights related to their heights? For countries, are their infant mortality rates related to their literacy rates?)
Step 2: Looking at the Univariate Distributions
· Look at the variables one variable at a time, following the instructions in the Descriptives Lab Guide. In SPSS, use Analyze-Explore, Analyze-Descriptives, and Graphs-Legacy-Histogram. In R-Commander, use Graphs-Histogram. This helps us decide whether the variables are somewhat normally distributed.
· If a variable does not look near-normal in its histogram, but positively skewed, consider a log transformation. (Be sure to turn 0 values into small positive numbers before the transformation.)
· In SPSS, you can sort the data set on the basis on any variable: Data-Sort (and enter the variable). When you return to the Data View screen you will see the cases have been sorted on that variable. In R-Commander, you can sort with Data-Active Data Set-Sort Active Data Set and then select the variables for the sort, their priority, and the order (ascending or descending) for each.
Step 3: Correlation
Obtain the correlation of the two variables of interest:
In SPSS, click on Analyze-Correlation-Bivariate and enter the two variables you want to correlate. The order does not matter. The output will be a little table that shows the correlation coefficient (and whether it is negative or positive), the p=value (is it significant?), and the sample size for which the correlation was computed. How would you interpret the result?
In R-Commander, select Statistics-Summaries-Correlation matrix, and select two or more continuous variables. You will see the correlation table with the correlation coefficients, and then below the correlation table you can see the pairwise p-values. Was the correlation coefficient shown in the table significant for that pair of variables?
In both SPSS and R-Commander, you can enter more than two variables into the correlation and obtain a “correlation matrix” showing all the pairwise Pearson Correlation Coefficients and their pairwise statistical significance. The table is symmetrical (it does not matter which variables are considered predictors and which are considered outcomes). Along the diagonal of the table, in each cell, you will see 1—because that is the correlation coefficient when the variable is correlated with itself!
Step 4: The Scatterplot
· In SPSS, click on Graphs-Legacy-Scatterdot.
· In R-Commander, select Graphs-Scatterplot.
· Enter your variables on the axes to match the question you are trying to answer.
· Look at the scatterplot—does it look linear? (Don’t be too picky about this.) How would you describe the distribution of points? What does each point represent?
· In SPSS, click in the diagram, and in the Chart Editor, click on Total Fit line. This will put the OLS regression line into the scatterplot and also provide the value of R-squared. You can also put on case labels that will match the case numbers you currently have in the data view—so you can figure out which cases you are looking at.
· In R-Commander, you can get the regression line by selecting the Options tab on the Scatterplot dialog box and then checking the option Least-squares line.
· What does it mean for a case to be above or below the regression line for these two variables? 
Step 5: The Regression Analysis
If the scatterplot looks somewhat linear (and the correlation is significant), proceed with the regression analysis.
In SPSS, click on Analyze-Regression-Linear.
In R-Commander, click on Linear Model.
Enter the variables to match the scatterplot (X is independent; Y is dependent) and your question.
In R-Commander, set up the linear model by selecting Statistics-Fit Models-Linear Regression. (More complex models are available with Statistics-Fit Models-Linear Model.)  

The Output
· What, if anything, is significant in the analysis? (If nothing, move on to a different one.)
· How would you interpret R? (Hint: strength and direction.) (Warning: SPSS will not print the minus sign for R so you have to figure out the direction from the slope coefficients; you can also go to Analyze-Correlate and obtain the correlation coefficient directly in a table.)
· How would you explain R-squared? What does it tell you about the regression?
· In R-Commander, if you want the regression model with standardized coefficients, you must standardize the variables by creating Z-scores of each variable and then run the regression with the Z-score versions of each variable. (Technically this regression should be run without an intercept term, but it is basically okay to ignore the intercept results.)
· Write the regression equation for the standardized coefficient and then for the unstandardized ones. Can you interpret the regression equation for the unstandardized coefficients? (e.g., If we are looking at data for countries, for each additional percentage point of female literacy, the infant mortality rate is ____ lower.)
Interpretation
· What can you say about your result in plain language? How would you answer your initial question?
· Because the independent variable you picked probably did not explain/predict all the variation in the dependent variable, what other variables might help to predict/explain the outcome? Suggest a third variable in your data set that you could include in the analysis. Can you think of any variables that are not in our data set that might be important?
· Do you think the relationship you found is a causal relationship? Why or why not?
Try several regressions till you feel comfortable formulating questions, testing relationships, and discussing your results.
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