Missing Data: Multiple Imputation 
The dataset “college.csv”* contains data from 1302 American colleges and universities from the U.S. News and World Report Guide to America’s Best Colleges 1994.  The file contains the following variables:
	Variable
	Label

	Gradrat
	Ratio of graduating seniors to number that enrolled four years earlier (X 100)

	CSAT
	Combined average scores on verbal and math sections of the SAT

	Lenroll
	Natural logarithm of the number of enrolling freshman

	Private
	1=private; 0=public

	Stufac
	Ratio of students to faculty (X 100)

	Rmbrd
	Total annual costs for room and board (in $1000) 

	ACT
	Mean ACT scores



The goal is to determine the influence of CSAT, lenroll, private, stufac and rmbrd on the graduation ratio.  ACT is an auxiliary variable that is strongly correlated with CSAT.

1. Fill out the following table.
	Variable
	# of Non-missing Cases
	Mean
	SD

	Gradrat
	1302-98 =1204
	60.41
	18.89

	CSAT
	1302-523 =779
	967.98
	123.58

	Lenroll
	1302-5 =1297
	6.17
	1.00

	Private
	1302-0 =1302
	14.86
	5.19

	Stufac
	1302-2=1300
	0.64
	0.48

	Rmbrd
	1302-519 =783
	4.15
	1.17

	ACT
	1302-588 =714
	22.12
	2.58



2. How many total individuals are there? How many had a complete set of data (ACT excluded)? What is the correlation between CSAT and ACT?

N=1302
297 (with ACT and others) + 158 (without ACT and others) = 455
Corr(ACT,CSAT) = 0.91


3. Check the distributions of the variables for normality – are they approximately normally distributed?  

The variable private is dichotomous and therefore will not have a normal distribution. However, it is complete and therefore shouldn’t be a problem in the imputation if assume mvn.  Just looking at q-q plots none of the other variables have particularly worrisome distributions that you’d be concerned would violate a mvn assumption.

*NOTE: There are statistical tests to test for normality (e.g., K-S or Shapiro-Wilke test), and some variables may have a significant p-values, be careful using p-values as a means to test assumptions.  They tend to be significant when you have a lot of data (as is the case for this example) in which case, the large sample size tends to be robust to violations of distributional assumptions. They tend to be non-significant in smaller sample sizes where the impact of violations of the distributional assumptions might actually matter. 

*Adapted from Allison. Missing Data. 2002.
4. Run a regression of gradrat on CSAT, lenroll, private, stufac and rmbrd.  Fill out the table below:
	Variable
	Beta
	SE(beta)
	t-value
	p-value

	CSAT
	0.067274
	0.006
	10.47
	<0.001

	Lenroll
	2.417051
	0.96
	2.52
	0.012

	Private
	13.588063
	1.95
	6.98
	<0.001

	Stufac
	-0.123063
	0.13
	-0.93
	0.35

	Rmbrd
	2.161692
	0.71
	3.03
	0.002



5. Using a complete case analysis makes what assumption about the missing data mechanism?

MCAR

6. What are the disadvantages of performing a complete case analysis?

Loss of power, biased coefficients if missing is not MCAR


7. What assumption is made about the missing data mechanism when MI is used?

MAR

Conduct a multiple imputation and answer the questions that follow.


8. If we’re not interested in the impact of ACT on graduation ratio as a research question, why would we include it in our MI model?

ACT is strongly correlated with CSAT which has a considerable amount of missing data. Therefore, it can be used as an auxiliary variable as it contains information about CSAT.


Now that we have created multiple imputed datasets, we next need to analyze each of them.  Given that we’d like to look at the impact of each of these variables on gradrat, an appropriate analysis would be a linear regression.  
Fill out the table below using results from the combined analysis of the imputed data:
	Variable
	Beta
	SE(beta)
	t-value
	p-value

	CSAT
	0.06705379
	0.005
	14.01
	<0.001

	Lenroll
	2.06869551
	0.61
	3.41
	<0.001

	Private
	12.8437977
	1.28
	10.06
	<0.001

	Stufac
	-0.19628041
	0.10
	-2.00
	0.046

	Rmbrd
	2.2687269
	0.54
	4.23
	<0.001



9. Estimate the percent change in the beta estimate that the complete case analysis differed from MI. Were there any notable changes?

	Variable
	Beta (MI)
	Beta (complete)
	% Change
(MI as denom)
	% Change
(Complete as denom)

	CSAT
	0.06705379
	0.067274
	-0.33%
	-0.33%

	Lenroll
	2.06869551
	2.417051
	-16.8%
	-14.4%

	Private
	12.8437977
	13.588063
	-5.79%
	-5.48%

	Stufac
	-0.19628041
	-0.123063
	37.3%
	59.5%

	Rmbrd
	2.2687269
	2.161692
	4.72%
	4.95%



Yes, coefficients for lenroll,  and stufac changed by more than 10%.  Stufac changed considerably.


10. What happened to the t-values?  
T-values were generally less extreme for the complete case compared to MI given the lower sample size.
	Variable
	t-value
Complete
	t-value
MI

	CSAT
	10.47
	14.01

	Lenroll
	2.52
	3.41

	Private
	6.98
	10.06

	Stufac
	-0.93
	-2.00

	Rmbrd
	3.03
	4.23





11. The investigator suspects that the impact of CSAT on GRADRAT may depend on whether the school is private or public.  Using your imputed data set, create an interaction (i.e. product term) for CSAT*PRIVATE and re-run the regression (by imputation) with the product term included. What is the beta coefficient and p-value for the interaction term?

Beta = -0.0109; p-value = 0.183

12. Now run separate imputations for the private and public schools (i.e. use two separate imputations). Then combine the multiply imputed data for public with the multiply imputed data for private and create an interaction term for private by CSAT. Re-run the regression (by imputation) with the product term included.  What is the beta coefficient and p-value for the interaction term? Is it different than in question 11?  Explain why or why not?

Beta= -0.0207; p-value = 0.012

The first imputation did not accommodate higher order moments from the interaction and therefore we were unable to detect.  When the imputation model was unrestricted, the interaction was observed.


