HRP 259 SAS LAB THREE


Lab Three: Libraries and storing datasets, analyzing data in SAS: ttests, paired ttests, and non-parametric equivalents
Lab Objectives

After today’s lab you should be able to:

1. Create a SAS library. Move data into a SAS library. 

2. Run two-sample ttests, paired ttests, and one-sample ttests in SAS and SAS EG using PROC TTEST.
3. Interpret results from PROC TTEST, including equality of variance F-test, pooled variance p-value, and unpooled variance p-value.

4. Understand output from PROC TTEST well enough to fill in TTEST table via hand calculations.

5. Run Wilcoxon signed-rank test (non-parametric equivalent to the one-sample ttest) and Wilcoxon sum-rank test, also known as Mann-Whitney U test (non-parametric equivalent to the two-sample ttest) in SAS and SAS EG using PROC NPAR1WAY. Interpret these results.
SAS PROCs                                     
SAS EG equivalent

PROC UNIVARIATE

Describe(Distribution Analysis…
PROC TTEST


Analyze(ANOVA(tTest
PROC NPAR1WAY

Analyze(ANOVA(Non-parametric One-Way ANOVA
 LAB EXERCISE STEPS:

Follow along with the computer in front…

1. Goto: www.stanford.edu/~kcobb/courses/hrp259 and grab “Data for Lab 3”(this is already in SAS format for you. Save this SAS dataset to the desktop.
2. Libraries are references to places on your hard drive where datasets are stored.  Datasets that you create in permanent libraries are saved in the folder to which the library refers.  Datasets put in the WORK library disappear when you quit SAS (they are not saved). 

To create a permanent library, click on Tools(Assign Project Library…
[image: image1.jpg]SAS Enterprise Guide

Fle Edt View Tasts Progam

= g Process Flom
201 Progans

Program
Frogram

e

Addn

Create

HTML Document,

Style Manager

545 Enterprise Guide Explorer

#ssign

Update Library Metadata.

P Stored Process Packager

Project

ot Lbray..

Maintenance,

View Oper Data Sets

Options

cAata

)




Type the name of the library, lab3 in the name box. SAS is caps insensitive, so it does not matter whether caps or lower case letters appear. Then click Next.
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Browse to find your desktop. We are going to use the desktop as the physical folder where we will store our SAS projects and datasets. Then click Next.
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For the next screen, just click Next…
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Then click Finish.
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3. FYI, here’s the code for creating a library.
/**Create Library**/
libname lab3 ‘C:\Documents and Settings\…………\Desktop’;
4. Find the library and its contents (should contain the classdata dataset) using the Server List window (bottom left of your screen). Double click on “Servers”.
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Locate the Lab3 and work libraries (libraries are represented as file cabinet drawers). Double click on the Lab3 library to open it.
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Notice that the classdata data set is already in the folder. A library is just a pointer to a physical folder on your computer. In this case, we had already saved the classdata dataset in the desktop folder, so it’s already there. Double-click to open the dataset.
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5. Start a new program: Program(New Program. We will now type in code to perform a Ttest comparing differences between people who commute to work (at least three times weekly) and those who don’t. To make our output easier to read, we are going to format the variable IsCommuter. User-created formats are not stored after you close SAS, so need to be re-run each time you open SAS anew.


proc format;




value commuter




1="Commuter"



0="Non-commuter";

run;




proc ttest data=lab3.classdata;

class IsCommuter;

var exercise coffee sleep optimism;

format IsCommuter commuter.;

run;

 Examine the output: 
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	Iscommuter
	Method
	Mean
	95% CL Mean
	Std Dev
	95% CL Std Dev

	Non-commuter
	 
	2.1000
	0.7014
	3.4986
	1.9551
	1.3448
	3.5692

	Commuter
	 
	2.0455
	1.1139
	2.9770
	1.3866
	0.9689
	2.4334

	Diff (1-2)
	Pooled
	0.0545
	-1.4819
	1.5909
	1.6800
	1.2776
	2.4538

	Diff (1-2)
	Satterthwaite
	0.0545
	-1.5269
	1.6360
	 
	 
	 





	Method
	Variances
	DF
	t Value
	Pr > |t|

	Pooled
	Equal
	19
	0.07
	0.9415

	Satterthwaite
	Unequal
	16.086
	0.07
	0.9426



	Equality of Variances

	Method
	Num DF
	Den DF
	F Value
	Pr > F

	Folded F
	9
	10
	1.99
	0.2993


6. To do the same analysis using point-and-click, return to the data screen, and hit Analyze(ANOVA(ttest
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Then select two-sample ttest. 
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Hit Data on the left-hand menu. Then drag IsCommuter to be your classification variable and exercise, coffee, sleep, and optimism to be your analysis variables. 
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Then hit Plots on the left-hand menu, and ask SAS to automatically generate histograms and QQ plots—so that we can examine the normality assumption for these variables.
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8. Because we have a small sample, we should test for normality of the outcome variables to check if ttest is appropriate here.  Besides examining plots, we can also ask for formal tests of normality. Here, the null hypothesis is that the variable follows a normal distribution.

proc univariate normal data=lab3.classdata;
var exercise coffee sleep optimism;

run;
Exercise: borderline evidence against normality.
	Tests for Normality

	Test
	Statistic
	p Value

	Shapiro-Wilk
	W
	0.892104
	Pr < W
	0.0247

	Kolmogorov-Smirnov
	D
	0.184061
	Pr > D
	0.0626

	Cramer-von Mises
	W-Sq
	0.096145
	Pr > W-Sq
	0.1214

	Anderson-Darling
	A-Sq
	0.635161
	Pr > A-Sq
	0.0876


Coffee: clear evidence against normality:
	Tests for Normality

	Test
	Statistic
	p Value

	Shapiro-Wilk
	W
	0.662344
	Pr < W
	<0.0001

	Kolmogorov-Smirnov
	D
	0.262742
	Pr > D
	<0.0100

	Cramer-von Mises
	W-Sq
	0.423248
	Pr > W-Sq
	<0.0050

	Anderson-Darling
	A-Sq
	2.380795
	Pr > A-Sq
	<0.0050


Sleep: meets the normality assumption:
	Tests for Normality

	Test
	Statistic
	p Value

	Shapiro-Wilk
	W
	0.955047
	Pr < W
	0.4502

	Kolmogorov-Smirnov
	D
	0.13987
	Pr > D
	>0.1500

	Cramer-von Mises
	W-Sq
	0.07037
	Pr > W-Sq
	>0.2500

	Anderson-Darling
	A-Sq
	0.446506
	Pr > A-Sq
	>0.2500


Optimism: reasonable evidence against normality:

	Tests for Normality

	Test
	Statistic
	p Value

	Shapiro-Wilk
	W
	0.914405
	Pr < W
	0.0671

	Kolmogorov-Smirnov
	D
	0.235294
	Pr > D
	<0.0100

	Cramer-von Mises
	W-Sq
	0.145665
	Pr > W-Sq
	0.0244

	Anderson-Darling
	A-Sq
	0.79912
	Pr > A-Sq
	0.0335


7. With point-and-click, get normality tests and normality plots using Distribution Analysis. In the data window: Describe(Distribution Analysis…
Drag coffee, exercise, sleep, and optimism to be analysis variables 
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Click Plots on the left-hand menu and then select Probability plot
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Then click on Tables on the left-hand menu and select Tests of normality. Then hit Run.
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Coffee is the worst offender, so definitely might want to try non-parametric analysis for coffee…

8. To get non-parametric tests, write a new program (Program(New Program) to do PROC NPAR1WAY:
proc npar1way data=lab3.classdata wilcoxon; 

class IsCommuter;

var coffee;

format IsCommuter commuter.;

run; 
Explanation of code:


proc npar1way data=lab3.classdata wilcoxon;                                                                                                       

   
class IsCommuter;

var coffee;

format IsCommuter commuter.;

run;   
OUTPUT:

	Wilcoxon Scores (Rank Sums) for Variable coffee
Classified by Variable Iscommuter

	Iscommuter
	N
	Sum of
Scores
	Expected
Under H0
	Std Dev
Under H0
	Mean
Score

	Non-commuter
	10
	92.0
	110.0
	13.760710
	9.200000

	Commuter
	11
	139.0
	121.0
	13.760710
	12.636364

	Average scores were used for ties.


The NPAR1WAY Procedure

	Wilcoxon Two-Sample Test

	Statistic
	92.0000

	 
	 

	Normal Approximation
	 

	Z
	-1.2717

	One-Sided Pr < Z
	0.1017

	Two-Sided Pr > |Z|
	0.2035

	 
	 

	t Approximation
	 

	One-Sided Pr < Z
	0.1090

	Two-Sided Pr > |Z|
	0.2181

	Z includes a continuity correction
of 0.5.


	Kruskal-Wallis Test

	Chi-Square
	1.7111

	DF
	1

	Pr > Chi-Square
	0.1908


** Compare with results of previous t-test for coffee drinking: 
	Method
	Variances
	DF
	t Value
	Pr > |t|

	Pooled
	Equal
	19
	-1.24
	0.2317

	Satterthwaite
	Unequal
	13.687
	-1.28
	0.2220


The p-values are actually fairly similar (.20 for non-parametric vs. .22 for ttest) despite the large deviation from normality (e.g., the ttest is robust against the normality assumption even at this sample size!).
9. To point and click your way to these non-parametric tests, use Analyze(ANOVA(Non-parametric One-Way ANOVA
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Choose Commuter as the independent variable and coffee as the dependent variable.
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Under Analysis, ask just for the Wilcoxon test. Then click Run.
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10. Paired ttest: I added a few mock variables to the dataset: “pre_bp” is a person’s blood pressure before receiving the midterm exam and “post_bp” is a person’s blood pressure after receiving the exam. Here’s the code to run a paired ttest to see whether there is a significant mean change between the two time points:

proc ttest data=lab3.classdata;


paired post_bp*pre_bp;


title 'paired ttest';

run;


8. Examine and discuss output.


	N
	Mean
	Std Dev
	Std Err
	Minimum
	Maximum

	21
	1.2857
	2.8661
	0.6254
	-4.0000
	9.0000


	Mean
	95% CL Mean
	Std Dev
	95% CL Std Dev

	1.2857
	-0.0189
	2.5903
	2.8661
	2.1927
	4.1388



	DF
	t Value
	Pr > |t|

	20
	2.06
	.0531


9. To get a paired ttest using point-and-click: In the data window, Analyze(ANOVA(ttest
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Select Paired ttest
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Choose pre_bp and post_bp as your analysis variables.
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Select plots on the left-hand menu, and then check the box to get normal Q-Q plot for the difference. Then hit Run.
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Automatically gives us this nice normality plot for the difference of pre and post BP.
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10. Normality doesn’t look bad here. But let’s try a non-parametric equivalent to the paired ttest anyway. To get a Wilcoxon signed-rank test, write a new program:
proc univariate data=lab3.classdata;

var diff_bp;

run;

11. Examine the output. Notice that the output also gives you the results of the paired ttest!



	Tests for Location: Mu0=0

	Test
	Statistic
	p Value

	Student's t
	t
	2.055745
	Pr > |t|
	0.0531

	Sign
	M
	4
	Pr >= |M|
	0.0576

	Signed Rank
	S
	50.5
	Pr >= |S|
	0.1153




12. To get a signed-rank test using point-and-click on the, use Describe(Distribution Analysis:

Drag diff_bp under analysis variables
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Then under Tables, make sure that “Tests for Location” is selected. Hit Run.
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This statistic is needed when there are more than 2 groups (non-parametric equivalent to ANOVA).





Two-sided p-value for T19=0.07 is 0.9415.





We see formatted values rather than 0’s and 1’s as a result of the formatting.





Same as proc ttest





List the continuous variables to compare between the two groups here.








� EMBED Equation.3  ���





This is the standard error of the difference between the group means, calculated using the pooled variance:


� EMBED Equation.3  ���





Basic statistics about the two groups and their difference.





This is the pooled standard deviation, calculated as:


� EMBED Equation.3  ���





Upper and lower 95% confidence limits are also given for the standard deviation estimates, though we usually don’t do anything with these.  





Requests non-parametric statistics (=”npar”) that are analogues of 1-way ANOVA (includes ttests).





Mean exercise hours per week for the non-commuter group is 2.1 hours and for the commuter group is 2.05 hours. Difference in means=0.0545 hours.





T20=� EMBED Equation.3  ���





Borderline evidence of a significant mean change in blood pressure! 





Wilcoxon sign rank test is too conservative when normality assumption is met. 





Upper and lower 95% confidence limits are given for each group mean and for the difference in means between the 2 groups.  Notice that the confidence interval for the difference in means is: -1.4819 to 1.5909, which clearly crosses 0.  





The 95% confidence interval for the difference in means is slightly different depending on whether the pooled or unpooled standard deviation is used.











Sample standard deviation of the difference





� EMBED Equation.3  ���








An F-test tests the null hypothesis that two variances are equal (null here: the variance of exercise time in commuters = the variance of exercise time in non-commuters).  A significant p-value for the F-test indicates variances are not equal and unpooled variance t-test must be used.  In this case, the p-value is insignificant, so the pooled variance t-test can be used.








The class statement tells SAS which variables are categorical variables. For a ttest, identify the binary comparison group here.








Run a ttest.








This is the same p-value that we got using PROC TTEST above.





Normal approximation uses the estimate of expected sum of scores and standard deviation of sum of scores from above:� EMBED Equation.3  ���





Sum of ranks from 1-21 of the two groups.  





The Wilcoxon  signed-rank test is the non-parametric equivalent of the paired ttest. The idea is, take the absolute values of all the positive and negative changes; then rank these values from 1 to 21 in magnitude. Then sum the ranks from the values that were originally positive changes and sum the ranks from the values that were negative changes. Under the null hypothesis, these two groups of ranks ought to be roughly balanced.   (i.e., negative changes and positive changes are equal). 





Expected sum of ranks for groups of 10 and 11 if there is no difference between the two groups coffee drinking (null hypothesis).  



































Apply the commuter format to the variable IsCommuter





I can name the format anything I want. Here I’m  calling it the “commuter” format.





When we apply this format to a binary variable it will print “Commuter” instead of the value 1 and “Non-commuter” instead of the value 0.  This simply makes the output easier to read!














Wilcoxon sum-rank test assumes that the two groups have the same dispersion for coffee (analogous to ttest homogeneity of variances assumption)





“Sign test” just tests the null hypothesis that the number of positive changes is roughly half the total number of subjects. I.e., if there’s no real change, about half should be positive changes and half negative. (binomial)
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