Stat I Homework 3

Due February 14, 2008

Within-subjects t test and Wilcoxon signed-rank test
Problem 1 – Within-subjects t test

The data set CRASH.sav (along with its documentation CRASH.doc) is available on the course website.

A)
Perform a within-subjects t-test to see if the left femur load for a dummy placed in the driver’s seat is significantly different from the right femur load for a dummy placed in the driver’s seat. Check the assumptions of normality and homoscedasticity and state whether you feel that they are sufficiently met.

SPSS produces the following output for this test.


Paired Samples Test

	 
	Paired Differences
	t
	df
	Sig. (2-tailed)

	 
	Mean
	Std. Deviation
	Std. Error Mean
	95% Confidence Interval of the Difference
	 
	 
	 

	 
	 
	 
	 
	Lower
	Upper
	 
	 
	 

	Pair 1
	dlleg - drleg
	199.02410
	606.59472
	47.08088
	106.06546
	291.98274
	4.227
	165
	.000


From this we can see that the left femur load is significantly different from the right femur load for people in the driver’s seat (t[165] = 4.227, p < .001 using a two-tailed test). Since the t statistic is positive we know that the load is greater for the right leg.

The following graphs illustrate the distribution of the load on the left leg for someone in the driver’s seat.

[image: image1.emf]3000.00 2500.00 2000.00 1500.00 1000.00 500.00 0.00 dlleg 30 25 20 15 10 5 0 Frequency Mean = 1014.4152 Std. Dev. = 526.41704 N = 171

__[image: image2.emf]1.0 0.8 0.6 0.4 0.2 0.0 Observed Cum Prob 1.0 0.8 0.6 0.4 0.2 0.0 Expected Cum Prob Normal P-P Plot of dlleg
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The following graphs illustrate the distribution of the load on the right leg for someone in the driver’s seat.

[image: image3.emf]3000.00 2500.00 2000.00 1500.00 1000.00 500.00 0.00 drleg 40 30 20 10 0 Frequency Mean = 801.4706 Std. Dev. = 444.50772 N = 170

__ [image: image4.emf]1.0 0.8 0.6 0.4 0.2 0.0 Observed Cum Prob 1.0 0.8 0.6 0.4 0.2 0.0 Expected Cum Prob Normal P-P Plot of drleg

__
The distribution of the load on the left leg is pretty normal, but the distribution of the load on the right leg seems to have a slight skew to the right. However, this is probably not enough to worry about since t-tests are robust to violations of normality.

SPSS reports the following variances of our variables.


Statistics

	 
	dlleg
	drleg

	N
	Valid
	171
	170

	 
	Missing
	5
	6

	Variance
	277114.903
	197587.115


These do not differ by a factor of 10, so we would conclude that this assumption has been met as well.

B)
Perform a within-subjects t-test to see if the left femur load for a dummy placed in the driver’s seat is significantly different from the left femur load for a dummy placed in the passenger’s seat. Check the assumptions of normality and homoscedasticity and state whether you feel they are sufficiently met.

SPSS produces the following output for this test.
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From this we can see that there is not a significant difference between the left leg load for someone in the driver’s seat and the left leg load for someone in the passenger’s seat (t[167] = -1.804, p = .073 using a two-tailed test).

We already saw the distribution of the left leg load for someone in the driver’s seat in part A, observing that it was acceptably normal. The following graphs illustrate the distribution of the left leg load for people in the passenger’s seat.
[image: image6.emf]4000.00 3000.00 2000.00 1000.00 0.00 plleg 30 25 20 15 10 5 0 Frequency Mean = 1093.3721 Std. Dev. = 561.46836 N = 172

__ [image: image7.emf]1.0 0.8 0.6 0.4 0.2 0.0 Observed Cum Prob 1.0 0.8 0.6 0.4 0.2 0.0 Expected Cum Prob Normal P-P Plot of plleg
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This distribution also appears to be fairly normal.

SPSS reports the following variances of our two variables.

Statistics

	 
	dlleg
	plleg

	N
	Valid
	171
	172

	 
	Missing
	5
	4

	Variance
	277114.903
	315246.715


These variances do not differ by a factor of 10 so we would conclude that the assumption of equal variances has been met.

C)
Perform a within-subjects t-test to see if the head injury criterion for a dummy placed in the driver’s seat is significantly different from the head injury criterion for a dummy placed in the passenger’s seat. Check the assumptions of normality and homoscedasticity and state whether you feel they are sufficiently met.

SPSS produces the following output for this test
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From this we can see that the head injury criterion for someone in the driver’s seat is significantly different from the head injury criterion for someone in the passenger’s seat (t[163] = 4.089, p < .001 using a two-tailed test). Since the t statistic is positive we know that the head injury criterion is greater for those in the driver’s seat than those in the passenger’s seat.

The following graphs illustrate the distribution of the head injury criterion for people in the driver’s seat.

[image: image9.emf]4000.00 3000.00 2000.00 1000.00 0.00 dhead 40 30 20 10 0 Frequency Mean = 976.1771 Std. Dev. = 445.71165 N = 175
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This distribution appears to be approximately normal. The following graphs illustrate the distribution of the head injury criterion for people in the passenger’s seat.

[image: image11.emf]3000.00 2500.00 2000.00 1500.00 1000.00 500.00 0.00 phead 50 40 30 20 10 0 Frequency Mean = 825.5394 Std. Dev. = 473.67061 N = 165

__ [image: image12.emf]1.0 0.8 0.6 0.4 0.2 0.0 Observed Cum Prob 1.0 0.8 0.6 0.4 0.2 0.0 Expected Cum Prob Normal P-P Plot of phead

__
This distribution seems to have some severe departures from normality. Although t-tests are robust to violations of this assumption, I might suggest using a Wilcoxon signed-rank test to analyze this data.

SPSS reports the following variances of these variables.

Statistics

	 
	dhead
	phead

	N
	Valid
	175
	165

	 
	Missing
	1
	11

	Variance
	198658.871
	224363.848


The variances of these distributions do not appear to vary by a factor of 10 so we would conclude that the assumption of equal variances has been met.

Problem 2 – Wilcoxon signed-rank test

The data set GOALS.sav (along with its documentation GOALS.doc) is available on the course website.

A)  
Perform a Wilcoxon signed-rank test to see if the first 20 children in the data set differ in the values that they place on grades and sports.  For this part you cannot use SPSS, although you can use Excel to help with your calculations.  Explicitly state your conclusion. If you choose to use Excel, turn in a copy of your spreadsheet.

See the spreadsheet “Wilcoxon key.xls” for my computations. There is not a significant difference between the rankings given to grades and sports (T = 90, 20 untied pairs, p > .10 using a two-tailed Wilcoxon signed-rank test).

B)
Use SPSS to perform a Wilcoxon signed-rank to see if the first 20 children in the data set differ in the values that they place on grades and sports.  The easiest way to do this will be to simply delete all of the cases in the data set except for the first 20 and then perform the analysis. Explicitly state your conclusion.

SPSS reports the following results of this test.
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We again conclude that there is no significant difference between the rankings given to grades and sports (Z = -.591, p = .555 using a two-tailed Wilcoxon signed-rank test).

C)
Use a within-subjects t test to examine the same hypothesis you tested in part B.  Compare the results of this test to the results you obtained in part B.

SPSS reports the following results of a within-subjects t-test comparing the grades and sports rangings.


Paired Samples Test

	 
	Paired Differences
	t
	df
	Sig. (2-tailed)

	 
	Mean
	Std. Deviation
	Std. Error Mean
	95% Confidence Interval of the Difference
	 
	 
	 

	 
	 
	 
	 
	Lower
	Upper
	 
	 
	 

	Pair 1
	grades - sports
	.15000
	1.34849
	.30153
	-.48111
	.78111
	.497
	19
	.625


The t-test procedure actually switched the ordering of our variables so we will need to reverse the sign of our statistic to make it comparable to the Wilcoxon signed-rank test. The results indicate that there is not a significant difference between the rangings given to grades and sports (t[19] = -.497, p = .625 using a two-tailed test).

The conclusion of both of our tests are the same in this circumstance.
D)
Examine the assumptions of the within-subjects t test for the test you performed in part B.  Do you feel that a within-subjects t test or a Wilcoxon signed-rank test is more appropriate in this circumstance?

The following graphs illustrate the distribution of the grades rankings.

[image: image15.emf]6.50 6.00 5.50 5.00 4.50 4.00 3.50 grade 250 200 150 100 50 0 Frequency Mean = 5.1339 Std. Dev. = 0.78432 N = 478
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__
The following graphs illustrate the distribution of the sports rankings.

[image: image17.emf]5.00 4.00 3.00 2.00 1.00 0.00 sports 200 150 100 50 0 Frequency Mean = 2.0858 Std. Dev. = 0.9836 N = 478

__ [image: image18.emf]1.0 0.8 0.6 0.4 0.2 0.0 Observed Cum Prob 1.0 0.8 0.6 0.4 0.2 0.0 Expected Cum Prob Normal P-P Plot of sports

__
The histograms do not appear to be very normal. The normal probability plots aren’t terribly useful because the DV only takes on 4 possible values. I would probably conclude that these data do not meet the assumption of normality because they don’t appear to be unimodal and symmetric.

SPSS reports the following variances of these variables.

Statistics

	 
	grades
	sports

	N
	Valid
	478
	478

	 
	Missing
	0
	0

	Variance
	1.168
	.967


The assumption of equal variances appears to be met. 

I would probably choose to go with the results of the Wilcoxon signed rank test because the data seem to have substantial departures from normality.
Problem 3 – Comparing a within-subjects t test to a Wilcoxon signed-rank test

The data set PULSE.sav (along with its documentation PULSE.doc) is available on the course website.

A)
Use SPSS to perform a within-subjects t-test to determine whether the mean pulse rating at time 1 is significantly different from the mean pulse rating at time 2.

SPSS provides the following results from this analysis. 
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Paired Samples Test

	 
	Paired Differences
	t
	df
	Sig. (2-tailed)

	 
	Mean
	Std. Deviation
	Std. Error Mean
	95% Confidence Interval of the Difference
	 
	 
	 

	 
	 
	 
	 
	Lower
	Upper
	 
	 
	 

	Pair 1
	pulse1 - pulse2
	-21.11009
	29.49367
	2.82498
	-26.70969
	-15.51049
	-7.473
	108
	.000


From this we can see that there is a significant difference between the mean pulse at time 1 and the mean pulse at time 2 (t[108] = -7.473, p < .001 using a two-tailed test), such that participants had higher pulse rates at time 2.

B)
Use SPSS to perform a Wilcoxon signed-rank test to determine whether the median pulse rating at time 1 is significantly different from the median pulse rating at time 2.

SPSS provides the following output from this test.
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From this we can see that the median pulse rate at time 1 is significantly different from the median pulse rate at time 2 (Z = -5.337, p < .001 using a two-tailed Wilcoxon signed-rank test), ), such that participants had higher pulse rates at time 2.

C)
Which test has the lower p-value? In general, which test would expect to have lower p-values?

I have to double click the p-values in SPSS to get this, but the p-value from the within-subjects t-test is 2.171529275121e-011 and the p-value from the Wilcoxon signed-rank test is 9.453299802132e-008. The p-value from the within-subjects t-test is lower. We would expect this because parametric tests such as the within-subjects t-test typically have more power than their corresponding nonparametric tests.

D)
Examine the assumptions of the tests to determine which is more appropriate. 

From the output above we see that the standard deviations of the two groups are 13.3 and 31.6, which means their variances are 177 and 999. These do not differ by a factor of 10, so we would conclude that the assumption of equal variances (homoscedasticity) has been met. Below are histograms and Q-Q plots of the distribution of responses within our groups.
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Although the distribution of pulses at time 1 appears more or less normal, the distribution at time 2 clearly is not. This is not surprising given that there was a manipulation for half of the subjects between time 1 and time 2.

The Wicoxon signed rank test makes the assumption that the distribution of the differences scores is symmetric. I therefore created a difference score variable and then plotted it to check this assumption.
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This graph doesn’t look terribly symmetric, so I would likely conclude that we have a violation of this assumption as well.

Personally I would probably choose to go with the Wilcoxon signed rank test in this circumstance. The violation of normality is very severe, and theoretically we actually would not expect this assumption to be met. Although the assumption of symmetry for the Wilcoxon signed rank test is also violated, this test is somewhat more robust to violations. 
Problem 4 – Using Excel to determine p-values

Create a spreadsheet that will provide you with the one-tailed and two-tailed p-values for both a t-statistic and a Z-statistic. To determine the p-values, you should use the Excel formulas that appear on pages 7 and 8 of the ANOVA notes.

Inputs

1. t statistic

2. Degrees of freedom for t-statistic

3. Z statistic

Outputs

1. One-tailed p-value for t statistic

2. Two-tailed p-value for t statistic

3. One-tailed p-value for Z statistic

4. Two-tailed p-value for Z statistic

See the file “t and Z pvalues 2008-02-14.xls” posted on the course website.

