Stat I Homework 7

Due April 24, 2008

ANCOVA, One-way within-subjects ANOVA, Multifactor within-subjects ANOVA

Problem 1 – ANCOVA and Blocking factors

A)
Use the PULSE.sav data set to perform an analysis predicting the final pulse rate from the whether the student ran in place or not.  Compare the test statistic from this analysis to one where you additionally include the initial pulse rate as a covariate.  How would you explain the difference between the two test statistics, given that you are examining the same IV in both cases?

SPSS reports the following results from an ANOVA predicting the final pulse rate from the running condition.


Tests of Between-Subjects Effects

Dependent Variable: PULSE2 

	Source
	Type III Sum of Squares
	df
	Mean Square
	F
	Sig.

	Corrected Model
	71865.911(a)
	1
	71865.911
	215.037
	.000

	Intercept
	1081695.635
	1
	1081695.635
	3236.649
	.000

	RAN
	71865.911
	1
	71865.911
	215.037
	.000

	Error
	35759.649
	107
	334.202
	 
	 

	Total
	1128943.000
	109
	 
	 
	 

	Corrected Total
	107625.560
	108
	 
	 
	 


a  R Squared = .668 (Adjusted R Squared = .665)

It reports the following results from the corresponding ANCOVA controlling for the participants initial pulse rate.


Tests of Between-Subjects Effects

Dependent Variable: PULSE2 

	Source
	Type III Sum of Squares
	df
	Mean Square
	F
	Sig.

	Corrected Model
	86898.980(a)
	2
	43449.490
	222.210
	.000

	Intercept
	3677.397
	1
	3677.397
	18.807
	.000

	PULSE1
	15033.070
	1
	15033.070
	76.882
	.000

	RAN
	72835.750
	1
	72835.750
	372.497
	.000

	Error
	20726.579
	106
	195.534
	 
	 

	Total
	1128943.000
	109
	 
	 
	 

	Corrected Total
	107625.560
	108
	 
	 
	 


a  R Squared = .807 (Adjusted R Squared = .804)

From this we can see that the F statistic changed from 215.037 to 372.497.  We can see that the variance explained by the running condition is about the same by looking at the mean square for the experimental factor.  However, the mean square error changes from 334.202 to 195.534.  The ANCOVA provides a more powerful test because the variability associated with the initial pulse rate is pulled out of the error term.

B)
The data set SMSA.sav (along with its documentation SMSA.doc) is available on the course website.  Perform an analysis predicting the number of crimes in a metropolitan area from its region.  Then perform the same analysis, including the income of the area as a covariate.  Report the differences between these two analyses and explain which one should you base your statistical inferences on.

SPSS reports the following results from an analysis predicting the number of crimes from the metropolitan area’s region.


Tests of Between-Subjects Effects

Dependent Variable: CRIMES 

	Source
	Type III Sum of Squares
	df
	Mean Square
	F
	Sig.

	Corrected Model
	19215417938.833(a)
	3
	6405139312.944
	.832
	.479

	Intercept
	460560175663.593
	1
	460560175663.593
	59.803
	.000

	REGION
	19215417938.834
	3
	6405139312.945
	.832
	.479

	Error
	1055079786014.146
	137
	7701312306.673
	 
	 

	Total
	1519760691186.000
	141
	 
	 
	 

	Corrected Total
	1074295203952.979
	140
	 
	 
	 


a  R Squared = .018 (Adjusted R Squared = -.004)

It also reports the following results from the same analysis, controlling for the income level.


Tests of Between-Subjects Effects

Dependent Variable: CRIMES 

	Source
	Type III Sum of Squares
	df
	Mean Square
	F
	Sig.

	Corrected Model
	1034780747548.328(a)
	4
	258695186887.082
	890.371
	.000

	Intercept
	71434204.924
	1
	71434204.924
	.246
	.621

	INCOME
	1015565329609.495
	1
	1015565329609.495
	3495.351
	.000

	REGION
	8930835567.192
	3
	2976945189.064
	10.246
	.000

	Error
	39514456404.651
	136
	290547473.564
	 
	 

	Total
	1519760691186.000
	141
	 
	 
	 

	Corrected Total
	1074295203952.979
	140
	 
	 
	 


a  R Squared = .963 (Adjusted R Squared = .962)

We can see that the effect of region is not significant on its own, but that it becomes significant when we include income as a covariate.  We should base our statistical inferences on the second analysis.  The first analysis ignores the dependence in crime rate caused by variations in income, which violates the assumptions of ANOVA.

C)
The data set CRASH.sav (along with its documentation CRASH.doc) is available on the course website.  Perform an analysis predicting the damage to a driver’s head from the number of doors in the vehicle, treating the number of doors as a categorical IV.  Then perform the same analysis, including the type of protection as a blocking factor.  Is there a difference between the two analyses?  Explain why or why not.

SPSS reports the following results from an analysis predicting the damage to the head from the number of doors in the vehicle.


Tests of Between-Subjects Effects

Dependent Variable: DHEAD 

	Source
	Type III Sum of Squares
	df
	Mean Square
	F
	Sig.

	Corrected Model
	308171.058(a)
	1
	308171.058
	2.326
	.129

	Intercept
	107864225.987
	1
	107864225.987
	814.206
	.000

	DOORS
	308171.058
	1
	308171.058
	2.326
	.129

	Error
	18546897.175
	140
	132477.837
	 
	 

	Total
	132656115.000
	142
	 
	 
	 

	Corrected Total
	18855068.232
	141
	 
	 
	 


a  R Squared = .016 (Adjusted R Squared = .009)

It also reports the following results when we include the type of protection as a blocking factor.


Tests of Between-Subjects Effects

Dependent Variable: DHEAD 

	Source
	Type III Sum of Squares
	df
	Mean Square
	F
	Sig.

	Corrected Model
	5116322.456(a)
	5
	1023264.491
	10.129
	.000

	Intercept
	23327048.193
	1
	23327048.193
	230.915
	.000

	DOORS
	586997.438
	1
	586997.438
	5.811
	.017

	PROTECT
	4808151.398
	4
	1202037.850
	11.899
	.000

	Error
	13738745.777
	136
	101020.190
	 
	 

	Total
	132656115.000
	142
	 
	 
	 

	Corrected Total
	18855068.232
	141
	 
	 
	 


a  R Squared = .271 (Adjusted R Squared = .245)

There is a difference between the two analyses.  While the number of doors did not have a significant effect in the first analysis, it does in the second analysis.  Just as with a covariate, a blocking factor pulls variability away from the error term, increasing the value of our test statistics.

D)
The data set CRASH.sav (along with its documentation CRASH.doc) is available on the course website.  Perform an analysis predicting the damage to a driver’s head from the number of doors in the vehicle, treating the number of doors as a categorical IV.  Then perform the same analysis, including the weight of the vehicle as a covariate.  Is there a difference between the two analyses?  Explain why or why not.

The initial analysis is the same as in part C.


Tests of Between-Subjects Effects

Dependent Variable: DHEAD 

	Source
	Type III Sum of Squares
	df
	Mean Square
	F
	Sig.

	Corrected Model
	308171.058(a)
	1
	308171.058
	2.326
	.129

	Intercept
	107864225.987
	1
	107864225.987
	814.206
	.000

	DOORS
	308171.058
	1
	308171.058
	2.326
	.129

	Error
	18546897.175
	140
	132477.837
	 
	 

	Total
	132656115.000
	142
	 
	 
	 

	Corrected Total
	18855068.232
	141
	 
	 
	 


a  R Squared = .016 (Adjusted R Squared = .009)

SPSS reports the following results when we add in the weight of the vehicle as a covariate.

Tests of Between-Subjects Effects

Dependent Variable: DHEAD 

	Source
	Type III Sum of Squares
	df
	Mean Square
	F
	Sig.

	Corrected Model
	501798.538(a)
	2
	250899.269
	1.900
	.153

	Intercept
	6217582.622
	1
	6217582.622
	47.089
	.000

	WEIGHT
	193627.481
	1
	193627.481
	1.466
	.228

	DOORS
	440303.033
	1
	440303.033
	3.335
	.070

	Error
	18353269.694
	139
	132037.911
	 
	 

	Total
	132656115.000
	142
	 
	 
	 

	Corrected Total
	18855068.232
	141
	 
	 
	 


a  R Squared = .027 (Adjusted R Squared = .013)

Although our test statistic for the number of doors does increase slightly, it is not enough for us to reject the null hypothesis.  This is because our covariate is not accounting for a significant amount of variability in our DV, as is indicated by the nonsignificant test for weight.

Problem 2 – One-way within-subjects ANOVA

A)
The data set ENERGY.sav (along with its documentation ENERGY.doc) is available on the course website.  Use a repeated measures ANOVA to determine if the different modes of travel require different amounts of energy.  Then perform the same analysis using the data set ENERGY2.sav (available on the course website along with its documentation ENERGY2.doc) using a univariate ANOVA.  For this second analysis you will need to include participant as a factor in the ANOVA.  Compare the results of the two analyses.

SPSS reports the following results from a repeated-measures analysis examining the effect of mode on the amount of energy burned.


Mauchly's Test of Sphericity(b)

Measure: MEASURE_1 

	Within Subjects Effect
	Mauchly's W
	Approx. Chi-Square
	df
	Sig.
	Epsilon(a)

	 
	 
	 
	 
	 
	Greenhouse-Geisser
	Huynh-Feldt
	Lower-bound

	MODE
	.128
	12.315
	2
	.002
	.534
	.552
	.500


Tests the null hypothesis that the error covariance matrix of the orthonormalized transformed dependent variables is proportional to an identity matrix.

a  May be used to adjust the degrees of freedom for the averaged tests of significance. Corrected tests are displayed in the Tests of Within-Subjects Effects table.

b  Design: Intercept  Within Subjects Design: MODE


Tests of Within-Subjects Effects

Measure: MEASURE_1 

	Source
	 
	Type III Sum of Squares
	df
	Mean Square
	F
	Sig.

	MODE
	Sphericity Assumed
	4.413
	2
	2.207
	79.897
	.000

	 
	Greenhouse-Geisser
	4.413
	1.069
	4.130
	79.897
	.000

	 
	Huynh-Feldt
	4.413
	1.104
	3.997
	79.897
	.000

	 
	Lower-bound
	4.413
	1.000
	4.413
	79.897
	.000

	Error(MODE)
	Sphericity Assumed
	.387
	14
	.028
	 
	 

	 
	Greenhouse-Geisser
	.387
	7.480
	.052
	 
	 

	 
	Huynh-Feldt
	.387
	7.729
	.050
	 
	 

	 
	Lower-bound
	.387
	7.000
	.055
	 
	 


Examining the test of sphericity we can see that the assumption has been violated, so we must use the Greenhouse-Geisser correction when examining our results.  Using the correction, we can see that there is a significant effect of mode on the energy burned per hour (F[1.069, 7.480] = 79.897, p < .001).

SPSS reports the following results from a univariate ANOVA examining the effect of mode on energy burned, including participant as a factor in the model.

Tests of Between-Subjects Effects

Dependent Variable: ENERGY 

	Source
	Type III Sum of Squares
	df
	Mean Square
	F
	Sig.

	Corrected Model
	4.967(a)
	9
	.552
	19.981
	.000

	Intercept
	30.827
	1
	30.827
	1116.138
	.000

	MODE
	4.413
	2
	2.207
	79.897
	.000

	P
	.553
	7
	.079
	2.862
	.045

	Error
	.387
	14
	.028
	 
	 

	Total
	36.180
	24
	 
	 
	 

	Corrected Total
	5.353
	23
	 
	 
	 


a  R Squared = .928 (Adjusted R Squared = .881)

Here we again see that there is a significant effect of mode on the amount of energy burned (F[2, 14] = 79.897, p < .001).  We can see that this is actually exactly equal to the “sphericity assumed” results from the repeated-measures ANOVA.  It is important to notice that although the two procedures give the same results, it is typically better to use the repeated-measures format because it allows you to easily test and correct for violations of the assumptions of sphericity.
B)
The data set PROTSEX.sav (along with its documentation PROTSEX.doc) is available on the course website.  Determine if there are any differences in the amount of protected sex the participants had at the beginning of the treatment, at the end of the treatment, six months following the treatment, and twelve months following the treatment.  Provide an interpretation of the effect if you get a significant result.

SPSS reports the following results from a repeated-measures ANOVA examining the effect of time on the amount of protected sex.

Mauchly's Test of Sphericity(b)

Measure: MEASURE_1 

	Within Subjects Effect
	Mauchly's W
	Approx. Chi-Square
	df
	Sig.
	Epsilon(a)

	 
	 
	 
	 
	 
	Greenhouse-Geisser
	Huynh-Feldt
	Lower-bound

	TIME
	.688
	6.621
	5
	.251
	.795
	.917
	.333


Tests the null hypothesis that the error covariance matrix of the orthonormalized transformed dependent variables is proportional to an identity matrix.

a  May be used to adjust the degrees of freedom for the averaged tests of significance. Corrected tests are displayed in the Tests of Within-Subjects Effects table.

b  Design: Intercept  Within Subjects Design: TIME


Tests of Within-Subjects Effects

Measure: MEASURE_1 

	Source
	 
	Type III Sum of Squares
	df
	Mean Square
	F
	Sig.

	TIME
	Sphericity Assumed
	962.450
	3
	320.817
	2.050
	.117

	 
	Greenhouse-Geisser
	962.450
	2.386
	403.413
	2.050
	.132

	 
	Huynh-Feldt
	962.450
	2.752
	349.781
	2.050
	.123

	 
	Lower-bound
	962.450
	1.000
	962.450
	2.050
	.168

	Error(TIME)
	Sphericity Assumed
	8920.550
	57
	156.501
	 
	 

	 
	Greenhouse-Geisser
	8920.550
	45.330
	196.793
	 
	 

	 
	Huynh-Feldt
	8920.550
	52.280
	170.630
	 
	 

	 
	Lower-bound
	8920.550
	19.000
	469.503
	 
	 


Our data appear to meet the assumption of sphericity, so we can use the “sphericity assumed” line when testing our effects.  We can see that there is not a significant effect of time on the amount of protected sex had by the participants (F[3, 57] = 2.050, p = .117).

C)
The data set STROKE.sav (along with its documentation STROKE.doc) is available on the course website.  Determine if there is an effect of week on the hand-wrist score.  Provide an interpretation of the effect if you get a significant result.

SPSS provides the following results from a repeated measures analysis testing for the differences among the weeks on the hand-wrist score.


Mauchly's Test of Sphericity(b)

Measure: MEASURE_1 

	Within Subjects Effect
	Mauchly's W
	Approx. Chi-Square
	df
	Sig.
	Epsilon(a)

	 
	 
	 
	 
	 
	Greenhouse-Geisser
	Huynh-Feldt
	Lower-bound

	WEEK
	.000
	313.513
	27
	.000
	.261
	.282
	.143


Tests the null hypothesis that the error covariance matrix of the orthonormalized transformed dependent variables is proportional to an identity matrix.

a  May be used to adjust the degrees of freedom for the averaged tests of significance. Corrected tests are displayed in the Tests of Within-Subjects Effects table.

b  Design: Intercept  Within Subjects Design: WEEK


Tests of Within-Subjects Effects

Measure: MEASURE_1 

	Source
	 
	Type III Sum of Squares
	df
	Mean Square
	F
	Sig.

	WEEK
	Sphericity Assumed
	390.667
	7
	55.810
	6.853
	.000

	 
	Greenhouse-Geisser
	390.667
	1.826
	213.924
	6.853
	.003

	 
	Huynh-Feldt
	390.667
	1.975
	197.757
	6.853
	.003

	 
	Lower-bound
	390.667
	1.000
	390.667
	6.853
	.015

	Error(WEEK)
	Sphericity Assumed
	1311.083
	161
	8.143
	 
	 

	 
	Greenhouse-Geisser
	1311.083
	42.002
	31.214
	 
	 

	 
	Huynh-Feldt
	1311.083
	45.436
	28.855
	 
	 

	 
	Lower-bound
	1311.083
	23.000
	57.004
	 
	 


The test of sphericity is significant, which means that we must adjust the results of our tests for the violation of sphericity.  It appears that there is a significant effect of week on the hand-wrist score (F[1.826, 42.002), p = 6.853, p = .003, using the Greenhouse-Geisser correction).  To explore this effect I examined the means and performed Sidak post-hoc comparisons.


Estimates

Measure: MEASURE_1 

	WEEK
	Mean
	Std. Error
	95% Confidence Interval

	 
	 
	 
	Lower Bound
	Upper Bound

	1
	1.542
	.637
	.224
	2.859

	2
	2.417
	.843
	.674
	4.160

	3
	3.125
	1.225
	.590
	5.660

	4
	3.542
	1.284
	.886
	6.198

	5
	4.417
	1.423
	1.473
	7.360

	6
	4.875
	1.560
	1.649
	8.101

	7
	5.583
	1.748
	1.968
	9.198

	8
	5.833
	1.794
	2.121
	9.545



Pairwise Comparisons

Measure: MEASURE_1 

	(I) WEEK
	(J) WEEK
	Mean Difference (I-J)
	Std. Error
	Sig.(a)
	95% Confidence Interval for Difference(a)

	 
	 
	 
	 
	 
	Lower Bound
	Upper Bound

	1
	2
	-.875
	.410
	.712
	-2.317
	.567

	 
	3
	-1.583
	.965
	.967
	-4.981
	1.814

	 
	4
	-2.000
	.980
	.782
	-5.450
	1.450

	 
	5
	-2.875
	.949
	.154
	-6.215
	.465

	 
	6
	-3.333
	1.114
	.167
	-7.257
	.590

	 
	7
	-4.042
	1.351
	.167
	-8.798
	.714

	 
	8
	-4.292
	1.407
	.147
	-9.247
	.663

	2
	1
	.875
	.410
	.712
	-.567
	2.317

	 
	3
	-.708
	.774
	1.000
	-3.435
	2.018

	 
	4
	-1.125
	.765
	.991
	-3.817
	1.567

	 
	5
	-2.000
	.735
	.290
	-4.587
	.587

	 
	6
	-2.458
	.845
	.199
	-5.433
	.517

	 
	7
	-3.167
	1.071
	.180
	-6.939
	.605

	 
	8
	-3.417
	1.120
	.147
	-7.359
	.526

	3
	1
	1.583
	.965
	.967
	-1.814
	4.981

	 
	2
	.708
	.774
	1.000
	-2.018
	3.435

	 
	4
	-.417
	.180
	.570
	-1.050
	.216

	 
	5
	-1.292
	.655
	.827
	-3.599
	1.015

	 
	6
	-1.750
	.743
	.540
	-4.365
	.865

	 
	7
	-2.458
	.963
	.395
	-5.850
	.933

	 
	8
	-2.708
	1.015
	.321
	-6.283
	.867

	4
	1
	2.000
	.980
	.782
	-1.450
	5.450

	 
	2
	1.125
	.765
	.991
	-1.567
	3.817

	 
	3
	.417
	.180
	.570
	-.216
	1.050

	 
	5
	-.875
	.546
	.974
	-2.798
	1.048

	 
	6
	-1.333
	.610
	.674
	-3.481
	.814

	 
	7
	-2.042
	.809
	.414
	-4.889
	.806

	 
	8
	-2.292
	.863
	.328
	-5.330
	.747

	5
	1
	2.875
	.949
	.154
	-.465
	6.215

	 
	2
	2.000
	.735
	.290
	-.587
	4.587

	 
	3
	1.292
	.655
	.827
	-1.015
	3.599

	 
	4
	.875
	.546
	.974
	-1.048
	2.798

	 
	6
	-.458
	.241
	.866
	-1.306
	.389

	 
	7
	-1.167
	.557
	.744
	-3.128
	.795

	 
	8
	-1.417
	.634
	.636
	-3.649
	.816

	6
	1
	3.333
	1.114
	.167
	-.590
	7.257

	 
	2
	2.458
	.845
	.199
	-.517
	5.433

	 
	3
	1.750
	.743
	.540
	-.865
	4.365

	 
	4
	1.333
	.610
	.674
	-.814
	3.481

	 
	5
	.458
	.241
	.866
	-.389
	1.306

	 
	7
	-.708
	.359
	.825
	-1.971
	.554

	 
	8
	-.958
	.448
	.711
	-2.537
	.620

	7
	1
	4.042
	1.351
	.167
	-.714
	8.798

	 
	2
	3.167
	1.071
	.180
	-.605
	6.939

	 
	3
	2.458
	.963
	.395
	-.933
	5.850

	 
	4
	2.042
	.809
	.414
	-.806
	4.889

	 
	5
	1.167
	.557
	.744
	-.795
	3.128

	 
	6
	.708
	.359
	.825
	-.554
	1.971

	 
	8
	-.250
	.138
	.912
	-.736
	.236

	8
	1
	4.292
	1.407
	.147
	-.663
	9.247

	 
	2
	3.417
	1.120
	.147
	-.526
	7.359

	 
	3
	2.708
	1.015
	.321
	-.867
	6.283

	 
	4
	2.292
	.863
	.328
	-.747
	5.330

	 
	5
	1.417
	.634
	.636
	-.816
	3.649

	 
	6
	.958
	.448
	.711
	-.620
	2.537

	 
	7
	.250
	.138
	.912
	-.236
	.736


Based on estimated marginal means

a  Adjustment for multiple comparisons: Sidak.

None of the mean comparisons are significant, so they are of no help interpreting the main effect of week.  Looking directly at the means, I would conclude that there is significant improvement in the hand-wrist score as time goes on.

