Stat I Homework 5

Due March 13, 2008

ANOVA, The Kruskal-Wallis Test, the Chi-square Test of Independence, and 

Equating Experimental Groups

Problem 1 – ANOVA

A)
The data set CANCER.sav (along with its documentation CANCER.doc) posted on the class website.  Test whether the survival rate of patients depends on the organ affected by cancer.  Test the assumptions of the analysis you chose to perform.  Use post-hoc analyses to explore the nature of this relation if it is significant in the ANOVA. State what conclusions you would draw.

SPSS reports the following results from an ANOVA testing the effect of ORGAN on the number of days that a patient survived.

Tests of Between-Subjects Effects

Dependent Variable: SURVIVE 

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

	Corrected Model
	11535760.522(a)
	4
	2883940.131
	6.433
	.000

	Intercept
	23149150.967
	1
	23149150.967
	51.641
	.000

	ORGAN
	11535760.522
	4
	2883940.131
	6.433
	.000

	Error
	26448144.478
	59
	448273.635
	 
	 

	Total
	57955866.000
	64
	 
	 
	 

	Corrected Total
	37983905.000
	63
	 
	 
	 


a  R Squared = .304 (Adjusted R Squared = .256)

From this we can see that there is a significant influence of the affected organ on the survival time of the patient (F[4, 59] = 6.433, p < .001).  SPSS provides the following graphs of the distribution of the residuals.
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__
It is somewhat difficult to tell whether there is a violation based on the histogram, but the normal probability plot shows clear evidence that the assumption of ANOVA has been violated. SPSS reports the following descriptive statistics for our different groups.


Descriptives

	 
	organ
	Statistic
	Std. Error

	survive
	Breast
	Mean
	1395.9091
	373.56252

	 
	 
	95% Confidence Interval for Mean
	Lower Bound
	563.5599
	 

	 
	 
	 
	Upper Bound
	2228.2582
	 

	 
	 
	5% Trimmed Mean
	1338.1212
	 

	 
	 
	Median
	1166.0000
	 

	 
	 
	Variance
	1535038.491
	 

	 
	 
	Std. Deviation
	1238.96670
	 

	 
	 
	Minimum
	24.00
	 

	 
	 
	Maximum
	3808.00
	 

	 
	 
	Range
	3784.00
	 

	 
	 
	Interquartile Range
	1085.00
	 

	 
	 
	Skewness
	1.091
	.661

	 
	 
	Kurtosis
	.463
	1.279

	 
	Bronchus
	Mean
	211.5882
	50.89819

	 
	 
	95% Confidence Interval for Mean
	Lower Bound
	103.6889
	 

	 
	 
	 
	Upper Bound
	319.4876
	 

	 
	 
	5% Trimmed Mean
	186.2647
	 

	 
	 
	Median
	155.0000
	 

	 
	 
	Variance
	44040.632
	 

	 
	 
	Std. Deviation
	209.85860
	 

	 
	 
	Minimum
	20.00
	 

	 
	 
	Maximum
	859.00
	 

	 
	 
	Range
	839.00
	 

	 
	 
	Interquartile Range
	177.50
	 

	 
	 
	Skewness
	2.113
	.550

	 
	 
	Kurtosis
	5.112
	1.063

	 
	Colon
	Mean
	457.4118
	103.60360

	 
	 
	95% Confidence Interval for Mean
	Lower Bound
	237.7819
	 

	 
	 
	 
	Upper Bound
	677.0416
	 

	 
	 
	5% Trimmed Mean
	404.7353
	 

	 
	 
	Median
	372.0000
	 

	 
	 
	Variance
	182473.007
	 

	 
	 
	Std. Deviation
	427.16859
	 

	 
	 
	Minimum
	20.00
	 

	 
	 
	Maximum
	1843.00
	 

	 
	 
	Range
	1823.00
	 

	 
	 
	Interquartile Range
	343.50
	 

	 
	 
	Skewness
	2.358
	.550

	 
	 
	Kurtosis
	6.807
	1.063

	 
	Ovary
	Mean
	884.3333
	448.49293

	 
	 
	95% Confidence Interval for Mean
	Lower Bound
	-268.5545
	 

	 
	 
	 
	Upper Bound
	2037.2211
	 

	 
	 
	5% Trimmed Mean
	812.6481
	 

	 
	 
	Median
	406.0000
	 

	 
	 
	Variance
	1206875.467
	 

	 
	 
	Std. Deviation
	1098.57884
	 

	 
	 
	Minimum
	89.00
	 

	 
	 
	Maximum
	2970.00
	 

	 
	 
	Range
	2881.00
	 

	 
	 
	Interquartile Range
	1495.00
	 

	 
	 
	Skewness
	1.825
	.845

	 
	 
	Kurtosis
	3.202
	1.741

	 
	Stomach
	Mean
	286.0000
	96.04900

	 
	 
	95% Confidence Interval for Mean
	Lower Bound
	76.7272
	 

	 
	 
	 
	Upper Bound
	495.2728
	 

	 
	 
	5% Trimmed Mean
	254.6111
	 

	 
	 
	Median
	124.0000
	 

	 
	 
	Variance
	119930.333
	 

	 
	 
	Std. Deviation
	346.30959
	 

	 
	 
	Minimum
	25.00
	 

	 
	 
	Maximum
	1112.00
	 

	 
	 
	Range
	1087.00
	 

	 
	 
	Interquartile Range
	358.50
	 

	 
	 
	Skewness
	1.627
	.616

	 
	 
	Kurtosis
	1.893
	1.191


Our variances do appear to differ by a factor of 10 (10*44,040 < 1,535,038) so we would conclude that the assumption of equal variances has been violated. This violates the assumptions of both ANOVA and the Kruskal-Wallis test. I would therefore perform the analysis using ANOVA but be sure to state that the conclusions may be questionable because the assumption of equal variances has been violated.

SPSS reports the following post-hoc comparisons using the Sidak method.


Multiple Comparisons

Dependent Variable: survive 

Sidak 

	(I) organ
	(J) organ
	Mean Difference (I-J)
	Std. Error
	Sig.
	95% Confidence Interval

	
	
	
	
	
	Lower bound
	Upper bound

	Breast
	Bronchus
	1184.3209(*)
	259.07757
	.000
	430.8675
	1937.7743

	 
	Colon
	938.4973(*)
	259.07757
	.006
	185.0439
	1691.9507

	 
	Ovary
	511.5758
	339.80056
	.772
	-476.6375
	1499.7890

	 
	Stomach
	1109.9091(*)
	274.28951
	.002
	312.2161
	1907.6021

	Bronchus
	Breast
	-1184.3209(*)
	259.07757
	.000
	-1937.7743
	-430.8675

	 
	Colon
	-245.8235
	229.64772
	.967
	-913.6886
	422.0415

	 
	Ovary
	-672.7451
	317.93287
	.325
	-1597.3624
	251.8722

	 
	Stomach
	-74.4118
	246.68122
	1.000
	-791.8139
	642.9904

	Colon
	Breast
	-938.4973(*)
	259.07757
	.006
	-1691.9507
	-185.0439

	 
	Bronchus
	245.8235
	229.64772
	.967
	-422.0415
	913.6886

	 
	Ovary
	-426.9216
	317.93287
	.870
	-1351.5389
	497.6957

	 
	Stomach
	171.4118
	246.68122
	.999
	-545.9904
	888.8139

	Ovary
	Breast
	-511.5758
	339.80056
	.772
	-1499.7890
	476.6375

	 
	Bronchus
	672.7451
	317.93287
	.325
	-251.8722
	1597.3624

	 
	Colon
	426.9216
	317.93287
	.870
	-497.6957
	1351.5389

	 
	Stomach
	598.3333
	330.44646
	.543
	-362.6762
	1559.3428

	Stomach
	Breast
	-1109.9091(*)
	274.28951
	.002
	-1907.6021
	-312.2161

	 
	Bronchus
	74.4118
	246.68122
	1.000
	-642.9904
	791.8139

	 
	Colon
	-171.4118
	246.68122
	.999
	-888.8139
	545.9904

	 
	Ovary
	-598.3333
	330.44646
	.543
	-1559.3428
	362.6762


Based on observed means.

*  The mean difference is significant at the .05 level.

It appears that the survival time for breast cancer is significantly greater than that of all of the other forms of cancer except for ovarian cancer. None of the other forms of cancer are significantly different in terms of their survival rates.

B)
The data set HAIRPAIN.sav (along with its documentation HAIRPAIN.doc) is posted on the class website.  Test whether a person’s hair color affects their pain threshold.  Test the assumptions of the analysis you chose to perform.  Use post-hoc analyses to explore the nature of this relation if it is significant in the ANOVA. State what conclusions you would draw.

SPSS produces the following results from an ANOVA using the person’s hair color to predict their pain threshold.


Tests of Between-Subjects Effects

Dependent Variable: PAIN 

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

	Corrected Model
	1360.726(a)
	3
	453.575
	6.791
	.004

	Intercept
	42604.812
	1
	42604.812
	637.924
	.000

	HAIR
	1360.726
	3
	453.575
	6.791
	.004

	Error
	1001.800
	15
	66.787
	 
	 

	Total
	45851.000
	19
	 
	 
	 

	Corrected Total
	2362.526
	18
	 
	 
	 


a  R Squared = .576 (Adjusted R Squared = .491)

There appears to be a significant effect of hair color on pain threshold (F[3, 15] = 6.791, p < .004).  SPSS reports the following distribution of the residuals.
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__

It is somewhat difficult to assess the normality of the residuals based on the histogram, but the normal probability plot appears to be a straight line so I would conclude that the assumption of normality has been met. SPSS reports the following descriptive statistics of the distribution of pain within each of the groups.


Descriptives

	 
	HairColour
	 
	Statistic
	Std. Error

	pain
	1
	Mean
	59.2000
	3.81314

	 
	 
	95% Confidence Interval for Mean
	Lower Bound
	48.6130
	 

	 
	 
	 
	Upper Bound
	69.7870
	 

	 
	 
	5% Trimmed Mean
	59.1667
	 

	 
	 
	Median
	60.0000
	 

	 
	 
	Variance
	72.700
	 

	 
	 
	Std. Deviation
	8.52643
	 

	 
	 
	Minimum
	48.00
	 

	 
	 
	Maximum
	71.00
	 

	 
	 
	Range
	23.00
	 

	 
	 
	Interquartile Range
	15.00
	 

	 
	 
	Skewness
	.125
	.913

	 
	 
	Kurtosis
	.395
	2.000

	 
	2
	Mean
	51.2000
	4.15211

	 
	 
	95% Confidence Interval for Mean
	Lower Bound
	39.6719
	 

	 
	 
	 
	Upper Bound
	62.7281
	 

	 
	 
	5% Trimmed Mean
	51.1111
	 

	 
	 
	Median
	52.0000
	 

	 
	 
	Variance
	86.200
	 

	 
	 
	Std. Deviation
	9.28440
	 

	 
	 
	Minimum
	41.00
	 

	 
	 
	Maximum
	63.00
	 

	 
	 
	Range
	22.00
	 

	 
	 
	Interquartile Range
	18.00
	 

	 
	 
	Skewness
	.118
	.913

	 
	 
	Kurtosis
	-1.966
	2.000

	 
	3
	Mean
	42.5000
	2.72336

	 
	 
	95% Confidence Interval for Mean
	Lower Bound
	33.8331
	 

	 
	 
	 
	Upper Bound
	51.1669
	 

	 
	 
	5% Trimmed Mean
	42.3889
	 

	 
	 
	Median
	41.5000
	 

	 
	 
	Variance
	29.667
	 

	 
	 
	Std. Deviation
	5.44671
	 

	 
	 
	Minimum
	37.00
	 

	 
	 
	Maximum
	50.00
	 

	 
	 
	Range
	13.00
	 

	 
	 
	Interquartile Range
	10.00
	 

	 
	 
	Skewness
	1.040
	1.014

	 
	 
	Kurtosis
	1.969
	2.619

	 
	4
	Mean
	37.4000
	3.72290

	 
	 
	95% Confidence Interval for Mean
	Lower Bound
	27.0636
	 

	 
	 
	 
	Upper Bound
	47.7364
	 

	 
	 
	5% Trimmed Mean
	37.0556
	 

	 
	 
	Median
	35.0000
	 

	 
	 
	Variance
	69.300
	 

	 
	 
	Std. Deviation
	8.32466
	 

	 
	 
	Minimum
	30.00
	 

	 
	 
	Maximum
	51.00
	 

	 
	 
	Range
	21.00
	 

	 
	 
	Interquartile Range
	14.00
	 

	 
	 
	Skewness
	1.403
	.913

	 
	 
	Kurtosis
	1.916
	2.000


The variances do not differ by a factor of 10 so we would conclude that this assumption has been met. Since both the assumption of normality and the assumption of equal variances have been met, we would conclude that this data is best analyzed using ANOVA.

It also reports the following multiple comparison tests using a Bonferroni correction.


Multiple Comparisons

Dependent Variable: PAIN 

Bonferroni 

	(I) HairColour
	(J) HairColour
	Mean Difference (I-J)
	Std. Error
	Sig.
	95% Confidence Interval

	 
	 
	 
	 
	 
	Lower Bound
	Upper Bound

	1
	2
	8.0000
	5.16862
	.855
	-7.6934
	23.6934

	 
	3
	16.7000(*)
	5.48215
	.049
	.0546
	33.3454

	 
	4
	21.8000(*)
	5.16862
	.004
	6.1066
	37.4934

	2
	1
	-8.0000
	5.16862
	.855
	-23.6934
	7.6934

	 
	3
	8.7000
	5.48215
	.800
	-7.9454
	25.3454

	 
	4
	13.8000
	5.16862
	.105
	-1.8934
	29.4934

	3
	1
	-16.7000(*)
	5.48215
	.049
	-33.3454
	-.0546

	 
	2
	-8.7000
	5.48215
	.800
	-25.3454
	7.9454

	 
	4
	5.1000
	5.48215
	1.000
	-11.5454
	21.7454

	4
	1
	-21.8000(*)
	5.16862
	.004
	-37.4934
	-6.1066

	 
	2
	-13.8000
	5.16862
	.105
	-29.4934
	1.8934

	 
	3
	-5.1000
	5.48215
	1.000
	-21.7454
	11.5454


Based on observed means.

*  The mean difference is significant at the .05 level.

To create a table of homogenous subsets we must first obtain the means.  SPSS provides the following descriptive information about our groups.


Report

PAIN 

	HairColour
	Mean
	N
	Std. Deviation

	1
	59.2000
	5
	8.52643

	2
	51.2000
	5
	9.28440

	3
	42.5000
	4
	5.44671

	4
	37.4000
	5
	8.32466

	Total
	47.8421
	19
	11.45650


Using the subscript method, I created the following table of homogenous subsets.

	Hair color
	Mean

	Light blonde
	59.2a

	Dark blonde
	51.2ab

	Light brunette
	42.5b

	Dark brunette
	37.4b


Any groups that do not share a subscript are significant at the .05 level based on a Bonferroni post-hoc analysis.

Based on the table of homogenous subsets I would conclude that people light blonde hair have significantly higher pain thresholds than those with brunette hair, although they are not significantly different from people with dark blonde hair.  There are no significant differences among the other groups.

C)
The data set POLLUTE.sav (along with its documentation POLLUTE.doc) is posted on the class website.  Separately test whether the aldrin or the HCB concentrations depend on the level at which a sample is taken.  Test the assumptions of the analyses you chose to perform.  Use post-hoc analyses to explore the nature of this relation if it is significant in the ANOVA. State what conclusions you would draw.

Using the one-way ANOVA procedure, SPSS produces the following results predicting the concentrations of the two pollutants from the sample depth.

ANOVA

	 
	 
	Sum of Squares
	df
	Mean Square
	F
	Sig.

	ALDRIN
	Between Groups
	16.830
	2
	8.415
	6.051
	.007

	 
	Within Groups
	37.547
	27
	1.391
	 
	 

	 
	Total
	54.377
	29
	 
	 
	 

	HCB
	Between Groups
	5.357
	2
	2.678
	3.032
	.065

	 
	Within Groups
	23.848
	27
	.883
	 
	 

	 
	Total
	29.205
	29
	 
	 
	 


It would appear that there is a significant effect of depth on the aldrin concentration (F[2, 27] = 6.051, p < .007), but only a marginally significant effect of depth on the HCB concentration (F[2, 27] = 3.032, p = .065).  SPSS produces the following graphs of the residuals for aldrin concentration.
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__

There appear to be some deviations from normality, but I believe that this is close enough to say that the assumption of normality has been met.  SPSS provides the following descriptive statistics of aldrin at the different depths.


Descriptives

	 
	depth
	 
	Statistic
	Std. Error

	aldrin
	1.00
	Mean
	4.1890
	.21212

	 
	 
	95% Confidence Interval for Mean
	Lower Bound
	3.7092
	 

	 
	 
	 
	Upper Bound
	4.6688
	 

	 
	 
	5% Trimmed Mean
	4.1961
	 

	 
	 
	Median
	4.3300
	 

	 
	 
	Variance
	.450
	 

	 
	 
	Std. Deviation
	.67078
	 

	 
	 
	Minimum
	3.08
	 

	 
	 
	Maximum
	5.17
	 

	 
	 
	Range
	2.09
	 

	 
	 
	Interquartile Range
	.95
	 

	 
	 
	Skewness
	.057
	.687

	 
	 
	Kurtosis
	-.459
	1.334

	 
	2.00
	Mean
	5.0190
	.34924

	 
	 
	95% Confidence Interval for Mean
	Lower Bound
	4.2290
	 

	 
	 
	 
	Upper Bound
	5.8090
	 

	 
	 
	5% Trimmed Mean
	5.0356
	 

	 
	 
	Median
	5.0350
	 

	 
	 
	Variance
	1.220
	 

	 
	 
	Std. Deviation
	1.10440
	 

	 
	 
	Minimum
	3.17
	 

	 
	 
	Maximum
	6.57
	 

	 
	 
	Range
	3.40
	 

	 
	 
	Interquartile Range
	2.06
	 

	 
	 
	Skewness
	-.165
	.687

	 
	 
	Kurtosis
	-.752
	1.334

	 
	3.00
	Mean
	6.0210
	.50022

	 
	 
	95% Confidence Interval for Mean
	Lower Bound
	4.8894
	 

	 
	 
	 
	Upper Bound
	7.1526
	 

	 
	 
	5% Trimmed Mean
	5.9928
	 

	 
	 
	Median
	5.5300
	 

	 
	 
	Variance
	2.502
	 

	 
	 
	Std. Deviation
	1.58184
	 

	 
	 
	Minimum
	3.76
	 

	 
	 
	Maximum
	8.79
	 

	 
	 
	Range
	5.03
	 

	 
	 
	Interquartile Range
	2.62
	 

	 
	 
	Skewness
	.576
	.687

	 
	 
	Kurtosis
	-.522
	1.334


None of the variances differ by a factor of 10, so I would say that the assumption of equal variances have been met. I would therefore conclude that ANOVA is the most appropriate analytic method since both the assumption of normality and the assumption of equal variances have been satisfied.

I decided to use SNK post-hoc analyses because they provide the most powerful way to test for differences among the means while still guaranteeing that the overall error rate will stay below my established alpha = .05.  SPSS reports the following table of homogenous subsets.


ALDRIN

Student-Newman-Keuls 

	DEPTH
	N
	Subset

	 
	 
	1
	2

	1.00
	10
	4.1890
	 

	2.00
	10
	5.0190
	5.0190

	3.00
	10
	 
	6.0210

	Sig.
	 
	.127
	.068


Means for groups in homogeneous subsets are displayed. Based on Type III Sum of Squares The error term is Mean Square(Error) = 1.391.

a  Uses Harmonic Mean Sample Size = 10.000.

b  Alpha = .05.

From this we can see that the concentration at the surface is significantly lower than the concentration at the bottom, but the concentration at mid-depth is not significantly different from either of these.

SPSS reports the following results from an ANOVA using depth to predict the HCB concentration.


Tests of Between-Subjects Effects

Dependent Variable: HCB 

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

	Corrected Model
	5.357(a)
	2
	2.678
	3.032
	.065

	Intercept
	850.456
	1
	850.456
	962.856
	.000

	DEPTH
	5.357
	2
	2.678
	3.032
	.065

	Error
	23.848
	27
	.883
	 
	 

	Total
	879.661
	30
	 
	 
	 

	Corrected Total
	29.205
	29
	 
	 
	 


a  R Squared = .183 (Adjusted R Squared = .123)

From this we would conclude that there is not a significant effect of Depth on HCB concentration (F[2,27] = 3.032, p = .065).  SPSS provides the following graphs of the distribution of the residuals.
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These graphs appear to indicate that the residuals follow a normal distribution. SPSS also provides the following descriptive statistics of the values of HCB within each of the depths.


Descriptives

	 
	depth
	Statistic
	Std. Error

	hcb
	1.00
	Mean
	4.8040
	.19967

	 
	 
	95% Confidence Interval for Mean
	Lower Bound
	4.3523
	 

	 
	 
	 
	Upper Bound
	5.2557
	 

	 
	 
	5% Trimmed Mean
	4.8111
	 

	 
	 
	Median
	4.7700
	 

	 
	 
	Variance
	.399
	 

	 
	 
	Std. Deviation
	.63142
	 

	 
	 
	Minimum
	3.74
	 

	 
	 
	Maximum
	5.74
	 

	 
	 
	Range
	2.00
	 

	 
	 
	Interquartile Range
	.95
	 

	 
	 
	Skewness
	-.266
	.687

	 
	 
	Kurtosis
	-.564
	1.334

	 
	2.00
	Mean
	5.3300
	.34971

	 
	 
	95% Confidence Interval for Mean
	Lower Bound
	4.5389
	 

	 
	 
	 
	Upper Bound
	6.1211
	 

	 
	 
	5% Trimmed Mean
	5.3489
	 

	 
	 
	Median
	5.6900
	 

	 
	 
	Variance
	1.223
	 

	 
	 
	Std. Deviation
	1.10587
	 

	 
	 
	Minimum
	3.55
	 

	 
	 
	Maximum
	6.77
	 

	 
	 
	Range
	3.22
	 

	 
	 
	Interquartile Range
	1.78
	 

	 
	 
	Skewness
	-.472
	.687

	 
	 
	Kurtosis
	-.954
	1.334

	 
	3.00
	Mean
	5.8390
	.32065

	 
	 
	95% Confidence Interval for Mean
	Lower Bound
	5.1136
	 

	 
	 
	 
	Upper Bound
	6.5644
	 

	 
	 
	5% Trimmed Mean
	5.8739
	 

	 
	 
	Median
	5.6450
	 

	 
	 
	Variance
	1.028
	 

	 
	 
	Std. Deviation
	1.01397
	 

	 
	 
	Minimum
	3.89
	 

	 
	 
	Maximum
	7.16
	 

	 
	 
	Range
	3.27
	 

	 
	 
	Interquartile Range
	1.57
	 

	 
	 
	Skewness
	-.457
	.687

	 
	 
	Kurtosis
	-.129
	1.334


From this we can see that the variances do not differ by a factor of 10, so we would conclude that the assumption of equal variances has been met. Since both the assumption of normality and equal variances have been met, this analysis is best performed using ANOVA.

We would therefore not normally perform post-hoc analyses because the overall effect was of depth was not significant.
Problem 2 – ANOVA in your Data Set

A and B)
Perform two separate analyses, each testing whether one of your categorical IVs with three or more levels has an overall effect on one of your continuous DVs.  If you do not have two different categorical IVs with three or more levels you can test the effect of a categorical IV with two levels, but use ANOVA instead of t-tests. Test the assumptions of ANOVA for your analyses and use post-hoc analyses to explore the nature of this relation if it is significant. State what conclusions you would draw.

See specific comments on your homework.

Problem 3 – Kruskal-Wallis Test

A)
Using the SCENIC.sav data set, use a Kruskal-Wallis test to determine whether there is a significant relation between a hospital’s region and the number of patients it has. If the results are significant, use post-hoc methods to determine the specific nature of the effect.

SPSS provides the following results for this analysis.
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From this we can see that there is not a significant relation between a hospital’s region and the number of patients that it has (chi-square[3] = 7.619, p = .055).

B)
Using the CANCER.sav data set, use a Kruskal-Wallis test to determine whether there is a significant relation between the organ affected by cancer and the number of days that a patient survives. If the results are significant, use post-hoc methods to determine the specific nature of the effect.

The first thing I did was create a new variable called ORGNUM that had the following values:

1 = Stomach

2 = Bronchus

3 = Colon

4 = Ovary

5 = Breast

I then had SPSS perform a Kruskal-Wallis test, which provided the following results.
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From this we can see that there is a significant relation between the organ affected and the number of days that a patient survives. To determine the nature of this relation I performed several Mann-Whitney U tests, presented below.

1 vs 2


Test Statistics(b)

	 
	survive

	Mann-Whitney U
	104.000

	Wilcoxon W
	195.000

	Z
	-.272

	Asymp. Sig. (2-tailed)
	.786

	Exact Sig. [2*(1-tailed Sig.)]
	.805(a)


a  Not corrected for ties.

b  Grouping Variable: ORGNUM

1 vs 3


Test Statistics(b)

	 
	survive

	Mann-Whitney U
	70.000

	Wilcoxon W
	161.000

	Z
	-1.695

	Asymp. Sig. (2-tailed)
	.090

	Exact Sig. [2*(1-tailed Sig.)]
	.094(a)


a  Not corrected for ties.

1 vs 4


Test Statistics(b)

	 
	survive

	Mann-Whitney U
	19.000

	Wilcoxon W
	110.000

	Z
	-1.754

	Asymp. Sig. (2-tailed)
	.079

	Exact Sig. [2*(1-tailed Sig.)]
	.087(a)


a  Not corrected for ties.

b  Grouping Variable: ORGNUM

1 vs 5


Test Statistics(b)

	 
	survive

	Mann-Whitney U
	31.000

	Wilcoxon W
	122.000

	Z
	-2.346

	Asymp. Sig. (2-tailed)
	.019

	Exact Sig. [2*(1-tailed Sig.)]
	.018(a)


a  Not corrected for ties.

2 vs 3


Test Statistics(b)

	 
	survive

	Mann-Whitney U
	70.500

	Wilcoxon W
	223.500

	Z
	-2.549

	Asymp. Sig. (2-tailed)
	.011

	Exact Sig. [2*(1-tailed Sig.)]
	.009(a)


a  Not corrected for ties.

b  Grouping Variable: ORGNUM

2 vs 4


Test Statistics(b)

	 
	survive

	Mann-Whitney U
	22.000

	Wilcoxon W
	175.000

	Z
	-2.031

	Asymp. Sig. (2-tailed)
	.042

	Exact Sig. [2*(1-tailed Sig.)]
	.044(a)


a  Not corrected for ties.

b  Grouping Variable: ORGNUM

2 vs 5


Test Statistics(b)

	 
	survive

	Mann-Whitney U
	34.000

	Wilcoxon W
	187.000

	Z
	-2.799

	Asymp. Sig. (2-tailed)
	.005

	Exact Sig. [2*(1-tailed Sig.)]
	.004(a)


a  Not corrected for ties.

b  Grouping Variable: ORGNUM

3 vs 4


Test Statistics(b)

	 
	survive

	Mann-Whitney U
	44.000

	Wilcoxon W
	197.000

	Z
	-.490

	Asymp. Sig. (2-tailed)
	.624

	Exact Sig. [2*(1-tailed Sig.)]
	.658(a)


a  Not corrected for ties.

b  Grouping Variable: ORGNUM

3 vs 5


Test Statistics(b)

	 
	survive

	Mann-Whitney U
	44.000

	Wilcoxon W
	197.000

	Z
	-2.328

	Asymp. Sig. (2-tailed)
	.020

	Exact Sig. [2*(1-tailed Sig.)]
	.019(a)


a  Not corrected for ties.

b  Grouping Variable: ORGNUM

4 vs 5


Test Statistics(b)

	 
	survive

	Mann-Whitney U
	23.000

	Wilcoxon W
	44.000

	Z
	-1.005

	Asymp. Sig. (2-tailed)
	.315

	Exact Sig. [2*(1-tailed Sig.)]
	.350(a)


a  Not corrected for ties.

b  Grouping Variable: ORGNUM

I used these tests to create the following table of homogenous subsets. Medians that do not share the same subscripts are significantly different from each other using Least Significant Difference post-hocs.

	Group
	Median days of survival

	1 = Stomach
	124ab

	2 = Bronchus
	155a

	3 = Colon
	372b

	4 = Ovary
	406bc

	5 = Breast
	1166c


Some of these comparisons appear inconsistent, since a smaller difference between the medians can be significant when a larger one is not. This is because our groups have different numbers of cases so we can get more precise estimates of some medians than others. 

C)
Using your own data set, use a Kruskal-Wallis test to determine whether there is a significant relation between one of your categorical IVs and a continuous DV. If the results are significant, use post-hoc methods to determine the specific nature of the effect.

See specific comments on your homework.

Problem 4 – Chi-square test of Independence

A)
The data set GOALS.sav (along with its documentation GOALS.doc) is posted on the class website.  Use SPSS to obtain a table (crosstab) containing the counts within each combination of the primary goal a child has (as measured in the goals variable) and their race. Compute what the expected counts would be in each cell by hand.

SPSS provides the following crosstab of goal and race.


race * goals Crosstabulation

Count 

	 
	goals
	Total

	 
	Grades
	Popular
	Sports
	 

	race
	Other
	22
	9
	5
	36

	 
	White
	225
	132
	85
	442

	Total
	247
	141
	90
	478


From this we can compute the following marginal proportions for the goals:

Grades = 247/478 = .517

Popularity = 141/478 = .295

Sports = 90/478 = .188

As well as the following marginal proportions for race:

Other = 36/478 = .075

White = 442/478 = .925

Multiplying these together we can get the following expected proportions:

	 
	Goals
	Marginal

Proportion

	 
	Grades
	Popular
	Sports
	 

	race
	Other
	.039
	.022
	.014
	.075

	 
	White
	.478
	.273
	.174
	.925

	Marginal Proportion
	.517
	.295
	.188
	


Multiplying these marginal proportions by the total sample size (478) will give us the expected counts in each cell, as displayed below.

Count 

	 
	goals

	 
	Grades
	Popular
	Sports

	race
	Other
	18.6
	10.5
	6.7

	 
	White
	228.5
	130.5
	83.2


B)
Test whether there is relation between the primary goal a child has (as measured in the goals variable) and their race.  If there is a significant relation, use a series of 2x2 chi-square tests to explore the nature of the relation.  State the conclusions you would draw from your analyses.

SPSS provides the following crosstabulation and chi-square test for this relation.


RACE * GOALS Crosstabulation

Count 

	 
	GOALS
	Total

	 
	Grades
	Popular
	Sports
	 

	RACE
	Other
	22
	9
	5
	36

	 
	White
	225
	132
	85
	442

	Total
	247
	141
	90
	478



Chi-Square Tests

	 
	Value
	df
	Asymp. Sig. (2-sided)

	Pearson Chi-Square
	1.443(a)
	2
	.486

	Likelihood Ratio
	1.469
	2
	.480

	N of Valid Cases
	478
	 
	 


a  0 cells (.0%) have expected count less than 5. The minimum expected count is 6.78.

From this we can see that there is not a significant relation between the goals a child has and their race (chi-square[2] = 1.443, p = .486).

C)
Using the GOALS.sav data set, test whether there is relation between the primary goal a child has (as measured in the goals variable) and the environment they live in (as measured by the urban variable).  If there is a significant relation, use a series of 2x2 chi-square tests to explore the nature of the relation.  State the conclusions you would draw from your analyses.

SPSS provides the following crosstabulation and chi-square test for the relation between the goals a child has and whether they live in a urban, suburban, or rural environment.


URBAN * GOALS Crosstabulation

Count 

	 
	GOALS
	Total

	 
	Grades
	Popular
	Sports
	 

	URBAN
	Rural
	57
	50
	42
	149

	 
	Suburban
	87
	42
	22
	151

	 
	Urban
	103
	49
	26
	178

	Total
	247
	141
	90
	478



Chi-Square Tests

	 
	Value
	df
	Asymp. Sig. (2-sided)

	Pearson Chi-Square
	18.828(a)
	4
	.001

	Likelihood Ratio
	18.571
	4
	.001

	N of Valid Cases
	478
	 
	 


a  0 cells (.0%) have expected count less than 5. The minimum expected count is 28.05.

From this we can see that there is a significant relation between the environment and goals (chi-square[4] = 18.828, p = .001).  I then performed a 2x2 chi square testing whether children from urban or rural areas had different preferences for grades or sports.  SPSS provides the following results from this analysis.


URBAN * GOALS Crosstabulation

Count 

	 
	GOALS
	Total

	 
	Grades
	Sports
	 

	URBAN
	Rural
	57
	42
	99

	 
	Urban
	103
	26
	129

	Total
	160
	68
	228



Chi-Square Tests

	 
	Value
	df
	Asymp. Sig. (2-sided)
	Exact Sig. (2-sided)
	Exact Sig. (1-sided)

	Pearson Chi-Square
	13.272(b)
	1
	.000
	 
	 

	Continuity Correction(a)
	12.229
	1
	.000
	 
	 

	Likelihood Ratio
	13.255
	1
	.000
	 
	 

	Fisher's Exact Test
	 
	 
	 
	.000
	.000

	N of Valid Cases
	228
	 
	 
	 
	 


a  Computed only for a 2x2 table

b  0 cells (.0%) have expected count less than 5. The minimum expected count is 29.53.

Since this reduced crosstabulation shows a significant relation (p<.001 using Fisher’s exact test), I would conclude that the significant relation between environment and goals is largely explained by the fact that those in a rural have a stronger preference for sports relative to grades compared to those in an urban environment). 

Please note that this is only one of several acceptable ways to follow-up this significant chi-square test.

Problem 5 – Randomization

Visit the website http://www.randomizer.org and learn how to use it to generate lists of random numbers.

A)
Let us say that you planned to run 200 subjects through a study with 4 different conditions.  Generate a list (without replacement) to randomly assign your subjects to the conditions. 

See specific comments on your homework.

B)
Repeat part A, but this time generate the list with replacement.  What differences do you see between the two lists?

The primary difference you should see between the two lists is that there should always be an equal number in each group when you choose your groups without replacement (as in part A), whereas you may end up with slightly unequal cell sizes if you choose the groups with replacement (as in part B). It is better to have equal cell sizes, which is why it is typically better to choose your groups without replacement, even though the procedure is somewhat more difficult.

