Assignment 5
1. Sherwin and Layﬁeld [1976] present data about protein leakage in the lungs of male
mice exposed to 0.5 part per million of nitrogen dioxide (NO2) vs. unmatched controls. Serum ﬂuorescence datawere obtained by sacriﬁcing animals at various intervals. Use the two-sided Wilcoxon rank sum test, with a 0.05 signiﬁcance level, test for differences between controls and exposed mice based on the data below observed at 14 days.
	Controls
	76
	40
	119
	72
	163
	78

	Exposed
	119
	104
	125
	147
	200
	173


	
Input :
	Controls <- c(76,40,119,72,163,78)
Exposed <- c(119,104,125,200,173)
wilcox.test(Controls, Exposed, alternative = "two.sided") 
Output:
	Wilcoxon rank sum test with continuity correction
data:  Controls and Exposed
W = 4.5, p-value = 0.06726
Alternative hypothesis: true location shift is not equal to 0

The p-value of the test is 0.06726, which is greater than the significance level alpha = 0.05. We can conclude that control mice median is not significantly different from exposed mice median with a p-value = 0.06726.
	

2. The following data are from Dobson et al. [1976]. Thirty-six patients with a conﬁrmed diagnosis of phenylketonuria (PKU) were identiﬁed and placed on dietary therapybefore reaching 121 days of age. The children were tested for IQ (Stanford–Binet test)between the ages of 4 and 6; subsequently, their normal siblings of closest age werealso tested with the Stanford–Binet. The 15 pairs shown in the table below are the ﬁrst 15listed in the paper. 

a) The null hypothesis is that the PKU children, on average, have the same IQ as their siblings. Using the sign test, ﬁnd the two-sided p-value for testing against the alternative hypothesis that the IQ levels differ.
	Pair
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15

	PKU case
	89
	98
	116
	67
	128
	81
	96
	116
	110
	90
	76
	71
	100
	108
	74

	Sibling
	77
	110
	94
	91
	122
	94
	121
	114
	88
	91
	99
	93
	104
	102
	82

	Sign
	+
	-
	+
	-
	+
	-
	-
	+
	+
	-
	-
	-
	-
	+
	-



Input: 
	binom.test(6, 15)
Output:
	Exact binomial test

	data:  6 and 15
	number of successes = 6, number of trials = 15, p-value = 0.6072
	alternative hypothesis: true probability of success is not equal to 0.5
	95 percent confidence interval:
	 0.1633643 0.6771302
	sample estimates:
	probability of success 
                   0.4 
	
The p-value of the test is 0.6072, which is greater than the significance level alpha = 0.05. We can conclude that there is not significantly different the PKU children, on average and  IQ as their siblings with a p-value = 0.6072.



b) Repeat the problem in 2a but using the signed rank test instead.
	Pair
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15

	PKU case
	89
	98
	116
	67
	128
	81
	96
	116
	110
	90
	76
	71
	100
	108
	74

	Sibling
	77
	110
	94
	91
	122
	94
	121
	114
	88
	91
	99
	93
	104
	102
	82

	Difference
	12
	-12
	22
	-24
	6
	-13
	-25
	2
	22
	-1
	-23
	-22
	-4
	6
	-8

	Rank
	7.5
	7.5
	11
	14
	4.5
	9
	15
	2
	11
	1
	13
	11
	3
	4.5
	6

	Adjusted Rank
	8
	8
	11
	14
	5
	9
	15
	2
	11
	1
	13
	11
	3
	5
	6

	Sign
	+
	-
	+
	-
	+
	-
	-
	+
	+
	-
	-
	-
	-
	+
	-



Input: 
	x <- c(89, 98,116,67,128,81,96,116,110,90,76,71,100,108,74)
y <- c(77,110,94,91,122,94,121,114,88,91,99,93,104,102,82)
wilcox.test(x,y, paired=TRUE) 
Output:
	Wilcoxon signed rank test

	data:  x and y
	V = 80, p-value = 0.2769
	alternative hypothesis: true location shift is not equal to 0

The p-value of the test is 0.2769, which is greater than the significance level alpha = 0.05. We can conclude that there is not significantly different the PKU children, on average and  IQ as their siblings with a p-value = 0.2769.


3. Using the basic Bootstrap method covered in class, calculate a 95% confidence interval for the median IQ of the PKU cases in question 2 above.
Input: 
binom.test(6, 15)
Output:
Exact binomial test

data:  6 and 15
	number of successes = 6, number of trials = 15, p-value = 0.6072
	alternative hypothesis: true probability of success is not equal to 0.5
	95 percent confidence interval:
 0.1633643 0.6771302
sample estimates:
probability of success 
                  0.4 



4. Schizophrenia is one of the psychiatric illnesses that is thought to have a deﬁnite physiological basis. Lake et al. [1980] assayed the concentration of no repinephrine inthe cerebrospinal ﬂuid of patients (NE in CSF) with one of three types of schizophrenia and controls. They reported the following means and standard errors:
	NE in CSF (pg/mL)
	Control Group
	Schizophrenic Group

	
	
	Paranoid
	Undifferentiated
	Schizoaffective

	N
	29
	14
	10
	11

	Mean
	91
	144
	101
	122

	Standard error
	6
	20
	11
	21


a) State the null and alternative hypotheses for the global ANOVA test.
b) Prepare the ANOVA table using the information above. 
c) Calculate the F-statistic. 
d) What are the degrees of freedom of the F-distribution that must be used to determine the rejection region?
e) What is the rejection region, assuming a Type I error of 0.01? Do we have enough evidence to reject the null hypothesis?
a)  Ho: All the means are same
     Ha: Not all the means are same.
b) 
	Source
	SS
	df
	MS
	F
	P

	Between
	229024.08
	3
	76341.36
	29.7928
	0.0000

	Within
	161432.00
	63
	2562.41
	 
	 

	Total
	390456.08
	66
	5916.001
	 
	 


c)
F-Statistic=-29.7928
d)
Numerator degrees of freedom =3
Denominator degrees of freedom =63
F-Critical=2.7505
e)
P-value=0.0000
Since 0.0000 < 0.01, it falls in the rejection region. Therefore reject the null hypothesis and conclude that enough evidence to reject the null hypothesis.

5. Use the file bronchial.txtavailable from myCourses to answer this question. The data were gathered from asthmatic volunteers to assess the short-term effects of sulfur dioxide (SO2). Interest lies in comparing three groups that differ in terms of their lung function: Group 1 Poor, Group 2 Normal and Group 3 Good. 
a) Using the aov() function in R, test the hypothesis that there is no difference in mean bronchial reactivity among the three lung function groups. Interpret the resulting F-test assuming the desired Type I error is 0.01.
b) Carry out a series of pairwise tests using the pairwise.t.test() function within R to compare the three groups, without making any adjustment for multiple comparisons. Is any of the tests significant at the 0.01 level?
c) Use the TukeyHSD() function within R to repeat these comparisons, but using the Tukey correction for multiple comparisons. What is the difference in your conclusion, if any, compared to (b) above?
a)
Input:
	res.aov <- aov(br ~ group, data = my_data)
	summary(res.aov)
Output:
Df Sum Sq Mean Sq F value Pr(>F)  
group        2  503.548  251.7742   4.99 0.0181 *
Residuals   19 958.803  50.4633                 
---
Signif. codes:  0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1

Fail to reject the null hypothesis.

b)
Input:
	pairwise.t.test(my_data$weight, my_data$group,
                 p.adjust.method = "BH")
Output:
	Pairwise comparisons using t tests with pooled SD 
	data:  my_data$br and my_data$group 
     	br  group3 
	group2 0.420 -    
	group1 0.008 0.015
	P value adjustment method: BH 
Therefore, group 1 to group 2 have means are different

c)
Input: library(multcomp)
summary(glht(res.aov, linfct = mcp(group = "Tukey")))

Output:
	Simultaneous Tests for General Linear Hypotheses
	Multiple Comparisons of Means: Tukey Contrasts
	Fit: aov(formula = br ~ group, data = my_data)
	Linear Hypotheses:
                 Estimate Std. Error t value Pr(>|t|)  
	Group2 – group3 == 0  -0.3710     0.2788  -1.331    0.391  
	Group1 – group3 == 0   0.4940     0.2788   1.772    0.198  
	Group2 - group1 == 0   0.8650     0.2788   3.103    0.012 *
	---
	Signif. codes:  0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1
	(Adjusted p values reported -- single-step method)

Therefore, group 1 to group 2 have means are different
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