
	1. A randomized controlled trial of high dose vs. low dose influenza vaccination among patients with rheumatoid arthritis found that the log(GMT) (logarithm of the geometric mean titre) in the two groups was as follows:
	First trial
	High dose
	Low dose

	Sample size
	69
	71

	Mean log(GMT)
	4.04 units/ml
	3.83 units/ml

	SD log(GMT)
	2.89 units/ml
	2.71 units/ml




	a) Carry out a two-sided t-test comparing the means in the two groups. Assume the standard deviations in the two groups are the same and calculate a pooled standard deviation. What is your conclusion?


	

Solution 
Hypothesis
H0: u1 = u2
H1: u1 ≠ u2
Test statistic 
Pooled standard deviation = 
                                               = 2.800
t = 
= 0.444
p-value = 0.6580
since p-value is greater than significance level (0.05), we do not reject the null hypothesis. We conclude that there is no significant difference in the two groups. 














	b) Calculate a 95% confidence interval for the difference in means between the two groups. Assuming that a clinically meaningful difference is 1 unit/ml, what can you conclude from this confidence interval?

	Solution 
Difference = 0.21000
Margin of error = 0.93597
Confidence interval = 0.21000 ± 0.93597
                                    =( -0.72597, 0.93597)
The interval is not meaningful since it contains 0. 



	c) Give two reasons why relying on the hypothesis test for drawing inference may be misleading.

	
a. The sample sizes are small
b. The sampling method used




	2. The investigators plan a new randomized controlled design is carried out with the same objective. This time they would like to obtain a conclusive result.

	a) What is the sample size in each arm required to detect the minimum important difference of 1 unit/ml with Type I error of 0.05 and Power = 0.8?

	s-pooled = 2.800
n = 
     = 15.25
     ≈ 15

	b) If the investigator is working with a limited budget and is only able to recruit 100 individuals in each arm, what is the expected power? Use the pow package in R to calculate your answer.
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	3. The investigator obtains the funding required for the new study and obtains the following results:
	Second trial
	High dose
	Low dose

	Sample size
	100
	100

	Mean log(GMT)
	4.25 units/ml
	3.75 units/ml

	SD log(GMT)
	3.0 units/ml
	3.0 units/ml




	a) Using the data from the first study as prior information calculate the posterior distribution of mean log(GMT) in each of the low dose and high dose groups. Assume that the standard deviation of the prior is τ=2.8 units/ml in each group. Further, assume that the standard deviation of the observed data is known and σ=3 units/ml.

	
Posterior distribution for the means = 
                                                                  = 0.25
High dose = 4.50
Low dose = 4.00

	b) What is the posterior distribution of the difference in means between the two groups?

	
Posterior difference in means = 0.5


	c) Provide a 95% credible interval of the difference in means together with your interpretation. 

	Margin of error = 0.837
Confidence Interval = 0.5 ± 0.837
                                    = ( -0.337, 1.337)


	d) What would the posterior distribution of the mean in each group if we had used non-informative prior distributions instead?

	High dose = 8.25
Low dose = 7.75


	e) What would the posterior distribution of the difference in means be if we had used non-informative prior distributions instead?

	
Difference = 8.25 -7.75
                   = 0.5

	f) What would be the 95% credible interval in that case? Provide an interpretation.

	
	
	High dose
	Low dose

	mean
	4.25
	3.75

	std. dev.
	3
	3

	n
	100
	100

	df
	198  
	

	difference (High dose - Low dose)
	0.50000 
	

	pooled variance
	9.00000 
	

	pooled std. dev.
	3.00000 
	

	confidence interval 95.% lower
	-0.33666 
	

	confidence interval 95.% upper
	1.33666 
	

	  margin of error
	0.83666 
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Two-sample t test power calculation

n = 100
delta = 0.05
sd = 2.8
sig.Tevel = 0.05

power = 0.03330431
alternative = two.sided




