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Review from Last Time

• Hypothesis testing with t-distribution 

• When to use:
• When the sample distribution is nearly normal

• When the sample sizes are small (a rule of thumb is <30)

• Can be more accurate than a normal distribution 
• When the above 2 conditions are met;

• How to obtain confidence intervals using t-distribution 

• How to perform hypothesis testing with t-distribution 



Hypothesis Testing with t-Distribution 

• T statistic

• For a sample of size �, 

• Estimate sample mean �� and standard deviation �� ��

• To test the hypothesis ��: 	 = 	� v.s. ��: 	 > 	�
• A t-statistic can be calculated 
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The p-value can be assessed by Pr 
∗ > 
 , where 
∗ is a random variable 
with distribution �������



Exercise Problem I



Exercise Problem II



Today’s Topic – Two Sample t-test

• Similar to one sample case, it is also useful to derive and use t-
distribution to test the difference in the sample mean values

• When the sample distributions are near normal

• When the sample sizes are small 

• Example:

• Investigate if ES cells help heart pumping ability among individuals that have a 
heart attack 

• How to design the experiment

• What would be the hypothesis that you would like to test? 



Procedures 

• To test for ��: 	 = 0 v.s. ��: 	 ≠ 0

• Closely resembles two-sample test using normal distribution 

• Obtain the point estimator for the difference in sample mean values

��� − ��� (as an estimator for 	� − 	�)

• Obtain the standard error for the sample mean difference point estimate
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How to Obtain Confidence Interval and P-
values

• Confidence intervals 

• ��� − ��� − ��� × �� ��� − ��� ≤ 	� − 	� ≤ ��� − ��� + ��� × �� ��� − ���



Example – Perform Two Sample t-test  



R Function for Two Sample T-Test

• We can write an R function to calculate the two sample t-statistic

• So that the same code can be used repeatedly for similar analyses
#xA: sample mean for sample A;

#xB: sample mean for sample B;

#sA: standard deviation for sample A;

#sB: standard deviation for sample B;

#nA: sample size for sample A;

#nB: sample size for sample B;

t2 <- function(xA,xB,sA,sB,nA,nB) {

se=sqrt(sA^2/nA+sB^2/nB)

z=(xA-xB)/se;

df=(sA^2/nA+sB^2/nB)^2/((sA^2/nA)^2/nA+(sB^2/nB)^2/nB)

return(list(z=z,

se=se,

df=df));

}



ES Cell Transplant Effect on Heart Pumping 
Ability 



Example I 
(make sure to check conditions for t-tests!!)



Example II



Example III



Homework Problems

• Exercise 5.18, 5.28, 5.30, 5.32

• Due March 15th, 2016


