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Random Sampling 
 Random Sampling and Nonrandom Sampling 

 Finite and Infinite Population 

 Sampling with Replacement  

 

  
 

Sampling without Replacement 

 

  
  

 Sampling Method 

  Simple Random Sampling 

  Systematic Sampling 

  Stratified Sampling 

  Cluster Sampling 

  Accidental Sampling 

  Typical Sampling 

  Quota Sampling 

  Concentration Sampling 

  Snowball Sampling 

 Random Variable is a numerically valued function defined over a sample space. 

 Discrete/Continuous 

  



Probability Distribution 
 Probability Distribution 

 

  

   

 Example 1   Probability Distribution of Possible Value of Rolling Roulette 

Possible Value (r) of 
Random Variable (X) 

p (X = r) 

1 0.25 
2 0.25 
3 0.25 
4 0.25 

 

 Example 2   Probability Distribution of Sum of Two Rolls 

Possible Value (r) of 
Random Variable (X) 

p (X = r) 

2 1/16 
3 2/16 
4 3/16 
5 4/16 
6 3/16 
7 2/16 
8 1/16 

 

 Expected Value of Discrete Random Variable 

             

 

   

 

    
  
 

  

 

   

 

 1 2 

3 4 

E(X) = 2.5 

 = 1.12 

E(X) = 5 

 = 1.58 



Standard Deviation of Discrete Random Variable 

                                 
 

 

   

 

    
  
 

        

 

   

 

 

 

Sampling Distribution 
 Random variable is a statistic based on the results of more than one trial. 

 Sampling error 

Binomial Distribution 
 Bernoulli trial 

1) A trial can result in one of two outcomes 

2) The probability of a success remains constant from trial to trial. 

3) The outcomes of successive trials are independent. 

 The probability of success (p) and the probability of failure (q) 

 When there are n Bernoulli trials, the random variable of interest is the number of successes; its 

value can range from 0 to n. 

Example: Flipping a coin 3 times: The sample space is {TTT, TTH, THT, THH, HTT, HTH, HHT, 

HHH). The sampling distribution is 

  

Possible Value (r) of 
Random Variable (X) 

p (X = r) 

0/3 0.125 
1/3 0.375 
2/3 0.375 
3/3 0.125 

 

  

  

E(X) = 1.50 

 = 0.866 



Binomial Random Variable 

 Binomial Distribution 

            
        

 The exact probability 

  p > .5  negatively skewed 

  p < .5  positively skewed 

  p = .5  symmetry 

 As n increases, the shape of the distribution approaches more and more closely that of the 

normal distribution. The minimum n is derived from 

1) np and nq are both greater than 15 

2) The population is at least 10 times larger than the sample. 

The mean and standard deviation of binomial random variable on binomial distribution are 

        

    
  

 
 

 The approximate probability by normal distribution 

 The sample proportion is not necessary the same as population proportion, but, when n is large, 

the sample proportion approaches population proportion.  

Hypothesis testing on binomial distribution (both use exact and approximate probability) 

 Example Flipping the coin 16 times found 2 heads. Is this coin bias if p(H) = .5? 

  Research Hypothesis: The coin is bias. 

  Alternative Hypothesis: The coin is bias or         

  Null Hypothesis: The coin is not bias or         

  Alpha = .05 

  Building the characteristic of binomial distribution if n = 16 and P = .5 

  The exact probability of 2 or less heads (         ) is 

                                      

               
            

            
          

                                                                   

                                                                   



  p value = 0.0021 less than alpha 

  Therefore, reject null hypothesis and conclude that the coin is bias. 

Transform X to z score 

  
        

  
 

         

           
  

    

  The approximate probability of 2 or less head, p value, = 0.0014 less than alpha 

  Therefore, reject null hypothesis and conclude that the coin is bias. 

 This process is called binomial test. 

Assumptions of Binomial Test that Approximate Probability by Normal Distribution 

 In approximating area by normal distribution in binomial test, it assumes that 

1) Random sampling from the population of interest 

2) Binomial Population 

3) np and n(1- p) are both greater than 15 

4) The population is at least 10 times larger than the sample. 

Relationship between trials and hypothesis testing in proportion 

 From the binomial distribution formula 

  
        

  
 

    

       
 

 

 If n increase, z will increase. Then, the chance to reject null hypothesis will increase. 

 The power of rejection false H0 depends on  

1) the number of trails 

2) effect size or difference between    and    

3) significance level 

4) type of test: one-tailed or two-tailed 

Sampling Distribution of the Mean 
 Example The universe is {1, 2, 3, 4}.  = 2.50 and  = 1.118 

  Draw all possible samples of size n = 2 with replacement 

  All possible samples are 

 



Sample 
Number (j) 

Sample 
Values     

 Sample 
Number (j) 

Sample 
Values     

1 1, 1 1.0  9 3, 1 2.0 

2 1, 2 1.5  10 3, 2 2.5 

3 1, 3 2.0  11 3, 3 3.0 

4 1, 4 2.5  12 3, 4 3.5 

5 2, 1 1.5  13 4, 1 2.5 

6 2, 2 2.0  14 4, 2 3.0 

7 2, 3 2.5  15 4, 3 3.5 

8 2, 4 3.0  16 4, 4 4.0 

 
The sampling distribution is 
 

Possible Value (r) of 
Random Variable (   ) 

p (    = r) 

1.0 1/16 
1.5 2/16 
2.0 3/16 
2.5 4/16 
3.0 3/16 
3.5 2/16 
4.0 1/16 

 
 Mean of sample means,    , is 2.50. 

      

 Standard Deviation of sample means,    , is 0.791 (To avoid confusion, standard deviation of 

sampling distribution is replaced by standard error) 

    
 

  
 

 Although the population distribution is not normal distribution, the distribution of sampling 

distribution approaches normal distribution, if n is large. (n larger than 100) 

 Central Limit Theorem  

 The sample mean is not necessary the same as population mean, but, when n is large, the 

sample mean approaches population mean, because standard error of a mean is less.  

Hypothesis testing on sampling distribution of the mean 

Example  Are 4 people with average height equal to 160 cm Thai men, if they are same 

sex and same nationality? 

 On average, Thai men are tall 170 cm with 10 cm standard deviation. 

 Research Hypothesis: These four people are not Thai men  

E(X) = 2.50 

 = 0.791 



 Alternative Hypothesis: These four people are not Thai men or          

 Null Hypothesis: These four people are Thai men or          

 Alpha = .05 

 Building the characteristic of sampling distribution of Thai men sample means with n = 4 

 This distribution has         and             

  

Transform the sample mean to z score 

  
      

   
 

       

 
 

   

 
    

 The approximate probability of Thai men height equal to or less than 160 cm, p value = .0228 

less than alpha 

 Therefore, reject null hypothesis and conclude that these people are not Thai men. 

 It is not necessary to find out p value. Rather, you can find out zcritical and compare it. In this 

example zcritical = -1.645. The computed z is extreme than zcritical. As the result, reject null hypothesis. 

 This process is called one sample z-test. 

Assumption of one sample z-test 

 In using sampling distribution of the mean, it assumes that 

1) A random sample of n observations is obtained from the population of interest. 

2) The population standard deviation is known 

Relationship between sample size and hypothesis testing with sample mean 

 From sampling distribution formula 

  
      

   
 

   
 

  

 

 If n increase, z will increase. Then, the chance to reject null hypothesis will increase. 

 The power of rejection false H0 depends on  

1) sample size 

2) effect size or difference between    and    

3) population standard deviation 

4) significance level 

5) type of test: one-tailed or two-tailed 


