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Sampling Distribution: Central Limit Theorem by Simulation 
 
Central limit theorem is the most important theorem in statistics. Many statistical inferences rely on 
the theory behind central limit theorem. The Central Limit Theorem (CLT), in a nutshell, states that, if 
random samples are drawn from a large population with mean µ and variance σ


2
, then the sampling 


distribution of the mean is approximately normal with mean, 𝜇�̅� =  𝜇 and standard deviation, σ�̅� =  
𝜎


√𝑛
. 


What is equally important is that this is true regardless of the distribution of the population sampled as 
sample size is sufficiently large enough. 
 
Statistical inference is the process of drawing conclusions about the population parameter based on the 
sample data. In reality, we usually don't know population parameters e.g. 𝜇 and σ; however, 
corresponding statistics is used to estimate the population parameter.  For example, statistics such as �̅� 
and s are used to estimate 𝜇 and σ respectively.  A sample drawn from a population at random will not 
necessarily yield an estimate (i.e. �̅�) that is exactly equal to its corresponding parameter (i.e. 𝜇).  If we 
select the next sample with the same sample size from the same population at random, its mean and 
standard deviation will be different from the first one.  If you repeat this sampling process over and 
over, you will see how close these sample statistics from the true value of the population parameter 
and how the sample estimates vary each time you draw a new sample.  The probability distribution of 
sample statistics is known as sampling distribution and has been illustrated using CLT. 
 
You may visualize the sampling distribution of sample mean for various sample sizes using following 
applet http://onlinestatbook.com/stat_sim/sampling_dist/index.html 
 
Objectives: The specific objective of this assignment is to provide hands-on experience and 


understanding of sampling distributions and the properties of the CLT 
 
In this assignment, you will simulate random samples from a known population that follows the 
continuous uniform distribution on the interval {0,1}


1
.  Then compute sample statistics for each sample 


in order to empirically corroborate some statements about the Central Limit Theorem (CLT). As part of 
the exercise, you’ll create a set of 1000 hypothetical samples with various sample size, and look at the 
sampling distribution of the sample statistics, in this case sample mean (�̅�) among different sample size. 
  
Instructions: 
 


a) Creating hypothetical set of samples 
In Microsoft Excel, use random number generation tool to 
generate 1000 pseudo-random samples of size 2 from a 
population that follows the continuous uniform 
distribution on the interval {0,1}. Select Data Analysis in 
Data tab in excel and generate 1000 samples with sample 
size of 2 using random number generator function (in the 
new window, number of variables = 1000; Number of 
Random Numbers = 2; uniform distribution with 
parameters 0 and 1). 


                                                
1
 Note: Uniform distribution has a population mean, μ =


𝑎+𝑏


2
 and variance, 𝜎 2 =


(𝑏−𝑎)2


12
 




http://onlinestatbook.com/stat_sim/sampling_dist/index.html
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b) Tasks 
Calculate the mean for each of the 1000 samples.  Select all 1000 mean values, copy and paste 
in a new worksheet (paste special, check value paste, and 
transpose too). Plot a histogram showing the distribution 


of the means (Bin Width =  
𝑀𝑎𝑥−𝑀𝑖𝑛


√𝑛
, where Max is 


maximum mean value and Min is minimum mean value 
and n is 1000). This is the sampling distribution of the 
sample mean. 
 


c) Repeat a) and b) with a sample size of 50. 
 


d) Based on these simulations, calculate descriptive statistics 
that includes mean, standard deviation, median, min, max, 
range, 10 percentile, 25 percentile (q1), 75 percentile (q3) and 90 percentile for each simulation.  
In a table, you may compare these sample statistics with their corresponding population 
parameters (Table 1). 


 
e) Based on these simulations, generate three histograms – one for the population (Figure 1), and 


one for each simulation (sample size of 2 and sample size of 50). 
 


f) Use these table and figures generated in parts d) and e) to draw conclusion and lead discussion 
when you are writing a professional memo (suggested memo format is available in elearn) 
 


g) Following questions may be useful to lead some of the discussions while writing a memo. 
 


i. Compare among sampling distributions (with sample size of n= 2 and n = 50) and their 
corresponding population distribution. Do sampling distributions follow a normal 
distribution despite their population distribution is uniform? (compare among three 
histograms) 


 
ii. Compare the mean of the 1000 means of two sample sizes. How do they compare to the 


mean of their parent population i.e. population with continuous uniform distribution on 
the interval {0,1}? (Use Table 1 to answer the question) 


 
iii. Compare standard deviation of any one sample out of your 1000 samples (for both 


simulations – sample size is 2 and sample size is 50) with the corresponding population 
standard deviation.  Can you use a sample standard deviation to estimate the 
population standard deviation? 


 
iv. What is standard error of the mean? How do we estimate standard error in a real world 


situation, where you normally do not know the population standard deviation and only 
one sample (not 1000 samples) of size n is randomly drawn from the population? 


 
v. Did the variability of sampling distribution stay the same or change with sample size? 


Which mean estimate (mean of the means) is more precise and accurate? Would you 
have a preference on small sample size over large sample size?  Explain. 
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Hand in the assignment by the beginning of the class on Tuesday February 17, 2015. 


1. Summarize your answers in a computer-generated professional memo, and attach your work i.e. 
figures and tables as an appendix. 


2. In the appendix, you should include: 


a. A table that compares descriptive statistics with their corresponding population parameters. 


b. Three figures – one population distribution (given with this assignment, i.e. Figure 1) and two 
histograms for the means (one from each simulation). 


c. Format your tables and graphs and give them appropriate captions. 


 
 
 
 
 


 
 


Figure 1. Histograms of the population with continuous uniform distribution with an interval of {0,1}. 
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Table 1. A comparison of population parameters with their corresponding descriptive statistics generated using 1000 pseudo-random 
samples of size 2; and size 50 drawn from the population with continuous uniform distribution with an interval of {0,1}. 


 


Parameters/Statistics 
Population Parameters 
(uniform distribution {0,1}) 


Sample Statistics 


n=2 n=50 


Sample (n) NA   


Mean    


Median    


Standard deviation    


Min    


Max    


Range    


10 percentile    


Q1    


Q3    


90 percentile    
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