
Stat 538 - Biostatistics I - Fall 2005 
 
Lab 4 
Samping Distributions, Central Limit Theorem, Assessing Normality 
Using three separate examples: 
First, Section 5.2 Bernoulli example 5.5 to see how regardless of the underlying 
population distribution, the sampling distribution of means approaches normality as the 
sample size increases. 
 
Example 1 
 
Example 5.5 describes a a study where 30% (p=.3) of the individuals in the population 
have “superior”  distance vision.  The sampling distribution for means of a sample of size 
n=20 is given in table 5.4.  First we simulate data from a Bernoulli distribution 
(dichotomous observations – section 5.2) where the probability of success is p=.3 
(probability of failure is p=.7).  Next, we calculate the means of each set of 20 
observations.  We make a histogram of the original observations, comparing that with the 
histogram of means of sample size n=20.  At last we assess the normality of the 
distribution of means. 
 
We can simulate samples from many different distributions from the Calc/Random Data 
menu: 

 
 



Sampling Distr ibutions 
 
First we simulate from the Bernoulli distribution with p=.3.  Let’s sample 1000 rows and 
store them in the first 20 columns: 
 

 
 
Next, we calculate the means of each pair of observations by selecting Calc/Row 
Statistics: 

 
 
Select the columns c1-c20 as input variables, select Mean as the statistic, and specify c30 
as the column to store the means in. 



 
 
Lastly, stack the original data in columns c1-c20 into c40 so that we can make a 
histogram.  Choose Data/Stack/Columns 

 
 
Then select columns C1-C20, and input c40 as the column of current worksheet.  This 
copies column 1 into column 40, then copies column 2 continuing into c40, and so on 
through the 20th column. 



 
 
At this point you have four columns.  The first twenty columns are the original 1000 rows 
of simulated Bernoulli data consisting of 0’s and 1’s.  Column 30 is the mean of the first 
20 rows (labled mean in my data – I encourage you to always label your variables).  
Column 40 is the first 20 columns stacked on top of each other as a single column; it as 
20000 rows of data. 
 
 
We make a histogram of the original observations in C40, then compare that with the 
histogram of means of sample size n=20 in C30. 
 
Make a histogram “With Outline and Groups” , selecting C30 and C40 as the Graph 
variables.  Under the Scale button, Y-scale type tab, select Percent or Density.  (This will 
make it easy to compare the two histograms.)  Under the Multiple Graphs button, select 
Overlaid on the same graph. 
 



 
 
The tall bars at the outside of the plot are C40, the orginal observations.  Notice they take 
values of 0 or 1. Very close to 30% of the observations are a 1 (success), which is what 
we expect for p=.3. 
 
The histogram of means are the shorter bars in the middle.  These correspond closely to 
table 5.4 in the text of probabilities of values of p-hat.  Notice that the shape of this 
histogram is roughly symmetric, unimodal with no outliers.  Is that close to normal?  We 
can tell with a normal probability plot. 
 
Central L imit Theorem 
 
The central limit theorem states that as the size of the sample increases, the distribution of 
means becomes more and more like a normal distribution. 
 
Assessing Normality 
 
We assess normality by having Minitab calculate the normal scores, and plotting our 
mean values against the normal scores, as in Section 4.4 of the text. 
 
To calculate the normal scores, choose the Calc/Calculator from the menu.  We want the 
normal scores of C30 (the means) and we’ ll store them in column C31. 



 
 
We make the normal plot by choosing from the menu Graph/Scatterplot.  Choose C30 for 
the Y variable (our means) and C31 as the X variable (the n scores).  The resulting plot 
shows a set of dots very close to a line (a slight upward curvature). 
 

 
 
As we know, the closer the dots are to a line, the closer to normal the data are.  This is 
pretty straight, the distribution of means is close to normal. 
 
 



Normal Approximation to the Binomial Distr ibution 
 
Theorem 5.2 gives the mean and standard deviation of the Normal distribution that 
approximates the binomial distribution.  The mean is p and the standard deviation is 
sqrt(p(1-p)/n).  Note that when p=.3, the mean is .3, and the standard deviation is 
0.102447.  Below are the descriptive statistics from my simulated data, which are very 
close to these theoretical values. 
 
Descriptive Statistics: C30  
 
Var i abl e     Mean    St Dev 
C30       0. 29370  0. 10294 

 
 
 
Sampling distr ibution for  a normal population 
 
When the population is normal, the sampling distribution is also normal, regardless of the 
sample size.  This is different from the binomial distribution (or any other distribution), 
where normality is approached as the sample size increases.  But once normal, the 
sampling distribution stays normal but with a smaller standard deviation.  Table 5.7 gives 
the mean and standard deviation of a normal distribution and it’s sampling distribution 
based on a sample size of n.  The mean stays the same.  But the standard deviation 
decreases from s to s/sqrt(n). 
 
Let’s simulate data similar to example 5.11.  We are interested in a normal population 
with mean 500 and standard deviation 120, and a sample size of 25.  As in the binomial 
example above, we simulate from the normal 1000 rows with mean 500 and standard 
deviation 120 and put them into columns 1-25. 
 

 



 
Again, create the row means of c1-c25 and store them in c30. 

 
 
Stack the individual simulated values into c40. 
 

 
 
At last, make a histogram with outline and groups of both the column of means (c30) and 
of the original observations (c40): 



 
 
Notice that the histogram of means also is normal, but is much narrower than the original 
distribution.  The population is normal with mean 500 and standard deviation 120, so the 
distribution of means will have mean 500 and standard deviation 120/sqrt(25)=24.  
Calculating the mean and standard deviation from our data show this to be roughly 
correct. 
 
Descriptive Statistics: C30, C40  
 
Var i abl e    Mean   St Dev 
C30       499. 68   24. 85 
C40       499. 68  120. 54 

 
[Note:  This is similar to what you are asked to do for homework 3 #5 and #6.] 
 
Let’s check the normality of a set of data we know to be normal.  Create the normal 
scores as we did before of column 30, storing the results in c31: 



 
 
We make the normal plot by choosing from the menu Graph/Scatterplot.  Choose C30 for 
the Y variable (our means) and C31 as the X variable (the n scores).  The resulting plot 
shows a nearly perfectly straight line.  There will always be a few outliers on each end 
that deviate from the line; this is typical.  We are most interested in the general shape of 
the line.  Is it straight?  Is it curved?  This one is very straight. 
 

 
 



Homework 3 hints for  problem 1 
 
Copy and paste the birth weight data from the website into minitab.  Below I have labeled 
the two columns of interest in the question, sex is Sex of the child (0=Male, 1=Female) 
and wt is Birth Weight of child, in grams.  
 

 
 
The question asks to look assess normality and compare the distributions of weights of 
boys and girls.  To do this, we have to unstack the columns of sex and wt, creating a 
column of boys and a column of girls.  This is easy to do with Minitab.  From the menu, 
select Data/Unstack columns. 
 
Below I want to unstack the data in wt into two columns determined by sex.  I want to put 
the two columns of data after the last column in use, and let Minitab name of the 
columns.  Select the options just as I have: 



 
 
These are the first several observation in the resulting two columns.  Notice from the 
original sex column, the first three are 0’s with weights 3300, 3300, and 4100.  The forth 
row has sex=1, with wt=2900, so 2900 is the first entry in the wt_1 column for girls. 

 
 
You can continue by making the normal scores plot as we did above.  Create a column of 
normal scores for wt_0 and wt_1.  Then make a scatterplot.  Finally, make boxplots and 
histograms and describe not only the shape (symmetry/skewness, number of modes, 
outliers), but also the difference of the center (mean) and spread (standard deviation) for 
boys and girls. 
 



For homework 3 #2-4, you want to use the formulas for the standard deviation in tables 
5.7 and 5.2, entering the values for y_bar or p_hat when you do the probability 
calculation using the normal distribution cumulative probability in Minitab.  For 
example, in question #2 (5.15) the original population is normal with mean 176 and 
standard deviation 30.  So the sampling distribution in part (c) for a sample of size n=9 
has standard deviation 30/sqrt(9)=30/3=10.  Put this new value for standard deviation into 
the cumulative probability calculator for y_bar. 
 
 


