Mean and Medium

The median is the data value in the middle of a sorted list of data.  To find it, you put the data in order, and then determine which data value is in the middle of the data set.

The mean is the arithmetic average of the numbers.  This is the center that most people call the average.

Population Mean:

, pronounced myoo
	N is the size of the population, x represents a data value

	 means to add up all of the data values.
Sample Mean:

 , pronounced x bar.
	n is the size of the sample; x represents a data value.

	 means to add up all of the data values.




The population arithmetic mean, μ (pronounced "mew"), is computed using all the individuals in the population. The sample arithmetic mean, [image: x-bar] (pronounced "x-bar"), is computed using sample data. The value for  is used to estimate  since  can’t be calculated in most situations. This is pretty formulaic, but the concept should be relatively familiar.


All though three – mean, median, and mode – really are averages.
There are no symbols for the mode and the median, but the mean is used a great deal, and statisticians gave it a symbol.  There are actually two symbols, one for the population parameter and one for the sample statistic.  In most cases you cannot find the population parameter, so you use the sample statistic to estimate the population parameter.  



















Example #1:  Finding the Mean, and Median
Suppose a vet wants to find the average weight of cats.  The weights (in pounds) of five cats are in table #1 

Table #1 Weights of cats in pounds

	6.8
	8.2
	7.5
	9.3
	8.2



Find the mean, and median of the weight of a cat.
Solution:
First identify the individual object, variable, and type of variable in the problem.

	Individual object:  


	Variable:  



	Type of variable:  


Mean:     









Interpret:  




Median:




Interpret:  










When necessary, round the mean to one more digit than the original data. i.e. If the data are whole numbers, you should round the mean to the tenths place (as in the previous example). If the data are already to the tenths place, you should round to the hundredths place.

In example 1, there were an odd number of data points.  In that case, the median was just the middle number.  What happens if there is an even number of data points?  What would you do?

Example # 2:  Finding the Mean and Median with an Even Number of Data Points
Suppose a vet wants to find the median weight of cats.  The weights (in pounds) of six cats are in table #2.   Find the median and median. 

Table #2: Weights of Six Cats

	6.8
	8.2
	7.5
	9.3
	8.2
	8.6


	
Solution:
		Mean:     












Interpret:  



	           Median =







Interpret:  











Example #3: Effect of Extreme Values on Mean and Median
Suppose you have the same set of cats from example 3.1.1 but one additional cat was added to the data set.  Table #3 contains the six cats’ weights, in pounds.

Table #3: Weights of Five Cats Plus One Extreme Value

	6.8
	8.6 
	8.2
	7.5
	8.2
	20.7



Find the mean and the median.

Solution:


	Mean =

 





	Interpret: 


 




	Sort the data in order; 



             thus, the median is between ____ and ____.


	Median = 








The mean is much higher than the median. Why is this?  Notice that when the value of _____ was added, the mean went from _________ (Example 2) to ________ (Example 3), but the median did not change at all.  This is because the mean is affected by extreme values, while the median is not.  The very heavy cat brought the mean weight up.  In this case, the median is a much better measure of the center.



Example #4: One point that should be emphasized again is the effect of outliers on the arithmetic mean. Because it adds all the values together, the arithmetic mean can be skewed by extremely large or extremely small values.
A helpful way to illustrate this is to think of the mean as the center of gravity - like the balance point. Suppose we consider the ages of the six Jackson cousins, Hudson, Abella, Amelia, Jillian, Katelyn, and Jessica. The figure below represents their ages and the corresponding sample mean. (Sample, in this case, because this isn't all of the Jackson cousins.) figure #1
[image: the mean as a center of mass]
Figure #1
If we replace Jessica with her father, who is 34 years old, we get something like this: figure #2
[image: the sample mean with an outlier]
Figure #2
You can see very clearly here the effect of including the dad. 16 years old does not really represent the "middle" value.

Example: To illustrate how the median deals with outliers, let's again consider the ages of the six Jackson cousins. The figure below represents their ages and the corresponding sample median. figure #3
[image: the sample median]
Figure #3
If we replace Jessica with her father, who is 34 years old, we get something like this: figure #4
[image: the median with an outlier]
Figure #4
You can immediately see the benefit of using the median - it is not affected by the age of Jessica's father.





If there are extreme values in the data, the median is a better measure of the center than the mean.  If there are no extreme values, the mean and the median will be similar so most people use the mean.  The mean is not a resistant measure because it is affected by extreme values.  The median and the mode are resistant measures because they are not affected by extreme values.

Why use the mean instead of the median?  The reason is because when multiple samples are taken from the same population, the sample means tend to be more consistent than other measures of the center.  The sample mean is the more reliable measure of center.

To understand how the different measures of center are related to skewed or symmetric distributions, see figure #5.  As you can see sometimes the mean is smaller than the median and mode, sometimes the mean is larger than the median and mode, and sometimes they are the same values.    
 
[image: ]

Figure #5: Mean, Median, Mode as Related to a Distribution






Source: Examples and definitions are used and modified from OERI book Statistics Using Technology Second Edition by Kathryn Kozak and some material is from Professor Dan Kernler (That work is licensed under a creative Commons License) 
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