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Margin of Error

Purpose

Very often we have to study organisms by measuring a sample from a larger population.  Sampling error is the difference between the sample mean and the actual population mean.  The margin of error is a way of estimating from a sample what the approximate mean of the whole population might be.  
The margin of error can also be used to estimate whether two populations are different when we can only take samples.

Calculation 

Because it's time consuming, we'll let computers do the actual calculation, but know the basic idea, which is this:

First, the Standard Error(SE) will be computer  calculated basically this way:

The total distance of all data  

Standard =
     points from the mean                      
Error (SE)
    divided by the sample size

Second, the Margin of Error (ME) is the mean + and – the SE.  Subtract the SE from the mean. Record that number.  Add the SE to the mean. Record that number.  The margin of error is the interval between those two numbers.

Notice what affects the size of the ME

From the Standard Error calculation above, we see that 2 factors affect the size of the Margin of Error:

1. The spread of the data.  If all data is clustered tightly around the mean, the numerator will be small, so the standard error will be small.  The more spread, the larger the standard error.

2. Sample size.  If the sample size is large, dividing by a larger number makes a smaller standard error.  On the other hand, the smaller the sample, the larger the standard error

Graphing

We can plot the mean as the top of a bar or simply as a horizontal line.  The margin of error is drawn as a rectangle bisected by the mean (See examples on the reverse side).  We often plot the range as well. The range is the distance from the lowest data point to highest data point that produced that mean.  Make a dot on the graph or your highest data point.  Make another for your lowest data point.  Connect them with a vertical line centered through the ME rectangle (See example).

Interpretation: One population

The Margin of Error reminds us that the mean of our sample is not necessarily the mean of the whole population.  The mean of the whole population is likely to fall within the margin of error, but could fall outside it.  The larger the Margin of Error the less confidence we have that the mean of our sample represents the true mean of the whole population.

Interpretation: Testing for difference between 2 populations.

We take samples from each population and calculate the mean and margin of error of each sample.  Then...

If the margin of error bars of two samples overlap:

There is "no significant difference" between the means of our 2 samples.  That is because actual mean of each population could easily fall anywhere the margin of error.  So if the sample's margins of error overlap, there is a good chance the actual means of the 2 populations may not be different.  We conclude that the study does not support the hypothesis of a difference between the 2 populations.

If the margin of error bars of two samples don't overlap:

The sample means are “significantly different.”  That is, there is enough difference between the sample means that actual means of the populations will most likely be different.  We conclude that the study supports the hypothesis of a difference between the 2 populations.

**Warning**  
Whatever the outcome, we do not prove anything!!!  These samples might be atypical.  Or the actual population means could fall outside the margins of error.  So repeated sampling may eliminate the difference we thought we saw in this study, or show a difference this study didn't reveal.  Because of this uncertainty, we can only say that the hypothesis was supported or was not supported.  It generally takes repeated testing to gain confidence in a conclusion.

EXAMPLE

Let's say we randomly select 10 men and 10 women and ask their GPAs and get these data:

	GPA at RU

	Men
	Women

	0.90
	1.50

	2.00
	3.00

	1.40
	3.00

	2.00
	2.50

	3.00
	3.00

	2.00
	3.00

	3.00
	4.00

	4.00
	3.00

	3.00
	2.00

	3.70
	3.00


If we calculate the averages, we find that in our samples of 10 men and 10 women: 

Men’s average GPA = 2.50 

Women’s average GPA = 2.80 

Can we conclude that the average GPA of ALL women at RU is higher than the average of ALL men?  Not necessarily -- the difference between our samples of men and women may just be due to chance, to sampling error.

The margin of error gives us a rule to follow for drawing conclusions.

Calculate Margin of Error

In our sample of 10 RU men, the mean GPA was 2.5, and the computer gives us a standard error of 0.30. 

Mean – SE = 2.5-0.3 = 2.2.  

Mean + SE =   2.5 + 0.3 = 2.8 

So the margin of error is from 2.2 to 2.8.  

In our sample of 10 RU women, the mean GPA was 2.8 and standard error 0.20.  What is the margin of error for the women?  ________

Graph Mean, Margin of Error and Range










Or this gives the same information:










Interpretation

The error bars around the mean GPAs of our sample of 10 men and 10 women overlap. The margin of error tells us that actual mean of all guys at RU could easily be as high as 2.8 (perhaps higher) and the average GPA of all RU women could easily turn out to be as low as 2.6 (perhaps lower). 

There isn't enough difference between the men and women in our samples to be confident that RU men and women as a whole are different.  We must conclude that our samples did not support the hypothesis that women at RU have higher average GPAs.

If the error bars had not overlapped, we could have concluded that our samples support the hypothesis that women at RU have higher average GPAs. 

Whatever our conclusions from this study, we need to remember that further research could show these results wrong.  This study does not prove anything; is only supports one hypothesis or another.

Practice:

Testing the hypothesis that the height of adult men and women is different, measure 200 people.  Results: Mean for men = 162 cm SE 4 cm.  Mean for women = 158 cm SE 3 cm.  What is the proper conclusion from these results?  Explain your answer.
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