Goldenrod Galls Statistical Analysis

(for AP classes)
In answering the questions in the data analysis section above, we relied on results from a sample of galls, but we generalized about the whole population of galls in the field.  In doing so, we made the assumption that our sample of galls was representative of all the galls in the field.  We can never know for sure if our assumption is true or false, but we may be able to say something about the degree of confidence we have in the assumption.  For example, a sample of 100 galls is more likely to be representative of all the galls in the field than is a sample of only 10 galls.  Furthermore, the reliability of our assumption depends on how variable in diameter the galls are.  If all the galls in the field were very close to the same size, they could be well represented by a small sample, perhaps even as few as 10 galls.  On the other hand, if the galls in the field demonstrated a great deal of variability in diameter, we’d need a larger sample in order to get an average in which we had sufficient confidence, even 100 galls might not be enough.

Scientists are always interested as much in the confidence with which they can rely on their results as they are in the results themselves, and so results are usually expressed in a way that allows us to assess their reliability.  For results based on a sample, like those in this study, we must know not only the average (technically called the mean), but also the size of the sample (called the sample size).  We also require some estimate of the amount of variability in the thing we’re studying (usually expressed as the standard deviation).  Since these measures summarize and describe our sample, they are called summary descriptive statistics.

Although calculators and computer spreadsheets may be used to calculate these statistics and save you time and effort, it’s a valuable exercise to learn how to calculate these statistics by hand.  You will thereby understand the statistics better and will be able better to detect erroneous values arrived at by calculator or computer.  Unlike your brain, your computer can’t know when its answer is ridiculous: GIGO, i.e., garbage in—garbage out.  The procedure that follows will help you keep track of some cumbersome, but simple calculations.

Calculation of Means and Standard Deviations by Hand

Calculation tables #3 through #8 will help you calculate descriptive statistics to summarize each of the 6 variables you will wish to compare: all galls, surviving galls, galls attacked by wasp #1, galls attacked by wasp #2, galls attacked by beetles, and galls attacked by birds.  To demonstrate that natural selection is occurring you must show that the mean size of the surviving galls or of those attacked by a particular predator is significantly different from the mean size of all the galls”.  (The word “significant” has a special meaning in science, which we will discuss later.)  First, you must calculate means and standard deviations for each of the 6 distributions.

Fill in each of the columns of the tables as follows:

1. The diameter of galls observed (x).  The table has some blank rows in case you observed galls smaller than 10 mm or larger than 30 mm.

2. The frequency (F) is the number of galls of each size in the sample.  The sum of this column (N) is the total number of galls observed.

3. This is the frequency times the value of x (Fx).  Just multiply the value in column 1 by the value in column 2.  The sum of this column ((Fx) is the sum of the diameters of all galls observed.  To calculate the mean (average), simply divide the sum of column 2 by the sum of column 3.  In your calculations, you will refer to the mean as xave.

4. You will use columns 4 through 6 to calculate the standard deviation.  Begin by subtracting the mean (xave) from the gall diameter of each row.

5. Square each of the differences you calculated in row 4.

6. Multiply each of these squared numbers by the associated frequency.  You will use the sum of this column [(F(x-xave)2] to calculate a number called the variance, which is the square of the standard deviation.

CALCULATION TABLE #3:  ALL GALLS
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CALCULATION TABLE #4:  SURVIVING GALLS
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CALCULATION TABLE #5:  WASP #1
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CALCULATION TABLE #6:  WASP #2
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CALCULATION TABLE #7:  BEETLES
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CALCULATION TABLE #8:  BIRDS
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Gall Diameter
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Calculate the mean gall size for each set of galls.  We discussed how to do this above, simply by applying the formula:
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where the denominator of the fraction is the sum of column 3 in the tables and the denominator is the sum of column 2.

Calculate the standard deviation (s) of gall size for each set of galls.  To do this, apply the following formula:
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Look at the formula for the standard deviation.  Notice that standard deviation is a good expression of the spread of the values of gall size:  the more galls whose diameters are very different from the mean, the larger the numerator of the fraction and the larger the standard deviation.

Summarize the distributions of the various gall types by writing the results of your calculations in Table #9.

TABLE #9

SUMMARY DESCRIPTIVE STATISTICS FOR GALL DIAMETERS

	
	Total Galls
	Total Alive Flies
	Wasp #1
	Wasp #2
	Beetle
	Bird

	Sample Size

N
	
	
	
	
	
	

	Mean
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	Std. Dev.
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Testing for Significant Differences

It is likely that your samples of the different groups of galls have different mean diameters.  Are these differences due merely to the chance variations in the sampling process, or are their real differences in diameter among the different types of galls?  How confident can you be that the differences you observed reflect interesting biological processes like natural selection rather than sampling errors due only to chance?

Statisticians have developed methods to help us answer such questions.  Most of these methods involve tests that answer the question, “what is the likelihood that the differences we observed occurred merely by chance?”  If it is very unlikely that a difference is too large to be explained by variation in the sampling process, we are justified in accepting the alternative explanation that the difference is due to something other than chance.  In such a case we say that the observed difference is significant.  But how large is too large?  In biology we usually assume that, if a random sampling process could lead to a difference as big as that we observe only 5% of the time, something other than chance is operating and the difference is significant.

In your study of the effect of natural selection on the size of goldenrod galls, the appropriate test asks, “are the mean diameters of the various groups of gall killed by Eurosta’s natural enemies different from mean size of all galls in the field?”  For each predator you will ask, “is there a significant difference between the mean diameter of all galls and the mean diameter of the galls killed by this predator?”  The statistical procedure most frequently used to test for a significant difference between two means is called a “t-test”, named because it relies on a test statistic called Student’s t.  (Notice that “t” is a symbol like ( or (, and should not be written in upper case or otherwise altered).
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