


Measuring Variation
How trustworthy is the mean that we calculate from our sample of fish? Two factors come into play. First, the
sample size is critical. If fish in the lake vary a lot in size, a mean calculated froin a small sample (say 10 fish)
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might be significantly off the mark. By
chance, the 10 fish you caught might be
larger or smaller than the average
population size you are trying to
describe. If the sample is expanded to
1000, it is much more likely that your
calculated mean will accurately reflect
the population average. A fundamental
principle of data collection is that the
sample size must be large enough to
eliminate sampling errors due to chance
departures from the population mean. To
keep our thoughts straight, we use n =
size of the sample, and N = size of the
entire population. N is usually
unknown, but can be estimated in a
number of ways. (See Chapter 4.)

How large, then, must a sample be?
This depends on the amount of
variation in the population. Samples
taken from a fish farm where all the
fish are nearly the same size will give
reliable estimates, even if the sample is

small. In a natural population with a great range of sizes, the sample has to be expanded to ensure that the
larger variation is accounted for. Thus, the more variable the population, the larger the sample must be to
achieve the same level of reliability. It becomes obvious that we need a statistic to measure variation.
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Figure 1.9¢ Skewed data.
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To measure the amount of variation
around the mean, we use a statistic called
the standard deviation (abbreviated
s.d.). To distinguish between our sample
and the entire population, we define s =
the standard deviation of the sample,
and o = the standard deviation of the
whole  population. The standard
deviation is expressed in the same units
as the original measurements, which
would be cm in our hypothetical fish
study. A standard deviation can thus be
shown as a portion of the range on a
number line. In normally distributed
populations, 95% of all individuals fall
within 1.96 standard deviations from the
mean. This means that the X-axis of a
histogram can be marked off m four
standard deviation units (two above the
mean, and two below), and roughly 95%
of the observations will fall within that
region (Figure 1.10).
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Figure 1.10 Standard deviations.
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To calculate the size of a standard
deviation, it is actually easier first to
calculate a related statistic called the
variance. The variance is the square of
the standard deviation, so we use s? = the
sample variance, and o = the popula-
tion variance. Calculation of the variance
is based on the difference between each
observation and the mean. If all these
differences are squared, and we calculate
an average of the squared values, we have
the variance. (See Appendix 1.) It is good
to remember that the units on variance are
the original measurement units squared.
If we measure length in cm, then the
sample variance is reported in cm? In
calculating standard deviations, we take
the square root of the variance, which
returns us to our original measurement
units, which is length in cm.

s =s* and o = Vo’
s =sample s.d. o = population s.d.
s? = sample variance o’ = population variance

Check your progress:

If the standard deviation of a population is 9.5, what is the population variance?

Answer: 90.25

Confidence Intervals

There is one more statistic that you will find useful when characterizing the typical sunfish in your
population with a mean. Incorporating sample size and variation, you can develop a measure of reliability

of the mean called the standard error (S.E.).

Assume there are 25 people in your ecology class. Each of you goes to the same pond sometime this week,
nets a sample of sunfish in the same way, and measures 100 randomly selected individuals. Releasing the
fish unharmed, you return to the lab and calculate a mean and standard deviation from your data.
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Everyone else does the same. Would your 25 sample means be identical? No, but the variation in means
would be considerably smaller than the total variation among the fish in the pond. Repeating a sampling
program 25 times is usually impractical. Fortunately, statistics gives us a way to measure reliability when
we have only one mean developed from one sample. The variation among all possible sample means can
be predicted from the sample size and the variation in the pond’s sunfish with the following formula:

Looking at the formula, you can see the relationship
between error in our estimate, the variability of sunfish, and
the sample size. The smaller the S.E. is, the more trustworthy
your calculated mean. Note that the sample standard
deviation is in the numerator of the calculation, so the more
variable the size of the fish, the less accurate the estimate
you made from a random sample. Sample size, on the other s = standard deviation of sample
hand, is in the denominator. This implies that a large sample n = sample size

makes your mean more reliable. The formula shows that the
more variable the population, the larger our sample must be
to hold S.E. to an acceptably small margin of error.

S.E. = si/n

S.E. = standard error of the mean

Since standard errors tend to be normally distributed, it is a safe assumption that 95% of the variation in
all possible means will fall within 1.96 S.E. of the actual mean. This fact can be used to calculate a 95%
confidence interval as follows:

95% Confidence interval = X +1.96 S.E. X = sample mean

S.E. = standard error

|

Check your progress: l

Calculate the 95% confidence interval for a mean of 14.3, derived from a sample of 25, where the
standard deviation is 4.2. What are the upper and lower limits? u

Answer: 12.65 to 15.95 1

_ =~

To go back to our number line, the confidence intervals can be represented by brackets around the sample
mean. A 95% confidence interval implies that the actual population mean (u) will fall within the brackets you
have placed around your estimate (X ) 95% of the time under these experimental conditions (Figure 1.11).
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The importance of confidence limits cannot be overstated. Scientifically, it is dishonest to report a sample
mean by itself. Without sharing with your readers the sampling methods, sample size, and the variability
of the population, there is no way for them to know how accurately the sample mean represents the
population. Always report sample size with a mean, and add some measure of variation. Any of the statistics
representing variation (s, %, or S.E.) can be reported, since any one of these can be used to calculate the
other two.

Figure 1.11 95% Confidence interval.
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METHOD A: SEED WEIGHTS IN LEGUMES

[Laboratory activity]

Research Question
How does a population of bean seeds vary in weight around the typical individual?

Preparation

At a grocery or health food store, find uncooked dried beans of several types. Bags of approximately one
pound are ideal. Lima beans, pinto beans, navy beans, and great northern beans are good varieties to
choose from. If possible, buy unsorted beans; these best represent the population in the field.

Materials (per laboratory team)
1-pound bag of beans (Different teams can use different varieties.)

Analytical balance or electronic balance sensitive to 0.01 g (.001 g is preferable).
Plastic weighing tray, as large as the balance will accommodate.

Electronic calculator



