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"not statistically significantly different." Here we present a simple, quick
exercisewhere students see from their
own effortswhat this statementmeans.
Additionally, this exercise demonstrates the bell curve distribution,the
relationshipof a sample to the population it is supposed to estimate, the
concept of probability, the effect of
increasingaccuracyand precisionwith
increasingsample sizes, and the t-test.
All of these conceptsare demonstrated
in a nontechnical manner based on
measurementsthe students make and
values they calculate.This exercisehas
worked well with freshman nursing
majorstaking microbiology,freshman
biology majorsin introductorybiology,
upper level nonmajorsin a nonmajors
biology class, and M.Ed. students taking a research course.

TheExercise
The Sample
A large forsythia shrub on campus
provides the leaves that are the material for the exercise.Withoutan explanation of the theory about leaf size
on different parts of plants, students
are asked to pick five leaves at random
from the north side and five leaves
from the south side of the shrub,keeping the two sets of leaves separate.A
sketch on the chalkboardbefore leaf
collectionshows students how to measure the leaf length from the tip of
the blade to the end of the petiole
(Figure1).

Figure 1. Diagram of a forsythia leaf,
which illustrates measuring the leaf
length from the tip of the blade to the
end of the petiole.

The Frequency Distribution

the shortest and longest leaves collected are 4 and 11 cm respectively,
length intervalsof 1 cm each are established. We survey the students orally
for the number of leaves each has in
each length interval. We display the
results as a frequency distributionon
the chalkboard and then construct a
frequency histogram on an overhead
transparency(Figure2). In each of the
10 times we have done this exercise,
the histogram has had a bell curve
distribution(Figure3a). To guide students, we ask the following set of
questions:

Using one set of leaves, e.g. the
north leaves, we ask the students for
the shortest and longest values,
explaining that we want to establish
about 10 length intervals which span
the range of values. For example, if

Questions: Are the leaves evenly distributed among length intervals?
Where do most of the values fall
in the distribution?
Is there a pattern to the
distribution of values?
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Statisticalanalysis is a fundamental
tool of science, but students find it
difficult to grasp (Bradstreet1996). In
addition, many students find statistics
a source of great anxiety (Schacht &
Stewart 1992). In science lab classes,
students learn about the scientificprocess by running experiments,making
measurements, and analyzing their
results.As part of the learningprocess,
students learn to use statistics, such
as t-test and Chi square, to analyze
the results of experiments. However,
they often do not comprehendthe statistical concepts that make sense of
their results. Students may be able
to apply the statisticalprocedure and
make the correctdecision without having any idea what their statements
mean. For example, when students
must decide if observed differences
are caused by the treatment effect or
are just due to chance based on sampling, they cannot appreciate their
experimental results without understanding how sampling effects can
result in different measured values.
This problem is especially a concern
with computerized statistics packages
with which students enter the data
and magically receive "the answer."
The essential concept that often
eludes students is the near certainty
that two samples taken from the same
population will have different means.
If students do not realize this fact,
they cannot understandhow we could
declare that differentmeans of two or
more treatmentscould be considered

and n = 40 means are recorded (Figure
3e). We discuss changesin the distribution of the samples after each calculation. We calculate the percent of
matches of the calculated means with
the mean of the north group.
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in the same length intervalas the mean
of the total sample. We explain that
when we take a sample, we are trying
to estimate the population, and the
larger each sample, the more closely
we approachthe mean of the population. We point out that as n gets larger,
there is a smaller range of variation
among the sample means.

Questions:What is the trend in distribution of sample means as the
sample size gets larger?
How do larger samples estimate
the overall mean compared to
smaller ones?

Chance of Different Samples
from the Same Population
We explain that when we take samples, every sample may vary from the
overall mean. This variation always

Students notice that as n gets larger,
the percent of matches increases, that
is, more of the calculated means are
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These questions are answered by
observing the graph. The leaves are
not evenly distributed; most have
lengths in the middle of the range
forming a bell curve. We tell them
that a bell curve distribution is the
most commonone observedfor biological measurements.
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The Effect of Sample Size
To illustratehow a sample of leaves
estimates the population of leaves on
the north side of the shrub, students
calculatethe mean of their samples of
five north leaves, and we calculatethe
mean of the entire north group. We
preparea frequencytable of the means
and write the totals correspondingto
each length interval above the bars on
the histogram, labeled n = 5 (Figure
3b).
Questions: How is the distribution of
the samples of size n=5 different
from the distributionof the individual leaf lengths?
How well do the means of the
n=5 samples estimate the mean
of the north group?
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Students notice that more of the samples are clustered toward the center.
Then, we pair students, and each
pair calculates the average length of
the 10 north leaves that they have
together. Means for n=10 are added
to the histogram (Figure3c). Next, we
form groups of four students, who
calculate the average length of the 20
north leaves that they have together,
and n= 20 means are added to the
histogram (Figure 3d). If class size
permits, groups of eight students calculate the average length of the 40
northleaves that they have as a group,
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Figure 2. Frequency distribution of
numberof leaves in eachlengthinterval
from the north side of the forsythia
shrub.
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Figure 3. Frequencyhistogram of number of leaves in each length interval from the north side of the forsythia shrub with
increasing sample sizes. Shaded bars indicate length intervals that include means of the indicated sample size. Above the
histogramare the number of means that fall in each length intervalfor the indicated sample size. Blackshaded bar indicates
length interval that includes mean of the entire north.group,which is 6.6 cm. The number in the box indicates the number
of sample means that fall in the intervalcontainingthe mean of the entire north group. Percentvalue is the percentof means
that fall in the interval containingthe mean of the entire north group.
(a) Individual leaves.
(b) Samples of n = 5.
(c) Samples of n = 10.
(d) Samples of n =20.
(e) Samples of n =40.
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(c)

(b)

occurs in sampling; the variation is
due to chance.
We point to the largest and smallest
n=5 sample means. The largest and
smallestn = 5 sample means are invariably very different from each other.
However, students know that these
came from the same set of leaves.
They see for themselves that there is a
probabilityby chancealone of drawing
two samples from the same population
whose means differ from each other.
We ask a series of questions so that
the students discoverthat the probability of a difference is less and less
likely for larger and larger differences
between means of samples.

Comparing Sample Means
We state that statisticsare tools that
help us make decisions. Statistics tell
us how much difference has to exist
between two means before we are confident that the difference is not due
to chance sampling. Statistics apply
probability to the differences we
observe and calculate how likely it is
for this difference to occur because of
chance sampling.
We remind students that this experiment began with collectingleaves from
the north and south sides of the shrub
and discuss that it is well known that
sun leaves have smaller areas and are
thickerthan shade leaves (Raven,Evert
& Eichorn 1992). Objectsthat face the
south are exposed to more sunlight
than objects that face north. We

Table 1. Proportionof means that
differ from overall mean.
Difference
from
OverallMean
1 cm 2 cm 3 cm
or more or more or more
n=5 samples 8/16

We state that one of the statistical
tools that is available for comparing
the means of two samples is the ttest. The t-test compares the differences between the means of two samples based on how much variation
there is within each sample. The more
variation there is in each sample, the
greaterthe differencewe need between
the means of the samples before we
can declarethat the differenceis statistically significant. At some point, we
say we know it is possible to get this
much differencebecause of sampling,
but the differencewe observe is large
enough that it is unlikely to have
occurredbecause of sampling, and we
label the difference "statistically
significant."
Before we make a decision based
on statisticalanalysis, we must decide
how certain we need to be about our
conclusions. We explain that there is
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a probabilityassociatedwith how different two samples can be which have
been drawn from the same population.
For many situations, a reasonableand
commonly used probability to allow
is 5%,which means that there will be
a 1 in 20 chance that the differenceis
the result of sampling. We ask if the
probability of getting our difference
because of sampling is less than 5%;
if it is, we conclude that our difference
most likely did not occur because of
sampling.
If, depending on the context of the
decision, we need to be more certain
that the difference was not the result
of sampling,we can set the probability
lower than 5%.For example,we could
set the probabilityat 1%,which means
that there will be a 1 in 100 chance
that the differenceis the result of sampling. As we insist on being more
certain that the difference is not the
result of sampling,we need to observe
larger differences between the means
before we can state that this difference
is unlikely to have occurred because
of sampling. However, regardless of
the probability level that is selected,
we cannot forget that there is still a
risk that the differencewas indeed the
result of sampling.
We select 5% for our probability.
Using a computerized statistics pack-

Question: What does the difference
between the means of the northgroup and south-groupleaves tell
us about the difference between
the populations of north and
south leaves?
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Figure 4. Frequency histograms of the number of leaves in length intervals from the north side and the south side of the
forsythia shrub.
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Questions: For n=5, what proportion
of the means differsfromthe overall mean by 1 cm or more?
Whatproportionof means of n = 5
differs by 2 cm or more? 3 cm or
more? (See Table1 for answers.)

inferred that north-facing leaves
should have larger surface area than
south-facing leaves and have crudely
gauged area by leaf length.
We calculate the mean of the south
group and note that the means of the
north and south groups are different
(Figure4). In this example with a class
of 16 students, the 80 north leaves had
a mean length of 6.6 cm, and the 80
south leaves had a mean length of
6.3 cm. We remind students that this
differencemay be due to sampling or
to a biological effect of location. We
need an objective way of deciding.

Table 2. Unpaired t-test for lengths of leaves from the north and south sides of
a forsythiashrub.
Mean
Difference
North, South

.300 cm

Question:As a result of the t-test,what
does the difference between the
means of the north-group and
south-group leaves tell us about
the differencebetween the populations of north and south leaves?
We conclude that the difference is
due to sampling rather than due to
the biological effect of location. When
we state that our sample means are
"not statistically significantly different," we mean that the two samples
have numericallydifferentmeans, but
they do not vary from each other
enough for us to be confident that the
difference was not the result of
sampling.
Occasionally,a student's individual
data result in a t-test whose significance differs from the t-test of the
entire set of data. This occurrence
brings home the point of the chance
of samples from the same population
being different;in a set of small samples, some may appear to be statistically significant whether there is a
biological cause for the difference or
not. This occurrencealso reinforcesthe
value of large samples.

Discussion
The problem of statistics for students, especially with plug-in-thenumber-and-get-the-answercomputer
programs,is that they can do the problems without understandingwhat the
results mean. Perhapsthis is a universal problem of mathematicallybased

t-Value

P-Value

158

1.415

.1591

knowledge. Dykstra, Boyle and Monarch (1992) point out that students
in introductoryphysics courses often
gain the ability to do the problems
without gaining the conceptualframework needed to understand physics.
One attemptto help students use intuitive reasoningto understandstatistics
is to replacethe formulasfor statistical
tests by computerresamplingto derive
the probability due to chance associated with observations(Peterson1991).
Another offers a number of "gimmicks" that help students learn statistics without the anxiety;these areinteractive, attention-getting techniques,
such as creating a data set based on
a cartoon (Schacht & Stewart 1992,
p. 329).
Educational research has demonstratedthat when students are actively
involved in learning,they have higher
achievement (Langlois & Zales 1991).
Educators in various content areas
have verified this. For example,graphing activities in an economics class
helped students grasp conceptsof supply and demand (Cohn 1995), and
group projectsin an introductorybiology course resulted in creative solutions to problems (Goodwin, Miller &
Cheetham1991).Findingsof a national
survey of colleges and universities
indicate a large increasein the number
of courses that include active learning
(El-Khawas1995). When students are
grappling with abstractconcepts, the
teacher can abet the learning process
by makingthe conceptconcrete(Woolfolk 1995). Students using real data
find it more interestingand appreciate
that analyzing the data is an essential
part of research (Thompson 1994).
Our method of helping students to
understandstatisticalreasoning walks
them through a simple problem and
focuses on the few central concepts
of statistics. The concepts are made
concrete,and the students are actively
involved. This exerciseprovides a clear
picture of the bell curve distribution
from the data that the students gather.
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age, students perform a t-test on their
individual data, and we perform a ttest on the entire set of data, comparing the means of the north and south
groups of leaves. We examine the Pvalue to see if it is less than 5%. In
the example we are presenting here,
for the entire set of data, we obtain
a P-value of .1591 (Table 2), which
indicatesthat the probabilityof getting
the observed difference because of
sampling is approximately16%.

dF

It shows students the relationship
between a sample and the population
and the fact that a particularsample
may not representthe populationwell.
It also shows the effect of sample size
on statistical results. Students have
actually "seen" the most important
concept: that there is a probabilityof
drawing two samples with different
means from the same population. The
exercise can enable students to distinguish between two samples whose
means are different and two samples
whose means are statistically significantly different.

