Some Basic Statistics

In this exercise you will gain some experience with data collection and analysis using statistical programs on the computer. Statistical procedures provide the basis of data interpretation, and knowledge of these procedures is an essential part of scientific research.  This semester, we will rely heavily on a few simple statistical tests in exercises where numerical data is generated.  Outcomes in the biological world are influenced by genetics and environmental factors, but also by chance events.  It is because of the probability of chance events that knowledge of statistics is essential to scientific research.

A Simple Comparison

Observation: Plants have parts that can be measured in terms of length, width, area or weight.  When you studied leaf structure in botany, you examined the cross-sectional differences between sun leaves and shade leaves.  Viewing these leaves on a slide, you could see that the sun leaves were thicker than shade leaves, but were they "really", that is, were they significantly thicker?  Do the differences in thickness translate into differences in overall size and shape of the leaf?  Let's investigate this further by formulating the following question:

Question: Are sun leaves and shade leaves the same or different sizes?  Formulate a set of hypotheses that we could use as a basis to design a study that would provide insight into the answer this question.

Hypotheses: 

Ho: 

Ha:

Prediction: If sun leaves and shade leaves are the same size, then the width, length and area of the sun leaf should be the same as those of the shade leaf.

Exercise: Measure the width, length and area of a sun leaf and a shade leaf:

Sun Leaf
Length ________cm 
Width ________cm
Area _________cm2

Shade Leaf
Length ________cm 
Width ________cm
Area _________cm2

Was this exercise an experiment?    Yes     No

If not, why not? __________________________________________________

If this is not an experiment, what is it? _____________

Analysis:

The width of the sun leaf is: wider than, the same as, narrower than, that of the shade leaf.

The length of the sun leaf is: wider than, the same as, narrower than, that of the shade leaf.

The area of the sun leaf is: wider than, the same as, narrower than, that of the shade leaf.

Decision:

The Ho is:
   rejected     
not rejected

There is very little doubt about the outcome here because you have asked a discrete question and used an absolute measurable value to formulate your answer. Is this simple observation of one individual meaningful? Can the results of this study be generalized to the entire population of sun and shade leaves?   Think about sources of error.

Did the prediction thoroughly test the hypothesis?     Yes       No
If not, what else might we do to more thoroughly test the hypothesis?

1.
_______________________________________

2.
_______________________________________

Simple Comparisons of Two Means

t-test

Observation: You notice that everyone’s set of leaves is not identical is size as yours.  This should suggest that variation might play an important role in the decision process.  You all have used the t-test in other classes to compare two means from different populations and to determine if the means are statistically different.  While it is very important that you understand the theory behind the calculations for this test, we are going to forgo that discussion at this time but there are some underlying assumptions to the t-test that you must take into consideration.  These assumptions are:

1. The two samples are randomly selected in an independent manner from the two populations. 

2. Both populations have an approximately normal distribution. 

3. The population variances are about equal. 

The t-test is what statisticians call robust; this means (especially if sample sizes are large) that the assumptions can be relaxed quite a bit and the conclusions based on the t-test will still be valid.  This is good!  You can use the t-test for large and small samples.

Question: Is everyone’s pair of sun and shade leaves in a similar proportion as yours?

Hypotheses: 

Ho:

Ha:

Prediction: If a population of sun leaves and shade leaves are the same size, then the width, length and area of the sun leaves should be the same as those of shade leaves.

We cannot go out and measure sun and shade leaves of an entire population, especially since there are no leaves on the trees at this time of year, so we must settle for the representative, random sample that I collected earlier. We will assume that the leaves were taken from populations of sun and shade leaves and that the samples meet all of the above assumptions. In spite of any shortcomings in our sample, we will continue our analysis since we lack a better sample.

Exercise: Put your measurements on the board and then we will enter the data into an EXCEL table in the computer. 

By collecting lots of data, do we now have an experiment?     Yes       No

If not, why not? ________________________________________________

If this is not an experiment, what is it? ______________

Analysis: We have width, length and area measurements for each sample and must now include an assessment of any variation in preparing accept or reject our null hypothesis.  The computer program calculates the descriptive statistics for each data set.  We are mostly concerned with the mean (X), standard deviation (SD), standard error (SE) of the width, length and area.  The SD and SE gives us some measure of the variation (or spread) around the mean.  Enter the results below.

Sun leaf samples:

Mean Width ______ cm ± SE ______ cm

Mean Length ______ cm ± SE ______ cm

Mean Area ______ cm2 ± SE ______ cm2
Shade leaf samples:

Mean Width ______ cm ± SE ______ cm

Mean Length ______ cm ± SE ______ cm

Mean Area ______ cm2 ± SE ______ cm2
The assumption of normality can be justified graphically for each sample by plotting a histogram of the number of leaves at a particular size (on the y-axis or ordinate) versus some equal size ranges (on the x-axis or abscissa).  The plot should give a bell-shaped curve if the distribution is normal. Moreover, 68% of the data should fall within ± one standard deviation of the mean, 95% of the data should fall within ± two standard deviations of the mean, and 98% of the data should fall within ± three standard deviations of the mean.

Student’s T-test

The t-statistic can be calculated for our samples from the following formula, but we will use the computer.
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Ignoring any negative sign carried by the t‑statistic, this t-statistic is compared with a value in a t-table.

The table value is found by using a row defined by the degrees of freedom {in our case df = n1+n2-2} and a column defined by the acceptable level of error (().  As scientists, what level of error is generally considered acceptable? Most scientists admit that 5% of the time chance alone will explain errors. Our table includes a 5% column.

Decision Rules:

If the t-statistic is greater than the table value, the two samples are significantly different.

If the t-statistic is less than or equal to the table value, then the samples are statistically the same.

Decision: Based upon Student’s T-test, the null hypothesis:

“_________________________________________________________” is:   rejected       not rejected

Here is another simple data set.

Observations: A single bag of beans was purchased from the store.  Some of the beans were soaked in water overnight; the rest of the beans from the same bag remained dry.  Clearly the soaking has had some effect upon size and most likely weight.

Question: Does soaking beans in water cause the beans to enlarge and get heavier?

Hypothesis: 

Ho:

Ha:

Prediction: If soaking causes beans to expand, then beans which are soaked will be significantly larger and heavier than beans which have been kept dry.

Experiment: A sample of 250 beans was divided into two sub-samples. One sub-sample of 125 was placed in water; the other sub-sample of 125 beans was kept in dry conditions. You will use a balance to determine if the bean's weights are different.  Should you weigh each bean or weigh all of the beans together?  By the way how would you answer the "expand" part of the question?

	PRIVATE
Soaked
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Dry
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 


Is this really an experiment?   Yes       No

Analysis:

Mean weight of Wet Beans ______ g ± SE of the Mean ______ g

Mean weight of Dry Beans ______ g ± SE of the Mean ______ g

Carry out a t-Test to see whether there is any significant difference between the two sub-samples.

T-statistic: ________ Degrees of Freedom: _________ Table Value: ________

Based on a t-test, the soaked beans are:   heavier   lighter   the same weight

	Degrees of Freedom
	Critical Levels

	
	0.1
	0.05
	0.01

	1
	6.314
	12.706
	63.657

	2
	2.92
	4.303
	9.925

	3
	2.353
	3.182
	5.841

	4
	2.132
	2.776
	4.604

	5
	2.015
	2.571
	4.032

	6
	1.943
	2.447
	3.707

	7
	1.895
	2.365
	3.499

	8
	1.86
	2.306
	3.355

	9
	1.833
	2.262
	3.25

	10
	1.812
	2.228
	3.169

	11
	1.796
	2.201
	3.106

	12
	1.782
	2.179
	3.055

	13
	1.771
	2.16
	3.012

	14
	1.761
	2.145
	2.977

	15
	1.753
	2.131
	2.947

	16
	1.746
	2.12
	2.921

	17
	1.74
	2.11
	2.898

	Degrees of Freedom
	Critical Levels

	
	0.1
	0.05
	0.01

	18
	1.734
	2.101
	2.878

	19
	1.729
	2.093
	2.861

	20
	1.725
	2.086
	2.845

	21
	1.721
	2.08
	2.831

	22
	1.717
	2.074
	2.819

	23
	1.714
	2.069
	2.807

	24
	1.711
	2.064
	2.797

	25
	1.708
	2.06
	2.787

	26
	1.706
	2.056
	2.779

	27
	1.703
	2.052
	2.771

	28
	1.701
	2.048
	2.763

	29
	1.699
	2.045
	2.756

	30
	1.697
	2.042
	2.75

	40
	1.684
	2.021
	2.704

	60
	1.671
	2
	2.66

	120
	1.658
	1.98
	2.617

	inf
	1.645
	1.96
	2.576


Evaluate this set of data:

Here are data from two samples involving numbers of seeds produced per flower from the same species in two different locations.  Enter the data into the computer and do a t-test to test the null hypothesis that there is no significant difference between the means at the 5% significance level.  Report the descriptive statistics (means, SD, SE, 95% CI, etc.) along with the t-statistic and P-value.  Do you accept or reject the Ho?

	Location 1
	Location 2

	80
	79

	76
	73

	80
	72

	66
	62

	79
	76

	79
	68

	81
	70

	76
	68

	66
	70

	59
	86

	70
	75

	65
	68

	81
	73

	77
	66
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