Using Statistics to Illuminate Data
Name______________________________________________Period__________Date_________________

Dumas 9/2005

1.  What is meant by the phrase “measure of central tendency”?




List 3 measures of central tendency.


2.  Label the normal distribution shown in the graph below with the following terms:  

mean, median, mode, +1 standard deviation,
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3.  What does a frequency distribution show?


4.  Problem #1:  Holly Berry Variation

A group of students collected holly berries from two Ilex aquifolium trees.  One tree had green leaves and the other variegated leaves (leaves that were partly green and partly yellow).  

hypothesis:  the berries from the tree with variegated leaves will be smaller than the berries from the tree with all- green leaves because more surface area would be available for photosynthesis.  The mass of 60 berries from each tree was found.  Complete the table below. Show the formula used to calculate standard deviation in the space provided.

	type of tree
	mass of 60 berries / g
	average mass / mg
	standard deviation

	green leaves
	25.62
	
	73 mg

	variegated leaves
	23.94
	
	80 mg


Examine the distribution of berry masses shown in the graph below.
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A) What is the difference between the averages of the berry masses?


B) Are standard deviations greater or smaller than differences in the averages?


C) Therefore, the difference in the average mass of the berries is (likely / unlikely) to be significant?   circle one of the choices in parenthesis

5.  Problem #2  Variation in Bank Voles

Ecologists noticed that bank voles (Clethrionomys glareolus) seemed to grow to a larger size on Raasay, a small Scottish island, than on the mainland.

Hypothesis:  Adult bank voles are larger on Raasay than on mainland Britain.  

Adult voles were caught using small mammal traps on Raasay and on the mainland.  The length of each vole was measured.  Calculate the  mean lengths and standard deviation from the data below.  Have someone help you use a calculator to determine the standard deviation.  Show only the substitution of figures into the formula in your sample calculations.

	Source of voles
	Lengths of head and body of voles in mm

	Raasay
	85   86   88   90   95   96   97  2 @ 98;   99   100  2 @ 101;  3 @ 102;  3 @ 103;  2 @ 104;

	Island
	3 @ 105; 3 @ 106;  3 @ 107; 4 @ 108; 5 @ 109;  4 @ 110; 7 @ 111; 7 @ 112; 7 @ 113; 7 @ 114; 8 @ 115; 3 @ 116;  3 @ 117; 4 @ 118; 5 @ 119;  4 @ 120;  2 @ 121;  2 @ 122;  123  124  125

	mainland
	2 @ 80;  2 @ 81;  3 @ 82;  3 @ 83;  3 @ 84;  2 @ 85;  9 @ 86;  10 @ 87;  9 @ 88;  10 @ 89;  

	Britain
	9 @ 90;  6 @ 91; 6 @ 92; 6 @ 93; 6 @ 94; 7 @ 95;  4 @ 96;  5 @ 97;  4 @ 98;  4 @ 99;  5 @100

2 @ 101;  102  103  104  105


Complete the following chart of data processing:

	Vole Population
	number of voles
	Mean Length / 
	Standard Deviation

	Raasay
	
	
	

	Mainland Britain
	
	
	


Show sample calculations

Using Statistics                                      Name


Use a piece of metric graph paper and make a frequency distribution graph of the Vole data (Use the graph of berries for ideas). Attach to the back of this packet.

A)  What is the difference between the average length of the two Vole populations?


B)  Are the standard deviations greater or smaller than this difference?


C)  Does the data support the hypothesis?  Describe.


Measures of Significant Difference

6.  One way to determine whether or not the difference between two sets of data are significant is to use the t-test.  While you still have the data for the voles in your calculator, determine the t-value for these two sets of data.  T-TEST VALUE for voles on Raasay island and voles on mainland Britain  


What does this value mean (explain)


7.  What is being calculated when a true value is known and the difference between experimental results and the true value is determined?


8.  When an hypothesis is stated numerically and the significant difference between the hypothetical value (expected value) and the data (observed value), what test is being applied?


This calculation is especially valuable in what area of biology?


9.  The level of significance in biology is 5% which means there is a 5% probability that the differences in samples are due to chance.  This means that there is a 95% probability that the differences (are / are not) due to real differences. Circle one.  If the confidence level is below 95% (more than 5% level of significance) then the there is too great a probability that the differences are due to  (the experimental variable / chance) and, therefore the conclusion is not to be trusted.  Circle one.
10.  Problem 3.

Suppose you notice that lichens are growing on the tops and on the sides of a stone wall.  You decide to measure 10 of them on the top and 10 of them on the sides of the wall were measured to see if the differences in size were significant.  

Hypothesis:  If the lichens grow on the top of the stone wall they will grow larger than if they grow on the sides

Sizes of Two Groups of Lichens

	Surface
	                     Diameter of lichens (mm)

	Top
	22    10    24    45     9    26     8    34   10    13

	Side
	22    12    23    13     7    13     5    24     3    10


A) What was the average diameter on the top? 


      What was the standard deviation? 


B) What was the average diameter on the side?


      What was the standard deviation? 


C) What results does the t-test provide?


Sample Calculations (set-up & substitution only):

D)  How many degrees of freedom are used to interpret these results?


E)  What does this information tell you about whether the location of the lichens has a significant bearing upon their sizes?


F) What impact might a larger sample size have on these conclusions?


Conclusion Writing Check-list

Standard Deviation

    ( Report averages for each condition.

    ( Report difference in averages and compare to standard deviations. 

    ( Does this indicate a likely significant difference? Interpret the test results.

    ( Report what the significant difference is (or isn’t) in terms of the focused question.

T-Test

     ( Report the averages for each condition.

     ( Report your calculated value of t, the critical value of t, the p-value and the degrees of freedom. 

     ( Does this indicate a significant difference? Interpret the test results.

     ( Report what the significant difference is (or isn’t) in terms of the focused question.

*Problems 1, 2, 3 taken from Biology for the IB Diploma Candidate, by Andrew Allott, Oxford University Press, 2001

The diagram on question 1 was also taken from the same source.

