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Name_____________________

One way in which scientists address uncertainty in their data is through statistical analyses. This brief exercise is a basic introduction to statistical analyses, and the concept of mean, median and mode. Another part of understanding statistics is interpreting graphs and data that are put into visual forms, which the second part of the exercise addresses.

I. Mean median and mode

1. 
I. Mean, median, and mode

A survey of 20 students was conducted to find out how many books they had read during the past three months (including books for school). The results from those 20 students are shown below. Find the mean, median, and mode for these data.

I. 2, 4, 5, 1, 3, 2, 5, 6, 1, 2, 4, 3, 6, 10, 12, 10, 2, 8, 6, 7
First, add all the numbers.  Sum of the data: ____________

Second, divide by the number of students. This is the mean: _____________

To get the median, it is easier to arrange the numbers to be put in order from smallest to largest. For instance, if you had the numbers 34, 24, 56, and 75, you’d list them as: 24, 34, 56, and 75.

List the numbers from the data set from smallest to largest:
The median can be found by finding the middle value. In this case, there are 20 numbers in the data set, which means there are two numbers in the middle. Add those numbers together and divide by 2.  

The median is: ___________

The mode is the value that occurs most often.  For this set, it is: ______. This is often used in education, where for example, in a class of 100 students, the mode would reflect the grade that most students received. The concept of mode can also be used for non-numerical data, as in the frequency of a given name in a population.
Define mean, median and mode in your own words:

II. Interpreting graphs
Graphs can be an excellent way to visualize data.  However, graphs can also be misleading- often purposefully- especially when used in advertising.  One graphical representation (arguably the best ever done) is by Charles Joseph Minard in 1869, of Napoleon’s Russian campaign in 1812 (see attached figure).  Look at the graph, and answer the following questions:

1. Briefly describe what this graph is representing. What are the different forms of data represented on the graph?

2. This graphical representation is unique in that it has a map at its basis. Napoleon started and ended his Russian campaign at the Russian-Polish border. Were Napoleon’s soldiers killed mostly in one large battle? How do you know? Did you interpret numerical data to answer this question?

3. How does Minard represent the fact that Napoleon basically retreated along the same road on which he invaded?

4. Why had Minard included temperature at the bottom of the graph? What does this have to do with the data represented above?

5. What do you view as another neat feature of this map?

6. In reading the figure legend, what do you think of the claim that it “may well be the best statistical graph ever drawn”? How might you evaluate this claim? 

III: Standard deviation
Scientists frequently encounter uncertainty in their empirical data, whether collected via experimentation or by natural observation. One way to characterize the uncertainty in empirical results is by using statistical analyses and by placing a numerical value on the level of uncertainty in data, often represented by confidence levels and error bars. Good experimental data will include error bars in their analysis, which are determined mathematically from the scatter of results observed in the experiments. Error bars typical indicate one or two standard deviations of uncertainty.  A standard deviation is a measure of the variability of a population of numbers.  The first step is to calculate the standard deviation. 

Consider a population (of 8 values) consisting of the following values:

2, 4, 4, 4, 5, 5, 7, 9
There are eight data points in total, with a mean (or average) value of 5:

      2+4+4+4+5+5+7+9
Mean = -----------------------------     = 5




8
To calculate the standard deviation, first compute the difference of each data point from the mean, and square the result:

(2-5)2 = (-3)2 = 9
(5-5)2 = 02 = 0

(4-5)2 = (-1)2 = 1
(5-5)2 = 02 = 0

(4-5)2 = (-1)2 = 1
(7-5)2 = 22 = 4

(4-5)2 = (-1)2 = 1
(9-5)2 = 42 = 16
Next average these values and take the square root to calculate the standard deviation:


9+1+1+1+4+16
                     -----------------------------    =    4   = 2




8
Therefore, the above has a standard deviation of 2.
Below, calculate the standard deviation for your ball rolling data.  But, first, we are going to do it for another data set so everybody knows how to do it.  For a 16 foot run, you obtain values of 2.96, 3.01, 3.04, and 2.97 sec.

You then put this data on the graph, by adding a bar that goes out one standard deviation on both sides of your data point.

Typically, we plot distance on the x axis because it is an independent variable (it doesn’t change during the different run).  The y axis is a dependent variable, which is seconds in this case.  

We show the standard deviation through the use of error bars. The error bars represent a description of how confident you are that the mean represents the true value. When you draw error bars, they only extend in the y direction.  The error bars are only in the y direction (the dependent variable) in this case, although sometimes there are error bars in both directions.  

We will use an error bar as a one standard deviation.  You plot the point where the data is, but then also use a bar that extends above the data by one standard deviation and a bar below the data that extends one standard deviation.  For example, for a measurement of 1 with a standard deviation of 0.5, there is a bar that extends from 1.5 to 0.5, with a dot at one.  An example is given below.  
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Now, using this data, plot the results on a graph (it will only have one data point on it).

4.

