
Ways of Knowing Science-ILS 153

Uncertainty 1
Name_____________________

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 this 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.  Put the result here:____________

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

To get 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, 75.

List the numbers from smallest to largest:
Now the median can be found by finding the middle value. In this case, there are 20 numbers in the data set that 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:______
II. Great graph
Graphs can be great and graphs can be misleading (often purposefully).  One good graphical representations ever done is commonly thought to be the following of Napoleon’s Russian campaign in 1812 (see attached).  Answer the following questions:

1. This graphical representation has a map at its basis. Napoleon started and end his Russian campaign at the Russia/Poland border. Were Napolean’s soldiers were killed mostly in one large battle?

2. How does the maker of the graph deal with the fact that Napoleon basically retreated along the same road on which he invaded?

3. What does the temperature on the graph on the bottom have to do with the plot?
4. What is one other neat feature of this map?
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This map drawn by Charles Joseph Minard portrays the losses suffered by Napoleon’s army in the Russian campaign of 1812. Beginning at the left on the Polish-Russian
border near the Niemen, the thick band shows the size of the army (422,000 men) as it invaded Russia. The width of the band indicates the size of the army at each
position. In September, the army reached Moscow with 100,000 men. The path of Napoleon’s retreat from Moscow in the bitterly cold winter is depicted by the dark
lower band, which is tied to temperature and time scales. The remains of the Grande Armée struggled out of Russia with 10,000 men. Minard's graphic tells a rich,
coherent story with its multivariate data, far more enlightening than just a single number bouncing along over time. Six variables are plotted: the size of the army, its
location on a two-dimensional surface, direction of the army’s movement, and temperature on various dates during the retreat from Moscow. It may well be the best
sutistical graphic ever drawn. Napoleon's March poster $14 postpaid; English/French version $18 postpaid.




III: Standard deviation
The problem:  Scientists characterize uncertainty of experimental (or natural observation) results using mathematics.  All good experimental data will have error bars, which are determined mathematically from the scatter of results observed in the experiments.  In fact, you can tell empirical results, because they have commonly have error bars, from theoretical results that typically don’t have error bars.

Error bars typical indicate one (or two standard) deviations of uncertainty.  A standard deviation is just 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 population 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 give the standard deviation:



2+4+4+4+5+5+7+9
Square root (
  -----------------------------) = Square root (4) = 2




8
Therefore, the above has a population standard deviation of 2.
Below, calculate the standard deviation for your ball rolling data for 16 feet, assuming you have values of 2.96, 3.01, 3.04, and 2.97.

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.
3.

