Ways of Knowing Science-ILS 153

Homework 3: Graphs and Errors
September 24, 2009: Due October 1, 2009
Name_____________________

In this homework, we will characterize Galileo’s experiments of rolling balls down inclined planes.  These experiments were a big deal, because they: 1) The established experimentation as a whole new scientific knowing; and 2) Where instrumental in prompting Newton to write the Principia and coming up with his three laws.

Much of how scientists portray quantitative information is through graphs.  We will be doing an experiment in class, and the goal of this homework is to help you graph the results.  To do so, it helps to understand how graphs are used.

Part 1: Graph reading (this section is modified from an exercise by J.R. Olsen)

Although literal reading of data presented in graphical form is an important component of graph-reading ability, the maximum potential of the graph is realized when the reader is capable of interpreting and generalizing from the data.  A graph is a picture, and therefore “speaks a thousand words.”  The point of looking at a graph is both the pointwise “words,” but also see the global- and trend-features of the graph.  Three levels of graph comprehension were proposed by Curcio in 1987.
  Regardless of the graph form used (pie, line, bar, etc.), the three levels of graph comprehension are reading the data, reading between the data, and reading beyond the data.

There are three levels of graph reading:

1) Reading the data

a. given an input, find the output, or 

b. given an output, find the input(s).

2) Reading between the data

a. Ability to combine and integrate data and identify the mathematical relationships expressed in the graph.

3) Reading beyond the data

a. Ability to predict or infer from the data by using background knowledge for information that is neither explicitly nor implicitly stated in the graph.

from Curcio, F. R. “Comprehension of Mathematical Relationships Expressed in Graphs.” Journal for Research in Mathematics Education 18(1987): 382-93.
Reading the Data


This level of comprehension requires a literal reading of the graph.  The reader simply “lifts” the facts explicitly stated in the graph, or the information found in the graph title and axis labels, directly form the graph.  There is no interpretation at this level.  Reading that requires this type of comprehension is a very low level cognitive task.  In terms of functions, reading-the-data generally means (a) given an input, find the output, or (b) given an output, find the input(s). 

Reading between the Data

This level of comprehension includes the interpretation and integration of the data in the graph.  It requires the ability to compare quantities (e.g., greater than, tallest, smallest) and the use of other mathematical concepts and skills (e.g., addition, subtraction, multiplication, division) that allow the reader to combine and integrate data and identify the mathematical relationships expressed in the graph.  This is the level of comprehension most often assessed on standardized tests.  Ideas include: comparison of values, maximums/minimums, where are values increasing/decreasing/constant, where are the values increasing the most, given a set of inputs, find the outputs, or given a set of outputs, find the inputs.


Reading between the data requires “at least one step of logical or pragmatic inferring necessary to get from the question to the response and both question and response are derived from the text”.
Reading beyond the Data

This level of comprehension requires the reader to predict or infer from the data by tapping existing schemata (i.e., background knowledge, knowledge in memory) for information that is neither explicitly nor implicitly stated in the graph.  Whereas reading between the data might require that the reader make an inference based on the data presented in the graph, reading beyond the data requires that the inference be made on the basis of a “data base” in the reader’s head, not just in the graph. 

EXERCISE:  Use the graph below and answer the questions.  Then, decide what level of graph reading was necessary to answer the question (N.B.: A question might not fall into an easy category)

Graph Interpretation Activity
[image: image1.wmf]
Use the graph above to answer the following questions:
1a.  At what time did the sun set in mid-October?



a.  8:00 p.m.

c.  6:30 p.m.



b.  7:15 p.m.

d.  5:30 p.m.

1b. Does this question require (circle the most advanced one that applies): a) reading the data; b) reading between the data; or c) reading beyond the data?
2a.  8:30 p.m. is the average time of sunset during which month?



a.  July

c.  September



b.  August
d.  November

2b. Does this question require (circle the most advanced one that applies): a) reading the data; b) reading between the data; or c) reading beyond the data?
3a.  As the months progress form July to December, which of the following is true about the average time of sunset?



a.  It gets earlier




b.  It gets later



c.  It remains the same




d.  It first gets earlier and then later

3b. Does this question require (circle the most advanced one that applies): a) reading the data; b) reading between the data; or c) reading beyond the data?
4a.  How much longer do you have to play outside (before it gets dark) in July than you have in October?



a.  1 ¼ hours
c.  2 ½ hours



b.  1 ½ hours
d.  4 ½ hours

4b. Does this question require (circle the most advanced one that applies): a) reading the data; b) reading between the data; or c) reading beyond the data?
5a.  As the months progress form June to December what do you expect to happen to the average number of daylight hours?



a.  Increases



b.  Decreases 



c.  Remains the same

d. First decreases, and then increases

5b. Does this question require (circle the most advanced one that applies): a) reading the data; b) reading between the data; or c) reading beyond the data?
6a.  Which of the following graphs represent the average time of sunset form January to June that would make the graph above represent one complete year?


 a.
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b.
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 c.
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d.
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6b. Does this question require (circle the most advanced one that applies): a) reading the data; b) reading between the data; or c) reading beyond the data?
7a.
During which month is there the greatest change in the time of sunset?


a.  August

c. October


b.  September
d. November

7b. Does this question require (circle the most advanced one that applies): a) reading the data; b) reading between the data; or c) reading beyond the data?
8a.
From the beginning of July to the end of September, what is the average number of minutes of evening sunlight lost per month.


a.  20 min. per mon.

c.  39 min. per mon. 


b.  45 min. per mon.

d.  1 hr. 58 min. per mon.
8b. Does this question require (circle the most advanced one that applies): a) reading the data; b) reading between the data; or c) reading beyond the data?
Part 2: Galileo’s experiments
Please go to this website, click on "Galileo's experiments", and try out all 4 experiments (Falling Objects, Projectiles, Inclined Planes, Pendulums: Please read the very small amount of text that goes with them).  I found the animations entertaining and they will be very helpful so that we don't have to do any more in-class experiments on, say, dropping cannonballs.

http://www.pbs.org/wgbh/nova/galileo/experiments.html

Below, summarize in words your results concerning:

1. Falling Objects:

2. Projectiles: 

3. Inclined Planes (Make sure you “play” with the different inclined planes (A-D) before you actually choose an answer): 

4. Pendulums (Make sure you “play” with the different weight, length, and height before you actually choose an answer):

Part 3: Graph creating

The goal of this section is to help you graph up the results of Galileo’s experiments.  

Here are some good general rules to making graphs:  

1) Needs clearly labeled axes. 

2) Cannot have so much data that it is unreadable or so little data that it is not useable.

3) Must clearly designate whether the points are empirical data or theoretical calculations.

4) Should have error bars, particularly if scientific.

5) Spacing along the axes must be equal.

6) Must have a label.

7) Must have a key if multiple types of data are plotted.
8) It must be neat, with no extraneous marks.
Graphs to watch out for

1) Graphs that do not have axis at 0 (or 1, in the case of logarithmic).

2) Graphs that have a break in them.

3) Axes that have a logarithmic scale (log-log plots).

4) Data not plotted as points or bars.

You will now want to plot up the results of your graphs.  The first part is to have a table where you record your data – you’ve done this in class.  The second part is to take an average of your measurements.  It turns out that there are different types of averages: Means, medians, and modes.  We are going to take an arithmetic mean (probably your standard “average”).  The average of four measurements is given by the equation:




Result 1 + Result 2 + Result 3 + Result 4

Arithmetic mean =   ----------------------------------------------------





4
which means the same thing as 




Result 1 + ….. + Result n

Arithmetic mean =   ----------------------------------





n
You then want to make two graphs: 1) The average of times (y-axis) against vertical distance traveled (x-axis); and 2) The average of times squared (time raised to the second power or time2; y-axis) against vertical distance traveled (x-axis).  Please follow the above suggestions for making graphs.

Part 4: Great and not-so-great graphs
Graphs can be great.  One good graphical representation is a graph documenting Napoleon’s Russian campaign in 1812 (see below).  Answer the following questions:

1. This graphical representation has a map at its basis.  Where did Napoleon start and end his Russian campaign?

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 lower graph show? 

4. What is one aspect of the graph that is helpful to you?
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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.
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