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Visual Demonstration of Margin of Error using Fathom using Census at School data on Height (For Teachers)

Expectation:

This Fathom example covers expectation D 1.5 of the revised 2007 MDM4U curriculum:

Interpret the meaning of a statistic from a normally distributed population qualified by a statement describing the margin of error (e.g., interpreting the meaning of the qualifying statement quoted with a statistic stating that the statistic is accurate to within 3 percentage points, 19 times out of 20);

By the end of the lesson, students are expected to:
· Understand visually by means of a simulation, the meaning of “accurate to within x units, y times out of 20”

· Determine the effect of sample size on the margin of error, x
· Determine the effect of y on the margin of error, x
(y is a measure of the reliability ratio selected)
Materials:

This lesson requires the following:
1. A computer with a copy of Fathom (version 2.0 was used in the development of this lesson).

2. A data projector (to guide students through running the simulation).
3. Computers for individual students or groups of students.

Classroom Instructions:

1. From Fathom, open the file: C@S – Height Sampling – Confidence Interval.ftm
2. Make sure the window is maximized and all parts of the simulation are visible (as shown in Figure 1).

3. Provide an explanation of the dataset as well as the different graphs and charts (see next section for explanations).

4. Explain the purpose of the two parameters represented by the two sliders at the top of the page.

5. Run the simulation for 1 animated case by pressing “Collect more Measures”, explaining to students what the simulation is doing and the meaning of each component of the screen.
6. Repeat step 5 several more times – observe what happens to the ribbon chart.

7. Change the number of measures to 100, turn off animation, and press “Collect more Measures”.  Observe the final results and relate them back to our original parameters (sample size and the reliability ratio).
8. Reset the simulation by either:

a. Closing and reopening the file without saving

b. Delete all cases in collections (not population, sample is optional) by:

i. Right click on the collection»Select All Cases

ii. Right click on the collection»Delete Cases

9. Modify the parameters (one at a time) and repeat steps 5-8 as required.
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Figure 1: The initial Fathom screen.

Diagram
1. A slider bar to adjust sample size.  The sample size is inversely square-root proportional to the margin of error (confidence interval).  

i.e. by quadrupling the sample size, you halve the margin of error.
2. A slider bar to adjust y, the number of times out of 20 our measurement is within our margin of error.  A higher value will result in a larger margin of error, and a lower value will result in a lower margin of error.
3. A dot-plot representation of the population from which we are drawing samples.  In this case, our data are the height of Canadian high school students taken from the 2005-2006 Census at School survey (see http://www.censusatschool.ca for more information).  The blue line represents the population mean, a statistic that is used throughout the simulation.

4. A dot-plot representation of the last sample drawn from the population.  The blue line represents the sample mean.

5. A line plot keeping track of our sample mean from each trial.  The middle line is our population mean and the two outer lines represent the margin of error, or confidence interval.  The actual value of these two lines is a function of our desired accuracy, the sample size and the standard deviation of our population (should actually be standard deviation of our sample, but we don’t want a constantly changing margin of error).  This is of course, assuming our data tends to a normal distribution.

6. A ribbon chart showing the percentage of sample means that fall inside and outside our margin of error.  With enough trials, this percentage should converge to our y times out of 20.

Note: Italics indicates information for the teacher only.
Contributed by: Jonathan Lee (jsw2lee@uwaterloo.ca), teacher-candidate, Queen’s Faculty of Education while working on alternative practicum at Statistics Canada with Joel Yan (joel.yan@statcan.ca)
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