Sampling Rectangles
(Navigating Through Data Analysis 9-12 – Chapter 1)

It is generally not feasible to survey an entire population. Instead, one generally surveys a sample taken from the population. This activity examines different methods of sampling and emphasizes the importance of a well-chosen sample.
Random Number Generators
Students are asked to choose 5 rectangles in a truly random way. One way is to write the numbers 1-100 on pieces of paper and randomly draw the numbers from a bag. Another way is to use a random number generator. We can use Excel, a calculator or the applet from the CD included in the text.  

Excel
The formula to generate a random number from 1 to 100 is:




=Int( 100* Rand() +1)

The Rand() function outputs a random number strictly between 0 and 1. Multiplying Rand() by 100 gives a random number strictly between 0 and 100. Adding 1 gives a random number strictly between 1 and 101. Int() is the greatest integer function. Therefore, it takes this random number strictly between 1 and 101 and “rounds down” to a random integer ranging from 1 to 100 (including 1 & 100). 
In general, the formula




=Int (d* Rand() +1) 

will output a random integer from the set {1,2,…d}

Switch to Manual Calculation

The default in Excel is to calculate all formulas anytime a cell is modified. This will cause the Rand() function to operate and the output will change every time you modify a cell. To change this process so that it is manually controlled, go to “Tools -> Options -> Calculation. Select “Manual” (You may also wish to unclick the box “Recalculate before save.”) You can now use F9 to manually calculate all formulas.

You can also copy your output in a way that preserves the value but no longer links it to the function (so it won’t change if the page recalculates). Highlight the data and select copy. Next, place your cursor to where you want the data and right click. Select “paste special” then mark “Values”. 

TI-83 & TI-84
The Random Integer function in the TI-83 & TI-84 calculators is a function that outputs one or more randomly generated integer between specified ranges. Its format is 
intRand( lower bound, upper bound, # of desired outputs). If the number of outputs is not specified, it is assumed to be one.

To use this function to generate a single integer from 1 to 100, select MATH -> PRB and select randInt( . Enter the lower bound of the range, a comma, the upper bound of the range, a closing parenthesis and press enter.

In this case, your text should read “randInt(1,100)”

To repeat the command (and generate more random numbers) push Enter.

To output more than one random integer at a time, put the number of outputs after the upper bound. In this example, to output 5 random numbers from 1 to 100, select MATH -> PRB and select randInt( . Enter the lower bound of the range, a comma, the upper bound of the range, a comma, the number of outputs desired, a closing parenthesis and press enter.

In this case, your text should read “randInt(1,100,5)” 

This output may give duplicate numbers in the output sets. For this exercise, throw out duplicates and randomly generate a new number to replace it.

Use either of these methods to work problem 2 in the worksheet Sampling Rectangles.

Sampling Rectangles Continued
Creating Charts Using Excel, Winstats, TI-83 or TI-84 & StatCrunch
For the next part of this exercise, the instructor is encouraged to collect the students’ data and display it in a variety of ways. The students should see that a “chosen” sample is not as good a representative sample as a randomly chosen one. It should emphasis to your students that the method of choosing a sample is a critical part of a well-designed study.

To make this comparison, you will collect from your students the mean area for their set of 5 self-chosen rectangles and the mean area for their 5 randomly chosen rectangles. One option (a very good one, actually) is to write this data on an overhead and then create a dotplot by hand. Histograms and Boxplots are also useful for making comparisons between the two sets of data. You may want to implement two or three of these options.

For this activity, explore different ways to represent the data (dotplots, boxplots, histograms) and different methods to create them (by hand, Excel, winstats, TI, Statcrunch) 

Excel is an excellent medium for recording the data. Excel can quickly create histograms (although you may need to download an “add-in” first.). Box plots in Excel are awkward at best. However, it can quickly sort the data so that the information to create a boxplot by hand is readily available. To my knowledge, there is not a way to create dotplots in Excel.
Winstats is not a good medium for entering the data but it can import data from Excel. It can create histograms and boxplots and sort data (I’m still looking for a way to create dot plots). It can be downloaded at no cost from the internet.
Graphing Calculators: The TI-83 & TI-84 create boxplots and histograms. Moreover, they easily graph up to three graphs on the same axis for easy comparisons.  
Stat Crunch can import data from Excel. It can create dotplots, boxplots, and histograms. I personally find it easier to use but it will have a small fee starting this fall. This program is used directly on the web and there is nothing to download.  http://www.statcrunch.com/
Excel

Enter the data in two (well-labeled) columns. 

Sort Data
If desired, sort the data. Highlight the data to be sorted. In this case, only one column should be selected at a time. Go to Data -> Sort. Answer the dialogue box if one comes up. Then select the column, whether you want the data ascending or descending, whether your data has a heading and click Sort.  Repeat for the second column. 

Creating Histograms in Excel
A Histogram is created by sorting the data into “bins”. For each bin, a column is created with the height equal to the number of items in the bin. It is important to carefully choose the bins you want to use in your Histogram. For example, choose the bins (0-1], (1-2], (3-4]... Create a new column in Excel with the endpoints of the bins. In this example, the column should look like 1, 2, 3, 4 ,5 ,6… 17. This column can be quickly created using the fill handle.

Using the fill handle: Enter a 0 in the first cell. Place your cursor in the lower right hand corner until you get a plus symbol. Grab the handle and pull down to cover a sufficient number of cells. Excel will automatically copy the data, so in this case you will get a column of zeros. Select the icon at the bottom left (looks like a square with some spreadsheet cells & a plus) and click on “Fill Series”. You should now have the numbers 0, 1, 2, 3, …
After you have created your bins, go to Tools -> Data Analysis. If this option does not appear, follow the direction “Add-ins - Adding Analysis tools.”
Add-ins- Adding Analysis tools: Go to Tools -> Add-Ins. Select “Analysis Toolpak” & “Analysis Toolpak VBA and select OK.

Select Data Analysis -> Histogram and select OK. Click on the Input Range, then highlight the data (select only one column). Click on Bin Range and select the column of bin numbers. Click on Output Range, then select a blank space big enough to hold two columns of data. To create a chart, check the “Chart Output” box, then select OK. 
Repeat the process for the second set of data, choosing different input, the same bins and a different output location. You can place the charts one above the other to visually indicate the differences between the two sets of data. 

Creating Histograms and Box Plots in Winstats
Winstats and other Peanut Software can be downloaded at http://math.exeter.edu/rparris/ 
Load data from Excel into Winstats. 
Double click on Winstats.  Go to Window -> 1-var data. A new window will open with random data. Go to the Excel worksheet and copy the data from one column. Go back to the new window and go to File -> Paste from Clipboard. 
For graphing a histogram, refer to the histogram section of Dr. Lee’s winstats tutorial at http://www.ms.uky.edu/~lee/ma202/winstats.pdf
boxplots
Select Stats -> Boxplots.  If you wish, select which method of creating the box you prefer. The QLP method is used by the TI-83 & TI-84. For more information of how the box in box-plots is calculated, read http://exploringdata.cqu.edu.au/box_draw.htm
To create the boxplot, select Stats -> Boxplots ->Boxplot….  To adjust the scale, select View -> Corners and enter the minimum and maximum value of the window in which you want the boxplot displayed. To add gridlines, select View -> Grid. To label the values of the boxplot, go to View ->Quantiles.

To graph multiple boxplots in the same window. 

First, open a new 1-variable window by going to Window -> 1 var data. Copy the second column of data from the Excel worksheet, go to File -> Paste from Clipboard. Select Multiple boxplots by going to Stats -> Boxplots and checking multiple (this will put each additional boxplot in the same window – up to a maximum of 5 boxplots). Again select the type of boxplot, then select Stats -> Boxplots -> Boxplots…
TI-83 & TI-84
Enter the data into lists. To do this, select STAT -> EDIT. Enter the data under L1 and L2.  

Turn on the plots. Select 2nd -> Y= (STAT PLOT). Enter the number of the plot you wish to turn on (you can do up to 3 at a time.) Move to ON and push Enter, move to the picture of a histogram or boxplot and push enter and then select the appropriate list. 

Note about boxplots: The first image of a boxplot (the one with the smaller box) follows the rule about whiskers being no longer than 3/2* IQR. It will make a small symbol to represent data beyond this limit. The second image, with the larger box, will draw the whiskers out to the farthest data points regardless of how distant they are. Although school texts will often limit discussion to only the latter technique, statisticians agree that the first approach is fundamental to making the boxplot a useful graphical tool.
Statcrunch

Statcrunch will load data from Excel and do dotplots, histograms and boxplots. Also, the help files are well organized and well written. In the help file, read about “Loading data – from Paste” and in the “graphs” section, read about the different types of graphs. 

A note about graphing boxplots.  Statcrunch can create boxplots so that the whiskers are limited to 3/2 * IQR or that go to the farthest data point. Select “Use fences to indentify outliers” to limit the whiskers and have outliers represented by a dot.

