Activity: Categorical Data (Chapter 3) 

Objective

We want the students to familiarize themselves with the technology and its use in calculating marginal, conditional, and joint distributions.  In addition, students are asked to make conclusions from these tabular and graphical displays.  Finally, they are required to come up with their own way (tables, graphs, etc) to answer content questions.
The Activity

Prior to assigning this activity, students should have an introduction to graphical displays of quantitative data, contingency (2-way) tables, and joint/marginal/conditional distributions.  The data includes information on 198 pizza deliveries by various pizza shops in The Ohio State University area.  To familiarize them with the technological package they are using, students are first asked to make some simple graphs (bar charts, pie charts) and summarize what they see on these graphs.  Students are then asked to use multiple graphs to guess which store has the worst on time record; they use contingency tables to find the conditional distribution and support this guess.  Finally, they are asked several questions and not given any clear instructions on how to answer them.  In this section, the hope is that the students will use what they learned from the first several questions to answer in whatever way (tabular, graphical) makes the most sense to them.
Assessment

The activity is not structured to include any formal assessment.  However, assessment can certainly occur through discussion, both class-wide and one-on-one.  Many of the questions students will have will focus on the technology: how to construct different graphs or tables.  But if this is the first time students have seen these types of displays, they will also ask more substantive questions about how to interpret the results.  Especially with the later, more open-ended questions, you may need to guide students and remind them of what they [were supposed to have] learned in the earlier questions.  Since these questions can be answered in several ways, this may lead to a discussion of the “best” way to approach them.
More formal assessment will generally occur later in quiz or exam questions.  Sample questions include:

· Present a graphical display (bar chart, pie chart) and ask them to report some result in context.

· Calculate the conditional or marginal distribution.

· Given the conditional distribution, are two variables independent?

Teaching Notes

· This activity can be done in class or assigned as out-of-class work.  If this is the first time students have been forced to use the technology, I suggest that it is done in class so they can ask questions and work together.  The activity works extremely well with pairs or groups of three.  

· This activity is not dependent upon any particular choice of technology.  However, they can not perform the necessary work on their calculators, so they must have access to some statistical computer package.

· The activity takes approximately 40 – 50 minutes, not including a class-wide discussion or debriefing session. 

· As mentioned above, many of the students’ questions will focus on how to use the technology.  I recommend letting the students work together to explore the computer package: encourage them to “play around” and find the answer themselves.  Of course, the instructor should be available and knowledgeable about the package and how to create every display in the activity.

Activity: Categorical Data (Chapter 3) 

Introduction:

How long did you have to wait the last time you ordered pizza?  We all know that there’s nothing worse than waiting for a hot, cheesy pizza when you’re hungry and trying to get through halftime.  So if you want your pizza on time, from whom – and when – should you order?  In this activity, we will be using categorical data analysis (including contingency tables, bar charts, and pie charts) to explore which stores have the worst “on-time” record and which days/times are most likely to get you a late pizza.

The Study:


The file pizza contains data on 198 pizza deliveries collected by students taking an introductory statistics class at The Ohio State University in February, 2001.  

The Variables:

Store = name of pizza store                   

Day of week = day of the week of the order

Distance= distance (miles) from pizza shop to delivery point

Estimate = number of minutes estimated by pizza shop for delivery or mid-range (e.g. if "45-60" quoted then used 53, etc...)

Time ordered = hour:minutes

Time blocks: daytime = pizza ordered noon to 6 p.m.

                     dinner time = pizza ordered 6 p.m. to 8 p.m.

                     evening = pizza ordered 8 p.m. to 10 p.m.

                     night time = pizza ordered 10 p.m. to 3 a.m.

Time arrived = hour:minutes

Delivery time = time arrived minus time ordered (in minutes) 

Pizzas = number of pizzas ordered

Other items = indicates if something besides pizza was also ordered (yes/no)

Actual - Estimate = delivery time minus estimate (i.e. positive values mean the pizza was late)

±(a-e) = 1 if the pizza was late, -1 if the pizza was early, 0 if the pizza was exactly on time

Questions:

1. On StatCrunch, load the file pizza.   

2. Create a bar chart of store.  What store has the largest proportion of orders on this list?

3. Create a pie chart of the marginal distribution of late status (whether the pizza was early, on time, or late).  Are most pizzas early, late, or on time?

4. Open the bar chart (#2) and pie chart (#3) side-by-side.  Notice that by clicking on a section of the pie chart, StatCrunch highlights those stores that make up that section.  Which two stores appear to have the highest percentages of late pizzas?

Store 1: 

Store 2: 
5. Create a contingency table of store vs. late status (whether the pizza was early, on time, or late).  Include in this contingency table the values “row percent,” “column percent,” and “percent of total.”

6. Prove your assertion in problem #4 by finding the conditional distribution of late status given Store 1, and the conditional distribution of late status given Store 2.

7. If an ordered pizza is randomly selected, find the probability that it was from Domino’s and it was early.

8. Do time of day and late status appear to be independent?  Justify your answer.

9. Are pizzas more likely to be late during the week (M-R) or on the weekend (F-Sun)?  Why do you think this is?

Activity: Categorical Data (Chap 3) Instructor Solutions

1. On StatCrunch, load the file pizza.    

2. Create a bar chart of store.  What store has the largest proportion of orders on this list?

Papa John’s

3. Create a pie chart of the marginal distribution of late status (whether the pizza was early, on time, or late).  Are most pizzas early, late, or on time?

The majority of pizzas are early.

4. Open the bar chart (#2) and pie chart (#3) side-by-side.  Notice that by clicking on a section of the pie chart, StatCrunch highlights those stores that make up that section.  Which two stores appear to have the highest percentages of late pizzas?

Store 1: Adriatico’s

Store 2: Pizza Hut

5. Create a contingency table of store vs. late status (whether the pizza was early, on time, or late).  Include in this contingency table the values “row percent,” “column percent,” and “percent of total.”

Contingency Table with data

Rows: store 
Columns: sign(a-e) 

	Cell format

	Count 
(Row percent) 
(Column percent) 
(Total percent)


	
	-1
	0
	1
	Total

	Adriatico\'s
	7 
(35%) 
(6.25%) 
(3.535%)
	0 
(0%) 
(0%) 
(0%)
	13 
(65%) 
(18.84%) 
(6.566%)
	20 
(100.00%) 
(10.1%) 
(10.1%)

	Ange\'s
	0 
(0%) 
(0%) 
(0%)
	2 
(100%) 
(11.76%) 
(1.01%)
	0 
(0%) 
(0%) 
(0%)
	2 
(100.00%) 
(1.01%) 
(1.01%)

	Catfish Biffs
	10 
(71.43%) 
(8.929%) 
(5.051%)
	0 
(0%) 
(0%) 
(0%)
	4 
(28.57%) 
(5.797%) 
(2.02%)
	14 
(100.00%) 
(7.071%) 
(7.071%)

	Domino\'s
	7 
(58.33%) 
(6.25%) 
(3.535%)
	2 
(16.67%) 
(11.76%) 
(1.01%)
	3 
(25%) 
(4.348%) 
(1.515%)
	12 
(100.00%) 
(6.061%) 
(6.061%)

	Donatos
	15 
(53.57%) 
(13.39%) 
(7.576%)
	4 
(14.29%) 
(23.53%) 
(2.02%)
	9 
(32.14%) 
(13.04%) 
(4.545%)
	28 
(100.00%) 
(14.14%) 
(14.14%)

	East of Chicago
	5 
(55.56%) 
(4.464%) 
(2.525%)
	0 
(0%) 
(0%) 
(0%)
	4 
(44.44%) 
(5.797%) 
(2.02%)
	9 
(100.00%) 
(4.545%) 
(4.545%)

	Eddy\'s
	1 
(100%) 
(0.8929%) 
(0.5051%)
	0 
(0%) 
(0%) 
(0%)
	0 
(0%) 
(0%) 
(0%)
	1 
(100.00%) 
(0.5051%) 
(0.5051%)

	Grandad\'s
	1 
(100%) 
(0.8929%) 
(0.5051%)
	0 
(0%) 
(0%) 
(0%)
	0 
(0%) 
(0%) 
(0%)
	1 
(100.00%) 
(0.5051%) 
(0.5051%)

	Gumby\'s
	9 
(69.23%) 
(8.036%) 
(4.545%)
	2 
(15.38%) 
(11.76%) 
(1.01%)
	2 
(15.38%) 
(2.899%) 
(1.01%)
	13 
(100.00%) 
(6.566%) 
(6.566%)

	HoundDog\'s
	5 
(83.33%) 
(4.464%) 
(2.525%)
	0 
(0%) 
(0%) 
(0%)
	1 
(16.67%) 
(1.449%) 
(0.5051%)
	6 
(100.00%) 
(3.03%) 
(3.03%)

	Kings
	3 
(50%) 
(2.679%) 
(1.515%)
	1 
(16.67%) 
(5.882%) 
(0.5051%)
	2 
(33.33%) 
(2.899%) 
(1.01%)
	6 
(100.00%) 
(3.03%) 
(3.03%)

	Monkey
	4 
(66.67%) 
(3.571%) 
(2.02%)
	0 
(0%) 
(0%) 
(0%)
	2 
(33.33%) 
(2.899%) 
(1.01%)
	6 
(100.00%) 
(3.03%) 
(3.03%)


	Ohio State
	2 
(100%) 
(1.786%) 
(1.01%)
	0 
(0%) 
(0%) 
(0%)
	0 
(0%) 
(0%) 
(0%)
	2 
(100.00%) 
(1.01%) 
(1.01%)

	Papa John\'s
	33 
(60%) 
(29.46%) 
(16.67%)
	3 
(5.455%) 
(17.65%) 
(1.515%)
	19 
(34.55%) 
(27.54%) 
(9.596%)
	55 
(100.00%) 
(27.78%) 
(27.78%)

	Peppercini\'s
	1 
(100%) 
(0.8929%) 
(0.5051%)
	0 
(0%) 
(0%) 
(0%)
	0 
(0%) 
(0%) 
(0%)
	1 
(100.00%) 
(0.5051%) 
(0.5051%)

	Pizza Hut
	8 
(38.1%) 
(7.143%) 
(4.04%)
	3 
(14.29%) 
(17.65%) 
(1.515%)
	10 
(47.62%) 
(14.49%) 
(5.051%)
	21 
(100.00%) 
(10.61%) 
(10.61%)

	Rotolo\'s
	1 
(100%) 
(0.8929%) 
(0.5051%)
	0 
(0%) 
(0%) 
(0%)
	0 
(0%) 
(0%) 
(0%)
	1 
(100.00%) 
(0.5051%) 
(0.5051%)

	Total
	112 
(56.57%) 
(100.00%) 
(56.57%)
	17 
(8.586%) 
(100.00%) 
(8.586%)
	69 
(34.85%) 
(100.00%) 
(34.85%)
	198 
(100.00%) 
(100.00%) 
(100.00%)


6. Prove your assertion in problem #4 by finding the conditional distribution of late status given Store 1, and the conditional distribution of late status given Store 2.

Adriatico’s
%



Pizza Hut
%

Late

65%



Late

47.6%

On time
0%



On time
14.3%

Early 

35%



Early

38.1%

7. If an ordered pizza is randomly selected, find the probability that it was from Domino’s and it was early.

3.535%

8. Do time of day and late status appear to be independent?  Justify your answer.

For this, I made a contingency table of time of day vs. late status (see below).  

Although daytime and night time have very similar conditional distributions, and dinner time and evening are similar, the two groups (day/night and dinner/evening) are very different from each other.  Based on this, we conclude that time of day and late status are not independent variables.

Contingency Table with data

Contingency table results: 
Rows: time blocks 
Columns: sign(a-e) 

	Cell format

	Count 
(Row percent) 
(Column percent) 
(Total percent)


	
	-1
	0
	1
	Total

	daytime
	15 
(45.45%) 
(13.39%) 
(7.576%)
	1 
(3.03%) 
(5.882%) 
(0.5051%)
	17 
(51.52%) 
(24.64%) 
(8.586%)
	33 
(100.00%) 
(16.67%) 
(16.67%)

	dinner time
	43 
(59.72%) 
(38.39%) 
(21.72%)
	6 
(8.333%) 
(35.29%) 
(3.03%)
	23 
(31.94%) 
(33.33%) 
(11.62%)
	72 
(100.00%) 
(36.36%) 
(36.36%)

	evening
	36 
(63.16%) 
(32.14%) 
(18.18%)
	9 
(15.79%) 
(52.94%) 
(4.545%)
	12 
(21.05%) 
(17.39%) 
(6.061%)
	57 
(100.00%) 
(28.79%) 
(28.79%)

	night time
	18 
(50%) 
(16.07%) 
(9.091%)
	1 
(2.778%) 
(5.882%) 
(0.5051%)
	17 
(47.22%) 
(24.64%) 
(8.586%)
	36 
(100.00%) 
(18.18%) 
(18.18%)

	Total
	112 
(56.57%) 
(100.00%) 
(56.57%)
	17 
(8.586%) 
(100.00%) 
(8.586%)
	69 
(34.85%) 
(100.00%) 
(34.85%)
	198 
(100.00%) 
(100.00%) 
(100.00%)


9. Are pizzas more likely to be late during the week (M-R) or on the weekend (F-Sun)?  Why do you think this is?

Looking at row %, a higher percentage of pizzas are late during the week.  Specifically, Tuesday has the highest percentage of late pizzas vs. early/on time ones.  Looking at column %, the highest percentage of late pizzas throughout the week come from weekdays. 

A possible reason for this is that the pizza places are better staffed on the weekends.  They know demand will be high then so they have a lower percentage of late deliveries.

Contingency Table with data

Contingency table results: 
Rows: day 
Columns: sign(a-e) 

	Cell format

	Count 
(Row percent) 
(Column percent) 
(Total percent)


	
	-1
	0
	1
	Total

	Friday
	9 
(64.29%) 
(8.036%) 
(4.545%)
	0 
(0%) 
(0%) 
(0%)
	5 
(35.71%) 
(7.246%) 
(2.525%)
	14 
(100.00%) 
(7.071%) 
(7.071%)

	Monday
	20 
(55.56%) 
(17.86%) 
(10.1%)
	4 
(11.11%) 
(23.53%) 
(2.02%)
	12 
(33.33%) 
(17.39%) 
(6.061%)
	36 
(100.00%) 
(18.18%) 
(18.18%)

	Saturday
	24 
(66.67%) 
(21.43%) 
(12.12%)
	2 
(5.556%) 
(11.76%) 
(1.01%)
	10 
(27.78%) 
(14.49%) 
(5.051%)
	36 
(100.00%) 
(18.18%) 
(18.18%)

	Sunday
	18 
(66.67%) 
(16.07%) 
(9.091%)
	3 
(11.11%) 
(17.65%) 
(1.515%)
	6 
(22.22%) 
(8.696%) 
(3.03%)
	27 
(100.00%) 
(13.64%) 
(13.64%)

	Thursday
	15 
(51.72%) 
(13.39%) 
(7.576%)
	2 
(6.897%) 
(11.76%) 
(1.01%)
	12 
(41.38%) 
(17.39%) 
(6.061%)
	29 
(100.00%) 
(14.65%) 
(14.65%)

	Tuesday
	8 
(30.77%) 
(7.143%) 
(4.04%)
	5 
(19.23%) 
(29.41%) 
(2.525%)
	13 
(50%) 
(18.84%) 
(6.566%)
	26 
(100.00%) 
(13.13%) 
(13.13%)

	Wednesday
	18 
(60%) 
(16.07%) 
(9.091%)
	1 
(3.333%) 
(5.882%) 
(0.5051%)
	11 
(36.67%) 
(15.94%) 
(5.556%)
	30 
(100.00%) 
(15.15%) 
(15.15%)

	Total
	112 
(56.57%) 
(100.00%) 
(56.57%)
	17 
(8.586%) 
(100.00%) 
(8.586%)
	69 
(34.85%) 
(100.00%) 
(34.85%)
	198 
(100.00%) 
(100.00%) 
(100.00%)


