Topic 1: Data and Variables

Preliminary Questions 

1. Write one sentence (please make it a complete, grammatically correct sentence!) explaining your primary reason for taking this course. 

2. Since you will be expected to participate actively in your own learning in this course, please sign yourna~e (first and last name, as you would on a check) below to certify that you accept this responsibility. 

3. Since this course is about analyzing data, please gather some data by measuring your signature's length (left to right) and height (at its highest point), and record these values in centimeters below. Also record how many letters are in the names that you wrote. 

length: 
__________
height: _________
letters: ______________

4. Place a check beside each state that you have visited (or lived in or even just driven through), and count how many states you have visited. 

	State
	Visited?
	State
	Visited?
	State
	Visited?
	State
	Visited?

	Alabama
	
	Indiana
	
	N~aska
	
	South Carolina
	

	Alaska
	
	Iowa
	
	Nevada
	
	South Dakota
	

	Arizona
	
	Kansas
	
	New Hampshire
	
	Tennessee
	

	Arkansas
	
	Kentucky
	
	New Jersey
	
	Texas
	

	California
	
	Louisiana
	
	New Mexico
	
	Utah
	

	Colorado
	
	Maine
	
	New York
	
	Vermont
	

	Connecticut
	
	Maryland
	
	North Carolina
	
	Virginia
	

	Delaware
	
	Massachusetts
	
	North Dakota
	
	Washington
	

	Florida
	
	Michigan
	
	Ohio
	
	West Virginia
	

	Georgia
	
	Minnesota
	
	Oklahoma
	
	Wisconsin
	

	Hawaii
	
	Mississippi
	
	Oregon
	
	Wyoming
	

	Idaho
	
	Missouri
	
	Pennsylvania
	
	
	

	Illinois
	
	Montana
	
	Rhode Island
	
	
	


Number of states visited: ______________

5. Take a wild guess as to the number of different states that have been visited (or lived in) by a typical student at your school. Also guess what the fewest and most states visited by the students in your class will be. 

fewest: __________
typical: ____________
most: ________________

6. Record in a table like the one below the following information concerning each student in this class: 

· gender 

· length, height, and number of letters in signature :

· number of states visited 

· responses to the following 

(1) Which of the following terms best describes your political views: liberal, moderate, or conservative? 

(2) Do you think that the United States should retain or abolish the penny as a coin of currency? 

(3) Rate your opinion of the value of statistics in society on a numerical scale : of 1 (completely useless) to 9 (incredibly important). 

	student
	gender
	length
	height
	letters
	states
	politics
	penny
	value

	1
	
	
	
	
	
	
	
	

	2
	
	
	
	
	
	
	
	

	3
	
	
	
	
	
	
	
	

	4
	
	
	
	
	
	
	
	

	5
	
	
	
	
	
	
	
	

	6
	
	
	
	
	
	
	
	

	7
	
	
	
	
	
	
	
	

	8
	
	
	
	
	
	
	
	

	9
	
	
	
	
	
	
	
	

	10
	
	
	
	
	
	
	
	

	11
	
	
	
	
	
	
	
	

	12
	
	
	
	
	
	
	
	

	13
	
	
	
	
	
	
	
	

	14
	
	
	
	
	
	
	
	


IN-CLASS ACTIVITIES 

Activity 1-1: Word Lengths 

(a) For each word that you wrote in response to question 1, record the number of letters in the word


(b) Did every word that you wrote contain the same number of letters? 


Activity 1-2: Types of Variables 

Consider the students in your class as observational units. 

(a) 
Which of the following are legitimate variables that can be measured on those observational units? [Hint Ask yourself whether the value can change from observational unit to observational unit.] For each that is a variable, indicate whether it is a quantitative or a categorical variable. If it is a categorical variable, indicate whether or not it is a binary variable. 

· hair color: _____________

· number of students with red hair: _____________

· height of tallest student in your class: _____________

· whether or not a student has red hair: _____________

· height: _____________

· instructor's age: _____________

· zip code of home town: _____________

(b) If the observational units had been classes at your school, would "number of students in the class with red hair" be a variable? Explain. 


(c) The observational units for the variables listed below are students in your class. For each variable, indicate whether it is a quantitative or a categorical variable. If it is a categorical variable, indicate whether or not it is a binary variable. 

· gender: _____________

· length of signature: _____________

· number of states visited: _____________

· political identification: _____________

· penny question: _____________

(d) What are the observational units for the "letters per word" variable on which you recorded data in Activity 1-1 on page 5? 

(e) Suppose that instead of recording the number of letters in each word of your sentence, you had been asked to classify each word according to the following criteria: 

1-3 letters: 
small word 

4-6 letters: 
medium word

7-9 letters: 
big word 

10 or more letters: 
very big word 

In this case, what type of variable is "size of word"? _____________

(f) Considering the states as the observational units in question 4 of the "Preliminaries" section, what type of variable is "whether or not you have visited the state"? _____________


Activity 1-3: Penny Thoughts 

(a) How many students responded to the question about whether the United States should retain or abolish the penny? How many of these voted to retain the penny? What proportion of the respondents is this? 

(b) How many and what proportion of the respondents voted to abolish the penny? 

 (c) Create a visual display of this distribution of responses by drawing rectangles whose heights correspond to the proportions voting for each option. 

	1
	
	
	
	
	
	

	0.8
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(d) Write a sentence or two describing what your analysis reveals about the attitudes of students in this class toward the penny. 


Activity 1-4: Value of Statistics 

Consider the question of students ratings of the value of statistics in society on a numerical scale of 1 to 9. 

(a) Tally the responses by counting how many students answered 1, how many answered 2, and so on. Record the results in the table below: 

	Rating
	1
	2
	3
	4
	5
	6
	7
	8
	9

	Tally (count)
	
	
	
	
	
	
	
	
	


(b) Is there one value that was chosen more than any other? If so, what is it?

(c) How many and what proportion of students gave a response (strictly) above 5? Below 5?

(d) Based on these data, write a sentence or two interpreting how your class generally seems to feel about the value of statistics in society. Specifically comment on the degree to which these students seem to be in agreement. Also address whether students seem to be generally optimistic, pessimistic, or undecided about the value of statistics. 

(e) Consider the following frequency tables for hypothetical classes A-E. (All empty cells should be considered counts of zero.) For each of the descriptions below, identify which of the class tables fits the description best. Match each class to one description. 

	rating
	 
	 
	1
	2
	3
	4
	5
	6
	7
	8
	9

	Class
	A
	count
	1
	4
	7
	1
	 
	1
	3
	5
	2

	Class
	B
	count
	2
	3
	6
	5
	2
	1
	2
	3
	 

	Class
	C
	count
	 
	 
	 
	 
	 
	1
	19
	4
	 

	Class
	D
	count
	 
	2
	3
	 
	2
	5
	6
	2
	4

	Class
	E
	count
	2
	3
	1
	3
	2
	4
	5
	1
	3


· The class is in considerable agreement that it is useful. Class: . __________

· The class generally feels that statistics is useful but to varying degrees and with a few disagreements. Class: __________

· The class displays a wide range of opinions, with a slight preference toward feeling that statistics is useful. Class: -__________

· The class is sharply divided on the issue. Class: __________

· The class generally feels that statistics is not useful but displays a range of opinions. Class: __________

 Activity 1-5: Students' Travels 

(a) Create a visual display of the distribution of the numbers of states visited. A horizontal scale has been drawn below; you are to place a dot for each student above the appropriate number of states visited. For repeated values, just stack the dots on top of each other. 
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(b) Circle your own value on the dotplot. Where do you seem to fall in relation to your peers with regard to number of states visited? 

(c) Based on this display, comment on the accuracy of your guesses in the "Preliminaries" section. 

(d) Write a paragraph of at least four sentences describing various features of the dis- tribution of states visited. Imagine that you are trying to explain what this distribu- tion looks like to someone who cannot see the display and has absolutely no idea about how many states people visit. (Advice: Here and throughout the course, please relate your comments to the context. Remember that data are not just numbers but numbers with a context, in this case the numbers of states visited by you and your classmates.)

Activity 1-6: Parents' Ages 

The dotplots on page 12 in your text display the distributions of the ages at which a sample of 200 mothers had their first child and the ages at which a sample of 200 fathers had their first child. 

(a) Trace over the shape of each graph with a smooth curve. Comment on any similarities and differences in the distributions of ages between these first-time mothers and fathers. 
Comments: 

(b) Identify an age such that roughly half of the mothers were older and half were younger than that age when they had their first child (i.e., find the middle age). Then do the same thing for fathers. Comment on how these ages compare to each other and what that reveals. 

mothers: 



fathers: 

HOMEWORK ACTIVITIES Do the following problems – you may want to answer some of these on a separate sheet.

Activity 1-7: Types of Variables (cont.) 

Suppose that each of the following is a variable that you are to measure for each student in this class. Indicate whether it is a quantitative variable or a categorical variable; if it is categorical, indicate whether it is also binary. 

(a) height ____________

(b) armspan  ____________

(c) ratio of height to armspan ____________ 

(d) time spent sleeping last night ____________

(e) whether or not the individual went to sleep before midnight last night ____________

(f) month of birth ____________

(g) numerical score (out of a possible 100 points) on the first exam in this course ____________

(h) whether or not the individual scores at least 70 points on the first exam in this course ____________

Activity 1-8: Types of Variables (cont.) 

For each of the following variables, indicate whether it is a quantitative variable or a 

categorical (possibly binary) variable. Also identify the observational unit (case) , involved. (You will encounter each of these variables later in the book.)

(a) whether a spun penny lands "heads" or "tails" ____________

(b)  the color of a Reese's Pieces candy ____________

(c) the number of calories in a fast food sandwich ____________

(d) the life expectancy of a nation ____________

(e) whether an American household owns a cat or does not own a cat ____________

(f) the year in which a college was founded ____________

(g) the comprehensive fee charged by a college ____________

(h) for whom an American voted in the 1996 Presidential election ____________

(i) whether or not a newborn baby tests HIV-positive____________

(j) the running time of an Alfred Hitchcock movie____________

(k) the age of an American penny____________

(l) the weight of an automobile ____________

(m) whether an automobile is foreign or domestic to the United States ____________

Activity 1-12: Natural Light and Achievement 

A recent study by the Heschong Mohone group, based near Sacramento, found that students who took their lessons in classrooms with more natural light scored as much as 25 percent higher on standardized tests than other students in the same school district. 

(a) Identify the observational units in this study.

(b) Identify the two primary variables of interest. Be sure to state each of these variables as characteristics that change from observational unit to observational unit. 

(c) Indicate whether you believe that the above variables were measured as categorical or quantitative data. 

Activity 1-14: Students' Political Views 

Consider the students' self-descriptions of political inclination as liberal, moderate, or conservative. 

(a) Calculate the proportion of students who identified themselves as liberal, the pro- portion who regard themselves as moderate, and the proportion who lean toward the conservative. 

(b) Create a bar graph to display this distribution of political inclinations. 

(c) Comment in a sentence or two on what your calculations and bar graph reveal about the distribution of political inclinations among these students. 

Activity 1-15: Parents' Ages (cont.) 

Refer to Activity 1-6 on page 12, where you examined the distribution of ages for having a first child for groups of mothers and fathers. 

(a) Consider the variable "was the person over age 30 when his or her first child was born?" Is this a quantitative or a categorical variable? Explain. 

(b) Produce a bar graph of this variable for the group of mothers. 

(c) Produce a bar graph of this variable for the group of fathers. 

(d) Comment on the differences in these bar graphs, being sure to relate your comments to the context. 

Activity 1-18: Variables of Personal Interest 

Please list three variables that you would be interested in studying. These can be related to anything at all and need not be related to topics that are feasible for us to study in class. Be sure, however, that these correspond to the definition or a variable given above. Also indicate in each instance what the observational unit is. Please be very specific. 

The numbers that you have recorded are data. Not all numbers are data, however. Data are numbers collected in a particular context. For example, the numbers 


3 and 7, 35 and 19 do not constitute data in and of themselves. They are data however, if they refer to the number of letters in your first two words or the number of states visited by two of the students in this class. 





The answer to this obvious question reveals the most fundamental principle of statistics: variability. Data vary, and variability abounds both in everyday life and in academic study. The students in this class vary with respect to gender, length of signature, number of states visited, and lots of other variables. 





A variable is any characteristic of a person or thing that can be 


assigned a number or a category. The person or thing to which the number or category is assigned is called the observational unit or case. 


A quantitative or measurement variable is typically one that measures a numerical characteristic, while a categorical or qualitative variable is one that simply records a category designation. Binary variables are categorical variables for which only two possible categories exist. These designations can be quite important, for one typically employs different statistical tools depending on the type of variable measured. 





As the term "variable" suggests, the values assumed by a variable can differ from 


observational unit to observational unit. For example, hair color differs from person 


to person, and whether or not a student has red hair differs as well. However, the number of students with red hair in your class summarizes the variable for all students In your class and so does not vary from student to student. 





As the term variable" suggests, the values assumed by a variable differ from observational unit to observational unit. In other words, data display variability. The pattern of this variability is called the distribution of the variable. Much of the practice of statistics concerns distributions of variables, from displaying them visually to summarizing them numerically to describing them verbally. 








The visual display that you have constructed above is called a bar graph. Bar graphs display the distribution of categorical variables





When a quantitative variable can assume a fairly small number of possible values, one can tally the data by counting the frequency of each possible numerical response. 





The visual display that you constructed for the states visited is a dotplot. Dotplots are useful for displaying the distribution of relatively small data sets of quantitative variables.
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