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Topic 1:

Data and Variables

OVERVIEW

Statistics is the science of reasoning from data, so a natural place to begin your study is by examining what is meant by the term “data.”  The most fundamental principle in statistics is that of variability.  Indeed, if the world was perfectly predictable and showed no variability, there would be no reason to study statistics.  Thus, you will also discover the notion of a variable and consider different classifications of variables.  You will also begin to explore the notion of the distribution of a set of data measuring a particular variable.

OBJECTIVES

· To begin to appreciate that data are numbers with a context that are studied for a purpose.

· To learn to recognize different classifications of variables.
· To become familiar with the fundamental concept of variability.
· To discover the notion of the distribution of a variable.

· To encounter bar graphs and dotplots as visual displays of a distribution.

· To gain some exposure to the types of questions that statistical reasoning addresses.

· To begin to gather experience describing distributions of data verbally.

Activity 1-1:  Word Lengths

If you were to write a sentence and record the number of letters for each word in that sentence, then the numbers that you have recorded are data.  However, not all numbers are data. Data are numbers collected in context.  

1.  Would every word that you write contain the same number of letters?

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 our class vary with respect to gender, hair color, number of states visited, and many 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.  [It makes sense to average values of a quantitative variable; it does NOT make sense to average categories of a categorical variable.]  Binary variables are categorical variables for which only two categories exist.  These designations are extremely important since one uses different statistical tools depending on the type of variable measured.

Activity 1-8:  Types of Variables
For each of the following variables indicate whether it is a Quantitative or Categorical variable.  If it is categorical, indicate if it is Binary.  Also circle the Observational Unit.  

(a)  whether a spun penny lands “heads” or “tails”
________






(b) the color of a Reeses’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 2000 Presidential election_____________________________

(i) whether or not a newborn baby test HIV-positive________________________________________

(j)  the running time of an Alfred Hitchcock movie_________________________________________

(k)the age of an American penny_______________________________________________________

Activity 1-13:  Children’s Television Viewing

Researchers at Stanford studied whether reducing children’s television viewing might help to prevent obesity.  Third and fourth grade students at two public elementary schools in San Jose were the subjects.  One of the schools incorporated a curriculum designed to reduce watching television and playing video games, while the other school made no changes to its curriculum.  At the beginning and end of the study a variety of variables were measured on each child.  These included body mass index, triceps skinfold thickness, waist circumference, waist-to-hip ratio, weekly time spent watching television, and weekly time spent playing video games.

(a) Identify the observational units in this study.

(b) Identify at least one quantitative and at least one categorical variable measured on these units.

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.

1.  Identify the observational units in this study.

2.  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.

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

Activity 1-6:  Parents’ Ages

Dotplots are useful for displaying the distribution of relatively small data sets of quantitative variables.
Data displays of variability.  The pattern of variability is called the distribution of the variable.  Much of the practice of statistics concerns distribution of variables, from displaying them:


1.  Visually to 


2.  Summarizing them numerically to


3.  Describing them verbally.
The following dotplots display the distribution 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.  
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(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 for the fathers.  Comment on how these ages compare to each other and what that reveals.

mothers:




fathers:

Comments:

TOPIC 1 WRAP-UP

Since statistics is the science of data, this topic has tried to give you a sense of what data are and a glimpse of what data analysis entails.  Data are not mere numbers:  Data are collected for some purpose and have meaning in some context.  The guessing exercises in these activities have not been simply for your amusement; they have tried to instill in you the inclination to think about data in their context and to anticipate reasonable values for data to be collected and analyzed.


You have encountered two very important concepts in this topic that will be central to the entire course:  variability and distribution.  You have also learned to distinguish between quantitative and categorical variables.  These activities have also hinted at a fundamental principle of analysis:  One should always begin analyzing data by looking at a visual display (i.e., a “picture”) of the data.  You have discovered one simple technique for producing a display: use dotplots for quantitative variables.

