Lecture 2   Fall 2007
8/23/07
ACTIONS AND THE NUMBERS THEY CAN YIELD
The fields of not only statistics, but science, engineering, medicine, and even politics are rife with numbers; numbers that are often intended to suggest something.

Example 1. A recent Gallup poll found that only 18% of voters approve of the current Congress.  While some in the media may well be simply reporting this number. Others who report it over and over again likely have a agenda. But what were the actions that resulted in this number? How many persons were polled? What were the attributes of the persons? For example, what were their political affiliations? Their gender? Their demographics? Their economic status? Even a little bit of thought can lead one to question the accuracy of this statement. The statement suggests that 18% of the American voting population approve of Congress. Yet, clearly, not every voter was included in the poll.
Homework Problem 1.1 (DUE Tuesday 8/26) Suppose that you were assigned to conduct the poll in Example 1. Furthermore, suppose that, in addition to querying each person as to their approval or non-approval, you were to collect information on each of the above attributes.

(a) Write a paragraph describing the actions you would take with each person. Then, formally assign to each action a label. [For example, the action of asking the person their gender could be given the label 
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(b) For each action in (a), describe the possible  responses that could be given. Then, convert the set of possible responses to each question into a set of numbers. [For example, the set of possible answers to 
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, in words, would be ‘male’ and ‘female’. These could be assigned the numbers 0 and 1, respectively. Thus, the set of possible responses to 
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(c) Combine your actions related to each person into a single vector-valued action. Then give the set of possible responses to this action.

(d) Parts (a)-(c) above were in relation to any person being polled; not the first, not the 40th, just any person. For this reason, none of the actions in (a) needed to be indexed by the number of the person being polled. In this framework then, suppose that we poll n persons. Then we have n vectors of numbers associated with the action in (c). In particular, we have n numbers, or measurements of the action associated with the approval question. If n is large enough, then we can proceed to gain an understanding of the probabilitistic nature of this action; that is, we can attempt to answer questions like: What is the probability that any person will approve of Congress, when asked. Explain how the 18% number was arrived at, and how it relates to answering this probability question.
(e) Now, let’s address the action that resulted in the number 18%. This action is not in relation to just any person, but rather to the n persons being polled. Consequently, in this framework, we must include an index number associated with the action in relation to each of the n persons. Hence, there will be a total of n indexed actions of the form in (c). use them to describe in a mathematical equation the composite action that yielded the 18% number.

(f) Use a random number generator to simulate 100 repetitions of the polling of n=500 persons. This will give you 500 numbers associated with the composite action in (e). Use these numbers to study the probabilistic nature of that action. This should include its average, its standard deviation, and a histogram.

(g) From your study in (f), estimate the probability that the composite action will yield a number within2% of the 18% value. (
We now proceed to actions related to the uniform random number generator. There are a wide variety of programs for generating random numbers. The most common is called the uniform random number generator (RNG). Essentially, this generator generates a number from the interval [0, 1]. 

In-Class Question 1: What is the meaning of the term “Essentially” here?

_____________________________

Homework Problem 1.2.(This report is DUE Thursday 8/28) Conduct a histogram-based investigation of Matbab’s random number generator: rand.m. In particular, plot a series of 4 histograms for consecutively larger sample sizes: n = 10, 100, 1000, 10,000.
Then discuss your plots in relation to Definition 1 above. 

Suggestions: Keep in mind that histogram construction for the random variable, X = rand.m  entails selection of a set of bins; that is, a partition of  the interval [0, 1]. If you type “help hist” you should be notified that Matlab defaults to using 10 bins, spanning the range of the numbers generated. Unfortunately, you might not be notified of this; but rather, will have to discover this on your own. 
Suggestion 1: Set the range of the bin set to [0,1]. In this way, all of your plots will be forced to have the same x-axis range. You can do this for a 10-bin histogram by first defining a 1 x 10 array that includes the 10 bin centers. One way to do this is the command:
binvec = 0.05: 0.1: 0.95;

To generate a sample of, say, 100 numbers, use the command:

x = rand(1, 100);

The variable x will be a 1 x 100 array of numbers from the interval [0, 1]. Finally, typing the command:
hist(x, binvec)

will yield a plot of the histogram.

Suggestion 2: LABEL YOUR PLOT- COMPLETELY!!!!! It is unacceptable engineering practice to present a plot that is not completely described. Below is a program that will do this:

binvec=0.5 : 0.1 : 0.95;

x=randn(1,100);

hist(x,binvec);

title('A 10-bin Histogram for rand.m Using 100 numbers')

xlabel('Bin Center Values')

ylabel('Number of Measurements in a given bin')

Suggestion 3: Each time you generate a plot, copy and paste it into a Word document, and place a figure caption beneath it. Since you will have 4 plots, where only n is changing, you might want to simply label them (a), (b), (c) and (d) with a single figure caption, such as:

Figure 1. Histograms associated with the random variable X=rand.m for (a) n=10, (b) n=100, (c) n=1000, and (d) n=10,000 samples of X.
Finally, begin your report of this investigation with a title and description of what the report deals with, and end the report with a discussion of the results and any conclusions that may be appropriate. 


⁭

Using a [0, 1] RNG to Sample from a FINITE Population

This can be done in many different ways. Here, I will offer one method related to X = rand.m.

In-Class Example 3.1 Use rand.m to generate a random sample of 5 numbers from a population of numbers {1, 2, 3, ..., 20}.

Solution: 

x = 20 * rand(1,5); % Generates 5 numbers from the interval [0,20]

xceil = ceil(x); % Rounds each number to the closest higher integer

⁪

In-Class Example 3.2 Referring to the book, Problem 9 on p.65, use rand.m to obtain a random sample of 7 widgets from a population of 619 widgets.

Solution: This problem is not as simple as it sounds. First, are the 619 widgets numbered? If so, how were they numbered? Second, what do you know about the measurement variable in question? Is it a variable that has random or systematic uncertainty? Answers to these questions are beyond the scope of the material at this point in the course. Furthermore, it would be necessary to provide a significant amount of detail for a specific setting to even begin to address them. So, for now, let’s keep things simple, and assume that the widgets have been numbered 1 through 619, and that properties of the measurement variable in question apply to each of them equally, and independently. In this case, the 7 widgets sampled will be chosen from 
x = 619 * rand(1,7); % Generates 7 numbers from the interval [0,619]

xceil = ceil(x); % Rounds each number to the closest higher integer


⁪

CONCEPTS ASSOCIATED WITH THE ABOVE MATERIAL

Even though we will discuss the details of random variables in Chapter 5 of the book, I feel that it is best to begin to bring them up now, since it will add  conceptual insight into what we have been doing. 
To begin, consider that action of sampling from a population. By itself, the meaning of this phrase seems self-evident. But when used in the context of a statistical study, one must also recall why this action is taking place. In the simplest setting, it is taking place to gain insight into a measurement variable that exhibits some amount of variability. This leads to a “Level 1” definition of a random variable. This low level definition entails no mathematics, and is meant to provide conceptual insight.
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