Lecture 3   Fall 2006
8/29/06
DATA COLLECTION (Book Chapter 2)

Definition 1. A simple random sample of size n from a population is a sample collected in such a manner that every collection of n items from the population is a priori equally likely to compose the sample.

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. 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.

Class Notes Definition 3.1. A random variable is the act of measuring a quantity that can take on more than one numerical value when measured repeatedly.
In-Class Example 3.2. You are interested in the statistical nature of the height of the typical ISU student. So, you define the measurement variable X=Height of an ISU Student. 

QUESTION: Per the above definition, why is X not a random variable? 

ANSWER: Because the height of a person is not the same as the act of measuring the height of a person. The former is a noun, and the latter is an action verb. 

So, let X=the act of measuring the height of an ISU student. Even though X is now an action, it is still not a well-defined random variable, since the measurement accuracy has not been specified. For example, you might decide to measure to the nearest inch, or, you might decide to measure to the nearest 0.1 inch. In the former case, the values X can take on includes the integers {36, 37, ..., 96}, while in the latter case, it includes the non-integers {36.0, 36.1, ..., 96.0}. These two sets are associated with two different random variables. 
So, suppose that you decide to measure only to the nearest inch. Then X=the act of measuring the height of an ISU student to the nearest inch is a random variable in the sense of the above definition. After repeating this action n times, you have n numbers, say 
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. These numbers can then be used to construct a histogram.

QUESTION: What will the histogram look like?

ANSWER: To be continued. HINT: Use your imagination. What would it might it look like for n=10 and using a bin width of 2 inches?
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