University of North Carolina Spring 2015

ECONOMICS 400h: HONORS ECONOMIC STATISTICS

Boone A. Turchi Office Hours:
Gardner Hall 200A Tuesday, 4:45-5:45 p.m.

919-966-5348 or by appointment
email: turchi@email.unc.edu Web Page: hupsi/isakatunc.edy

This is the required introductory course in economic statistics for economics majors. It introduces students to the basic concepts
of statistical description, probability theory, and statistical inference as they apply to economic analysis. In particular, the course
will emphasize regression analysis, since economics students will be exposed to many regression-like analyses in their upper
division economics courses. My goals for students in the course are twofold: (1) to achieve a rigorous understanding of the
foundations of statistical theory, and (2) to gain real facility in performing statistical analysis on the computer. By the end of the
course students will be both confident and capable using a sophisticated statistical software package to the point that they will be
able to use it routinely in other courses and activities.

The format of the course is lecture/discussion and laboratory. Most weeks the laboratory will take place when/where you wish.
All you will need will be your computer, the Stata program on your computer and the lab manual. There will be a final exam
(35% of the final grade), two midterm exams (25% each), laboratory/problem sets (15%), and a “qualifying exam” that tests the
student’s ability to use the software package. There are no make-up exams for missed midterms. Students with an approved
excuse for a maximum of one missed exam may have extra weight placed on the final exam, which must be taken at the regularly
scheduled time and place. The qualifying exam will be “pass-fail”; however, students must pass this examination before they can
receive credit for the course. You must complete the qualifying exam before you will be allowed to take the final exam.

Materials for Purchase:

Required Texts and Software:

Required material for this course consists of two books and statistical software program (Stata). The Groebner text comes
bundled with online access to MyStatLab, an online homework program that we will use. One of the following two packages
(Groebner text + Hamilton book + Stata program):

Package 1:

David F. Groebner, Patrick W. Shannon, Phillip C. Fry, and Kent D. Smith, "Business Statistics: A Decision-Making Approach.
(9th Edition) Prentice-Hall 2014, ISBN:9780133098785 — (Printed textbook + MyStatlab with ebook) + Hamilton book + Stata
program.

Package 2:

David F. Groebner, Patrick W. Shannon, Phillip C. Fry, and Kent D. Smith, "Business Statistics: A Decision-Making Approach.
(9th Edition) Prentice-Hall 2014, ISBN:9780133098785 — (MyStatlab with ebook only). + Hamilton book + Stata program.

You could buy a used copy of the Groebner book (9th edition), but you must also buy mystatlab and the combination could be
more expensive than the packages above.

Lab/Reference Manual: Lawrence C. Hamilton, Statistics with Stata: Updated for Version 12. Brooks/Cole Cengage Learning
2013. ISBN13: 978-0-8400-6463-9. (Also available as an e-book see http://www.cengagebrain.com/shop/search/9780840064639)

Required Statistical Software: This course will provide intensive instruction in the use of the Stata statistical package. Stata is
an extraordinarily powerful statistical tool that comes in various versions. Ordering instructions and descriptions of the options
available are contained in a separate handout. Purchase of Stata is required for all enrolled students. I will assume that you

have Stata available on your computer.

Your E-mail Address: Every student must have a functioning UNC e-mail address, and you must be reachable through that
address. Your UNC e-mail address must be the address that accompanies the official UNC on-line class roll.

Mac vs. PC: The University provides and supports Windows PCs to faculty. All course material is guaranteed to work on Windows PCs. Mac
users having trouble with course material should consult User Services in the basement of the undergraduate library. In particular, the standard
web browser on the Mac (Safari) apparently does not refresh web pages automatically. If you're having trouble accessing course web material,

try refreshing the course web page.

A course outline and schedule follow. Both are tentative at this point. If we deviate from the schedule, I will keep you informed
as to where you ought to be.




Page 2

Economics 400h Economic Statistics
Tentative Course Outline
Tuesday Thursday
Activity/Date GSFS text Hamilton** Activity/Date GSFS text Hamilton**
1/8: Describing Chi Ch. 1
Data Ch2 Ch. 3: Graphs
1/13: Ch.2 Ch. 5: Summary Statistics 1/15: Ch3 Ch. 2 Data Mgmt*
Describing Ch. 3 Describing
Data Data
1/20: Ch. 4 Ch. 2 Data Mgmt* 1/22: Ch. 4 Ch. 2 Data Mgmt*
Probability Probability
1/27: Ch. 4 Ch. 2 Data Mgmt* 1/29: Discrete Ch. 5 Ch. 2 Data Mgmt*
Probability Prob.
Distributions
2/3: Discrete Ch. 5 Ch. 2 Data Mgmt* 2/5: Ch. 6 Ch. 2 Data Mgmt*
Prob. Continuous
Distributions Distributions
2/10: Ch. 7 Ch. 2 Data Mgmt* 2/12: Ch7 Ch. 2 Data Mgmt*
Sampling Sampling
Distributions Distributions
2/17: Sampling Ch. 7 2/19: Ch8
Distributions Estimating
Means &
Proportions
2/24: Ch. 8 L2260
Estimating L
Means & Mdterm 1
Proportions S
3/3: Testing Ch. 9 3/5: Testing Ch. 9
Hypotheses Hypotheses
3/10: Spring 3/12: Spring
Break Break
3/17: Testing Ch. % 3/19: Testing Ch. 9, 10
Hypotheses Hypotheses
3/24. Testing Ch. 10, 11 3/26: Linear Ch. 14 Ch. 7
Hypotheses Regression
3/31: Linear Ch. 14 Ch. 7 4/2: Linear Ch. 14 Ch. 7
Regression Regression
4/7: Multiple Ch. 15 Ch. 7,8 e
Regression 2 .
4/14: Multiple Ch. 15 Ch. 7,8 4/16: Multiple Ch. 15 Ch. 7.8
Regression Regression
4/21: Multiple Ch. 15 Ch. 7.8 4/23: Multiple Ch. 15 Ch.7,8
Regression Regression

* When working on Hamilton’s Chapter 2, Data Management, you may find the following online tutorial helpful:
http://www.cpe.unc.edu/research/tools/data_analysis/statatutorial

Another very useful web site for Stata can be found at:

http://'www.ats.ucla.edu/stat/stata/default. htm

** Other readings from Hamilton will be assigned in conjunction with computer exercises.

£ Final Exam: Friday, May 1st @ 8 a.m.




ATTENTION: Place order immediately; the first Stata exercise will be assigned
on January 22, 2015.

Instructions for ordering Stata

Introduction

All enrolled students are required to buy one of the versions of Intercooled Stata (or better) described below.
Intercooled Stata is available as a six-month license, a one-year license or as a perpetual license (that is, once
installed on your computer [or your next computer] it will run forever; the time-limited licenses stop working after six
months or a year). Intercooled Stata can have as many as 798 right-hand-side variables in a model. Intercooled Stata
can analyze data sets with as many as 2,047 variables and the only limit on observations is the amount of RAM on your
computer. This means that Intercooled Stata can be used to analyze essentially any size problem that you can think of.

(Stata Corp. also offers a version of Stata called Small Stata, which is not sufficient for use in this course. Small Stata
is limited to analyzing data sets with a maximum of 99 variables on approximately 1,000 observations; however, I have
found the practical data limitations to be even more restrictive. It is simply not a serious tool for data analysis and I want
you to use a serious tool.). In addition, there are more powerful versions of Stata available: Stata/SE, and Stata /MP.
They are more powerful and more expensive. You can buy one of these, but Intercooled Stata will do virtually anything
you could conceivably want to do.

You have a choice to make: Which version of Intercooled Stata do you want: six-month, one-year, or perpetual? If you
plan in the future to write papers or theses using statistical analysis, or take advanced econometrics courses such as
Economics 570, you might want to invest in Intercooled Stata with a perpetual license now.

Available Packages through Stata's GRADPLAN (Available for Mac or Windows computers):
1. Stata/IC 12: Six-month license - Product code ICGP6. Price: $69

2. Stata/IC 12: One-year license - Product code ICGPA. Price: $98

Stata/IC 12: Perpetual license - Product code ICGP. Price: $189

(V%)

What is my Recommendation?

If you can afford it, I recommend, package #3. A primary purpose of this course is for you to achieve competency in
statistics and in the practice of statistics. The Department wants you to use statistical analysis in your other economics
courses, other courses in general, other campus activities (e.g., Daily Tar Heel, student government, etc.) and eventually,
perhaps, in your post-college work. I can cite a number of alumni of this course who have gotten their first jobs out of
college based in part on their knowledge of Stata. In particular, if you decide to take Econ 570 (Econometrics) as your
advanced course, you’ll already have the software and won’t have to buy it again. If you’re a senior who managed to
avoid Econ 400 until your last semester, you can get by with package #1; however, you’d better be sure to pass the
course this time around ;-). Other students should seriously consider buying the perpetual version; I realize it’s
expensive (maybe not so bad when you consider that current Econ 101 textbooks cost over $200) but you may regret
purchasing the time-limited version when the license ends and you realize that you really do want to work further with
the program. A complete set of Stata manuals in PDF form is contained on the program disk that you receive.
Manuals are also on reserve at the Undergraduate Library. A separate handout contains the reserve list.

How to Order

1. Place your order with Stata by going to http:/www.stata.com/order/new/edu/gradplans/campus-gradplan/

2. Fill out the online order form. Be sure to include your .EDU email address when ordering. Typically, orders are
shipped within 1 or 2 business days after the order is placed. Stata accepts Visa, MasterCard, Discover, and
American Express. If paying by credit card, please include the expiration date with the card number. If you prefer,
you may fax this information to Stata at 979-696-4601 or call Stata at 800-782-8272.

Stata will mail your software directly to you.

(%)

4. See picture of Stata GradPlan website on reverse of this page.

ATTENTION: Place order immediately; the first Stata exercise will be assigned
on January 22, 2015.
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Start up Stata : You need "Administrator
Privileges" to update your program.

You will either see the 'Check for Updates' box, as below, or you can click the "Help"
menu item to see the choices there (see the second picture below this text. In either
case, you want to check for updates.
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When Stata is done updating, vou'll see the
following message.

Click "OK" to close Stata and reopen the new version

e




Economics 400 (Professor Turchi)

Homework submission requirements.

You will be submitting two types of homework for grades in Economics 400:

(1) Book problems that will be assigned and which you will complete online using MyStatLab. These
problems will be assigned to you on (roughly) a weekly basis. You will have approximately one week to
complete the exercises for full credit. You will supply the answers through MyStatLab and they will be
graded and recorded in your file. You are to do the book problems alone and not collaborate with other
students. You can request assistance from Professor Turchi or the Teaching Assistants, but the Honor Code
will apply to all homework.

(2) Computer Exercises will be assigned and turned in on paper, at the beginning of class on the date due.

v" The exercise should be submitted at the beginning of lecture on the day that it is due. You have until
noon the following day to turn in the exercise with penalty (see below). If you miss the grace
deadline, do not bother to turn in the exercise; it will not be accepted. If the exercise is not turned in
during lecture, you must turn it into the receptionist in Room 107 Gardner Hall and ask her to put
your exercise in the Econ 400 Homework Box. Exercises delivered any other place (e.g., slipped
under a TA's or Professor Turchi's door) will not be accepted.

v" The exercise should be stapled before submission (there are public heavy duty staplers on the first
floor of the Davis library and there is a stapler in the reception room of the Economics Department, GA
107) as well as at the main desk of the Global Center.

v Finally, be sure to sign the Honor Pledge on the front page of your exercise before turning it in.

Homework Grading Policy
If the student turns a computer assignment in late (but before noon the next day), he/she is going to get 50%
at most even though he/she might do the exercise completely correctly.

For homework completed in MyStatLab, I may allow late submissions online, but only for a few days after
the due date and with a grade penalty. More on this later.

When your final homework average is computed, your lowest homework grade (including a zero for
assignments not turned in or turned in past the grace time) will be dropped.

homework guidelines rev_2015.1wp




First.

You have to understand
the problem.

Second.

Find the connection between
the data and the unknown.
You may be obliged

to consider auxiliary problems
if an immediate connection
cannot be found.

You should obtain eventually
a plan of the solution.

Third.
Carry out your plan.

Fourth.
Examine the solution obtained.

HOW TO SOLVE IT
UNDERSTANDING THE PROBLEM

What is the unknown? What are the data? What is the condition?
Is it possible to satisfy the condition? Is the condition sufficient to

determine the unknown? Or is it insufficient? Or redundant? Or
contradictory?

Draw a figure. Introduce suitable notation.

Separate the various parts of the condition. Can you write them down?

DEVISING A PLAN

Have you seen it before? Or have you seen the same problem in a
slightly different form?

Do you know a related problem? Do you know a theorem that could
be useful?

Look at the unknown! And try to think of a familiar problem having

the same or a similar unknown.

Here is a problem related to yours and solved before. Could you use it?
Could you use its result? Could you use its method? Should you intro-
duce some auxiliary element in order to make its use possible?

Could you restatethe problem? Could you restate it still differently?

Go back. to definitions.

If you cannot solve the proposed problem try to solve first some related
problem. Could you imagine a more accessible related problem? A
more, general problem? A more special problem? An analogous problem?
Could you solve a part of the problem? Keep only a part of the condi-
tion, drop the other part; how far is the unknown then determined,
how can it vary? Could you derive something useful from the data?
Could you think of other data appropriate to determine the unknown?
Could you change the unknown or the data, or both if necessary, so
that the new unknown and the new data are nearer to each other?

Did you use all the data? Did you use the whole condition? Have you
taken into account all essential notions involved in the problem?

CARRYING OUT THE PLAN

Carrying out your plan of the solution, check each step. Can you see
clearly that the step is correct? Can you prove that it is correct?

LOOKING BACK
Can you check the result? Can you check the argument?

Can you derive the result differently? Can you see it at a glance? Can
you use the result, or the method, for some other problem?

This excerpt comes from George Polya’s wonderful book How to Solve It (Paperback - 224 pages
Reissue edition, November 1, 1971 Princeton Univ Press. ISBN: 0691023565.) If you want to learn
more about how to solve problems systematically and efficiently, then I strongly recommend that
you either buy a copy of this book or check it out from the library.




Instructions for Completing Computer Exercises

Professor B. Turchi Economics 400

Throughout the semester you will be submitting a number of computer exercises that will require you to include graphics,
tables and other material from your work in Stata and, possibly, other programs. In order to facilitate the collection, grading
and return of these exercises, I require that you use a specific format in Microsoft Word. The format is contained in a Word
“template”, a file that Word uses to format your document. Many of you have probably used only the “normal” template that
Word uses whenever it starts a plain document. So, say you open Word 2013 as you normally do. You’ll see a screen with a
blank document as in the picture on the left below. Clicking on the “file” tab you can create a new document by selecting
“New” on the left side of the page. Word will give you a choice of templates, automatically selecting “Blank Document” as
shown in the picture on the right. This is the “Normal” template. As you can see you have a large choice of templates that

Microsoft has prepared for you.

The template that I’ve prepared for you to use can be filed in one of the Office folders where Word can find it (e.g., in the
following directory: “C:\Users\yourname\AppData\Roaming\Microsoft\Templates”). Or, you can file the template in a place
that’s convenient for you, say, on your desktop or in your “Econ 400” folder. For the moment assume that you found the
template, “Ec400TP.dot * (or “ec400TP.dotx " if you're using Word 2007 or later). The easiest way to start a new computer
exercise is to double-click on the template and Word will open with the following screen:

Exercie Tl
Name(Last, Firs o

Sectionto 0f Course
Signrthe Honor Dledge™

1

A iag i




Fill in the requested information, clicking “OK” each time a new entry is requested. When you’re done, immediately go to
“File/Save As/” and save the file as a Word document with a name you choose (e.g., ‘Exercisel.docx™). Then, you're in a
position to edit your exercise prior to turning it in. Before you add any text the document will appear as below:

A note about typeface:

When you include Stata output in
your exercise, be sure that the
output is shown in courier new
font. Stata often relies on a
“fixed-pitch” font to make tables
and other printed graphics line up
and otherwise look pretty. When
you paste the output into a Word
document, Word will likely
change the font to “times new
roman”, or other variable pitch
font. The resulting output will be
a mess unless you change its font
to courier new or other fixed
pitch font.

Economics 409 Computer Exerciss®
S

To get the template: Go to the course website and download it as per instructions. The file’s name is Ec400TP.dot (For
Word versions before 2007) or Ec400TP.dotx (Office 2007 or later). Right-click on the template file and select "Save Target
As:"

1. The easiest way to use the template is to save the template file any place you wish (on your desktop, for example). Then,
any time you want to start a new exercise, simply double-click on the template file. Microsoft Word will open a new
document with the Ec400TP.dotx template and will give you the dialog boxes to fill in required information. Affer filling
in the required information, you must immediately save your document (as a document, not a template) under a new
name as described above. Then, you can edit the document at your convenience.

2. Ifyou don’t have your own computer , you need to store the template file where you can have access as you need to use
it.

e Ifyou always work on an ATN lab computer (say in the Undergraduate Library), you can save the template in a
directory on your personal “H” network drive. It will be available on every ATN lab computer.

»  Otherwise, you might save the template file on a USB flash drive that you have available when you need it.




Professor Boone A Turchi
Subscripts, Summation, Variables and Functions’

Throughout this course we will use certain symbols to distinguish between the numbers in a set of data, and to
indicate the sum of such numbers. For example, we may wish to distinguish between the monthly sales of a certain
business, and then sum these monthly sales to get the yearly sales. To do this, suppose we let the symbol x denote the
monthly sales of this firm. Furthermore, we will add a subscript to this symbol to denote which month is being
represented. Thus, x; = sales in first month, x, = sales in second month, and so forth, with x12 = sales in the twelfth
month. To illustrate, if sales in the sixth month were 120 units, then we would write x¢ = 120. The notation x; thus
stands for “sales in the i th month,” where / can be any number from 1 to 12; thatis, i = /, 2, .. ., /2. The dots in this
last expression are used to indicate “and so on.”

Now, assume that we want to sum the sales for all 12 months in a year, which is
X1+X2+""+X12.

Another way of writing this sum is to use the Greek letter X(capital sigma). This symbol is read as “take the sum of.”
At the bottom of this 2. sign we usually place the first value of i which is to be included in the sum. The last value of i
to be summed is usually placed at the top of the sum sign. Thus,

12
Z Xi
=1

is read as “sum the values of x;, starting from 7 = 1 and ending with / = 12.” That is,

12
le,» =X +X2+ 0+ X1,
=

Similarly, suppose we wanted the sum of only the last seven months in the year. This sum would be written as follows:

12
2X;=Xe+X7+ X1,

In statistics we will often not know in advance what the final value in a summation will be. For example, we know that
we want to sum a set of sales values, but we don’t know how many values there are to be summed. To designate this
situation, we will let the symbol » represent the last number in the sum (where » can be any integer value, such as 1, 2,
3....). The notation

n
lei=x1+xz+"'+xn.
=

is thus read as “the sum of » numbers, where the first number is x;, the second is x,, and the last is x,.” In summing
monthly sales over a year, we would thus let # = 12, so that X7, x; = 2}31 X;.

I should perhaps mention that I will sometimes omit the limits of summation, and simply write 2 x;. This notation
should be interpreted to mean “sum all relevant values of x;.”” In these instances I will make sure that you always know
what the relevant values of x; are. Also, I might point out that the choice of symbols in designating a sum of numbers
is often quite arbitrary. For example, we might have used the letter y to denote monthly sales (instead of x), and used

the letter j as a subscript (instead of 7). In this case X -1:21 y; would denote the sum of the twelve monthly values.

Doubie Summations

' Adapted from James L. Murphy.

Summation Signs and Functions.lwp Page 1 of 6




Professor Boone A Turchi

Occasionally we will find it convenient to use two subscripts instead of just one. In these instances the first subscript
indicates one characteristic under study, and the second subscript some other characteristic. For example, suppose we
let x; = sales in the /th month by the jth salesman. The notation x5, = 15 would indicate that in the sixth month (i = 6),
salesman number 2 (j = 2) sold 15 units. Using the same procedure as described above, we can denote the total sales
over 12 months by the jth salesman as the sum of x;; (sales in the 1st month by the jth salesman) plus xa,... , plus x1z;
(sales in the 12th month by the jth salesman). That is,

Total sales by salesman j:

12
EIXy =Xy +Xy+ X2,

As another example of a similar type of sum, suppose we want to denote the sum of sales in the i th month (where i is
some number between 1 and 12) over all the salesmen in the company. If we let m = total number of salesmen, then
this sum is x;; (sales in month i by salesman #1) plus xi,..., plus xi, (sales in month i by salesman m). That is,

Total sales in month i:
m
j;lx,-j =X +tXp+ -+ X

Finally, we might wish to sum over all months (; = 1, 2, ..., 12) and all salesmen (j = 1, ..., m). This sum could be
written as:

Total sales over all months and all salesmen:

X11+XxXpn++Xwm
+X21 +X2 + "+ Xy

E‘ le] =
Allj Alli

X121 X022+ X 12m

Summation Signs and Functions.lwp Page 2 of 6




Professor Boone A Turchi

Variables and Functions

Variables

Variables and the relationship between variables represent an important part of statistics. Hence, it is important that
we define these concepts carefully.

A variable is a quantity which may assume any one of a set of values. For example, we might describe the worth of a
common stock by the variable “current worth on the stock market.” The values of this variable are the different prices
the stock can assume. Or, we might be interested in describing how well a specific brand of alkaline battery works by
defining the variable “the length of time before failure when in constant use.” The values of this variable are the
various times it might take before the battery fails.

Variables are often classified according to whether their values are discrete or continuous. With a discrete variable,
the values of the variable are individually distinct; i.e., they are separable from one another. The price of a common
stock, for instance, represents a discrete variable because the prices a stock can assume are all distinguishable from
one another. The following examples also represent discrete variables:

1. the number of defectives in a production lot,
2. the amount of advertising expenditure a certain company plans for next year,
3. the amount of federal income tax owed by an individual or a corporation.

Most discrete variables represent some quantity which can be “counted.”

When a variable is continuous, the values of this variable are indistinguishable from one another. Quantities which are
measured are usually continuous variables; for example, measures of time, weight, length, and area typically represent
continuous variables. Thus, in our earlier example, the time it takes a battery to fail represents a continuous random
variable. With a continuous variable, there are always an infinite number of values of the variable.? The following
variables are also continuous.

1. the percentage increase in the consumer price index last month,
2. the amount of natural gas available in the U.S.A. next year,
3. the quality of the air in Los Angeles yesterday, measured on a scale which can be any number from 0 to 100.

One of the practical difficulties with continuous variables is that the devices used to measure such variables are
usually read only in a discrete manner. For example, the variable “amount of gasoline needed to fill a car” is clearly a
continuous random variable, since this amount may be any value between zero and the capacity of the gas tank. From
a practical point of view, however, this variable is discrete because most gas pumps cannot be read (at least
accurately) beyond a few decimal points (usually 1/100 of a gallon). For most statistical analysis it makes little
difference if we treat such variables as discrete or continuous, although a continuous variable is ofien easier, to
manipulate than is a discrete variable which has many different values.

Functions

If a unique value of some variable y is associated with every possible value of another variable x, then the variable y is
said to be “a function of” the variable x. To illustrate a functional relationship, suppose we let x represent the number
of gallons of gasoline you purchase at a service station, and let y be the amount of money you must pay for this
gasoline. In this case y is a function of x [written y = f{x)] because it is known exactly what (unique) amount (y) you

2 With a discrete variable, the number of values may be either finite or infinite.

Summation Signs and Functions.lwp Page 3 of 6




Professor Boone A Turchi

will be charged for every possible gasoline purchase (x).

There are three commonly-used methods for describing a functional relationship: 1) a table, 2) a graph, and 3) an
equation. As we will illustrate below, the first two of these methods work well for discrete functions, while the latter

two work well for continuous functions.

Discrete functions. By a discrete function, we will mean any function where x is a discrete variable. If x is discrete,
then y must be discrete as well. To illustrate a discrete function, suppose the Environmental Protection Agency (EPA)
is testing a new car to determine its gas mileage (y) at various speeds (x). This car was tested at x = 10, 20, 30, 40,
and 50 miles per hour (MPH). The miles per gallon (MPG) at these speeds were y = 21.6, 26.1, 27.8, 25.3, and 19.5
respectively. This information is shown below.

miles per hour (x) miles per gallon [y = f{x)]
x=10 y =f(10)=21.6
x =20 y =f(20) = 26.1
x =30 y =f(30) = 27.8
x =40 y =f(40) = 25.3
x =50 y =f(50) = 19.5

Note that the variable x is discrete since all possible values of this variables are distinguishable from one another --
i.e., they are individually distinct. It is important to understand the symbolic notation in writing functions. For
example, the notation f{70) = 21.6 means that when x = /0, the value of f{x) is y = 2/.6. Similarly, f{50) = 19.5 means
that y = 19.5 when x = 50.

Fig 1: Graph of the Function Relating x =MPH and y=MPG
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We must resist the temptation to connect the points in Figure 1 with a line, since such a line might incorrectly lead a
viewer to assume the function is defined for speeds other than x = 10, 20, 30, 40, and 50 MPH. It may be possible to
define a function which relates additional values of x to y, but in this example the function is defined only for five
x-values. When the number of x-values is large, a formula is often useful in describing a functional relationship.

Continuous Functions. When the random variable x is continuous, then the functional relationship between x and y
usually must be expressed as a formula. Consider a simple example, where the variable x is temperature measured on
the Fahrenheit scale, and the variable y is temperature measured on the Celsius scale. For converting values from the
Fahrenheit scale (x) to the Celsius scale (), the following functional relationship is used:’

_ 5160
Y=9xX—"g.

3 We could have written this formula as f(x) = %(x -32).
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Note that this relationship represents a function since a unique value of y is specified for each value of x. The function
is continuous since the values of x are indistinguishable. Now, suppose we want to graph this function. First, we
recognize that it is a straight line, since the exponent of the variable xis 1. To graph a straight line we only need
two points. The easiest two points to take are usually the one where x = 0 and the one where y = 0. Whenx = 0,

y=2(0)-12=-17.78

Similarly, when y = 0 we can solve for x as follows:

_ 3 160
0=3x—7
s _ 160
9X =g
x=32.

We now have two points on our function, (0, -17.78) and (32, 0). This function is graphed, in Figure 2, by connecting
these two points.

Figure 2: A graph of y = f(x} = {5/8)x - (160/9)
100
80
607

40

Celsius

20

-20

-40 -
~10.0 475 105.0 162.5 220.0
Fahrenheit

From either the straight line in Figure 2, or the function itself, we can solve for one additional point most of us are
familiar with, namely the boiling point of water. Since water boils at 212 degrees Fahrenheit, x = 212. The
comparable value of y is F(212):

y=F212)=3(212)- 12,
or

y=F(212) = 100,

which is the Celsius boiling point of water. We could have solved for any one of the infinite number of different
y-values in a similar manner.
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