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Preface

This manual is about using the software package called gretl to do various econometric tasks
required in a typical two course undergraduate or masters level econometrics sequence. It is written
specifically to be used with Principles of Econometrics, 3rd edition by Hill, Griffiths, and Lim,
although it could be used with many other introductory texts. The data for all of the examples
used herein are available as a package from my website at http://www.learneconometrics.com/
gretl.html. If you are unfamiliar with gretl and are interested in using it in class, Mixon Jr.
and Smith [2006] have written a brief review of gretl and how it can be used in an undergraduate
course that you may persuade you to give it a try.

The chapters are arranged in the order that they appear in Principles of Econometrics. Each
chapter contains a brief description of the basic models to be estimated and then gives you the
specific instructions or gretl code to reproduce all of the examples in the book. Where appropriate,
I've added a bit of pedagogical material that complements what you’ll find in the text. I've tried
to keep this to a minimum since this is not supposed to serve as a substitute for your text book.
The best part about this manual is that it, like gretl, is free. It is being distributed in Adobe’s
pdf format and I will make corrections to the text as I find errors.

To estimate a few of the models in POE I've had to resort to another free software called R. As
gretl develops I suspect that this small reliance on R will diminish. In any event, gretl contains
a utility that makes using R quite easy. You'll find an appendix in this book that will get you
started.

Gretl also gives users an ability to write his or her own functions, which greatly expands the
usefulness of the application. In Chapters 14 and 16 functions are used to estimate a few of the
models contained in POFE. What’s more, functions can be shared and imported easily through
gretl, especially if you are connected to the internet. If gretl doesn’t do what you want it to now,
stay tuned. It soon may. If recent activity is any indication, I am confident that the the gretl team
will continue to improve this already very useful application. I hope that this manual is similarly
useful to those using Principles of Econometrics.

I want to thank the gretl team of Allin Cottrell and Riccardo “Jack” Lucchetti for putting so
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much effort into gretl. It is a wonderful program for teaching and doing econometrics. It has
many capabilities beyond the ones I discuss in this book and other functions are added regularly.
Also, Jack has kindly provided me with suggestions and programs that have made this much better
than it would have been otherwise. Any remaining errors are mine alone.

Finally, I want to thank my good friend and colleague Carter Hill for suggesting I write this
and Oklahoma State University for continuing to pay me while I work on it.

Copyright (© 2007, 2008, 2009 Lee C. Adkins.
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Chapter

Introduction

In this chapter you will be introduced to some of the basic features of gretl. You’ll learn how
to install it, how to get around the various windows in gretl, and how to import data. At the end
of the chapter, you’ll be introduced to gretl’s powerful language.

1.1 What is Gretl?

Gretl is an acronym for Gnu Regression, Econometrics and Time-series Library. It is a software
package for doing econometrics that is easy to use and reasonably powerful. Gretl is distributed as
free software that can be downloaded from http://gretl.sourceforge.net and installed on your
personal computer. Unlike software sold by commercial vendors (SAS, Eviews, Shazam to name a
few) you can redistribute and /or modify gretl under the terms of the GNU General Public License
(GPL) as published by the Free Software Foundation.

Gretl comes with many sample data files and a database of US macroeconomic time series.
From the gretl web site, you have access to more sample data sets from many of the leading
textbooks in econometrics, including ours Principles of Econometrics by Hill et al. [2007]. Gretl
can be used to compute least-squares, weighted least squares, nonlinear least squares, instrumental
variables least squares, logit, probit, tobit and a number of time series estimators. Gretl uses a
separate Gnu program called gnuplot to generate graphs and is capable of generating output in
LaTeX format. As of this writing gretl is under development so you can probably expect some
bugs, but in my experience it is pretty stable to use with my Windows XP systems.



1.1.1 Installing Gretl

To install gretl on your system, you will need to download the appropriate executable file
for the computer platform you are using. For Microsoft Windows users the appropriate site is
http://gretl.sourceforge.net/win32/. One of the nice things about gretl is that Macintosh
and Linux versions are also available. If you are using some other computer system, you can obtain
the source code and compile it on whatever platform you’d like. This is not something you can do
with any commercial software package that I've seen.

Gretl depends on some other (free) programs to perform some of its magic. If you install
gretl on your Mac or Windows based machine using the appropriate executable file provided on
gretl’s download page then everything you need to make gretl work should be installed as part of
the package. If, on the other hand, you are going to build your own gretl using the source files,
you may need to install some of the supporting packages yourself. I assume that if you are savvy
enough to compile your own version of gretl then you probably know what to do. For most, just
install the self-extracting executable, gretl_install.exe, available at the download site. Gretl
comes with an Adobe pdf manual that will guide you through installation and introduce you to the
interface. I suggest that you start with it, paying particular attention to Chapters 1 and 2 which
discuss installation in more detail and some basics on how to use the interface.

Since this manual is based on the examples from Principles of Econometrics, 3rd edition (POE
) by Hill et al. [2007], you should also download and install the accompanying data files that go
with this book. The file is available at

http://www.learneconometrics.com/gretl/poesetup.exe.

This is a self-extracting windows file that will install the POE data sets onto the c:\Program
Files\gretl\data directory of your computer’s harddrive. If you have installed gretl in any place
other than c:\Program Files\gretl then you are given the opportunity to specify a new location
in which to install the program during setup.

1.1.2 Gretl Basics

There are several different ways to work in gretl. Until you learn to use gretl’s rather simple
and intuitive language syntax, the easiest way to use the program is through its built in graphical
user interface (GUI). The graphical interface should be familiar to most of you. Basically, you use
your computer’s mouse to open dialog boxes. Fill in the desired options and execute the commands
by clicking on the OK button. Those of you who grew up using MS Windows or the Macintosh
will find this way of working quite easy. Gretl is using your input from the dialogs, delivered by
mouse clicks and a few keystrokes, to generate computer code that is executed in the background.

Gretl offers a command line interface as well. In this mode you type in valid gretl commands
either singly from the console or in batches using scripts. Once you learn the commands, this is


http://gretl.sourceforge.net/win32/
http://www.learneconometrics.com/gretl/poesetup.exe

surely the easiest way to work. If you forget the commands, then return to the dialogs and let the
graphical interface generate them for you.

There is a command line version of gretl that skips the dialogs altogether. The command

line version is launched by executing gretlcli in a dos command window. In Windows choose
Start>Run to open the dialog shown in figure 1.1. In the box, use Browse button to locate the

Figure 1.1: Opening the command line interface version of gretl using Start>Run
Run

- Type the name of a pragram, Folder, document, or
Inkernet resource, and Windows will open it Far wou,

Open:  "T:\Program Files\gretlgretich,exe"] W

[ oK ][ Cancel H Browse. .. ]

directory in which gretl is installed. On my machine it is installed on the I:\ drive. Click OK
and the command line version shown in figure 1.2 opens. There are a couple of messages that the

Figure 1.2: The command line version of gretl
B3 I:\Program Files\gretligreticli.exe ﬂﬁ

gret]l version 1.7.8

Copyright Ramu Ramanathan. Allin Cottrell and Riccardo “"Jack" Lucchetti
Thiz iz free software with ABSOLUTELY NO WARRANTY

Current session: 2888-8%-26 18:34

Couldn’t open registry

Couldn’t open registry

"help" gives a list of commands
Type "open filename" to open a data set
7

Windows registry couldn’t be opened: this is a good thing so don’t be alarmed. If you are in fact
using the Windows operating system, then you probably won’t be using gretl from the command
line anyway. This version of the program is probably the most useful for Linux users wishing to
run gretl from a terminal window. We won’t be using it in this manual.

A better way to execute single gretl commands is through the gretl console. In normal
practice, the console is a lot easier to use than the gretlcli. It offers some editing features and



immediate access to other ways of using gretl that aren’t available in the straight command line
version of the program. The console and its use is discussed in section 1.3.1.

If you want to execute a series of commands, you do this using scripts. One of the great things
about gretl is that it accumulates commands executed singly from the console into a command
log that can be run in its entirety at another time. This topic can be found in section 1.3.2. So,
if you have completed an analysis that involves many sequential steps, the script can be open and
run in one step to get the desired result.

You can use the script environment to conduct Monte Carlo studies in econometrics. Monte
Carlo studies use computer simulation (sometimes referred to as experiments) to study the prop-
erties of a particular technique. This is especially useful when the mathematical properties of your
technique are particularly difficult to ascertain. In the exercises below, you will learn a little about
doing these kinds of experiments in econometrics.

In Figure 1.3 below is the main window in gretl.

Figure 1.3: The main window for gretl’s GUI
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Across the top of the window you find the menu bar. From here you import and manipulate
data, analyze data, and manage output. At the bottom of the window is the gretl toolbar. This
contains a number of useful utilities that can be launched from within gretl. Among other things,
you can get to the gretl web site from here, open the pdf version of the manual, or open the MS
Windows calculator (very handy!). More will be said about these functions later.



1.1.3 Common Conventions

In the beginning, I will illustrate the examples using a number of figures (an excessive number
to be sure). These figures are screen captures of gretl’s windows as they appear when summoned
from the pull-down menus. As you become familiar with gretl the frequency of these figures will
diminish and I will direct you to the proper commands that can be executed in the console or as a
script using words only. More complex series of commands may require you to use the gretl script
facilities which basically allow you to write simple programs in their entirety, store them in a file,
and then execute all of the commands in a single batch. The convention used will be to refer to
menu items as A>B>C which indicates that you are to click on option A on the menu bar, then select
B from the pull-down menu and further select option C from B’s pull-down menu. All of this is
fairly standard practice, but if you don’t know what this means, ask your instructor now.

1.2 Importing Data

Obtaining data in econometrics and getting it into a format that can be used by your software
can be challenging. There are dozens of different pieces of software and many use proprietary data
formats that make transferring data between applications difficult. You’ll notice that the authors
of your book have provided data in several formats for your convenience. In this chapter, we will
explore some of the data handling features of gretl and show you (1) how to access the data sets
that accompany your textbook (2) how to bring one of those data sets into gretl (3) how to list the
variables in the data set and (4) how to modify and save your data. Gretl offers great functionality
in this regard. Through gretl you have access to a very large number of high quality data sets from
other textbooks as well as from sources in industry and government. Furthermore, once opened in
gretl these data sets can be exported to a number of other software formats.

First, we will load the food expenditure data used in Chapter 2 of POE. The data set contains
two variables named z and y. The variable y is weekly expenditures on food in a household and z
is weekly income measured in $100 increments.

Open the main gretl window and click on File>0Open data>sample file as shown in Figure
1.4.

Alternately, you could click on the open dataset button on the toolbar. The button looks like
a folder and is on the far right-hand side of the toolbar. This will open another window (Figure
1.5) that contains tabs for each of the data compilations that you have installed in the gretl/data
directory of your program. If you installed the data sets that accompany this book using the self
extracting windows program then a tab will appear like the one shown in Figure 1.5.

Click on the POE tab and scroll down to find the data set called ‘food’; highlight it using the

cursor, and open it using the ‘open’ button & at the top of the window. This will bring the
variables of the food expenditure dataset into gretl. At this point, select Data on the menu bar



Figure 1.4: Opening sample data files from gretl’s main window
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Figure 1.5: This is gretl’s data files window. Notice that in addition to POE, data sets from
Ramanathan [2002], Greene [2003], Stock and Watson [2006] are installed on my system.
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and then Display values as shown in Figure 1.6.

Figure 1.6: Use the cursor to highlight all of the variables. Then click Data>Display values to
list the data set.
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From the this pull-down menu a lot can be accomplished. You can edit, add observations, and
impose a structure of your dataset. The structure of your dataset is important. You can choose
between time series, cross sections, or panel data structures. The options Gretl gives you depend
on this structure. For instance, if your data are structured as a time series, gretl will allow you
to take lags and differences of the variables. Certain procedures that can be used for time series
analysis will only be available to you if your dataset has been structured structured for it. If a
gretl command is not available from the defined dataset structure, then it will be greyed out in
the pull-down menus.

Notice in Figure 1.4 that gretl gives you the opportunity to import data. Expanding this
(File>Open data>Import) gives you access to several other formats, including ASCII, CSV, EX-
CEL and others. Also, from the File pull-down menu you can export a data set to another format.
If you click on File>Databases>0n database server (Figure 1.4) you will be taken to a web site
(provided your computer is connected to the internet) that contains a number of high quality data
sets. You can pull any of these data sets into gretl in the same manner as that described above
for the POFE data sets. If you are required to write a term paper in one of your classes, these data
sets may provide you with all the data that you need.



1.3 Using the gretl Language

The gretl GUI is certainly easy to use. However, you can get results even faster by using gretl’s
language. The language can be used from the console or by collecting several lines of programming
code into a file and executing them all at once in a script.

An important fact to keep in mind when using gretl is that its language is case sensitive. This
means that lower case and capital letters have different meanings in gretl. The practical implication
of this is that you need to be very careful when using the language. Since gretl considers = to be
different from X, it is easy to make programming errors. If gretl gives you a programming error
statement that you can’t quite decipher, make sure that the variable or command you are using is
in the proper case.

1.3.1 Console

Gretl’s console provides you a way to execute programs interactively. A console window opens
and from the prompt (7) you can execute gretl commands one line at a time. You can open the
gretl console from the Tools pull-down menu or by a left mouse click on the “Gretl console”

button g on the toolbar. This button is the third one on the left side of the toolbar in Figure
1.3. From the console you execute commands, one by one by typing gretl code after the command
prompt. Each command that you type in is held in memory so that you can accumulate what
amounts to a “command history.” To reuse a command, simply use the up arrow key to scroll
through the commands you've typed in until you get to the one you want. You can edit the
command to fix any syntax errors or to make any changes you desire before hitting the enter key
to execute the statement.

From the command prompt, ‘7’ you can type in commands from the gretl language. For
instance, to estimate the food expenditure model in section 2.4 using least squares type

? ols y const x

The results will be output to the console window. You can use the window’s scroll bar on the right
hand side to scroll up if you need to.

Remember, (almost) anything that can be done with the pull-down menus can also be done
through the console. Of course, using the console requires you to use the correct language syntax,
which can be found in the gretl command reference. The command reference can be accessed from
the toolbar by clicking the button that looks like a lifesaver. It’s the fourth one from the right hand
side of the toolbar:
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. It is also accessible from the menu bar through
Help. The option marked plain text F1 actually brings up all of the commands in a hypertext
format. Clicking on anything in blue will take you to the desired information for that command.
Obviously, the keyboard shortcut F1 will also bring up the command reference (Figure 1.7). Notice

Figure 1.7: The command reference can be accessed in a number of ways: The ‘life-saver’ icon on the
toolbar, Help>Command reference>plain text from the pull-down menu, or keyboard shortcut
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that you can also search for commands by topic from the command syntax window. Select Topics
and choose the desired category from the list. This can be helpful because it narrows the list to
those things that you actually want (e.g., Topics>Estimation>ols).



The function reference is a relatively new addition to gretl that will help you to locate the
names gretl uses to save results, transform variables, and that you will find helpful in writing
your own programs. To access the function reference, click Help>Function reference from the
pull-down menu as shown in Figure 1.8.

Figure 1.8: The function reference can be accessed by Help>Function reference from the pull-
down menu.
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1.3.2 Scripts

Gretl commands can be collected and put into a file that can be executed at once and saved to be
used again. This is accomplished by opening a new command script from the file menu. The com-
mand File>Script files>New script from the pull-down menu opens the command script editor
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shown in Figure 1.9. Type the commands you want to execute in the box using one line for each com-

Figure 1.9: The Command Script editor is used to collect a series of commands into what gretl
calls a script. The script can be executed as a block, saved, and rerun at a later time.
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open "I:%Program Fileshgretlhdata)poeh food.gde™

genr ly = log(y)

genr 1x = log(x)
ols ly const lx|

mand. Notice that in the first line of the script, "I:\Program Files\gretl\data\poe\food.gdt",
the complete file and path name are enclosed in double quotes, " ". This is necessary because the
Program Files directory in the pathname includes a space. If you have gretl installed in a location
that does not include a space, then these can be omitted.

If you have a very long command that exceeds one line, use the backslash (\) as a continuation
command. Then, to save the file, use the “save” button at the top of the box (first one from the
left). If this is a new file, you’ll be prompted to provide a name for it.

To run the program, click your mouse on the “gear” button. In the figure shown, the food.gdt
gretl data file is opened. The genr commands are used to take the logarithm of y and x, and
the ols command discussed in section 2.4 is used to estimate a simple linear regression model that
has In(y) as its dependent variable and In(z) as the independent variable. Note, the model also
includes constant.

A new script file can also be opened from the toolbar by mouse clicking on the “new script”

button E or by using the keyboard command, Ctrl4+N.!

One of the handy features of the command script window is how the help function operates.

At the top of the window there is an icon that looks like a lifesaver . Click on the help button
and the cursor changes into a question mark. Move the question mark over the command you want
help with and click. Voila! You either get an error message or you are taken to the topic from the
command reference. Slick!

1«Ctrl4+N” means press the “Ctr]” key and, while holding it down, press “N”.
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1.3.3 Sessions

Gretl also has a “session” concept that allows you to save models, graphs, and data files into a
common “iconic” space. The session window appears below in Figure 1.10. Objects are represented

Figure 1.10: The session window
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as icons and these objects can be saved for later use. When you save your session, the objects you
have added should be available again when you re-open the session. To add a model to your
session, use the File>Save to session as icon option from the model’s pull-down menu. To
add a graph, right click on the graph and choose the option save to session as icon. If you
want to save the results in your session, don’t forget to do so; right click on the session window and
choose Save session or from the main gretl window, select File>Session files>Save session
as shown below in Figure 1.11.

Gretl also collects all of the commands you’ve executed via the GUI in the icon labeled ‘session.’
This makes it very easy to use the GUI to execute unfamiliar commands and then use the code
generated by gretl to put into a script.

Once a model or graph is added, its icon will appear in the session icon view window. Double-
clicking on the icon displays the object, while right-clicking brings up a menu which lets you display
or delete the object. You can browse the dataset, look at summary statistics and correlations, and

save and revisit estimation results (Models) and graphs.

The model table is a way of combining several estimated models into a single table. This is very

12



Figure 1.11: Saving a session
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useful for model comparison. From page 16 of the gretl manual ([Cottrell and Lucchetti, 2007]):

In econometric research it is common to estimate several models with a common depen-
dent variable the models contain different independent variables or are estimated using
different estimators. In this situation it is convenient to present the regression results
in the form of a table, where each column contains the results (coefficient estimates
and standard errors) for a given model, and each row contains the estimates for a given
variable across the models.

In the Icon view window gretl provides a means of constructing such a table (and
copying it in plain text, LaTeX or Rich Text Format). Here is how to do it:

1. Estimate a model which you wish to include in the table, and in the model display
window, under the File menu, select Save to session as icon or Save as icon
and close.

2. Repeat step 1 for the other models to be included in the table (up to a total of six
models).

3. When you are done estimating the models, open the icon view of your gretl session,
by selecting Icon view under the View menu in the main gretl window, or by
clicking the session icon view icon on the gretl toolbar.

4. In the Icon view, there is an icon labeled Model table. Decide which model you
wish to appear in the left-most column of the model table and add it to the table,
either by dragging its icon onto the Model table icon, or by right-clicking on the
model icon and selecting Add to model table from the pop-up menu.
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5. Repeat step 4 for the other models you wish to include in the table. The second
model selected will appear in the second column from the left, and so on.

6. When you are finished composing the model table, display it by double-clicking on
its icon. Under the Edit menu in the window which appears, you have the option
of copying the table to the clipboard in various formats.

7. If the ordering of the models in the table is not what you wanted, right-click on
the model table icon and select Clear table. Then go back to step 4 above and
try again.

In section 6.5 you'll find an example that uses the model table and a Figure (6.13) that illustrates
the result.
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Chapter

Simple Linear Regression

In this chapter you are introduced to the simple linear regression model, which is estimated
using the principle of least squares.

2.1 Simple Linear Regression Model

The simple linear regression model is
yt:61+62xt+6t t:1)2)"'aT (21)

where 3; is your dependent variable, x; is the independent variable, e; is random error, and 81 and
(B9 are the parameters you want to estimate. The errors of the model, e;, have an average value of
zero for each value of x;; each has the same variance, o2, and are uncorrelated with one another.
The independent variable, x;, has to take on at least two different values in your dataset. If not, you
won’t be able to estimate a slope! The error assumptions can be summarized as e|z; iid N(0,02).
The expression #id stands for independently and identically distributed and means that the errors
are statistically independent from one another (and therefor uncorrelated) and that each has the
same probability distribution. Taking a random sample from a single population accomplishes this.

2.2 Retrieve the Data

The first step is to load the food expenditure and income data into gretl. The data file is
included in your gretl sample files—provided that you have installed the Principles of Econometrics
data supplement that is available from our website. See section 1.1.1 for details.
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Figure 2.1: Food Expenditure data is loaded from food.gdt using File>Open data>sample file
and choosing the food dataset from the sample files that accompany POE.
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Load the data from the data file food.gdt. Recall, this is accomplished by the commands
File>Open data>sample file from the menu bar.! Choose food from the list. When you bring
the file containing the data into gretl your window will look like the one in Figure 2.1. Notice that
in the Descriptive label column contains some information about the variables in the program’s
memory. For some of the datasets included with this book, it may be blank. These descriptions,
when they exist, are used by the graphing program to label your output and to help you keep track
of variables that are available for use. Before you graph your output or generate results for a report
or paper you may want to label your variables to make the output easier to understand. This can
be accomplished by editing the attributes of the variables.

To do this, first highlight the variable whose attributes you want to edit, right-click and the
menu shown in (see Figure 2.2) appears. Select Edit attributes to open a dialog box (Figure 2.3)
where you can change the variable’s name, assign variable descriptions and display names. Describe
and label the variable y as ‘Food Expenditure’ and x as ‘Weekly Income ($100).’

You can also bring up the edit attributes dialog from the main window by selecting Variable>Edit
attributes. Finally, the setinfo command can be used to set the Description and the label used
in graphs.

In the following example a script is generated that opens the andy.gdt dataset, and adds variable
descriptions, and assigns a label to be used in subsequent graphs.

open "c:\Program Files\gretl\data\poe\andy.gdt"
setinfo S -d "Monthly Sales revenue ($1000)" \

! Alternately, you could click on the open data button on the toolbar. It’s the one that looks like a folder on the
far right-hand side.
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Figure 2.2: Highlight the desired variable and right-click to bring up the pull-down menu shown
here.

ore

File Tools Data Yiew Add Sample Variable Model Help

food. gdt
10 # |Variable name|Descriptive label
0 const auto-generated constant

Display values
Descriptive statistics
Frequency plat
Boxplat

2 % weekly Income ($100)

Edit values

Copy ta cliphoard
Delete

Diefine new variable. .,

Undated: Full range 1 - 40

EREAFM~RBEL B

Figure 2.3: Variable edit dialog box

greti: varial attrnoutes

Mame of variable: |y |

Description:

|Week]y Food Expenditure |

Display name {shown in graphs): |F|:u:|d Expenditure |

| .
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Figure 2.4: Use the dialog to plot of the Food Expenditure (y) against Weekly Income (x)

E gretl: define graph E]@-‘

¥ scatterplot

#-axis variable

bl
x oo ] -

‘f-axis variables

¥

(e J[ oo J[ow J[ @

-n "Monthly Sales ($1000)"

setinfo P -d "$ Price" -n "Price"

setinfo A -d "Monthy Advertising Expenditure ($1000)" \
-n "Monthly Advertising ($1000)"

labels

The -4 flag is given followed by a string in double quotes. It is used to set the descriptive label.
The -n flag is used similarly to set the variable’s name in graphs. Notice that in the first and
last uses of setinfo in the example that I have issued the continuation command (\) since these
commands are too long to fit on a single line. If you issue the labels command, gretl will respond
by printing the descriptions to the screen.

2.3 Graph the Data

To generate a graph of the Food Expenditure data that resembles the one in Figure 2.6 of POE,

you can use the H button on the gretl toolbar (third button from the right). Clicking this button
brings up a dialog to plot the two variables against one another. Figure 2.4 shows this dialog where
x is placed on the x-axis and y on the y-axis. The result appears in Figure 2.5. Notice that the
labels applied above now appear on the axes of the graph.

Figure 2.5 plots Food Expenditures on the y axis and Weekly Income on the x. Gretl, by
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Figure 2.5: XY plot of the Food Expenditure data
Ei gretl: gnuplot graph E]

Food Exp. versus $100 Weekly Income {(with least squares fit)

600

YS 834 + 102X — ' ' ' +

550 t

500

450

a0 |

350

Food Exp.

300 +

250 +

200

150 |

100

$100 Weekly Income

Click on graph for pop-up menu

default, also plots the fitted regression line. The benefits of assigning labels to the variables becomes
more obvious. Both X- and Y-axes are informatively labeled and the graph title is changed as well.
More on this later.

2.4 Estimate the Food Expenditure Relationship

Now you are ready to use gretl to estimate the parameters of the Food Expenditure equation.

Yo = P1+ Paxy + ey (2.2)

From the menu bar, select Model>0rdinary Least Squares from the pull-down menu (see Figure
2.6) to open the dialog box shown in Figure 2.7. From this dialog you’ll need to tell gretl which
variable to use as the dependent variable and which is the independent variable. Notice that by
default, gretl assumes that you want to estimate an intercept (/1) and includes a constant as
an independent variable by placing the variable const in the list by default. To include x as an
independent variable, highlight it with the cursor and click the ‘Add->’ button.

The gretl console (see section 1.3.1) provides an easy way to run a regression. The gretl

console is opened by clicking the console button on the toolbar, JD . The resulting console window
is shown in Figure 2.8.

At the question mark in the console simply type
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Figure 2.6: From the menu bar, select Model>Ordinary Least Squares to open the least
squares dialog box

B greu =Joes

File Tools Data %iew Add  Sample  Wariable  Model  Help

food. gdt Ordinary Least Squares...

ID # |Wariable name/Descriptive label Other linear models 3
0 const auto-generated constant, Monlinear models 3
1y Food Expenditure
Zox weekly Income ($100)

Robust estimation 3
Maximurm likelihood. ..
MM, .,

Simultaneous equations. ..

Undated: Full range 1 - 40

mEREOFE~BELlL ¢ B

ols y const x

to estimate your regression function. The syntax is very simple, ols tells gretl that you want
to estimate a linear function using ordinary least squares. The first variable listed will be your
dependent variable and any that follow, the independent variables. These names must match the
ones used in your data set. Since ours in the food expenditure example are named, y and x,
respectively, these are the names used here. Don’t forget to estimate an intercept by adding a
constant (const) to the list of regressors. Also, don’t forget that gretl is case sensitive so that x
and X are different entities.

This yields window shown in Figure 2.9 below. The results are summarized in Table 2.1.

An equivalent way to present results, especially in very small models like the simple linear
regression, is to use equation form. In this format, the gretl results are:

y = 83.4160 + 10.2096 x
(1.922) (4.877)

T =40 R?>=0.3688 F(1,38)=23.789 & =89.517

(t-statistics in parentheses)

Finally, notice in the main gretl window (Figure 2.1) that the first column has a heading called
ID #. An ID # is assigned to each variable in memory and you can use these ID #s instead of
variable names in your programs. For instance, the following two lines yield identical results:

ols y const x
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Figure 2.7: The Specify Model dialog box opens when you select Model>0rdinary least squares

“ gretl: specify model g@

QLS
— Dependent variable
: ()
X%
[ ] et as default
Independent wariables

canst

%
[] robust standard errors
| Help | | Clear | | Zancel | | K

Figure 2.8: The Gretl console window. From this window you can type in gretl commands directly
and perform analyses very quickly—if you know the proper gretl commands.

“ gretl console g@
@ x

gretl console: type 'help' for a list of commands
7|
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Figure 2.9: The model window appears with the regression results. From here you can conduct
subsequent operations (graphs, tests, analysis, etc.) on the estimated model.

“ gretl: model 1

M=%

File Edit Tests Save Graphs

Analysis  LaTex

Model 1: OLS estimates using the 40 ochservations 1-40

Dependent wvarishle: ¥
VARILELE COEFFICIENT STDERRCR T STAT P-VALUE
const 83.4160 43.4102 1.9z22 0.062158 *
* 10.2096 Z.09326 4.877 0.0000z #%*

Mean of dependent wvariable = 253.574
SGtandard dewviation of dep. wvar. = 112.875
Sum of sguared residuals = 304505
Standard error of residuals = 59.517
Unadjusted R-sguared = 0.385002

Adjusted R-sguared = 0.368818

Degrees of freedom = 38

Log-likelihood = -235.509

Akaike information criterion (AIC) = 475.018
Schwarz Bayesian criterion (BIC) = 475.395
Hannan-guinn criterion (HQC) = 476.239

Table 2.1: OLS estimates using the 40 observations 1-40.

Dependent variable: y

Variable Coefficient Std. Error t-statistic p-value
const 83.4160 43.4102 1.9216 0.0622
X 10.2096 2.09326 4.8774 0.0000

Mean of dependent variable 283.574

S.D. of dependent variable 112.675

Sum of squared residuals 304505.

Standard error of residuals (7) 89.5170

Unadjusted R? 0.385002

Adjusted R? 0.368818

Degrees of freedom 38

Akaike information criterion 475.018

Schwarz Bayesian criterion 478.395
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ols 1 0 2

One (1) is the ID number for y and two (2) is the ID number of x. The constant has ID zero (0).
If you tend to use long and descriptive variable names (recommended, by the way), using the ID
number can save you a lot of typing (and some mistakes).

2.4.1 Elasticity

Elasticity is an important concept in economics. It measures how responsiveness one variable
is to changes in another. Mathematically, the concept of elasticity is fairly simple:

o percentage change in y  Ay/y (2.3)

percentage change in x  Ax/x

In terms of the regression function, we are interested in the elasticity of average food expenditures
with respect to changes in income:

Ew) (2.4)
E(y) and z are usually replaced by their sample means and (3, by its estimate. The mean of
z and y can be obtained by using the cursor to highlight both variables, use the View>Summary
statistics from the menu bar as shown in Figure 2.10, and the computation can be done by hand.
However, you can make this even easier by using the gretl language to do all of the computations—no
calculator needed! Simply open up a new script and type in:

ols y const x --quiet
genr elast=$coeff (x)*mean(x)/mean(y)

This yields the output shown in the next figure 2.11:

Following a least squares regression, Gretl stores the least squares estimates of the constant
and the slope in variables called $coeff (const) and $coeff (x), respectively. In addition, it uses
mean (x) and mean (y)to compute the mean of the variables x and y. The —quiet option is convenient
when you don’t want or need the output from the regression printed to the screen. The result from
this computation appears below in Figure 2.12.

2.4.2 Prediction

Similarly, gretl can be used to produce predictions. The predicted food expenditure of an
average household having weekly income of $2000 is:

§r = 83.42 4+ 10.21z; = 83.42 + 10.21(20) = 287.61 (2.5)
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Figure 2.10: Using the pull-down menus to obtain summary statistics. Highlight the desired vari-

ables and use View>Summary statistics from the pull-down menu.

ore
File Tools Data - fAdd  Sample  Variztle  Model  Help
food. gdt Tcon view

ID # [Variable name![

Graph specified vars 3
0 const

- S ’ _

Correlation matrix
Crass Tabulation
Frincipal companents
Mahalanobis distances
Crass-correlogranm

Undated: Full range 1 - 40

W ZEE~BHLE 2B

Figure 2.11: Summary statistics

M
BEeEmQR ™ x

Summary Statistics, using the observations 1 - 40

Variabhle MELN HEDIAN HIN MAiX

v 283.57 Z64.48 109,71 SB7.66

X 19.605 Z0.030 3.6900 33.400
Variabhle 5.D. C.V. SEEW EXCSEURT
v 1iz.68 0.39734 0.49208 -0.14548
X 6.5475 0.349z9 -0.62651 0.27973
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Figure 2.12: Results from the script to compute an elasticity based on a linear regression.

E gretl console E]@
ERERE

7 ols vy const ® —-guiet

? genr elast=jcoeff (x) *mean(x) /mean(vy)
Feplaced scalar elast = 0.70554

?

Remember, income is measured in $100, so 20 in the above expression represents 20*$100=$2,000.
The gretl script is:

genr yhat = $coeff(const) + $coeff (x)*20

which yields the desired result.

2.4.3 Estimating Variance

In section 2.7 of your textbook, you are given expressions for the variances of the least squares
estimators of the intercept and slope as well as their covariance. These estimators require that
you estimate the overall variance of the model’s errors, 02. Gretl does not explicitly report the
estimator, 62, but rather, its square root, 4. Gretl calls this “Standard error of residuals” which
you can see from the output is 89.517. Thus, 89.517? = 8013.29. Gretl also reports the sum of
squared residuals, equal to 304505, from which you can calculate the estimate. Dividing the sum
of squared residuals by the estimator’s degrees of freedom yields 62 = 304505/38 = 8013.29.

The estimated variances and covariance of the least squares estimator can be obtained once the

model is estimated by least squares by selecting the Analysis>Coefficient covariance matrix
command from the pull-down menu of the model window as shown in Figure 2.13. The result is:

Covariance matrix of regression coefficients

const X
1884.44 -85.9032 const
4.38175 x

So, estimated variances of the least squares estimator of the intercept and slope are 1884.44
and 4.38175, respectively. The least squares standard errors are simply the square roots of these
numbers. The estimated covariance between the slope and intercept -85.9032.

You can also obtain the variance-covariance matrix by specifying the --vcv option when esti-
mating a regression model. For the food expenditure example use:
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ols y const x --vcv

to estimate the model using least squares and to print the variance covariance matrix to the results
window.

2.5 Repeated Sampling

Perhaps the best way to illustrate the sampling properties of least squares is through an exper-
iment. In section 2.4.3 of your book you are presented with results from 10 different regressions
(POE Table 2.2). These were obtained using the dataset table2-2.gdt which is included in the gretl
datasets that accompany this manual. To reproduce the results in this table estimate 10 separate
regressions

ols y1 const x
ols y2 const x

ols y10 const x

You can also generate your own random samples and conduct a Monte Carlo experiment using
gretl. In this exercise you will generate 100 samples of data from the food expenditure data,
estimate the slope and intercept parameters with each data set, and then study how the least
squares estimator performed over those 100 different samples. What will become clear is this, the
outcome from any single sample is a poor indicator of the true value of the parameters. Keep this
humbling thought in mind whenever you estimate a model with what is invariably only 1 sample
or instance of the true (but always unknown) data generation process.

We start with the food expenditure model:

Ye = P1 + Pawe + e (2.6)

where 1 is total food expenditure for the given time period and x; is income. Suppose further that
we know how much income each of 40 households earns in a week. Additionally, we know that on
average a household spends at least $80 on food whether it has income or not and that an average
household will spend ten cents of each new dollar of income on additional food. In terms of the
regression this translates into parameter values of 51 = 80 and £2 = 10.

Our knowledge of any particular household is considerably less. We don’t know how much
it actually spends on food in any given week and, other than differences based on income, we
don’t know how its food expenditures might otherwise differ. Food expenditures are sure to vary
for reasons other than differences in family income. Some families are larger than others, tastes

26



and preferences differ, and some may travel more often or farther making food consumption more
costly. For whatever reasons, it is impossible for us to know beforehand exactly how much any
household will spend on food, even if we know how much income it earns. All of this uncertainty
is captured by the error term in the model. For the sake of experimentation, suppose we also know
that e; ~ N (0, 882).

With this knowledge, we can study the properties of the least squares estimator by generating
samples of size 40 using the known data generation mechanism. We generate 100 samples using the
known parameter values, estimate the model for each using least squares, and then use summary
statistics to determine whether least squares, on average anyway, is either very accurate or precise.
So in this instance, we know how much each household earns, how much the average household
spends on food that is not related to income (/57 = 80), and how much that expenditure rises on
average as income rises. What we do not know is how any particular household’s expenditures
responds to income or how much is autonomous.

A single sample can be generated in the following way. The systematic component of food
expenditure for the " household is 80 + 10 % z;. This differs from its actual food expenditure by
a random amount that varies according to a normal distribution having zero mean and standard
deviation equal to 88. So, we use computer generated random numbers to generate a random
error, u, from that particular distribution. We repeat this for the remaining 39 individuals. The
generates one Monte Carlo sample and it is then used to estimate the parameters of the model.
The results are saved and then another Monte Carlo sample is generated and used to estimate the
model and so on.

In this way, we can generate as many different samples of size 40 as we desire. Furthermore,
since we know what the underlying parameters are for these samples, we can later see how close
our estimators get to revealing these true values.

Now, computer generated sequences of random numbers are not actually random in the true
sense of the word; they can be replicated exactly if you know the mathematical formula used to
generate them and the ‘key’ that initiates the sequence. In most cases, these numbers behave as if
they randomly generated by a physical process.

To conduct an experiment using least squares in gretl use the script found in Figure 2.14.

Let’s look at what each line accomplishes. The first line
open "c:\Program Files\gretl\data\poe\food.gdt"

opens the food expenditure data set that resides in the poe folder of the data directory. The next
line, which is actually not necessary to do the experiments, estimates the model using the original
data using ols. It is included here so that you can see how the results from the actual sample
compare to those generated from the simulated samples. All of the remaining lines are used for the
Monte Carlo.
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In Monte Carlo experiments loops are used to estimate a model using many different samples
that the experimenter generates and to collect the results. The loop construct in gretl begins with
the command loop NMC --progressive and ends with endloop. NMC in this case is the number of
Monte Carlo samples you want to use and the option -—progressive is a command that suppresses
the individual output at each iteration from being printed and allows you to store the results in
a file. So that you can reproduce the results below, I have also initiated the sequence of random
numbers using a key, called the seed, with the command set seed 3213798. Basically, this ensures
that the stream of pseudo random numbers will start at the same place each time you run your
program. Try changing the value of the seed (3213798) or the number of Monte Carlo iterations
(100) to see how your results are affected.

Within this loop construct, you tell gretl how to generate each sample and state how you want
that sample to be used. The data generation is accomplished here as

genr u = 88+*normal ()
genr yl = 80 + 10*x + u

The genr command is used to generate new variables. In the first line u is generated by multiplying
a normal random variable by the desired standard deviation. Recall, that for any constant, ¢ and
random variable, X, Var(cX) = ¢?Var(X). The gretl command normal() produces a computer
generated standard normal random variable. The next line adds this random element to the
systematic portion of the model to generate a new sample for food expenditures (using the known
values of income in x).

Next, the model is estimated using least squares. Then, the coefficients are stored internally
in variables you create bl and b2 (I called them bl and b2, but you can name them as you like).
These are then stored to a data set coeff.gdt.

After executing the script, gretl prints out some summary statistics to the screen. These
appear below in Figure 2.15. Note that the average value of the intercept is about 76.5950. This is
getting close to the truth. The average value of the slope is 10.1474, also reasonably close to the
true value. If you were to repeat the experiments with larger numbers of Monte Carlo iterations,
you will find that these averages get closer to the values of the parameters used to generate the
data. This is what it means to be unbiased. Unbiasedness only has meaning within the context of
repeated sampling. In your experiments, you generated many samples and averaged results over
those samples to get closer to the truth. In actual practice, you do not have this luxury; you have
one sample and the proximity of your estimates to the true values of the parameters is always
unknown.

After executing the script, open the coeff.gdt data file that gretl has created and view the
data. From the menu bar this is done using File>0Open data>user file and selecting coeff.gdt
from the list of available data sets. From the example this yields the output in Figure 2.16. Notice
that even though the actual value of 51 = 80 there is considerable variation in the estimates. In
sample 21 it was estimated to be 170.8196 and in sample 19 it was 1.3003 . Likewise, (35 also varies
around its true value of 10. Notice that for any given sample, an estimate is never equal to the
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true value of the parameter!

2.6 Script

The script for Chapter 2 is found below. These scripts can also be found at my website http:
//www.learneconometrics.com/gretl.

open "c:\Program Files\gretl\data\poe\food.gdt"

#Least squares
ols y const x --vcv

#Summary Statistics
summary y x

#Plot the Data
gnuplot y x

#List the Data
print y x —--byobs

#Elasticity
genr elast=$coeff (x)*mean(x)/mean(y)

#Prediction
genr yhat = $coeff(const) + $coeff (x)*20

#Table 2.2

open "c:\Program Files\gretl\data\poe\table2-2.gdt"
ols y1 const x

ols y2 const
ols y3 const
ols y4 const
ols y5 const
ols y6 const
ols y7 const
ols y8 const
ols y9 const
ols y10 const x

Ea T T T T T B

#Monte Carlo
open "c:\Program Files\gretl\data\poe\food.gdt"
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set seed 3213789

loop 100 --progressive --quiet

genr u = 88*normal()
genr yl = 80 + 10*x + u
ols yl1 const x

genr bl = $coeff (const)
genr b2 = $coeff (x)
print bl b2

store coeff.gdt bl b2
endloop
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Figure 2.13: Obtain the matrix that contains the least squares estimates of variance and covariance
from the pull-down menu of your estimated model.

Bl Model 1 (==

File Edit Tests Save Graphs | Analysis  LaTex

Display actual, fitted, residual
Model 1: Forecasts...
OL3 estimates using the Confidence intervals for coefficients
Dependent wvarisble: ¥ | Confidence elipse...

Coefficient covariance matrix %
VARTAELE CO ANOVA T STAT  P-VALUE
Bookstrap...
const TETETO I 1.9z22 0.062158 *
* 10.2096 Z.09326 4.877 0.0000z #%*

Mean of dependent wvariable = 253.574
SGtandard dewviation of dep. wvar. = 112.875
Sum of sguared residuals = 304505
Standard error of residuals = 59.517
Unadjusted R-sguared = 0.385002

Adjusted R-sguared = 0.368818

Degrees of freedom = 38

Log-likelihood = -235.509

Akaike information criterion (AIC) = 475.018
Schwarz Bayesian criterion (BIC) = 475.395
Hannan-guinn criterion (HQC) = 476.239

Figure 2.14: In the gretl script window you can type in the following commands to execute a
Monte Carlo study of least squares. Then to execute the program, click on the small gear icon.

B eretl: POECh2.inp E]@
EEE2fBE0ABeX=2HX

#Monte Carlo [A]
open "i:YProgram Fileshgretlhdata)poeh food.gde™

set seed 3213789

Joop 100 —- progressive
genr u = S8*%normal ()
genr y1 = 80 + 10*%x + u
ols yv1 const x|

genr hl = Scoeff [const)
genr hi = Scoeff (x)
print bl ki

store coeff.gdt bl b2
endloop
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Figure 2.15: The summary results from 100 random samples of the Monte Carlo experiment.

“ gretl: script output E]@

o]
? set seed 3213789
Pseudo-random nurber generator seeded with 3213789
loop 100 -- progressive
genr u = 88*normali()
genr vl = 80 + 10%x + u
ols vyl const x
genr bl = jcoeff (const)
genr bZ = fcoeff (x)
print bl b
store coeff.gdt bl bl
endloop

w

VWOV VWV YW

OLS estimates using the 40 observations 1-40
Srtatistics for 100 repetitions
Dependent wvariasble: yl

mean of std. dev. of mean of std. dev. of
estimated estimated estimated estimated
Variable coefficients coefficients std. errors std. errors =
const 76.5950 43.2550 4z .9041 4.73108
X 10.1474 Z.05544 Z.06886 0.2281386

Ztatistics for 100 repetitions

Varishle mean std. dev.
hi 76.5950 43.2550
bz 10.1474 2.05544

store: using filename I:%Documents and Serccings’ Adminiscrator'ipplication Data'gretlicoesff.gdo
Data written OK.
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Figure 2.16: The results from the first 23 sets of estimates from the 100 random samples of the
Monte Carlo experiment.
P

-,

Egretl: display data E]@
HAe DY . X

cha bi hZ
1 70. 1400 9, 467587

z 00,9455 10. 14972 L

3 g0.7360 10.32389 1
4 112 .1177 9.10936
5 132 .8950 7.81551
& 53,6029 10. 485355
7 60.5105 11. 49058
= S4.3333 9.1582 69
= 10.8011 13.92074
10 §9.0575 9, 66496
11 132.0336 6. 77509
1z 126.45581 7.99526
13 40,7545 11.25006
14 106.0379 9.01178
15 63.3129 10.053 48
16 51.9721 12 . 95446
17 105 .7510 8.31367
18 55.5011 10. 73272
19 1.3003 15.27228
z0 44 3346 12 . 73427
21 170.58196 6. 70754
2z 20,4066 13.09706

25 91.6029 9.55563 |
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Chapter

Interval Estimation and Hypothesis Testing

In this chapter, I will discuss how to generate confidence intervals and test hypotheses using
gretl. Gretl includes several handy utilities that will help you obtain critical values and p-values
from several important probability distributions. As usual, you can use the dialog boxes or gretl’s
programming language to do this.

3.1 Confidence Intervals

It is important to know how precise your knowledge of the parameters is. One way of doing
this is to look at the least squares parameter estimate along with a measure of its precision, i.e.,
its estimated standard error.

The confidence interval serves a similar purpose, though it is much more straightforward to
interpret because it gives you upper and lower bounds between which the unknown parameter will
lie with a given probability.

In gretl you can obtain confidence intervals either through a dialog or by manually building
them using saved regression results. In the ‘manual’ method I will use the genr command to
generate upper and lower bounds based on regression results that are saved in gretl’s memory,
letting gretl do the arithmetic. You can either look up the appropriate critical value from a table
or use the gretl’s critical function. I’ll show you both.

!This is probability in the frequency sense. Some authors fuss over the exact interpretation of a confidence interval
(unnecessarily I think). You are often given stern warnings not to interpret a confidence interval as containing the
unknown parameter with the given probability. However, the frequency definition of probability refers to the long
run relative frequency with which some event occurs. If this is what probability is, then saying that a parameter
falls within an interval with given probability means that intervals so constructed will contain the parameter that
proportion of the time.
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Here is how it works. Consider equation (3.5) from your text
Plby — tese(ba) < fa < by +tese(by)] =1 — (3.1)

Recall that b is the least squares estimator of 32, and that se(bs) is its estimated standard error.
The constant ¢, is the «/2 critical value from the t-distribution and « is the total desired probability
associated with the “rejection” area (the area outside of the confidence interval).

You’ll need to know t., which can be obtained from a statistical table, the Tools>Statistical
tables dialog contained in the program, or using the gretl command critical. First, try using
the dialog box shown in Figure 3.1. Pick the tab for the t distribution and tell gretl how much
weight to put into the right-tail of the probability distribution and how many degrees of freedom
your t-statistic has, in our case, 38. Once you do, click on OK. You’ll get the result shown in Figure
3.2. It shows that for the t(38) with right-tail probability of 0.025 and two-tailed probability of
0.05, the critical value is 2.02439.2 Then generate the lower and upper bounds (using the gretl

Figure 3.1: Obtaining critical values using the Tools>Statistical tables dialog box.

“grell: critical values E]@-\

notmal | £ |chi-square | F || binomial | poisson | Do

df |38

right-tail probability | 025

xe ] [ = ]

Figure 3.2: The critical value obtained from Tools>Statistical tables dialog box.

H gretl: critical values E]@
[@ x

t(38)

right-tail probsbility = 0.025
comp lementary probability = 0.975
two-tailed probability = 0.05

Critical wvalue = Z.02439

console) with the commands:

open "c:\Program Files\gretl\data\poe\food.gdt"

*You can also get the « level critical values from the console by issuing the command genr c= critical(t,38,a).
Here « is the desired area in the right-tail of the ¢-distribution.
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ols y const x

genr 1b = $coeff(x) - 2.024 * $stderr(x)
genr ub = $coeff(x) + 2.024 * $stderr(x)
print 1b ub

The first line opens the data set. The second line (ols) minimizes the sum of squared errors in
a linear model that has y as the dependent variable with a constant and x as independent variables.
The next two lines generate the lower and upper bounds for the 95% confidence interval for the
slope parameter S. The last line prints the results of the computation.

The gretl language syntax needs a little explanation. When gretl makes a computation, it will
save certain results like coefficient estimates, their standard errors, sum of squared errors and so
on in memory. These results can then be used to compute other statistics, provided you know the
variable name that gretl uses to store the computation. In the above example, gretl uses the least
squares estimates and their estimated standard errors to compute confidence intervals. Following
the ols command, least squares estimates are stored in $coeff (variable name). So, since (o is
estimated using the variable x, its coefficient estimate is saved in $coeff (x). The corresponding
standard error is saved in $stderr (x). There are many other results saved and stored, each prefixed
with the dollar sign $. Consult the gretl documentation for more examples and specific detail on
what results can be saved and how to access them.

Equivalently, you could use gretl’s built in critical to obtain the desired critical value. The
general syntax for the function depends on the desired probability distribution. This follows since
different distributions contain different numbers of parameters (e.g., the t-distribution has a single
degrees of freedom parameter while the standard normal has none!). This example uses the t-
distribution and the script becomes:

open "c:\Program Files\gretl\data\poe\food.gdt"

ols y const x

genr 1lb = $coeff(x) - critical(t,$df,0.025) * $stderr(x)
genr ub = $coeff(x) + critical(t,$df,0.025) * $stderr(x)
print 1b ub

The syntax for the t-distribution is critical(t,degrees of freedom,«/2). The degrees of

freedom from the preceding regression are saved as $df and for a 1 — o = 95% confidence interval,
a/2 = 0.025.

The example found in section 3.1.3 of POE computes a 95% confidence interval for the income
parameter in the food expenditure example. The gretl commands above were used to produce the
output found in Figure 3.3.

To use the dialogs to get confidence intervals is easy as well. First estimate the model using least

squares in the usual way. Choose Model>0rdinary least squares from the main pull-down menu,
fill in the dependent and independent variables in the ols dialog box and click OK. The results
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Figure 3.3: Obtaining 95% confidence interval for the food expenditure example.
& gretl: script output 1Ol x|

BBERRBY *

Model 1: OLS estimates using the 40 observations 1-40
Dependent wvarishle: ¥

VARILELE COEFFICIENT STDERROR T 3TAT P-VALUE
const §3.4160 43.4102 1.92z2 0.06z18 *
X 10.z2096 Z.093zZ6 4.877 0.0000z #%%

Mean of dependent wvariable = 253.574
SGtandard dewviation of dep. wvar. = 112.875
Sum of sguared residuals = 304505

Standard error of residuals = 59.517
Unadjusted R-sguared = 0.385002

Adjusted R-sguared = 0.368818

Degrees of freedom = 38

Log-likelihood = -235.509

Akaike information criterion (AIC) = 475.018
Schwarz Bayesian criterion (BIC) = 475.395
Hannan-guinn criterion (HQC) = 476.239

? genr lb = fcoeffix) - £.024 * jstderr(x)
Generated scalar lb (ID 3) = 5.97288

? genr ub = fcoeffi(x) + £.024 * jstderr(x)
Generated scalar ub (ID 4) = 14.4464

? print lb ub

1k
ub

5.97288
14.4464

[«

Close

appear in the model window. Now choose Analysis>Confidence intervals for coefficients

from the model window’s pull-down menu (seen in Figure 4.1). This generates the result shown in
Figure 3.4.

Figure 3.4: Obtaining 95% confidence interval for the food expenditure example from the dialog.

H gretl: coefficient confidence intervals E]@
[@ ™ x
t(35, .02Z5) = 2.024
VARILELE COEFFICIENT 95% CONFIDENCE INTERWVAL
const 83.4160 (-4.46328, 171.295)
* 10.2096 [5.97205, 14.4472)

3.2 Monte Carlo Experiment

Once again, the consequences of repeated sampling can be explored using a simple Monte Carlo
study. In this case, we will add the two statements that compute the lower and upper bounds
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to our previous program listed in Figure 2.14. We've also added a parameter, sig2, which is the
estimated variance of the model’s errors.

The new script looks like this:

open "c:\Program Files\gretl\data\poe\food.gdt"
set seed 3213798

loop 100 --progressive --quiet

genr u = 88*normal()

genr y1 = 80 + 10*x + u

ols yl1 const x

genr bl = $coeff (const)
genr b2 = $coeff (x)
genr sl = $stderr(const)
genr s2 = $stderr(x)

# 2.024 is the .025 critical value from the t(38) distribution
genr clL = bl - critical(t,$df,.025)*s1
genr clR = bl + critical(t,$df,.025)*s1
genr c2L = b2 - critical(t,$df,.025)*s2
genr c2R = b2 + critical(t,$df,.025)*s2

# Compute the coverage probabilities of the Confidence Intervals
genr pl = (80>clL && 80<clR)
genr p2 = (10>c2L && 10<c2R)

genr sigma = $sigma

genr sig2 = sigmax*sigma

print bl b2 pl p2

store cicoeff.gdt bl b2 sl s2 sig2 clL clR c2L c2R
endloop

The results are stored in the gretl data set cicoeff.gdt. Opening this data set (open "c:
\ProgramFiles\gretl\user\cicoeff.gdt") and examining the data will reveal interval estimates
that vary much like those in Tables 3.1 and 3.2 of your textbook. Also, notice that the estimated
standard error of the residuals, &, is stored in $sigma and used to estimate the overall model
variance.

3.3 Hypothesis Tests

Hypothesis testing allows us to confront any prior notions we may have about the model with
what we actually observe. Thus, if before drawing a sample, I believe that autonomous weekly food
expenditure is no less than $40, then once the sample is drawn I can determine via a hypothesis
test whether experience is actually consistent with this belief.
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In section 3.4 of your textbook the authors test several hypotheses about §. In 3.4.1a the null
hypothesis is that Sy = 0 against the alternative that it is positive (i.e., B2 > 0). The test statistic
is:

t= (bg - 0)/86(52) ~ t38 (3.2)

provided that B2 = 0 (the null hypothesis is true). Select a = 0.05 which makes the critical value
for the one sided alternative (82 > 0) equal to 1.686. The decision rule is to reject Ho in favor
of the alternative if the computed value of your t statistic falls within the rejection region of your
test; that is if it is larger than 1.686.

The information you need to compute ¢ is contained in the least squares estimation results
produced by gretl:

Model 1: OLS estimates using the 40 observations 1-40
Dependent variable: y

Variable Coeflicient Std. Error t-statistic p-value
const 83.4160 43.4102 1.9216 0.0622
X 10.2096 2.09326 4.8774 0.0000

Mean of dependent variable 283.574

S.D. of dependent variable 112.675

Sum of squared residuals 304505.

Standard error of residuals (&) 89.5170

Unadjusted R? 0.385002

Adjusted R? 0.368818

Degrees of freedom 38

Akaike information criterion 475.018

Schwarz Bayesian criterion 478.395

The computations

t = (by — 0)/se(by) = (10.21 — 0)/2.09 = 4.88 (3.3)

Since this value is within the rejection region, then there is enough evidence at the 5% level of
significance to convince us that the null hypothesis is incorrect; the null hypothesis rejected at this
level of significance. We can use gretl to get the p-value for this test using the Tools pull-down
menu. In this dialog, you have to fill in the degrees of freedom for your t-distribution (38), the
value of by (10.21), its value under the null hypothesis-something gretl refers to as ‘mean’ (0), and
the estimated standard error from your printout (2.09). This will yield the information:

t(38): area to the right of 10.21 = 9.55024e-013
(two-tailed value = 1.91005e-012; complement = 1)
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Figure 3.5: The dialog box for obtaining p-values using the built in statistical tables in gretl.

(4] gretl: p-value finder g@"

notmal | £ |chi-square | F || gamma | binomial | poisson

df |33

value |10.21]

A Close | | {9@( |

This indicates that the area in one tail is almost zero. The p-value is well below the usual level of
significance, o = .05, and the hypothesis is rejected.

Gretl also includes a programming command that will compute p-values from several distri-
butions. The pvalue function works similarly to the critical function discussed in the preceding
section. The syntax is:

genr p = pvalue(distribution,parameters,xval)

The pvalue function computes the area to the right of xval in the specified distribution. Choices
include z for Gaussian, ¢t for Student’s t, X for chi-square, F' for F, G for gamma, B for binomial
or P for Poisson. The argument parameters refers to the distribution’s known parameters, like
its degrees of freedom. So, for this example try

open "c:\Program Files\gretl\data\poe\food.gdt"
ols y const x

genr t2 = ($coeff(x)-0)/$stderr(x)

genr p2 = pvalue(t,$df,t2)

In the next example, the authors of POE test the hypothesis that S = 5.5 against the alternative
that 89 > 5.5. The computations
t = (ba — 5.5)/se(bz) = (10.21 — 5.5)/2.09 = 2.25 (3.4)

The significance level in this case is chosen to be 0.01 and the corresponding critical value can be
found using a tool found in Gretl . The Tools>Statistical tables pull-down menu bring up
the dialog found in Figure 3.1.

This result is found in Figure 3.6. The .01 one-sided critical value is 2.429. Since 2.25 is less
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Figure 3.6: The results from the dialog box for obtaining critical values using the built in statistical

tables in gretl.
Egretl: critical values g@
@ x

£(38)

right-tail probability = 0.01
comp lementary probability = 0.99
two-tailed prokakbility = 0.02

Critical walue = 2.42857

than this, we cannot reject the null hypothesis at the .01 level of significance.

In section 3.4.2 of POE, the authors conduct a one-sided test where the rejection region falls
within the left tail of the t-distribution. The null hypothesis is 82 = 15 and the alternative is
B2 < 15. The test statistic and distribution is

t= (bg — 15)/8€(b2) ~ t38 (3.5)
provided that 82 = 15. The computation is
t = (bg — 15)/se(ba) = (10.21 — 15)/2.09 = —2.29 (3.6)

Based on the desired level of significance, o = .05, we would reject the null in favor of the one-sided
alternative if ¢ < —1.686. It is and therefore we conclude that the coefficient is less than 15 at this
level of significance.

In section 3.4.3 examples of two-tailed tests are found. In the first example the economic
hypothesis that households will spend $7.50 of each additional $100 of income on food. So, Hy :
B2 = 7.50 and the alternative is Hy : B2 # 7.50. The statistic is ¢t = (ba — 7.5)/se(ba) ~ t3g if Hy is
true which is computed t = (by — 7.5)/se(bz2) = (10.21 — 7.5)/2.09 = 1.29. The two-sided, oo = .05
critical value is 2.024. This means that you reject Hy if either ¢ < —2.024 or if t > 2.024. The
computed statistic is neither, and hence we do not reject the hypothesis that 35 is $7.50. There
simply isn’t enough information in the sample to convince us otherwise.

You can draw the same conclusions from using a confidence interval that you can from this
two-sided t-test. The 100(1 — «)% confidence interval for (s is

by — tcse(bg) < 52 <by+ tcse(bg) (37)
In terms of the example

10.21 — 2.024(2.09) < B2 < 10.21 + 2.024(2.09) (3.8)
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which as we saw earlier in the manual was 5.97 < 8y < 14.45. Since 7.5 falls within this interval,
you could not reject the hypothesis that (s is different from 7.5 at the .05% level of significance.

In the next example a test of the overall significance of 35 is conducted. As a matter of routine,
you always want to test to see if your slope parameter is different from zero. If not, then the
variable associated with it may not belong in your model. So, Hy : B2 = 0 and the alternative
is Hy : B2 # 0. The statistic is t = (by — 0)/se(ba) ~ tsg, if Hp is true, and this is computed
t = (b — 0)/se(b2) = (10.21 — 0)/2.09 = 4.88. Once again, the two-sided, o = .05 critical value is
2.024 and 4.88 falls squarely within the 5% rejection region of this test. These numbers should look
familiar since this is the test that is conducted by default whenever you run a regression in Gretl.

As we saw earlier, gretl also makes obtaining one- or two-sided p-values for the test statistics
you compute very easy. Simply use p-value finder dialog box available from the Tools pull-down
menu (see Figure 3.6) to obtain one or two sided p-values.

3.4 Script for t-values and p-values

One thing we’ve shown in this chapter is that many of the results obtained using the pull-down
menus (often referred to as the GUI) in gretl can be obtained using gretl’s language from the
console or in a script. In fact, the gretl’s GUI is merely a front-end to its programming language.?
In this chapter we used the pvalue and critical functions to get p-values or critical values of
statistics. The following script accumulates what we’ve covered and completes the examples in the
text.

open "c:\Program Files\gretl\data\poe\food.gdt"
ols y const x
genr tratiol = ($coeff(x) - 0)/ $stderr(x)

#0ne sided test (Ha: b2 > zero)
genr c2 = critical(t,$df,.05)
genr p2 = pvalue(t,$df,tratiol)

#0ne sided test (Ha: b2>5.5)

genr tratio2 = ($coeff(x) - 5.5)/ $stderr(x)
genr c2 critical(t,$df,.05)

genr p2 = pvalue(t,$df,tratio?2)

#0ne sided test (Ha: b2<15)

genr tratio3 = ($coeff(x) - 15)/ $stderr(x)
genr c3 = -l*critical(t,$df,.05)

genr p3 = pvalue(t,$df,abs(tratio3))

3This is true in Stata as well.
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#Two sided test (Ha: b2 not equal 7.5)

genr tratio4 = ($coeff(x) - 7.5)/ $stderr(x)
genr c4 = critical(t,$df,.025)

genr p4 = 2xpvalue(t,$df,tratiod)

#Confidence interval
genr 1b = $coeff(x) - critical(t,$df,0.025) * $stderr(x)
genr ub = $coeff(x) + critical(t,$df,0.025) * $stderr(x)

#Two sided test (Ha: b2 not equal zero)
genr cl = critical(t,$df,.025)
genr pl = 2*pvalue(t,$df,tratiob)

The pvalue function in gretl measures the area of the probability distribution that lies to the
right of the computed statistic. If the computed t-ratio is positive and your alternative is two-
sided, multiply the result by 2 to measure the area to the left of its negative.

If your t-ratio is negative, gretl won’t compute the area (and you wouldn’t want it to, anyway).
This is what happened for tratio3 in the script and I used the absolute value function, abs( ),
to get its positive value. The area to the right of the positive value is equivalent to the area left of
the negative value. Hence, the computation is correct.

Basically, proper use of the pvalue in tests of a single hypothesis requires a little thought. Too
much thought, in my opinion. I would avoid it unless you are comfortable with its use. In other
hypothesis testing contexts (e.g., x? and F-tests) p-values are much easier to use correctly. I use
them freely in those cases. With t-tests or z-tests (normal distribution), it is just easier conduct a
test by comparing the computed value of your statistic to the correct critical value.
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3.5 Script

open "c:\Program Files\gretl\data\poe\food.gdt"
ols y const x
genr tratiol = ($coeff(x) - 0)/ $stderr(x)

#0ne sided test (Ha: b2 > zero)
genr c2 = critical(t,$df,.05)
genr p2 = pvalue(t,$df,tratiol)

#0ne sided test (Ha: b2>5.5)

genr tratio2 = ($coeff(x) - 5.5)/ $stderr(x)
genr c2 = critical(t,$df,.01)

genr p2 = pvalue(t,$df,tratio?2)

#0ne sided test (Ha: b2<15)

genr tratio3 = ($coeff(x) - 15)/ $stderr(x)
genr c3 = -l1xcritical(t,$df,.05)

genr p3 = pvalue(t,$df,abs(tratiol))

#Two sided test (Ha: b2 not equal 7.5)

genr tratiod = ($coeff(x) - 7.5)/ $stderr(x)
genr c4 = critical(t,$df,.025)

genr p4 = 2*pvalue(t,$df,tratiod)

#Confidence interval
genr 1b = $coeff(x) - critical(t,$df,0.025) * $stderr(x)
genr ub = $coeff(x) + critical(t,$df,0.025) * $stderr(x)

#Two sided test (Ha: b2 not equal zero)
genr cl = critical(t,$df,.025)
genr pl = 2xpvalue(t,$df,tratiol)

And for the Monte Carlo experiment, the script is:

open "c:\Program Files\gretl\data\poe\food.gdt"
set seed 3213798

loop 100 --progressive --quiet

genr u = 88*normal()

genr y1 = 80 + 10*x + u

ols yl1 const x

genr bl = $coeff (const)
genr b2 = $coeff (x)
genr sl = $stderr(const)
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genr s2 = $stderr(x)

# POE uses 2.024 for the .025 critical value from the t(38) distribution
genr clL = bl - critical(t,$df,.025)*s1

genr cilR = bl + critical(t,$df,.025)*s1
genr c2L = b2 - critical(t,$df,.025)*s2
genr c2R = b2 + critical(t,$df,.025)*s2

# Compute the coverage probabilities of the Confidence Intervals
genr pl = (80>ciL && 80<ciR)
genr p2 = (10>c2L && 10<c2R)

genr sigma = $sigma

genr sig2 = sigma*sigma

print bl b2 pl p2

store cicoeff.gdt bl b2 sl s2 sig2 clL clR c2L c2R
endloop
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Chapter

Prediction, Goodness-of-Fit, and Modeling
Issues

Several extensions of the simple linear regression model are now considered. First, conditional
predictions are generated using results saved by gretl. Then, a commonly used measure of the
quality of the linear fit provided by the regression is discussed. We then take a brief detour to
discuss how gretl can be used to provide professional looking output that can be used in your
research.

The choice of functional form for a linear regression is important and the RESET test of the
adequacy of your choice is examined. Finally, the residuals are tested for normality. Normality of
the model’s errors is a useful property in that, when it exists, it improves the the performance of
least squares and the related tests and confidence intervals we’ve considered when sample sizes are
small (finite).

4.1 Prediction in the Food Expenditure Model

Generating predicted values of food expenditure for a person with a given income is very simple
in gretl. After estimating the model with least squares, you can use the genr to get predicted
values. In the example, a household having x, = $2000 of weekly income is predicted to spend
approximately $287.61 on food. Recalling that income is measured in hundreds of dollars in the
data, the gretl commands to compute this from the console are:

ols y const x
genr yhatO = $coeff(const) + $coeff (x)*20
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This yields gg = 287.609.

Obtaining the 95% confidence interval is slightly harder in that there are no internal commands
in gretl that will do this. The information needed is readily available, however. The formula is:
)
N ) g N2 o~
var(f) =6+ ra + (xo — &)*var(by) (4.1)
In section 2.4 we estimated 62 = 8013.29 and var(bs) = 4.3818. The mean value of income is
found by highlighting the variable x in the main gretl window and the selecting View>Summary
Statistics from the pull-down menu. This yields Z = 19.6047.1 The t3g 5% critical value is 2.0244
and the computation?

8013.2941
var(f) = 8013.2941 + 0 + (20 — 19.6047)% * 4.3818 = 8214.31 (4.2)
Then, the confidence interval is:
Jo £ tese(f) = 287.6069 + 2.0244+/8214.31 = [104.132,471.086] (4.3)

The complete script to produce the computed results in gretl is:

ols y const x

genr yhatO = $coeff(const) + $coeff (x)*20

genr £=8013.2941+(8013.2941/40)+4.3818%(20-19.6047) **2
genr ub=yhat0+2.0244*sqrt (f)

genr lb=yhat0-2.0244*sqrt(f)

At this point, you may be wondering if there is some way to use the internal functions of gretl
to produce the same result? As we’ve seen, gretl saves many of the results we need internally and
these can in turn be called into service in subsequent computations.

For instance, the sum of squared errors from the least squares regression is saved as $ess. The
degrees of freedom and number of observations are saved as $df and $nobs, respectively. Also, you
can use an internal gretl function to compute Z, mean(x) and the critical function discussed
in the preceding chapter to get the desired critical value. Hence, the prediction interval can be
automated and made more precise by using the following script.

ols y const x

genr yhatO=$coeff (const)+20*$coeff (x)

genr sig2 = $ess/$df

genr f = sig2 + sig2/$nobs + ((20-mean(x))~2)*($stderr(x)~2)
genr 1lb = yhatO-critical(t,$df,0.025)*sqrt(f)

genr ub = yhatO+critical(t,$df,0.025)*sqrt(f)

Your result may vary a little depending on how many digits are carried out to the right of the decimal.
*You can compute this easily using the gretl console by typing in: genr
£=8013.2941+(8013.2941/40)+4.3818*(20-19.6047) **2
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4.2 Coeflicient of Determination

One use of regression analysis is to “explain” variation in dependent variable as a function of
the independent variable. A summary statistic that is used for this purpose is the coefficient of
determination, also known as R?.

There are a number of different ways of obtaining R? in gretl. The simplest way to get R?
is to read it directly off of gretl’s regression output. This is shown in Figure 4.3. Another way,
and probably most difficult, is to compute it manually using the analysis of variance (ANOVA)
table. The ANOVA table can be produced after a regression by choosing Analysis>ANOVA from
the model window’s pull-down menu as shown in Figure 4.1. The result appears in Figure 4.2.

Figure 4.1: After estimating the regression, select Analysis>ANOVA from the model window’s

pull-down menu.

% gretl: model 4

=10l x|

|Eile Edit Tests Save Graphs

LaTex

Hodel 4:
Dependent variasble:

Display actual, fitted, residual

OL3 estimates | Forecasts.

v Confidence intervals for coefficients
Confidence ellipse. ..

VARIALELE CO| Coefficient covariance matrix
const Boatstrap...
k4 10 S50

Mean of dependent wvariable = 253.574
SGtandard dewviation of dep. wvar. = 112.875
Sum of sguared residuals = 304505

Standard error of residuals = 59.517
Unadjusted R-sguared = 0.385002

Adjusted R-sguared = 0.368818

Degrees of freedom = 38

Log-likelihood = -235.509

Akaike information criterion (AIC) = 475.018
Schwarz Bayesian criterion (BIC) = 478.395
Hannan-guinn criterion (HQC) = 476.239

Close

1-40
T 3TAT P-VALUE
1.92z2 0.06z18 *
4.877 0.0000z #%%

ANOVA Table

Figure 4.2: The ANOVA table

=101 ]

Analysis of Variance:

Sum of scquares df
Fegression SSR 190827 1
Residual SSE »304505 38
Total SST 495132 39
R*2 = 190827 / 495132 = D.SBSDDZI
Fi1l, 38) = 190627 / 8013.29 = 23.7888

Close

Mean sguare

190627
8013.29
130z9.8
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In Figure 4.2 the SSR, SSE, and SST are shown. Gretl also does the R? computation for you as
shown at the bottom of the output. If you want to verify gretl’s computation, then

SST = SSR + SSE = 190627 + 304505 = 495132 (4.4)
and SSR SSE 190627
SST ~ ' SST ~ a9m132 O (4.5)

Figure 4.3: In addition to some other summary statistics, Gretl computes the unadjusted R? from
the linear regression.

gretl: model 1 E]@

File Edit Tests Sawe Graphs Analysis LaTeX

Model 1: OL3, using observations 1-40
Dependent wvarisble: ¥

coefficient std. error t-ratio p—value
COnst 83.4160 43 .4102 1.9:22 0.0822 *
X 10.2096 2.09326 4,877 1.95e-05 ##*%

Hean dependent wvar 283.5735 3.D. dependent war 112.6752

3w sgquared resid 304505.:2 3.E. of regression §9.51700
RB-sgquared 0.385002 Adjusted R-squared 0.368818
Fi1l, 58] 3. EDDH P—wvalue (F) 0.000015
Log-likelihood —-235.5088 Akaike criterion 475.0176
dchwarz criterion 475.3954 Hannan-Juinn 476.2389

Finally, you can think of R? is as the squared correlation between your observations on your
dependent variable, y, and the predicted values of y based on your estimated model, §. A gretl
script to compute this version of the statistic is found below in section 4.6.5.

To use the GUI you can follow the steps listed here. Estimate the model using least squares
and add the predicted values from the estimated model, 7, to your data set. Then use the gretl
correlation matrix to obtain the correlation between y and y. Adding the fitted values to the data
set from the pull-down menu in the model window is illustrated in Figure 4.4 below. Highlight
the variables y, x, and yhat2 by holding the control key down and clicking on each variable in the
main gretl window as seen in Figure 4.5 below. Then, View>Correlation Matrix will produce
all the pairwise correlations between each variable you’'ve chosen. These are arranged in a matrix
as shown in Figure 4.6 Notice that the correlation between y and z is the same as that between y
and g (i.e., 0.6205). As shown in your text, this is no coincidence in the simple linear regression
model. Also, squaring this number equals R? from your regression, 0.6205% = .385.

In Figure 4.4 of POE the authors plot y against §. A positive linear relationship between
the two is expected since the correlation their correlation is 0.62. To produce this plot, estimate
the regression to open the model window. Add the predicted values of from the regression to the
dataset using Save>Fitted values from the model window’s pull-down menu. Name the fitted
value, yhatl and click OK. Now, return to the main window, use the mouse to highlight the two
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Figure 4.4: Using the pull-down menu in the Model window to add fitted values to your data set.
=10
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Close

Figure 4.5: Hold the control key and click on y, z, and § = yhat2 from the food expenditure
regression to select them.
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Figure 4.6: The correlation matrix for y, z, and § = gyhat2 is produced by selecting
View>Correlation matrix from the pull-down menu.

%" gretl: correlation matrix - 10l x|
[Q mwox
-
Correlation Coefficients, using the ocbservations 1 - 40
5% critical walue (two-tailed) = 0.3120 for n = 40
v 4 vhatZ
1.0000 0.6205 0.6z05 v
1.0000 1.0000 =
1.0000 vhatZ
=l
Close |

variables (y and yhatl),? then select View>Graph specified vars>X-Y scatter from the pull-
down menu. This opens the define graph dialog box. Choose yhat1 as the Y-axis variable and y
as the X-axis variable and click OK. A graph appears that looks similar to the one in POE. This
one actually has a fitted least squares line through the data scatter that, as expected, has a positive
slope. In fact, the slope is estimated to be .385, which is the regression’s R?!

A simpler approach is to open a console window and use the following commands:

ols y const x
genr yhatl = $yhat
gnuplot yhatl y

The first line estimates the regression. The predicted values are saved by gretl in $yhat. Use
the genr command to create a new variable, yhat1, that uses these. Then, call gnuplot with the
predicted values, yhatl, as the first variable and the actual values of food expenditure, y, as the
second. The graph is shown below in Figure 4.7. Finally, if you execute these commands using a
script, the graph is written to a file on your computer rather than opened in a window. For this
reason, I recommend executing these commands from the console rather than from the script file
that appears at the end of this chapter.

4.3 Reporting Results

In case you think gretl is just a toy, the program includes a very capable utility that enables
it to produce professional looking output. LaTeX, usually pronounced “Lay-tek”, is a typesetting
program used by mathematicians and scientists to produce professional looking technical docu-
ments. It is widely used by econometricians to prepare manuscripts for wider distribution. In fact,
this book is produced using LaTeX.

3Remember, press and hold Ctrl, then click on each variable
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Figure 4.7: A plot of predicted vs. actual food expenditures produced using gnuplot .
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Although LaTeX is free and produces very professional looking documents, it is not widely used
by undergraduate and masters students because 1) most degree programs don’t require you to write
a lot of technical papers and 2) it’s a computer language and therefore it takes some time to learn
its intricacies and to appreciate its nuances. Heck, I've been using it for years and still scratch my
head when I try to put tables and Figures in the places I'd like them to be!

In any event, gretl includes a facility for producing output that can be pasted directly into
LaTeX documents. For users of LaTeX, this makes generating regression output in proper format
a breeze. If you don’t already use LaTeX, then this will not concern you. On the other hand, if
you already use it, gretl can be very handy in this respect.

In Figure 4.3 you will notice that on the far right hand side of the menu bar Bile Edt Tests 3ave

Graphs

Analysi

is a pull-down menu for LaTeX. From here, you click LaTeX on the menu bar and a number of op-
tions are revealed as shown in Figure 4.8. You can view, copy, or save the regression output in

Figure 4.8: Several options for defining the output of LaTeX are available.
[Fartemaels
| File Edit Tests Save G@raphs Analysis m

View ]
Model 4: OLS estimates using o SOPY Fh= 1-40
Dependent wariable: v Save 3

* Show standard errars
WARIAELE CCEFFICIE Tabular options. .. Show b-ratios
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Table 4.1: This is an example of LaTeX output in tabular form.

Model 1: OLS estimates using the 40 observations 1-40
Dependent variable: y

Variable Coefficient Std. Error t-statistic p-value
const 83.4160 43.4102 1.9216 0.0622
X 10.2096 2.09326 4.8774 0.0000

Mean of dependent variable 283.574

S.D. of dependent variable 112.675

Sum of squared residuals 304505.

Standard error of residuals (&) 89.5170

Unadjusted R? 0.385002

Adjusted R? 0.368818

Degrees of freedom 38

Akaike information criterion 475.018

Schwarz Bayesian criterion 478.395

Table 4.2: Example of LaTeX output in equation form

y = 83.4160 + 10.2096 x
(1.922) (4.877)

T =40 R?>=0.3688 F(1,38) =23.789 & =89.517

(t-statistics in parentheses)

either tabular form or in equation form. You can tell gretl whether you want standard errors or
t-ratios in parentheses below parameter estimates, and you can define the number of decimal places
to be used of output. Nice indeed. Examples of tabular and equation forms of output are found
below in Tables 4.1 and 4.2, respectively.

4.4 Functional Forms

Linear regression is considerably more flexible than its name implies. There is no reason to be-
lieve that the relationship between any two variables of interest is necessarily linear. In fact there
are many relationships in economics that we know are not linear. The relationship between produc-
tion inputs and output is governed in the short-run by the law of diminishing returns, suggesting
that a convex curve is a more appropriate function to use. Fortunately, a simple transformation of
the variables (x, y, or both) can yield a model that is linear in the parameters (but not necessarily
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in the variables).

Simple transformation of variables can yield regression functions that are quite flexible. The
important point to remember is, the functional form that you choose should be consistent with how
the data are actually being generated. If you choose an inappropriate form, then your estimated
model may at best not be very useful and at worst be downright misleading.

In gretl you are given some very useful commands for transforming variables. From the main
gretl window the Add pull-down menu gives you access to a number of transformations; selecting
one of these here will automatically add the transformed variable to your data set as well as its
description.

Figure 4.9 shows the available selections from this pull-down menu. In the upper part of the
panel two options appear in black, the others are greyed out because they are only available is you

Figure 4.9: The pull-down menu for adding new variables to gretl
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have defined the dataset structure to consist of time series observations. The available options
can be used to add the natural logarithm or the squared values of any highlighted variable to your
data set. If neither of these options suits you, then the next to last option Define new variable
can be selected. This dialog uses the genr command and the large number of built in functions
to transform variables in different ways. Just a few of the possibilities include square roots (sqrt),
sine (sin), cosine (cos), absolute value (abs), exponential (exp), minimum (min), maximum (max),
and so on. Later in the book, we’ll discuss changing the dataset’s structure to enable some of the
other variable transformation options.
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4.5 Testing for Normality

Your book, Principles of Econometrics, discusses the Jarque-Bera test for normality which is
computed using the skewness and kurtosis of the least squares residuals. To compute the Jarque-
Bera statistic, you’ll first need to estimate your model using least squares and then save the residuals
to the data set.

From the gretl console

ols y const x
genr uhatl = $uhat
summary uhatl

The first line is the regression. The next saves the least squares redsiduals, identified as $uhat,
into a variable I have called uhat1.? You could also use the point-and-click method to add the
residuals to the data set. This is accomplished from the regression’s output window. Simply choose
Save>Residuals from the model pull-down menu to add the estimated residuals to the dataset.
The last line of the script produces the summary statistics for the residuals and yields the output
in Figure 4.10. One thing to note, gretl reports excess kurtosis rather than kurtosis. The excess

Figure 4.10: The summary statistics for the least squares residuals.

? summary uhatl

Summary Statistics, using the observations 1 - 40
for the variable ’uhatil’ (40 valid observations)

Mean 0.00000
Median -6.3245
Minimum -223.03
Maximum 212.04
Standard deviation 88.362

C.V. 2.4147E+015
Skewness -0.097319
Ex. kurtosis -0.010966

kurtosis is measured relative to that of the normal distribution which has kurtosis of three. Hence,

your computation is

Excess Kurtosis

T
JB = & <Skevvness2 + (

4

)

4You can’t use uhat instead of uhat1 because that name is reserved by gretl.
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Which is )
4 —0.011
JB = EO (—0.0972 - 02) =.063 (4.7)

Gretl also includes a built in test for normality proposed by Doornik and Hansen [1994]. Com-
putationally, it is much more complex than the Jarque-Bera test. The Doornik-Hansen test also
has a x? distribution if the null hypothesis of normality is true. It can be produced from the gretl
console after running a regression using the command testuhat.®

4.6 Examples

4.6.1 Wheat Yield Example

The results from the example in section 4.3 of your textbook is easily produced in gretl. Start
by loading the data and estimating the effect of time, time on yield green using least squares. The
following script will load the data file, estimate the model using least square, and generate a graph
of the actual and fitted values of yield (green) from the model.

open "c:\Program Files\gretl\data\poe\wa-wheat.gdt"
ols green const time
gnuplot green time

The resulting plot appears below in Figure 4.11. The simple gnuplot command works well enough.
However, you can take advantage of having declared the dataset structure to be time series to
improve the look. In this example we’ll reproduce Figure 4.8 of POFE using two options for gnuplot.
Figure 4.8 of POFE plots the residuals, the actual yield, and predicted yield from the regression
against time. Estimate the model using least squares and save the predicted values ($yhat) and
residuals ($uhat) to new variables using the genr command. We'll call these yhatl and uhatl,
respectively. Then use

gnuplot green yhatl uhatl --with-lines --time-series

There are two options listed after the plot. The first (--with-lines) tells gnuplot to connect
the points using lines. The second option (--time-series) tells gnuplot that the graph is of time
series. In this case, the dataset’s defined time variable will be used to locate each point’s position
on the X-axis. The graph in Figure 4.10 can be produced similarly. The complete script for Figure
4.8 of POF is:

5The R software also has a built-in function for performing the Jarque-Bera test. To use it, you have to download
and install the tseries package from CRAN. Once this is done, estimate your model using least squares as discussed
in appendix D and execute jarque.bera.test(fitols$residual).
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Figure 4.11: The plot of the actual yield and predicted yield from your estimated model
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open "c:\Program Files\gretl\data\poe\wa-wheat.gdt"
ols green const time

genr yhatl = $yhat

genr uhatl = $uhat

gnuplot green yhatl uhatl --with-lines --time-series

The comparable graph in gretl is found in Figure 4.12. Actually, this graph has had a bit of
editing done via gretl’s graph editing dialog shown in Figure 4.13. From Figure 4.13 we have
selected the lines tab and changed a few of the defaults. The legend for each series is changed
from the variable’s name to something more descriptive (e.g., uhat! is changed to Residual). The
line styles were also changed. Steps were used for the residuals to mimic the output in Figure 4.9
of POE that shows a bar graph of the least squares residuals. From the stepped line, it becomes
more obvious that yield is probably not linear in time. The X-axis and Main tabs were also used
to change the name of the X-axis from time to Year and to add a title for the graph.

To explore the behavior of yield further, create a new variable using the genr command from
t3 = time® /1,000,000 as shown below. The new plot appears in Figure 4.14.

genr t3=time~3/1000000

ols green const t3

genr yhat2 = $yhat

genr uhat2 = $uhat

gnuplot green yhat2 uhat2 --with-lines --time-series
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Figure 4.12: The plot of the actual yield and predicted yield from your estimated model using the
—time-series option
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4.6.2 Growth Model Example

Below you will find a script that reproduces the results from the growth model example in
section 4.4.1 of your textbook.

open "c:\Program Files\gretl\data\poe\wa-wheat.gdt"
genr lyield = log(green)
ols lyield const time

4.6.3 Wage Equation

Below you will find a script that reproduces the results from the wage equation example in
section 4.4.2 of your textbook.

open "c:\Program Files\gretl\data\poe\cpsl.gdt"
genr 1_wage = log(wage)

ols 1l_wage const educ

genr 1b = $coeff(educ) - 1.96 * $stderr(educ)
genr ub = $coeff(educ) + 1.96 * $stderr(educ)
print 1b ub
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Figure 4.13: The graph dialog box can be used to change characteristics of your graphs. Use the
Main tab to give the graph a new name and colors; use the X- and Y-axes tabs to refine the behavior
of the axes and to provide better descriptions of the variables graphed.
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Figure 4.14: The plot of the actual yield and predicted yield from the model estimated with the
cubic term
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4.6.4 Predictions in the Log-linear Model

In this example, you use your regression to make predictions about the log wage and the level
of the wage for a person having 12 years of schooling.

open "c:\Program Files\gretl\data\poe\cps_small.gdt"
genr 1_wage = log(wage)

ols 1_wage const educ

genr lyhat_12 = $coeff(const) + $coeff (educ)*12
genr yhat_12 = exp(lyhat_12)

genr corr_yhat_12 = yhat_12*exp($ess/(2x$df))

4.6.5 Generalized R?

A generalized version of the goodness-of-fit statistic R? can be obtained by taking the squared
correlation between the actual values of the dependent variable and those predicted by the regres-
sion. The following script reproduces the results from section 4.4.4 of your textbook.

open "c:\Program Files\gretl\data\poe\cps_small.gdt"
genr 1_wage = log(wage)

ols 1l_wage const educ

genr 1_yhat = $yhat

genr y = exp(l_yhat)

genr corrl = corr(y, wage)
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genr Rsquare = corrl”2

4.6.6 Prediction Interval

In this script the 95% prediction interval for someone having 12 years of education is estimated.

open "c:\Program Files\gretl\data\poe\cps_small.gdt"

genr 1_wage = log(wage)

ols 1_wage const educ

genr lyhat_12 = $coeff(const) + $coeff (educ)*12

genr sig2 = $ess/$df

genr f = sig2 + sig2/$nobs + ((12-mean(educ)) 2)*($stderr(educ)"2)
genr sef = sqrt(f)

genr 1b = exp(lyhat_12-1.96%sef)

genr ub = exp(lyhat_12+1.96%sef)

print lyhat_12 sig2 f sef 1b ub

4.7 Script

open "c:\Program Files\gretl\data\poe\food.gdt"

ols y const x

genr yhatO = $coeff(const) + $coeff (x)*20

genr £=8013.2941+(8013.2941/40)+4.3818*(20-19.6047) **2
genr ub=yhat0+2.0244*sqrt (f)

genr lb=yhat0-2.0244x*sqrt (f)

#Prediction Intervals

ols y const x

genr yhatO=$coeff (const)+20*$coeff (x)

genr sig2 = $ess/$df

genr f = sig2 + sig2/$nobs + ((20-mean(x))~2)*($stderr(x)~2)
genr 1b = yhatO-critical(t,$df,0.025)*sqrt(f)

genr ub = yhatO+critical(t,$df,0.025)*sqrt(f)

#Plot predictions vs actual food exp

#note: the plot will be written to a file.

#To see the plot, open a console window and execute the commands
ols y const x

genr yhatime = $yhat

gnuplot yhatl y
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#Testing normality of errors
ols y const x

genr uhatl = $uhat

summary uhatl

#Wheat yield example

open "c:\Program Files\gretl\data\poe\wa-wheat.gdt"
ols green const time

gnuplot green time

ols green const time

genr yhatl = $yhat

genr uhatl = $uhat

gnuplot green yhatl uhatl --with-lines --time-series

genr t3=time~3/1000000

ols green const t3

genr yhat2 = $yhat

genr uhat2 = $uhat

gnuplot green yhat2 uhat2 --with-lines --time-series

#Growth model example

open "c:\Program Files\gretl\data\poe\wa-wheat.gdt"
genr lyield = log(green)

ols lyield const time

#Wage Equation

open "c:\Program Files\gretl\data\poe\cps_small.gdt"
genr 1_wage = log(wage)

ols 1_wage const educ

genr 1b = $coeff(educ) - 1.96 * $stderr(educ)

genr ub = $coeff(educ) + 1.96 * $stderr(educ)

print 1b ub

#Predictions in the Log-linear model

open "c:\Program Files\gretl\data\poe\cps_small.gdt"
genr 1_wage = log(wage)

ols 1l_wage const educ

genr lyhat_12 = $coeff(const) + $coeff (educ)*12
genr yhat_12 = exp(lyhat_12)

genr corr_yhat_12 = yhat_12*exp($ess/(2x$df))

#Generalized R-Square
open "c:\Program Files\gretl\data\poe\cps_small.gdt"
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genr 1_wage = log(wage)
ols 1_wage const educ
genr 1_yhat = $yhat

genr y = exp(l_yhat)

genr corrl = corr(y, wage)
genr Rsquare = corrl”2

#Prediction interval

open "c:\Program Files\gretl\data\poe\cps_small.gdt"
genr 1_wage = log(wage)

ols 1_wage const educ

genr lyhat_12 = $coeff(const) + $coeff (educ)*12
genr sig2 = $ess/$df

genr f = sig2 + sig2/$nobs + ((12-mean(educ)) 2)*($stderr(educ)"2)
genr sef = sqrt(f)

genr 1b = exp(lyhat_12-1.96%sef)

genr ub = exp(lyhat_12+1.96%sef)

print lyhat_12 sig2 f sef 1b ub
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Chapter

Multiple Regression Model

The multiple regression model is an extension of the simple model discussed in Chapter 2. The
main difference is that the multiple linear regression model contains more than one explanatory vari-
able. This changes the interpretation of the coefficients slightly and requires another assumption.
The general form of the model is shown in equation (5.1) below.

Yi =P+ fexio+ ...+ Brrik +€6 i=1,2,...,N (5.1)

where y; is your dependent variable, z;;, is the i*" observation on the k" independent variable,
k=223,...,K, e is random error, and f1, 0o, ..., 8k are the parameters you want to estimate.
Just as in the simple linear regression model, each error, e;, has an average value of zero for each
value of the independent variables; each has the same variance, o2, and are uncorrelated with any
of the other errors. In order to be able to estimate each of the §s, none of the independent variables
can be an exact linear combination of the others. This serves the same purpose as the assumption
that each independent variable of the simple linear regression take on at least two different values
in your dataset. The error assumptions can be summarized as e;|z;2, ;3, - . . ;x id (0, 02). Recall
from Chapter 2 that expression iid means that the errors are statistically independent from one
another (and therefor uncorrelated) and each has the same probability distribution. Taking a
random sample from a single population accomplishes this.

The parameters 52, 83, ..., Bk are referred to as slopes and each slope measures the effect of a
1 unit change in x;; on the average value of y;, holding all other variables in the equation constant.
The conditional interpretation of the coefficient is important to remember when using multiple
linear regression.

The example used in this chapter models the sales for Big Andy’s Burger Barn. The model
includes two explanatory variables and a constant.

Si =01+ BPi+psAi+e i=1,2,....N (5.2)

where S; is monthly sales in a given city and is measured in $1,000 increments, P; is price of a
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hamburger measured in dollars, and A; is the advertising expenditure also measured in thousands
of dollars.

5.1 Linear Regression

The parameters of the model are estimated using least squares which can be done using the
pull-down menus and dialog boxes (GUI) or by using gretl language itself. Both of these will be
demonstrated below. The GUI makes it easy to estimate this model using least squares. There
are actually two ways to open the dialog box. The first is to use the pull-down menu. Select
Model>Ordinary Least Squares from the main gretl window as shown below in Figure 5.1. This

Figure 5.1: Using the pull-down menu to open the ordinary least squares dialog box.

B gren =&
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Robust estimation 4
Maimurn likelihood. ..
GMM...
Simultaneous equations. ..

Undated: Full range 1 - 75

mREOOE~-~BHL 8§ B

brings up the dialog box shown in Figure 5.2. As in Chapter 2 you need to put the dependent
variable (S) and the independent variables (const, P, and A) in the appropriate boxes. Click OK
and the model is estimated.

There is a shortcut to get to the specify model dialog box. On the toolbar located at the bottom

of the main gretl window is a button labeled B Clicking on this button as shown in Figure 5.3
will open the OLS specify model dialog box in Figure 5.2.
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Figure 5.2: The specify model dialog box for ordinary least squares (OLS)
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Table 5.1: The regression results from Big Andy’s Burger Barn

Model 1: OLS estimates using the 75 observations 1-75
Dependent variable: S

Variable Coefficient Std. Error t-statistic p-value
const 118.914 6.35164 18.7217 0.0000
P —7.9078 1.09599 —7.2152 0.0000
A 1.86258 0.683195 2.7263 0.0080

Mean of dependent variable 77.3747

S.D. of dependent variable 6.48854

Sum of squared residuals 1718.94

Standard error of residuals (&) 4.88612

Unadjusted R? 0.448258

Adjusted R? 0.432932

F(2,72) 29.2479

Log-likelihood —223.87

Akaike information criterion 453.739

Schwarz Bayesian criterion 460.691

Hannan—Quinn criterion 456.515

5.2 Big Andy’s Burger Barn

To estimate the model for Big Andy’s, we’ll use a script file. The following two lines are typed
into a script file which is executed by clicking your mouse on the “gear” button of the script window.

open "c:\Program Files\gretl\data\poe\andy.gdt"
ols S const P A

This assumes that the gretl data set andy.gdt is installed at c:\userdatal\gretl\data\poe\.
The results, in tabular form, are in Table 5.1 and match those presented in the textbook.

In addition to providing information about how sales change when price or advertising change,
the estimated equation can be used for prediction. To predict sales revenue for a price of $5.50

and an advertising expenditure of $1,200 we can use the genr to do the computations. From the
console,

7 genr S_hat = $coeff(const) + $coeff(P)*5.5 + $coeff(A)*1.2
Generated scalar S_hat (ID 4) = 77.6555

which matches the result in your text.
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5.2.1 SSE, R? and Other Statistics

Other important output is included in Table 5.1. For instance, you’ll find the sum of squared
errors (SSE) which gretl refers to as “sum of squared residuals.” In this model SSE = 1718.94.
To obtain the estimated variance, 52, divide SSE by the available degrees of freedom to obtain

., SSE 171894

T TN-K -3
The square root of this number is referred to by gretl as the “Standard error of residuals, &”
and is reported to be 4.88612. Gretl also reports R? in this table. If you want to compute your
own versions of these statistics using the total sum of squares from 