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Using GRETL to Teach Introductory Econometrics: Summary

This paper serves three purposes. It introduces GRETL, a software package for econometrics and discusses its properties. Then it discusses GRETL’s merits as an aid in teaching undergraduate econometrics. This discussion is in two parts. First one author, the instructor, compares GRETL with EViews. The second author, a student, identifies strengths and at least one weakness of GRETL. That weakness is that GRETL’s help material is not inviting for the newcomer. This weakness leads to the third part of the paper, an introduction to a website developed by the authors. The website provides a graphic introduction to GRETL.
Using GRETL to Teach Introductory Econometrics

Introduction

GRETL (Gnu Regression, Econometrics and Time-series Library) is “an econometrics package, including a shared library, a command-line client program and a graphical user interface” (Cottrell, 2004, p. 1) that claims the following merits (excerpted from ibid.): 
· User-friendly
GRETL offers an intuitive user interface; it is very easy to get up and running with econometric analysis. Thanks to its association with the econometrics textbooks by Ramu Ramanathan, Jeffrey Wooldridge, and James Stock and Mark Watson the package offers many practice data files and command scripts. These are well annotated and accessible.

· Flexible
You can choose your preferred point on the spectrum from interactive point-and-click to batch processing, and can easily combine these approaches.

· Cross-platform 
GRETL’s home platform is Linux, but it is also available for MS Windows. I have compiled it on Mac OS X and AIX and it should work on any unix-like system that has the appropriate basic libraries.

· Open source
The full source code for GRETL is available to anyone who wants to critique it, patch it, or extend it. The author welcomes any bug reports.

· Reasonably sophisticated 
GRETL offers a full range of least-squares based estimators, including two-stage least squares and nonlinear least squares. It also offers (binomial) logit and probit estimation, and has a loop construct for running Monte Carlo analyses or iterative estimation of non-linear models. While it does not include all the estimators and tests that a professional econometrician might require, it supports the export of data to the formats of (GNU R) and (GNU Octave) for further analysis.

· Accurate 
GRETL has been thoroughly tested on the NIST reference datasets. 

· Internet ready 
GRETL can access and fetch databases from a server at Wake Forest University. The MS Windows version comes with an updater program which will detect when a new version is available and offer the option of auto-updating.

· International
GRETL will produce its output in English, French, Italian, Spanish or Polish, depending on your computer’s native language setting.

Or, as GRETL’s author says (in an email message distributed to a GRETL users mailing list, dated 7/14/2005), “My (immodest) notion is that gretl should be an extremely user-friendly econometrics (and to some extent, general statistics) package with true cross-platform GUI functionality and also solid support for scripting. It should be a flagship for free, open-source software in the statistical domain -- a program which many users might prefer to expensive proprietary alternatives (I have some evidence that this is true already).”
This paper addresses and endorses two of the list’s claims, that GRETL is user-friendly and that it is reasonably sophisticated. It discusses GRETL’s capabilities. It relates the experience of the authors using GRETL in an undergraduate econometrics course, offering the judgment that Cottrell’s view of GRETL’s success is well-founded. Finally, it introduces an online visual guide to GRETL that the authors have developed, primarily in response to concerns that students raised in recent classes.
Teaching and Learning with GRETL

This review of the authors’ experience is in two parts, reflecting the authors’ experience with GRETL. One author has taught undergraduate econometrics for twenty years, and the other recently completed the course. Accordingly, we follow a review that compares GRETL with other programs, from the instructor’s viewpoint, with a statement of how GRETL appears to a first-time user.
Instructor’s Experience. In teaching introductory econometrics I have used the following software: TSP before the advent of the personal computer, SORITEC (in both DOS and Windows settings), StataQuest (an introductory version of Stata), EViews, and GRETL. Among the software used in the Windows environment, I rank the attractiveness of the software as follows: GRETL, EViews, StataQuest, and SORITEC. The first two of these are sufficiently far ahead of the others that the remainder of this note is limited to indicating the relative merits of these two programs.
Both GRETL and Eviews are programs that can be used in the classroom, with students doing much of the hands-on work. Furthermore, one can assign homework exercises with a reasonable expectation that they will be able to use the software in a straightforward fashion. That is, the software becomes an aid to students’ learning rather than a barrier that they must overcome.
One area in which GRETL excels is in its range of features. The following is a list of features not supported in EViews Student Version, along with notes regarding those features’ availability in GRETL. These are excerpted from EViews 3.1: Student Version, page 2. Acknowledged limitations are in quotes and are followed by statements about GRETL.
· “X-11 seasonal adjustment. Seasonal adjustment by the ratio-to-moving average and difference-from-moving average are included.” X-11 seasonal adjustment is available in GRETL. One must download the requisite add-on.

· “Generalized Method of Moments (GMM0 and State Space estimation.” Also, not available in GRETL.

· “ARCH estimation and forecasting.” These are available in GRETL.

· “System estimation by Seemingly Unrelated Regression, Three-State Least Squares, GMM, and FIML.” SUR, 3SLS, and FIML are available in GRETL, but are not accessible via the graphic user interface (GUI). Not only will GRETL estimate models using these techniques, but it will also permit cross-equation restrictions. These may not be accessed through the GUI, so teaching these in an undergraduate course might be problematic. Of course, one typically does not expect to cover these topics in an introductory course.
· “Advanced discrete and limited dependent variables estimators (censored and tobit estimation, ordered response, and count models). The binary estimators (probit, logit, gompit) are included.” GRETL allows tobit estimation and the estimation of count (poisson) models. It does not allow the estimate of multinomial response models, including ordered response models.
· “Programming Capabilities. EViews 3.1 contains an advanced programming language that allows you to write and execute sophisticated programs in batch mode. The Student  Version is limited to interactive use.” GRETL does allow programming and the execution of procedures in batch mode. The manual provides useful tips to the executing of Monte Carlo studies within GRETL.

· “Matrix Operations. The standard version of EViews 3.1 provides an extensive set of functions for matrix algebra and manipulation that is not available in the Student Version.” At present, GRETL also lacks such capability.

· “The biggest difference between standard versions of EViews and the EViews Student Version is in the size of projects that may be undertaken.” The Student Version places limits on the number of observations per series, the total number of observations across all series, and the number of objects (series, graphs, equations, etc.) in a workfile.” GRETL appears to have no such limits. Indeed, even when I was using EViews for classroom instruction, I frequently estimated models that explored large datasets in GRETL and either truncated the datasets to fit into EViews or reported the GRETL output to students.
A feature of EViews that GRETL lacks is that it creates objects when commands are entered as if the commands had been entered via the GUI. GRETL creates objects (windows containing relevant output) only if a model is estimated via the GUI. Offsetting this (slight, in my judgment) shortcoming is that GRETL does accumulate all command-line entries and the resulting output in a single window, the contents of which may be saved as text files or may be copied and pasted into other documents, or edited and used to execute batch operations.

GRETL provides a large number of useful data sets. A small number of data sets are provided directly by the author, the data sets from Greene, and a much larger set are from Ramanathan’s text. In recent years, authors of other textbooks have recorded their data sets for use in GRETL. These include Woolridge, Gujarati, Stock and Watson, and Davidson and MacKinnon. I currently use Hill, Griffiths, and Judge; I find it a quite simple matter to convert the text’s data files to GRETL’s format.
Student’s Experience. As a student of Econometrics I have had the opportunity to utilize GRETL in both the classroom and, during the following summer, in limited real-world application. Other than GRETL, my experience with various econometrics packages is limited to Microsoft Excel. I do prefer GRETL given Microsoft Excel’s limited econometric capabilities. Using GRETL in the classroom, in homework exercises, and on the job, I encountered first hand the learning curve involved with mastering GRETL. The program itself is relatively simple to operate, especially with some direction from the instructor. It did, however, prove difficult for my classmates and me to thoroughly understand the actions behind the screens of GRETL and implications of the various options. This is when it became evident that the help feature offered in GRETL was not satisfying our needs. My classmates and I concluded that additional assistance was needed in preparing undergrads for further learning in practical econometrics. (Instructor’s note: GRETL provides an extensive set of options. Most are well-documented and accessible online. Even so, these are mystifying to students who are using a full-fledged econometrics package for the first time. My impression is that GRETL is on a par with other packages in this regard.)
My experience outside the classroom involved a summer consulting project for a national trucking firm where I was given the opportunity to utilize GRETL in performing quality control analysis for the firm’s maintenance associates. I found that entering data into GRETL, estimating a set of probability models (I used both the linear probability model and probit), and developing a report based on my findings was facilitated by the familiarity I had gained with this package within a single semester. 
The experience of my classmates is pertinent. He reports, in personal correspondence, “I have recently started a new job in the employment law division at [a law firm] doing statistical analysis. [T]hey are impressed with my exposure to regression analysis and I actually did put GRETL on my PC at work.”
Beyond the Introductory Course: GRETL as a Research Tool

While this review addresses the use of GRETL in an introductory econometrics course, its usefulness as a research tool should not be overlooked. Much of what applied econometricians do can be done directly within GRETL. Some of the added functionality requires abandoning the GUI, as does batch execution of sets of commands.

For those requiring more advanced procedures, GRETL can be used in conjunction with R, an econometrics software package. “R [sometimes called GNU-S] is a language and environment for statistical computing and graphics” (The R Project). Racine and Hyndman (p. 175) say, “It provides cutting-edge statistical methods which are, by R’s open-source nature, available immediately. The software is stable, available at no cost, and exists for a number of platforms, including various flavours of Unix and Linux, Windows …, and the MacOS. Manuals are also available for download at no cost, and there is extensive on-line information for the novice user.” (A useful overview of the advantages of free software appears in Baiocchi and Distaso, 106.)
Furthermore, GRETL is moving toward the addition of more advanced capabilities. In particular, GRETL offers a remarkable array of time-series tools. In addition to the standard Cochrane-Orcutt tests and other related to autocorrelation, ARIMA conducts ARIMA and ARMAX analysis, allows vector autoregression and GARCH estimation, and provides tests of cointegration. Given the recent additions, Baiocchi and Distaso’s (2003) judgment that “the package’s time-series capabilities are still limited” seem no longer warranted. Less progress has been made toward addressing the observation that GRETL’s users would benefit from “[m]ore estimators based on maximum likelihood” (ibid.). In sum, “Obviously, GRETL is still a work in progress” (ibid.), and the rate of progress is impressive.
A Graphic Overview of GRETL
We have developed a pair of web sites that complement the help material that is distributed with GRETL. The first of these two sites provides a general overview of GRETL. Its URL is http://csob.berry.edu/faculty/economics/gretlguide/gretlguide.html. This site contains a link to the second site, which provides considerable detail on OLS estimation within GRETL. These two sites are intended to provide a relatively complete visual introduction to GRETL. Neither goes into the details of some of GRETL’s more advanced features, especially its time-series features. Our view is that once a student has advanced far enough to use these, the logic of GRETL’s menus will have become apparent. The excerpt below shows something of GRETL’s capabilities and illustrates the guide that we have produced. To illustrate the results of executing a command, we use data sets provided with GRETL. Most of the illustrative examples use the data set from Mankiw, Romer, and Weil.

The Model Menu is the heart of GRETL. The options that are available through the GUI are these.
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"Ordinary Least Squares" (OLS) is the workhorse of econometric research. What follows is a general overview of models that GRETL can estimate. More detail on Ordinary Least Squares is here.

· "Weighted Least Squares" (WLS) is another least-squares estimation procedure, used when the variances of the error terms differ across observations.

· "Heteroskedasticty corrected" (HSK) estimation is another estimation method for use when the variances of the error terms differ across observation. It has more of a "black box" aspect that does WLS.

· "Time series" is a menu of options for dealing with time series data. 

· "Two-Stage Least Squares (TSLS) is a commonly-used estimation technique when (1) the equation being estimated is part of a system of equations, or (2) instrumental variables (IV) estimation is being used.

· "Logit," and "Probit" are used to estimate models in which the dependent variable is a probability (and where observations are outcomes (0 or 1) not proportions.

· "Poisson" is used when the dependent variable consists of "count" data (integer values). 

· "Logistic" is used for estimating models in which the dependent variable approaches an asymptote. The estimated relationship is S-shaped.  

· "Least Absolute Deviation" is an alternative to OLS. Rather than minimizing the sum of squared deviations about the estimated line, LAD finds the coefficient estimates that minimize the sum of the absolute deviations. This approach is used when evidence indicates that the error terms' distribution has "fat" tails relative to the normal distribution.

· "Rank correlation" is an alternative to the correlation coefficient calculated in the "Data" menu. It is a "nonparametric" estimator which is less sensitive to violations of the assumptions underlying OLS estimation than the standard correlation coefficient (which is a measure of linear fit).

· "Pooled OLS" provides a set of methods for estimating models when pooled cross-section, time-series data are available.

· "Nonlinear Least Squares" (NLS) allows the estimation of models that cannot be made linear by transforming the data.
· "High precision OLS" is as the name indicates.

Conclusion

GRETL is a remarkably full-featured package, one that is user-friendly for students taking an introductory econometrics course, and one that will provide most of these students all of the analytical firepower they will require as they proceed into their careers. It operates on many platforms and is available free of charge. We recommend it as a package because of its range of applications and its cross-platform compatibility, and because it is available free of charge.
One area in which GRETL requires improvement involves its help facilities. These are quite complete and useful for those who are familiar with econometric software, but are not accessible to those taking an introductory course. We have developed a graphic overview of GRETL’s GUI which can help newcomers to discover GRETL’s capabilities and to use GRETL to gain competence with applied econometrics.
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