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1 Introduction to the Module 

Econometric Analysis and Applications is the second econometrics module 
offered to MSc students who need to broaden their understanding of the 
application of quantitative methods to inquiry in finance or economics. This 
module assumes that you have studied the classical linear regression model 
at an introductory level and that you are familiar with the assumptions that 
underlie that model. You will be aware that there are many cases in which 
these assumptions are not satisfied, and know how such problems as hetero-
scedastic disturbances and autocorrelated errors can be detected, and what 
can be done about them.  
The purpose of this module is to broaden your knowledge and extend 
your understanding of econometrics. In doing this, you will work with 
data. The first two units extend your knowledge of single equation 
methods. Unit 1 considers how to make progress with dummy – that is, 
qualitative – regressors. Unit 2 introduces dynamic models by showing 
how lags and expectations can be incorporated. The following three units 
focus on models that consist of two or more equations – simultaneous 
equation models. The nature of such systems is explained and their 
identification and estimation discussed. The analysis of dynamic models 
is extended in Unit 6, where the time series properties of variables are 
discussed. By understanding the time series properties of variables, you 
will be able to specify dynamic econometric models that capture both 
short-run and long-run effects. These are discussed in Unit 7. The final 
unit, Unit 8, focuses on forecasting with both econometric and time series 
models. 

2 The Module Authors 

This module was originally conceived and written by Graham Smith with 
contributions from Caroline Dinwiddy, Linda Hesselman and John Nankervis.  
The module has been revised by Dr Jonathan Simms, who is a tutor for 
CeFiMS, and has taught at University of Manchester, University of Durham 
and University of London. He has contributed to development of various 
CeFiMS modules including Econometric Principles and Data Analysis; Financial 
Econometrics; Risk Management: Principles and Applications; Financial Engineer-
ing; Introduction to Valuation; Public Financial Management: Reporting and 
Audit; Introduction to Law and to Finance; Banking Strategy; and Corporate and 
Investment Banking. Dr Simms also contributed to the MOOC Risk Manage-
ment in the Global Economy. 
The module, and its more basic predecessor, Econometric Principles and Data 
Analysis, were designed and written by Dr Graham Smith, who is Emeritus 
Professor of Economics in the Department of Economics, SOAS, His main 
research interests focus on emerging stock markets, empirical finance and 
time series econometrics, and he has published extensively in international 
refereed journals. 
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3 Study Materials 

These module units are your central learning resource; they structure your 
learning unit by unit. Each unit should be studied within a week. The 
module units are designed in the expectation that studying the unit and the 
associated readings in the textbook, and completing the exercises, will 
require 15 to 20 hours during the week. 

 Textbook 

In addition to the module units you must read the assigned sections from 
the textbook, which is provided with your module materials: 

Jeffrey M Wooldridge (2020) Introductory Econometrics. 7th Edition. Boston 
MA: Cengage. 

The emphasis of the textbook is on applying econometrics to real-world 
problems, with a focus on actual empirical applications. The explanation is 
intuitive and informative, and uses introductory algebra, probability and 
statistics. In those module units which draw on the textbook there is a 
section called Study Guide. This leads you through the relevant parts of the 
textbook, and helps you to read and understand the analysis presented there.  
This is an excellent textbook on econometrics, and the quality and detail of 
explanation are well suited to this module. In the module units the examples 
and end-of-unit exercises are drawn predominantly from applications in 
finance. Units 6, 7 and 8 provide an enhanced level of explanation, analysis 
and discussion, with optional readings from the textbook. 

 Software 

R 

This module will use R. This is a widely used programming environment for 
data analysis and graphics. You will use this software to do the exercises in 
the units, and also the data analysis part of your assignments. The results 
presented in the units are also from R. 
R is free software, released under the GNU General Public License. Instruc-
tions for downloading R, and a brief introduction on how to use it, are 
provided below. 
The best advice on using R is to stay focused on the subject that is being 
studied in each unit, and to do the exercises for the unit; this will reinforce 
your understanding and also develop your confidence in using data and R. 
The units include all of the R commands that are required to complete the 
examples and exercises. However, as you become more confident in using R, 
or if you are already familiar with R, you may find that you develop your 
own R commands (R Core Team, 2019). 

 Exercises 

There are exercises in every unit. Many of these exercises require you to 
work with R and data files, available from the VLE in the module area for 
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this study session, to do your own econometric analysis. It is very important 
that you attempt these exercises. Your understanding of the material you 
have studied in the unit will be greatly improved if you do the exercises 
yourself. You will also develop better understanding and confidence in 
using R. 
We hope that you enjoy this module. 

4 Module Overview 

The module follows the usual eight-unit structure, and the topics covered 
are noted below. 

Unit 1 Dummy Variables 

1.1  Ideas and Issues 

1.2  The Use of Dummy Variables 

1.3  The Chow Test for Parameter Stability 

1.4  Unit Study Guide 

1.5  Example – Long-Term Trends in Terms of Trade 

1.6  Conclusion 

1.7  Exercises 

1.8  Answers to Exercises 

Unit 2 Dynamic Models – Lags and Expectations 

2.1  Ideas and Issues 
2.2  Lags 
2.3  Expectations 
2.4  Properties of OLS Estimators 
2.5  Causality – The Granger Test 
2.6  Unit Study Guide 
2.7  Example – Long-Term and Short-Term Interest Rates 
2.8  Conclusion 
2.9  Exercises 
2.10 Answers to Exercises  

Unit 3 Simultaneous Equation Models 

3.1  Ideas and Issues 
3.2  Unit Study Guide 
3.3  Example – The Polak Model 
3.4  Conclusion 
3.5  Exercises 
3.6  Answers to Exercises 

Unit 4 The Identification Problem 

4.1  Ideas and Issues 
4.2  Unit Study Guide 
4.3  Example – Bid–Ask Spreads and Trading Activity in Options 
4.4  Conclusion 
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4.5  Exercises 
4.6  Answers to Exercises 

Appendix – Estimates of Moore’s 1914 Model 

Unit 5 Simultaneous Equation Models – Estimation 

5.1  Ideas and Issues 
5.2  Unit Study Guide 

5.3  Example – Stock Market Returns and Bond Yields 
5.4  Conclusion 
5.5  Exercises 
5.6  Answers to Exercises 

Unit 6 Univariate Time Series – Stationarity and Nonstationarity 

6.1  Ideas and Issues 
6.2  Stationary and Nonstationary Time Series 
6.3  Integrated and Trend Stationary Series 

6.4  The Nature of Financial Data 

6.5  Correlograms 

6.6  Unit Root Tests 

6.7  Examples – Simulated Series 

6.8  Example – Exchange rate US$ to UK£  

6.9  A Procedure for Unit Root Tests 

6.10 Conclusion 
6.11 Exercises 
6.12 Answers to Exercises 

Unit 7 Multivariate Time Series Analysis 

7.1  Ideas and Issues 
7.2  The Engle–Granger Approach 
7.3  Error Correction Models 

7.4  The Johansen Approach 

7.5  Example – The Single Index Model 

7.6  Example – UK Financial Markets 

7.7  Conclusion 
7.8  Exercises 
7.9  Answers to Exercises 

Appendix – 0.05 Critical Values: Unit Root and Engle–Granger Cointegration Tests  

Unit 8 Forecasting 

8.1  Ideas and Issues 

8.2  Example – Forecasting Earnings 

8.3  Conclusion 

8.4  Exercises 

8.5  Answers to Exercises   
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5 Learning Outcomes 

After studying this module you will be able to: 
• explain the use of intercept and slope dummy variables 
• use and interpret the Chow test of parameter stability 
• explain the nature of the ‘dummy variable trap’ and how to avoid it 
• explain finite distributed lag models, including immediate impact, 

long-run reactions and mean lag 
• discuss the properties of estimators of distributed lag and 

autoregressive models 
• implement both Durbin’s h test and the LM test of autocorrelation and 

interpret the results 
• explain ‘simultaneous equation bias’ 
• interpret in a model the behavioural equations, definitions or 

identities, and equilibrium conditions 
• examine the structural form, reduced form and final form of a 

simultaneous equation system 
• identify conditions for stability in dynamic simultaneous equation 

systems 
• explain the identification problem 
• discuss the implications of equations which are exactly identified, 

overidentified, and not identified 
• explain and apply indirect least squares 
• explain the method of instrumental variable estimation, and discuss 

the properties of IV estimators 
• explain and apply the method of two stage least squares (TSLS or 

2SLS), and discuss the properties of 2SLS estimators 
• discuss what is meant by stationary and nonstationary time series, and 

provide examples of each 
• explain and implement the Dickey–Fuller and augmented Dickey–

Fuller tests of the hypothesis that a series is I(1) 
• explain the nature of cointegration and the relationship between 

spurious regression and cointegration 
• discuss and implement tests of cointegration 
• explain, interpret and estimate error correction models 
• explain the nature of vector autoregressions (VARs) 
• define an autoregressive integrated moving average (ARIMA) model, 

and use it to forecast 
• interpret measures of forecast evaluation. 
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6 R 

R is an implementation of the object-oriented mathematical program-
ming language S. It is developed by statisticians around the world and 
is free software, released under the GNU General Public License. Syn-
tactically and functionally it is very similar (if not identical) to S+, the 
popular statistics package. 

R is much more flexible than most software used by econometricians 
because it is a modern mathematical programming language, not just a 
program that does regressions and tests. […] The S language is the de 
facto standard for statistical science. […] Since most users have a sta-
tistical background, the jargon used by R experts sometimes differs 
from what an econometrician (especially a beginning econometrician) 
may expect. […] Code written for R can be run on many computation-
al platforms with or without a graphical user interface, and R comes 
standard with some of the most flexible and powerful graphics routines 
available anywhere. And of course, R is completely free for any use. 

Source: Farnsworth (2005) p. 4. 

Because the R software is a programming language and not just an econo-
metrics program, some of the functions we will be interested in are available 
through libraries (sometimes called packages) obtained from the R website 
http://www.r-project.org/. 
The data files required are available on the Virtual Learning Environment 
(VLE). 

Starting up 

The R software must be installed on your system. If it is not, follow the 
installation instructions appropriate to the operating system (OS). Installa-
tion is especially straightforward for Windows users. 

To install R 

Go to the website of R http://www.r-project.org/.  
There, choose your preferred CRAN mirror (eg http://cran.ma.imperial.
ac.uk/) and click on the link referring to your OS in the box “Download and 
Install R”. Note that these units are written with the version “Windows”, but 
Mac OS and Linux versions are also downloadable. (CRAN mirrors are 
provided in locations around the world to reduce download time and 
internet traffic.) 
On the next page, click on “base” and you will be redirected to a page where 
there will be a link to download the latest version of R. At the top will be 
written something like “Download R 3.6.0 for Windows” (or whatever is the 
most up-to-date version). Click on this link. Updated versions of R are made 
available over time, but the commands explained in the module files should 
be similar. 
Save the file “R-3.6.0-win.exe” (or whatever is the latest version of the file) in 
any location, for example on your Desktop. Double click on this file to start 
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the installation, and follow the instructions. You will be asked to choose the 
place where you want the file to be, and you can also choose to have a 
shortcut to R in the Start Menu and a Desktop icon. Choose the standard 
installation. 

To get started with R  

To open R, double click on the desktop icon or on the shortcut. The Com-
mand Window opens. 
To use R, you can either type a command in the Command Window, or run 
a pre-written program. 

1. To type a command in the command window 
You just type it on the line starting with > and press the key Enter on 
your keyboard. Note that R is case sensitive. In the unit file, if it says 
“type in” or “can be performed with”, this means “Type in the 
following command in the command window and then press Enter”. 
The unit files include all of the R commands required to work on the 
examples and exercises. To save time, you can copy and paste the 
required coding from the unit files into R. Note that if multiple lines of 
code are pasted into R in one go, they will be executed in sequence 
immediately, without the need to press Enter. 

2. Every time you see the sign >, it means that R is ready for a new 
command. When you do not see it or when you see the sign +, it 
means that R is still working on a previous command or is stuck 
because your command has not been properly written (for example, a 
bracket may be missing at the end of the previous command). In this 
case, press the red button STOP in the toolbar to stop the process. 

3. To run a pre-written program 
In the Menu bar go to File, then choose “New script”. A new Editor 
Script Window opens. 
You can type all commands you wish in this file, one command per 
line. To run them on R, select with the mouse the commands you wish 
to run, and then simultaneously press the keys CTRL and the key R 
(CTRL + R) (or alternatively go to Edit in the Menu bar and choose 
“Run line or selection”). 
Save your program by choosing “Save as” in File in the Menu bar (the 
Menu bar specific to the Editor, that is to say, the one that is available 
when you are in the Editor Window, and not in the Command 
Window). All script files have the extension “.R”. Then you can close it 
and open it from the File menu in the Menu bar. 
In your program file you can write things that are not commands (for 
example, notes or explanations); but to indicate to R that these are not 
commands, put the symbol # in front of each non-command line. 

To get help at any time, go to Help in the Menu bar. Alternatively, there are 
several methods of obtaining help in R. You may type in alternatively the 
following commands: 
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?qt 

help(qt) 

help.start() 

help.search("covariance") 

The last command is for a search on the term covariance, for example. Please 
note the use of the quotation marks " ". If you choose to develop R com-
mands in Word, for example, and then copy the commands to R, please 
make sure you use the " " symbols, and not the Word symbols “ ”.  
Preceding a command with a question mark, or writing a command as an 
argument in help(), gives a description of its usage and functionality. The 
help.start() function brings up a menu of help options, and help.search() 
searches the help files for the word or phrase given as an argument. Many 
times, though, the best help available can be found by a search online. The 
help tools above only search through the R functions that belong to packages 
already installed on your computer. However, often users have the follow-
ing type of question: “Does R have a function to do …”. Users do not know 
if functionality exists because the corresponding package is not installed on 
their computer, and therefore resort to the R website. To search the R web-
site for functions and references, use: 

RSiteSearch("scatter plot") 

This command example searches the R website for ‘scatter plot’ functions. 
The results from the search should appear in your web browser. 
By default, R has a couple of excellent free manuals in PDF format. If you are 
not already familiar with using R you are advised to read An Introduction to 
R. To access the manual, click Help | Manuals and the list of available 
documents will be shown.  
To quit R, in the Menu bar go to File, then choose “Exit”. You are asked 
“Save workspace image”? Click on No. 
In case R is installed in another language, to change the language of the 
Menu bar into English, in the Menu bar choose Edit (second from the left in 
the Menu bar) and then choose the last option “Preferences”. A new win-
dow opens. In the top right of it, there is an empty box for “Language for 
menus and messages”. Type in this box “English” and click OK. You will 
have to exit R and start it again. 
You may want to specify a working directory for your R session, so that R 
chooses data files (and scripts) directly from this directory; then there is no 
need to specify the full path to access the files. The command getwd() 
returns an absolute filename representing the current working directory of 
the R process. The command setwd() helps you specify the working directo-
ry. For example, to set the working directory to “C:\Documents and 
Settings\my files\R SOAS”, you would type in: 

setwd("C:/Documents and Settings/my files/R SOAS") 
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This avoids the need to put the command scripts and the data files within 
the R directory on your computer. Note that, in this command, the slash / is 
used. 
Alternatively, you can set the working directory using File (on the Menu 
bar), then Change dir… and then browse through the folders on your device 
to select the folder you want to use as the working directory for that session. 
To save your work, go to File | Save Workspace… Provide a filename for 
the workspace, and it will be saved with the extension .RData. The file will 
be saved in your current working directory, but you can browse to another 
location if you prefer. 
A saved workspace can be loaded with File | Load Workspace… R will 
display files with the .Rdata extension in the current working directory, but 
again, you can browse to other locations 
Every time you start R, before running any command or program, it is best 
to clean up any object that may remain in memory. 
During an R session, objects are created and stored by name. The command 
objects(), or the command ls(), can be used to display the names of the 
objects which are currently stored within R. The command rm() removes a 
data object whose name should be given as an argument. 
To remove all objects, type in: 

rm(list=ls()) 

Alternatively, use Misc | Remove all objects. 
Removing all objects is useful if, for example, you work on one exercise and 
dataset, then you want to work on another data set and exercise in the same 
R session. If you do not remove the first set of objects before starting on the 
second question, your workspace will contain objects you created for both 
questions, which could be confusing. Remember to save a workspace before 
removing all the objects! 

Installing and loading packages 

The basic setup for R provides considerable statistical and mathematical 
functionality.  
However, you will also need to use some of the more specialised economet-
ric functions that have been written for R, and made available in packages. 
The module units will indicate when you need to use a particular function, 
and the unit will also indicate which package is required.  
To use a function from a package, the relevant package must be installed on 
your machine. To install a package go to Packages | Install package(s)… 
You will be asked to select a CRAN mirror for this session. Once the mirror 
has been selected, you can choose from the list of available packages to 
install. Some of the packages (for example dynlm) take a few minutes to 
install, but installation of a package is a one-off procedure, and once the 
package is installed, you will not need to install it again. 
To use a package in an R session, the package must be loaded in that session. 
Loading a package takes considerably less time than installing it. To load a 
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package, go to Packages | Load package… You will see a list of packages 
that you have previously installed, and you can select the package you want 
to load. 
To summarise, to access a package it must first be installed on your device. 
And to use the package in an R session, the package must be loaded in that 
session. 
If you try to use a function but you have not loaded the relevant package in 
your R session, you will get an error message saying R could not find the 
function.  

Reading data from text files and creating zoo objects 

The data for the examples and exercises in the module units is provided in 
tab-delimited text files. R can read data from files in other formats, but tab-
delimited text files are very simple, they can be created and opened in many 
applications, and they are robust to updates. 
To work on the data in R, it must first be read from the text file into what is 
called a data frame, using a read.table command. A data frame is a matrix or 
table that contains the data in R. Once the data is in a data frame, it is then 
possible to use R to perform various operations, such as plotting the data, 
and estimating models. 
However, many models in finance specifically focus on the time element of 
the observations. Furthermore, financial data can have irregular dates. For 
example, if you are using daily data, there may be no observations for 
weekends and bank holidays. For these reasons we have used ‘zoo’ objects 
to handle the data in R, rather than data tables or regularly dated time series 
objects. The zoo package provides an infrastructure for regular and irregular 
time series (Z's Ordered Observations – hence ‘zoo’), and is maintained by 
Achim Zeileis. The zoo objects are indexed by the dates of the observations, 
which allows us to perform operations that specifically relate to the timing 
of the data. 
The commands for reading the data from the text files and creating the zoo 
objects are provided in the units. These commands assume that the data text 
files are located in the current working directory (Zeileis and Grothendieck, 
2005). 

R outputs 

The outputs that you obtain can be viewed in R, and can also be copied to 
word processing applications (for your assignments). The tables of outputs 
in the module units were obtained in R and then produced with the stargaz-
er package. Advice on how to use stargazer is also provided in the units 
(Hlavac, 2018). 
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7 Assessment 

Your performance on each module is assessed through two written assign-
ments and one examination. The assignments are written after Unit 4 and 
Unit 8 of the module session. Please see the VLE for submission deadlines. 
The examination is taken at a local examination centre in September/
October. 

Preparing for assignments and exams 

There is good advice on preparing for assignments and exams and writing 
them in Chapter 8 of Studying at a Distance by Christine Talbot. We recom-
mend that you follow this advice. 
The examinations you will sit are designed to evaluate your knowledge and 
skills in the subjects you have studied: they are not designed to trick you. If 
you have studied the module thoroughly, you will pass the exam. 

Understanding assessment questions 

Examination and assignment questions are set to test your knowledge and 
skills. Sometimes a question will contain more than one part, each part 
testing a different aspect of your skills and knowledge. You need to spot the 
key words to know what is being asked of you. Here we categorise the types 
of things that are asked for in assignments and exams, and the words used. 
All the examples are from the Centre for Financial and Management Studies 
examination papers and assignment questions. 

Definitions 

Some questions mainly require you to show that you have learned some concepts, by 

setting out their precise meanings. Such questions are likely to be preliminary and be 

supplemented by more analytical questions. Generally, ‘Pass marks’ are awarded if the 

answer only contains definitions. They will contain words such as: 

 Describe   Contrast 

 Define  Write notes on  

 Examine  Outline 

 Distinguish between  What is meant by  

 Compare  List 

Reasoning  

Other questions are designed to test your reasoning, by explaining cause and effect. 

Convincing explanations generally carry additional marks to basic definitions. They will 

include words such as: 

 Interpret 

 Explain 

 What conditions influence 

 What are the consequences of 

 What are the implications of 
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Judgement 

Others ask you to make a judgement, perhaps of a policy or of a course of action. They 

will include words like: 

 Evaluate 

 Critically examine 

 Assess 

 Do you agree that 

 To what extent does 

Calculation 

Sometimes, you are asked to make a calculation, using a specified technique, where 

the question begins: 

 Use indifference curve analysis to 

 Using any economic model you know 

 Calculate the standard deviation 

 Test whether 

It is most likely that questions that ask you to make a calculation will also ask for an 

application of the result, or an interpretation. 

Advice 

Other questions ask you to provide advice in a particular situation. This applies to law 

questions and to policy papers where advice is asked in relation to a policy problem. 

Your advice should be based on relevant law, principles and evidence of what actions 

are likely to be effective. The questions may begin: 

 Advise 

 Provide advice on 

 Explain how you would advise 

Critique 

In many cases the question will include the word ‘critically’. This means that you are 

expected to look at the question from at least two points of view, offering a critique of 

each view and your judgement. You are expected to be critical of what you have read. 

The questions may begin: 

 Critically analyse 

 Critically consider 

 Critically assess 

 Critically discuss the argument that 

Examine by argument 

Questions that begin with ‘discuss’ are similar – they ask you to examine by argument, 

to debate and give reasons for and against a variety of options, for example 

 Discuss the advantages and disadvantages of 

 Discuss this statement 

 Discuss the view that 

 Discuss the arguments and debates concerning 
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The grading scheme: Assignments 

The assignment questions contain fairly detailed guidance about what is 
required. All assignments are marked using marking guidelines. When 
you receive your grade it is accompanied by comments on your paper, 
including advice about how you might improve, and any clarifications 
about matters you may not have understood. These comments are de-
signed to help you master the subject and to improve your skills as you 
progress through your programme. 

Postgraduate assignment marking criteria 

The marking criteria for your programme draws upon these minimum 
core criteria, which are applicable to the assessment of all assignments: 

• understanding of the subject 
• utilisation of proper academic [or other] style (e.g. citation of 

references, or use of proper legal style for court reports, etc.) 
• relevance of material selected and of the arguments proposed 
• planning and organisation 
• logical coherence 
• critical evaluation 
• comprehensiveness of research 
• evidence of synthesis 
• innovation/creativity/originality. 

The language used must be of a sufficient standard to permit assessment 
of these. 
The guidelines below reflect the standards of work expected at postgrad-
uate level. All assessed work is marked by your Tutor or a member of 
academic staff, and a sample is then moderated by another member of 
academic staff. Any assignment may be made available to the external 
examiner(s). 

80+ (Distinction). A mark of 80+ will fulfil the following criteria: 

• very significant ability to plan, organise and execute independently 
a research project or coursework assignment 

• very significant ability to evaluate literature and theory critically 
and make informed judgements 

• very high levels of creativity, originality and independence of 
thought 

• very significant ability to evaluate critically existing methodologies 
and suggest new approaches to current research or professional 
practice 

• very significant ability to analyse data critically 
• outstanding levels of accuracy, technical competence, organisation, 

expression. 

70–79 (Distinction). A mark in the range 70–79 will fulfil the following criteria: 

• significant ability to plan, organise and execute independently a 
research project or coursework assignment 
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• clear evidence of wide and relevant reading, referencing and an 
engagement with the conceptual issues 

• capacity to develop a sophisticated and intelligent argument 
• rigorous use and a sophisticated understanding of relevant source 

materials, balancing appropriately between factual detail and key 
theoretical issues. Materials are evaluated directly and their 
assumptions and arguments challenged and/or appraised 

• correct referencing 
• significant ability to analyse data critically 
• original thinking and a willingness to take risks. 

60–69 (Merit). A mark in the 60–69 range will fulfil the following criteria: 

• ability to plan, organise and execute independently a research 
project or coursework assignment 

• strong evidence of critical insight and thinking 
• a detailed understanding of the major factual and/or theoretical 

issues and directly engages with the relevant literature on the topic 
• clear evidence of planning and appropriate choice of sources and 

methodology with correct referencing 
• ability to analyse data critically 
• capacity to develop a focussed and clear argument and articulate 

clearly and convincingly a sustained train of logical thought. 

50–59 (Pass). A mark in the range 50–59 will fulfil the following criteria: 

• ability to plan, organise and execute a research project or 
coursework assignment 

• a reasonable understanding of the major factual and/or theoretical 
issues involved 

• evidence of some knowledge of the literature with correct 
referencing 

• ability to analyse data 
• examples of a clear train of thought or argument 
• the text is introduced and concludes appropriately. 

40–49 (Fail). A Fail will be awarded in cases in which there is: 

• limited ability to plan, organise and execute a research project or 
coursework assignment 

• some awareness and understanding of the literature and of factual 
or theoretical issues, but with little development 

• limited ability to analyse data 
• incomplete referencing 
• limited ability to present a clear and coherent argument. 

20–39 (Fail). A Fail will be awarded in cases in which there is: 

• very limited ability to plan, organise and execute a research project 
or coursework assignment 

• failure to develop a coherent argument that relates to the research 
project or assignment 
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• no engagement with the relevant literature or demonstrable 
knowledge of the key issues 

• incomplete referencing 
• clear conceptual or factual errors or misunderstandings 
• only fragmentary evidence of critical thought or data analysis. 

0–19 (Fail). A Fail will be awarded in cases in which there is: 

• no demonstrable ability to plan, organise and execute a research 
project or coursework assignment 

• little or no knowledge or understanding related to the research 
project or assignment 

• little or no knowledge of the relevant literature 
• major errors in referencing 
• no evidence of critical thought or data analysis 
• incoherent argument. 

The grading scheme: Examinations 

The written examinations are ‘unseen’ (you will only see the paper in the 
exam centre) and written by hand, over a three-hour period. We advise 
that you practise writing exams in these conditions as part of your exami-
nation preparation, as it is not something you would normally do. 
You are not allowed to take in books or notes to the exam room. This 
means that you need to revise thoroughly in preparation for each exam. 
This is especially important if you have completed the module in the early 
part of the year, or in a previous year. 
Details of the general definitions of what is expected in order to obtain a 
particular grade are shown below. These guidelines take account of the 
fact that examination conditions are less conducive to polished work than 
the conditions in which you write your assignments. Note that as the 
criteria of each grade rises, it accumulates the elements of the grade 
below. Assignments awarded better marks will therefore have become 
comprehensive in both their depth of core skills and advanced skills. 

Postgraduate unseen written examinations marking criteria 

80+ (Distinction). A mark of 80+ will fulfil the following criteria: 

• very significant ability to evaluate literature and theory critically 
and make informed judgements 

• very high levels of creativity, originality and independence of 
thought 

• outstanding levels of accuracy, technical competence, organisation, 
expression 

• outstanding ability of synthesis under exam pressure. 

70–79 (Distinction). A mark in the 70–79 range will fulfil the following criteria: 

• clear evidence of wide and relevant reading and an engagement 
with the conceptual issues 

• develops a sophisticated and intelligent argument 



 Module Introduction and Overview 

Centre for Financial and Management Studies  17  

• rigorous use and a sophisticated understanding of relevant source 
materials, balancing appropriately between factual detail and key 
theoretical issues 

• direct evaluation of materials and their assumptions and arguments 
challenged and/or appraised; 

• original thinking and a willingness to take risks 
• significant ability of synthesis under exam pressure. 

60–69 (Merit). A mark in the 60–69 range will fulfil the following criteria: 

• strong evidence of critical insight and critical thinking 
• a detailed understanding of the major factual and/or theoretical 

issues and directly engages with the relevant literature on the topic 
• develops a focussed and clear argument and articulates clearly and 

convincingly a sustained train of logical thought 
• clear evidence of planning and appropriate choice of sources and 

methodology, and ability of synthesis under exam pressure. 

50–59 (Pass). A mark in the 50–59 range will fulfil the following criteria: 

• a reasonable understanding of the major factual and/or theoretical 
issues involved 

• evidence of planning and selection from appropriate sources 
• some demonstrable knowledge of the literature 
• the text shows, in places, examples of a clear train of thought or 

argument 
• the text is introduced and concludes appropriately. 

40–49 (Fail). A Fail will be awarded in cases in which: 

• there is some awareness and understanding of the factual or 
theoretical issues, but with little development 

• misunderstandings are evident 
• there is some evidence of planning, although irrelevant/unrelated 

material or arguments are included. 

20–39 (Fail). A Fail will be awarded in cases which: 

• fail to answer the question or to develop an argument that relates to 
the question set 

• do not engage with the relevant literature or demonstrate a 
knowledge of the key issues 

• contain clear conceptual or factual errors or misunderstandings. 

0–19 (Fail). A Fail will be awarded in cases which: 

• show no knowledge or understanding related to the question set 
• show no evidence of critical thought or analysis 
• contain short answers and incoherent argument. 

[2015–16: Learning & Teaching Quality Committee] 

Specimen exam papers 

Where possible, a selection of CeFiMS past papers are available on the 
VLE. However, please note that modules are continuously updated, and 
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past papers may not be a reliable guide to current and future examina-
tions. Instead, the specimen exam paper is designed to be relevant and to 
reflect the exam that will be set on this module. 
Your final examination will have the same structure and style and the 
range of question will be comparable to those in the Specimen Exam. The 
number of questions will be the same, but the wording and the require-
ments of each question will be different.  
Good luck on your final examination. 

Further information 

Online you will find documentation and information on each year’s exami-
nation registration and administration process. If you still have questions, 
both academics and administrators are available to answer queries. 
The Regulations are also available at www.cefims.ac.uk/regulations/, 
setting out the rules by which exams are governed. 
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Answer FOUR questions. 
 
1. Answer ALL parts of this question. 

 
a) Explain the Chow test of parameter stability. 
 
b) Using weekly data, a single-index model has been esti-

mated for Kraft Foods Inc. over two consecutive sub-
samples. The estimated equations and associated sums 
of squared residuals (RSS) are: 

( ) ( )
1 1ˆ0.000034 0.526685 260 0.185856

0.001666 0.080533
t t tY X u N RSS= + + = =  

( ) ( )
2 2ˆ0.001139 0.526145 263 0.163028

0.001541 0.046636
t t tY X u N RSS= + + = =  

 in which Y is the weekly return on the stock of Kraft 
Foods Inc., X is the weekly return on the NYSE Compo-
site Index, and standard errors are in brackets. When 
the equation is estimated for the combined data set, 

1 2 0.349044RSS + = . 

 Using the Chow test at the 0.05 significance level, test 
the hypothesis that parameters are stable over time. 

 
c) How might dummy variables be used to test the hy-

pothesis that both the intercept and slope coefficients 
have changed? 

 
2. Answer ALL parts of this question. 

 
a) Explain the adaptive expectations hypothesis. 
 
b) The relation between the one-month interest rate and 

the expectation concerning the one-week interest rate 
may be modelled as 

 1t t t tY E X uα β += + +  

 where tY  is the one-month interest rate at time t; 1t tE X +  
is the expectation, formed at time t, of the one-week in-
terest rate in the next period, that is at t + 1; and tu  is a 
disturbance term which satisfies the assumptions of the 
classical linear regression model. 
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 Suppose expectations concerning future one-week 
interest rates are formed as follows: 

( )1 1 1t t t t t t tE X E X X E Xγ+ − −− = −   

 Derive a regression equation relating tY  to tX , 1tY − , tu  
and 1tu − . 

c) The following equation for the one-month interest rate 
was estimated with monthly data over the period 
1991M1-2011M6 (240 observations after adjustments), 
with standard errors in brackets 

( ) ( ) ( )
2

1
ˆ 0.081 0.779 0.218 0.997 1.131

0.021 0.029 0.029
t t tY X Y R DW−= + + = =  

i) Test the hypothesis that the disturbances in this 
regression do not have first-order serial correla-
tion. 

ii) Derive an estimate of the expectations adjust-
ment parameter and interpret it. 

iii) What is the long-run effect of a change in the 
one-week interest rate on the one-month interest 
rate? Comment on this result. 

iv) Given your answer to part c.i., comment on the 
properties of the OLS estimators when used to 
estimate this autoregressive specification. 

 
3. Answer ALL parts of this question. 

 

a) In the context of a simultaneous equation model, ex-
plain clearly the differences between: 
i) endogenous, exogenous and predetermined var-

iables 
ii) behavioural equations, equilibrium conditions 

and identities 
iii) the structural form and reduced form of the 

model. 

PLEASE TURN OVER 
 

 



Econometric Analysis and Applications 

22  University of London 

b) Consider the following market model 

1 2 3
d
t t tQ P Yα α α= + +  

1 2 3 1
s
t t tQ P Pβ β β −= + +  
d s
t tQ Q=  

 in which d
tQ , s

tQ  and tP  are endogenous and tY  is exog-
enous. 
i) Find the reduced form of the model; 
ii) Find the final form of the model; 
iii) Explain what determines the stability of the 

model. 
 

4. Answer ALL parts of this question. 
 
a) Explain clearly the meaning and significance of saying 

that an equation is ‘identified’. 
 
b) Explain carefully the order and rank conditions for 

identification. 
 
Consider the following simultaneous equations system 

1 1 2 3 1t t tY Y uα α= + +  

2 1 2 1 3 1 4 3 2t t t t tY X Y Y uβ β β β= + + + +  

3 1 2 2 3 3 4 2 3t t t t tY X X Y uγ γ γ γ= + + + +  
in which the iY are endogenous variables, the iX are  
exogenous variables and the iu  are disturbances. 
 
c) Use the order and rank conditions to examine the iden-

tification of the equations. 
 
d) What are the implications for identification if 4 0β = ? 
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5. Answer ALL parts of this question.  
  
 Comment on the results in parts (a), (b), and (c). 
 
 In your answers, explain and interpret the Figures and the 

estimated equations, and discuss the overall method being 
used. Conduct, explain, and report any hypothesis tests that 
you consider are relevant. 

  
 Part (a) – Figures 5.1 to 5.4, part (b) – equation (5.1), and part 

(c) – equation (5.2) relate to the natural log of a stock market 
index (X), for 200 observations. The equations have been esti-
mated by OLS. N indicates the number of observations used in 
estimation, and t-ratios are in brackets. 

 
a)  

 

PLEASE TURN OVER 
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b)  
  

ΔXt = 0.035349− 0.005568Xt−1 + et N = 199

t = 0.666700( ) t = −0.634310( )  (5.1)  

 where 1t t tX X X −Δ = − , and te  is the OLS residual in 
estimated equation (5.1). The appropriate critical values 
for the test represented in equation (5.1) are −3.463235 
(1% significance level); −2.875898 (5%); −2.574501 
(10%).  

 

c)  
( ) ( )

2
10.001575 0.920952 198

0.535097 12.91881
t t tX X N

t t
ω−Δ = − Δ + =

= = −
 (5.2)  

  where 2
1t t tX X X −Δ = Δ −Δ , and tω  is the OLS residual in 

estimated equation (5.2). The appropriate critical values 
for the test represented in equation (5.2) are −3.463405 
(1% significance level); −2.875972 (5%); −2.574541 
(10%). 

 
6. Answer ALL parts of this question. 

 
a) What are the principal characteristics of a recursive 

model? How would you obtain estimates of the param-
eters? 

 
b) Explain carefully one method for estimating the param-

eters of an overidentified equation in a system of 
simultaneous equations. 

 
c) What are the main features of two stage least squares 

(2SLS) estimators? 
 

7. Answer ALL parts of this question. 
 
a) What is meant by a spurious regression? 
 
b) What is the relationship between spurious regression 

and cointegration? 
 
c) Explain a test of cointegration based on OLS residuals. 
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d) Explain the nature of a first-order error correction 
model (ECM). 

 
8. Answer ALL parts of this question. 
 

a) Explain carefully how single equation econometric 
models can be used to generate forecasts. 

 

b) The following ARIMA(1,1,0) model has been estimated 
to period T. 

1ˆ ˆˆt t tY Yμ ρ ε−Δ = + Δ +  t = 1, 2, …, T. 
  How can this model be used to create forecasts for 

observations after period T?  
 

c) Explain any three measures of forecast accuracy and 
discuss their relative merits. 

 [END OF EXAMINATION] 
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Unit Overview 

This first unit shows how explanatory variables that are qualitative can be 
included in regression analysis, using dummy variables. In addition, two 
tests of parameter stability are explained and discussed – the Chow test and 
the dummy variable alternative to the Chow test. 

Learning outcomes 

After studying this unit, the readings, and completing the exercises, you will 
be able to: 

• specify dummy variables to measure qualitative influences in 
regression analysis 

• include dummy variables in regression equations 
• explain the use of intercept and slope dummy variables 
• interpret regression output that includes dummy variables 
• use and interpret the Chow test of parameter stability 
• use and interpret the dummy variable test of parameter stability 
• explain the nature of the ‘dummy variable trap’ and how to avoid it. 

 Reading for Unit 1 

Textbook 

Jeffrey M Wooldridge (2020) Chapter 2 ‘The simple regression model’, 
Chapter 7 ‘Multiple regression analysis with qualitative information’, 
Chapter 10 ‘Basic regression analysis with time series data’ and Chapter 13 
‘Pooling cross sections over time: Simple panel data methods’. In: 
Introductory Econometrics. 7th Edition. Boston MA, Cengage. pp. 19–65, 
220–61, 334–65 and 426–61. 
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1.1 Ideas and Issues 

By the time you’ve reached this module, you should have developed a clear 
understanding of what econometrics is about. The econometrician is inter-
ested in analysing relationships between variables. The particular area of 
research is usually suggested by some aspect of finance or economic theory, 
and the contribution of econometrics is to provide a set of tools with which 
to analyse hypothesised relationships using data from the real world. 
Interpreting data can be quite difficult, and trying to identify relationships 
between variables successfully is where much of the skill – and interest – of 
econometrics lies.  
In the hunt for relationships between variables we have so far developed 
two complementary techniques: firstly, we can use graphs or scatter plots to 
illuminate the relationships between pairs of variables; secondly, we can use 
the techniques of linear regression to form estimates of the numerical 
relationships between variables. As you will already have gathered, much 
econometric theory is concerned with procedures for assessing the signifi-
cance, accuracy and precision of these numerical estimates. 
An assumption that has been implicit in the examples discussed in the 
module Econometric Principles and Data Analysis is that we can always obtain 
a set of numerical values for the variables we are interested in – whether 
these come from time series or cross-section data. Examples of regression 
analysis in that module include models of stock returns, spot and forward 
exchange rates, and price-earnings ratios. In all these examples, the analysis 
was based on numerical information about prices, quantities, exchange 
rates, rates of return etc.  
However, it is easy to think of important explanatory variables that are not 
numerical or quantitative in nature. For example, stock returns may be 
influenced by monthly effects, or the particular day of the week on which 
trading is taking place; yields on bonds may be influenced by whether the 
bonds are considered to be investment grade or not; we may wish to take 
into account the effect of being in one sector or industry compared to others; 
many economic and financial relationships are influenced by different 
government and regulatory policies; and the prices of many commodities 
are influenced by war. 
The object of this unit is to show how explanatory variables that are qualita-
tive, rather than quantitative, in nature (such as seasonality, industry 
grouping, regulatory policy or war) can be included in regression analysis. 
This is done by the use of what are known as dummy variables. 

1.2 The Use of Dummy Variables 

Intercept dummies 

To illustrate the way in which a dummy variable is used, let us consider the 
supply function for an export commodity. Assume that we wish to estimate 
a simple regression equation relating the supply of exports (Y) to the price of 
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export crops relative to domestic food crops (X). Assume further that data 
are available for 1990–2019 (30 observations). The regression model is 

0 1i i iY X uβ β= + +  (1.1) 

 Study Note: Notation 

Please note that your textbook by Wooldridge uses lowercase letters for variables in 

regression equations, so equation (1.1) would be represented as 

0 1i i iy x uβ β= + +  (1.1a) 
In other textbooks, or in your other studies, you may have seen a different system of 

numbering coefficients in regression equations, in which the simple bivariate regression 

equation might be represented by 

1 2i i iY X uβ β= + +  (1.1b) 
where the intercept is 1β  and the slope coefficient is 2β . 

 

However, it is known that for five years within the sample period (2004–08) 
there was a civil war in progress, which seriously disrupted the planting and 
marketing of export crops. Assume the scatter plot of exports against rela-
tive price shows the relationship in Figure 1.1, with the observations for the 
five war years 2004–08 falling below the other observations. 

Figure 1.1 Scatter plot of exports against relative price 

 
If we ignore the evidence of the graph and simply fit a regression to the 
complete set of numerical data on export levels and prices, we shall have an 
average relationship which does not describe the normal peacetime relation-
ship as well as it would if we had taken the effect of the war years into 
account. On the evidence of the scatter plot, there are two separate relation-
ships between X and Y, one for the peacetime years and one for the years of 
civil war. Graphically, it looks as though we should fit two lines to the data 
depending on whether we are estimating a peacetime or a wartime export 

Y

X
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function. These two regression lines are illustrated in Figure 1.2. Note that 
the two lines are drawn with the same slope but different intercepts. 

Figure 1.2 Estimating two sample regression lines 

 
How can we estimate two linear relationships from one set of data? It is 
possible to allow for the influence of the civil war on the export supply 
function in the following way: we introduce a new dummy variable, D, into 
the regression model 

0 1 2i i i iY X D uβ β β= + + +  (1.2) 
where D = 0 in years of peace, 1990–2003 and 2009–19, 

and D = 1 in years of civil war, 2004–08 
This means that when we estimate the equation a variable D is included 
which takes the following values. 

Table 1.1 Example of time series dummy variable  

… 2002 2003 2004 2005 2006 2007 2008 2009 2010 … 

… 0 0 1 1 1 1 1 0 0 … 

What are the consequences for the regression? When D = 0 (ie in peacetime 
years), we shall be estimating 

0 1 20i i iY X uβ β β= + + +   (1.3) 
which reduces to 

0 1i i iY X uβ β= + +   (1.4) 
When D = 1 we shall be estimating the relationship 

0 1 21i i iY X uβ β β= + + +   (1.5) 
or 

( )0 2 1i i iY X uβ β β= + + +   (1.6) 

Y

X
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In other words, including the dummy variable has the effect of altering the 
value of the intercept and shifting the function up or down, depending on 
whether the observation in question falls in peacetime or not. 

When the regression equation is estimated, the coefficient β2 will be tested in 
the usual way; if β2 is significantly different from zero, then the dummy 
variable representing the effect of the war years would appear to be a 
relevant explanatory variable; if β2 is not significantly different from zero, 
we would conclude that the dummy variable should not be included in our 
export supply function. 
With two categories, peace/war, we use one dummy variable taking two 
values 0/1 – not two dummy variables. A linear combination of two dummy 
variables results in a column of 1s, which would be perfectly collinear with 
the constant (a column of 1s). Including as many dummies as there are 
categories for the variables would lead to perfect multicollinearity and the 
breakdown of the regression procedure – the so called ‘dummy variable trap’. 

It is normal, but not essential, for D to take the value 0 or 1. The values (0, 1) 
can be mapped using 

0 1E Dα α= +   (1.7) 
When 

D = 0 0E α=   

D = 1 0 1E α α= +    

If 0 1α = , 1 1α = , then (0, 1) maps into (1, 2) and  

if 0 1α = , 1 2α = , then (0, 1) maps into (1, 3).  

That is, dummy variables are qualitative variables that do not have a natural 
scale of measurement. Usually, they take values of 0 when a characteristic is 
absent and 1 when it is present.  
Dummy variables are often used to pick up seasonal influences on variables. 
In finance we often observe a year-end effect, and, depending on the timing of 
the tax year-end, this is referred to as the January effect. Towards the end of 
the tax year, portfolio managers sell shares that have declined in value, so that 
the losses reduce the taxes payable. However, the selling of shares lowers 
stock returns. As the new tax year begins, investors begin buying shares and 
stock returns increase. To take another example, an economy with a large 
agricultural sector is likely to show considerable fluctuations in output from 
one season to another, and these fluctuations in output may well be reflected 
in other statistical series such as those for employment, tax revenues and 
balance of payments. Consumption patterns, too, may show seasonal fluctua-
tions. These may be related to the weather – demand for ice-cream and soft 
drinks is likely to be higher in hotter seasons of the year – or they may be 
related to cultural factors – patterns of expenditure may be affected by, for 
example, the month of Ramadan or preparations for Christmas. 
For an example of the analysis of seasonal factors let us consider a model of 
daily stock returns. To keep the analysis brief we will examine the hypothe-
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sis that there are quarterly effects (if we were considering the hypothesis of a 
January effect we would examine monthly effects). Assume that the daily 
return on a stock market index, tY , is affected by the return on the index on 
the previous day, 1tY − , and it is also known that seasonal factors are im-
portant. To examine the effects of four quarters in the year we would have to 
include three dummies in the model 

0 1 1 2 2 3 3 4 4t t t t t tY Y D D D uβ β γ γ γ−= + + + + +   (1.8) 
where 

D2 = 1 if the trading day is in the second quarter and D2 = 0 otherwise; 
D3 = 1 if the trading day is in the third quarter and D3 = 0 otherwise; and 
D4 = 1 if the trading day is in the fourth quarter and D4 = 0 in all other 

quarters. 

In the first quarter, 2 3 4 0D D D= = =  and the restricted model of stock 
market returns is 

0 1 1t t tY Y uβ β −= + +   (1.9) 
The three restrictions are 2 3 4 0γ γ γ= = = . 
For the second quarter, D3 = D4 = 0 and we have  

( )0 2 1 1t t tY Y uβ γ β −= + + +   (1.10) 

In the third quarter, D2 = D4 = 0 and 

( )0 3 1 1t t tY Y uβ γ β −= + + +   (1.11) 

Finally, for the fourth quarter, D2 = D3 = 0 and the regression function for 
stock market returns is  

( )0 4 1 1t t tY Y uβ γ β −= + + +   (1.12) 

Testing the significance of seasonal effects is straightforward. Estimate (1.8) 
and (1.9) by OLS and carry out an F test on the set of γ s. The null hypothe-
sis is 2 3 4 0γ γ γ= = = , and so the intercept β0 is appropriate for all four 
quarters. That is, the set of seasonal dummy variables does not ‘improve’ the 
model. The alternative hypothesis is that at least one of the 0jγ ≠ . The test 
is carried out by viewing the regression (1.9) as the restricted version of (1.8) 
with r = 3 being the number of restrictions. Both models are estimated using 
the full sample. Regression (1.8) has residual sum of squares URSS  (and k + 
1 = 5 parameters) and the restricted model (1.9) has residual sum of squares 

RRSS . The test statistic  

( )
( ) ( ), 1~

1
R U

r N k
U

RSS RSS r
F

RSS N k − −
−

− −
 (1.13) 
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if the null hypothesis is true. If the calculated value of the test statistic is 
greater than the critical value at a predetermined significance level, say 0.05, 
then the null hypothesis is rejected.  
Just as in our previous example, the number of dummies included in the 
regression equation must always be one less than the number of categories. 
In our first example, there were two categories – ‘peacetime’ and ‘wartime’ – 
so one dummy was included; in the second example we were considering four 
quarters of the year so three dummies were included. If we wished to consider 
the seasonal impact of every month of the calendar year, we would have had 
to include eleven dummy variables to avoid the dummy variable trap.  
Occasionally in time series work, a dummy variable is included which takes 
the value 1 for one time period and 0 for all other time periods – in effect, a 
dummy variable for a single observation. This is equivalent to deleting that 
particular row of data, and often the resulting distribution of residuals is 
much better behaved and more precise estimates are obtained. This tech-
nique is useful in the case of strikes, natural disasters, the impact effect of 
policy changes, etc. A typical example would be to use such a dummy to 
capture the quarter in which the Organization of Petroleum Exporting 
Countries (OPEC) oil embargo occurred, 1973Q4. The estimated coefficient 
on this dummy variable is the prediction error for the period. The null 
hypothesis that the single observation is ‘consistent’ with the estimated 
relationship can be readily examined with a t test.  
Consider the following example of the use of a dummy variable taken from 
the field of financial economics, discussed by HH Kelejian and WE Oates in 
their textbook Econometrics: Principles and Applications: 

The range of application of dummy variables is virtually unlimited. An 
example [...] comes from a recent study by one of the authors.1 The issue 
under study was whether or not the formal character of a country’s 
political constitution has a systematic impact on the extent of 
decentralisation in the nation’s public finances. Or, in short, is the 
constitution itself important in determining the relative share of fiscal 
activity of the central government in the public sector as a whole? 
Having already ascertained the importance of certain other variables 
(such as population size and the level of per capita income), the 
procedure was to introduce a dummy variable with a value of one if the 
country had a ‘federal’ constitution (i.e., one guaranteeing some political 
autonomy to decentralised levels of government) or a value of zero in the 
absence of a federal constitution (i.e., where the scope of authority of 
decentralised levels of government is determined by the central 
government itself). Using cross-sectional data for a sample of 53 
countries, the estimated equation was 

( ) ( ) ( ) ( ) ( )
ˆ 96 1.21ln .004 .60 15.9

12.1 1.3 2.3 5.3 4.7

G P Y Z F= + − − −  (1.14) 

N = 53, R2 = 0.95 and (absolute value of the t ratio) 
  

                                                        

1 Oates (1972) Chapter 5 
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where 
Ĝ  is central-government share of total public revenues (as a 

percentage); 
lnP  is the logarithm of population size (in thousands); 
Y is per capita income in 1965 US$s; 
Z is social security contributions as a percentage of total public 

current revenue; 
F is a dummy variable taking the value 1 for countries with federal 

constitutions and 0 for countries with non-federal constitutions 
The results in the equation are clearly consistent with the hypothesis that 
the existence of a federal constitution contributes to an increased degree 
of decentralisation in the public finances. The coefficient of the dummy 
variable, F, is negative and possesses a t ratio in excess of 4, so that we 
can easily reject the null hypothesis of no association between G and F at 
the usual 0.05 significance level. The magnitude of the coefficient 
suggests that, after allowing for the effects of population size, income, 
and so on, the central government in federal countries collects, on 
average, about 16 percentage points less of total public revenues than do 
the central governments in countries without federal constitutions. The 
constraints imposed formally by political constitutions would thus 
appear to be of considerable importance in determining the degree of 
decentralisation in public fiscal activity. 

Source: Kelejian and Oates (1989) pp. 182–93. 

Slope dummies 

The dummy variables discussed so far have all been intercept dummies, 
which had the effect of shifting the function up or down by causing the 
intercept or constant term in the regression to take different values. The 
implicit assumption was that the relationships between the explanatory 
variables and the dependent variable (represented by the derivative or slope 
of the function in simple linear regression and by the partial derivatives in 
multiple regression) were not affected by the inclusion of a qualitative 
explanatory variable. 
Sometimes, however, it might be thought that slope coefficients (for exam-
ple, company beta coefficients, marginal propensities or elasticities) are 
likely to change in response to changes in circumstances. 
Consider a single-index model relating the return on the shares of a particu-
lar company (Y) to the returns on a relevant stock market index (X). The 
simple regression model has the form 

0 1t t tY X uβ β= + +  (1.15) 
and the company’s beta coefficient (the extent to which the return on the 
company stock varies in response to changes in the return on the index) is 
measured by the regression coefficient β1. The model will be estimated using 
a sample of time series observations. Suppose that a change in the compa-
ny’s beta coefficient is thought to have occurred after a particular year 
because of a change in the economic and financial environment. Such a 
change might be noticed in a number of countries following oil price shocks, 
or shocks in financial markets which have lasting effects, for example the 
financial crisis of 2008. The longer-term effects of a financial crisis could be 
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modelled by including a slope dummy variable in the regression in the 
following manner: 

0 1 2t t t t tY X D X uβ β β= + + +  (1.16) 
where 

0tD =  for sample observations before 2008 
1tD =  for sample observations for 2008 and subsequent years. 

The effect of including a slope dummy variable is that two separate relation-
ships are estimated. If 0tD = , then we have (equation 1.15): 

0 1t t tY X uβ β= + +  
and if 1tD =  then the model becomes 

( )0 1 2t t tY X uβ β β= + + +  (1.17) 

and the new, post-2008, beta coefficient is given by the coefficient 1 2( )β β+ . 
Note that to estimate model (1.16), it is possible to specify an equation 
including t tD X×  as a regressor, and estimate (1.16) directly, or you can 
define a new variable, t t tZ D X= ×  and estimate  

0 1 2t t t tY X Z uβ β β= + + +  (1.18) 
Whether you estimate (1.16) directly, or estimate (1.18), if the null hypothesis 
that β2 = 0 is not rejected, the beta coefficient, represented by the slope of the 
linear single-index model, is not affected by the dummy variable in question. 
The above analysis of the single-index model was based on time series 
analysis, but dummy variables can be used in regressions based on either 
time series or cross-section data. 
Rachev et al (2007) consider a model of corporate bond spreads for a cross-
section of 100 firms. The spread for a corporate bond is the difference 
between the interest rate on the corporate bond and the interest rate on 
government bonds of equivalent maturity. Interest rates on corporate bonds 
are higher than those on government bonds to reflect expected default loss; 
different tax treatments (interest payments on government bonds are often 
not taxable); and the riskier return associated with corporate bonds. The 
analysis considers whether there is a difference in the regression explaining 
bond spreads for two cases: investment-grade bonds and bonds that are not 
investment grade (rated CCC+ and below). The following regression model 
is used 

0 1 2 3

4 5 6 7ln ln
i i i i i

i i i i i i i

S D C D C
CR D CR EBIT D EBIT u

β β β β
β β β β

= + + +
+ + + + +

 (1.19) 

Where 
Si is the option-adjusted spread for the bond issue of company i, 

measured in basis points (100 basis points = 1 per cent). 
Ci is the coupon rate for the bond of company i, expressed in 

percentage terms; a higher coupon rate increases default risk, and 
increases the spread. 
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CRi is the coverage ratio, which is earnings before interest, taxes, 
depreciation and amortisation, divided by interest expenses; a 
higher coverage ratio reduces the risk of default, and therefore is 
associated with a lower spread. 

EBITi is earnings before interest and taxes, measured in millions of 
dollars, for the preceding 12 months; higher earnings are expected 
to reduce default risk, and therefore reduce the spread. 

Di is a dummy variable which equals zero if the bonds of company i 
are investment grade, and equals 1 if the bonds of company i are 
considered not to be investment grade, that is they are rated as 
CCC+ and lower. 

Notice in (1.19) that the dummy variable affects the intercept and the three 
slope coefficients. Data are available for 100 companies on two dates, giving 
200 observations in total. (The authors also present results for a separate 
equation which instead includes a dummy variable to test the hypothesis 
that the regression estimation will be affected by the two different dates. 
Can you think how that could be done?) 
The estimated coefficients for equation (1.19) obtained by Rachev et al (2007: 
p. 137) are as follows. 

Table 1.2 Corporate bond spread model, estimated coefficients 

Coefficient Estimate Standard error t statistic Prob. value 

0β  284.52 73.63 3.86 0.00 

1β  597.88 478.74 1.25 0.21 

2β  37.12 7.07 5.25 0.00 

3β  45.54 38.77 1.17 0.24 

4β  10.33 1.84 5.60 0.00 

5β  50.13 40.42 1.24 0.22 

6β  83.76 13.63 6.15 0.00 

7β  0.24 62.50 0.00 1.00 

 Review Question 

Considering the intercept and each of the slope parameters separately, is there a signifi-

cant effect from a corporate bond not having an investment-grade rating? 

 

The answer is no. The Prob. values for the effect of the dummy variable on 
the intercept, and the interactions with the coupon rate, coverage ratio, and 
earnings, are all greater than 0.05. We would not reject the null hypothesis 
that, individually, these estimated coefficients are not different from zero. 
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However, the authors do find that the dummy variable terms are jointly 
significant, using an F test. 

1.3 The Chow Test for Parameter Stability 

The consequence of including dummy variables in regression is essentially 
that we estimate two or more regressions in one operation. There is, inci-
dentally, no reason why several dummy variables should not be included in 
a regression and both intercept and slope dummies can be used in the same 
regression. The only problem (which is not specific to the inclusion of 
dummy variables) is that adding too many additional explanatory variables 
reduces the degrees of freedom and this may be a serious problem with a 
small data set. 
An alternative approach to the question of whether the same parameters are 
appropriate for the entire data set is to test for parameter instability. The 
usual test is the Chow test, which is an F test. Consider, for example, a test 
on the single-index model discussed in the last section. The data before and 
after 2008 are considered as two periods. The Chow test assumes that the 
disturbance terms for the first and second periods are both normally distrib-
uted with zero mean and the same variance and also independently 
distributed. Three separate regressions are run, as summarised in Table 1.3. 

Table 1.3 Chow test, three regressions  

 Observations RSS 

The entire data set N  NRSS  

The period before any parameters are believed to change 1n  1RSS  

The period after at least one parameter is believed to change 2n  2RSS  

Each regression equation includes k + 1 parameters.  
The Chow test compares the residual sum of squares from a regression run 
on the entire data set with the residual sums of squares resulting from two 
separate regressions on two sub-groups within the sample. That is the test 
compares NRSS  with 1 2RSS RSS+ .  

If the two values are close, the same parameters are appropriate for the 
entire data set; the parameters are stable. The objective of the F test is to see 
whether the residual sum of squares (which measures the variation in the 
data not explained by the regression) is significantly reduced by fitting two 
separate regressions rather than just one.  

Given for period 1:  0 1 1t t tY X uα α= + +  (1.20) 
and for period 2:   0 1 2t t tY X uβ β= + +  (1.21) 

we have 

0 0 0 1 1H : ,β α β α= =   
that is, the same parameters are appropriate for the entire data set, and 

1H : at least one of j jβ α≠  
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at least one parameter differs between the two sub-periods. 
Let us consider how the test is constructed. Let the total number of observa-
tions in the sample be N, and consider two sub-groups of size n1 and n2 
(with 1 2n n N+ = ). We are interested in comparing NRSS  with the sum of 

1RSS  and 2RSS . The relevant F ratio has the difference between these two 
quantities, which is ( )1 2NRSS RSS RSS− + , in the numerator, and 

1 2RSS RSS+  in the denominator. To form the F statistic we need the de-
grees of freedom associated with numerator and denominator. Recall that 
the degrees of freedom associated with any regression is given by 
n − (k + 1), where n is the sample size and k + 1 is the number of parameters 
being estimated. Then the degrees of freedom in the numerator will be k + 1, 
and the degrees of freedom in the denominator will be ( )1 2 2 1n n k+ − + . 
The test statistic is 

( ) ( )
[ ] ( ) ( )1 2

1 2
1, 2 1

1 2 1 2

1
~

2 1
N

k n n k
RSS RSS RSS k

F
RSS RSS n n k + + − +

− + +⎡ ⎤⎣ ⎦
+ + − +⎡ ⎤⎣ ⎦

 if H0 is true.  (1.22) 

If the calculated value of the test statistic is greater than the critical value at a 
predetermined significance level, say 0.05, reject H0; the same parameters are 
not appropriate for the entire sample period. So the two separate regressions 
of the two sub-groups give a better fit to the data than the single regression 
using the whole data set. In other words, we conclude that there has been a 
significant change in the parameters of the regression equation between the 
two periods.  
Note that while the use of the Chow test can suggest there is parameter 
instability, it does not tell us which parameters may have changed – it may 
be the intercept term, or one or more of the regression coefficients. For this 
reason, dummy variables provide a more direct way of examining the 
stability of the individual parameters. 

1.4 Unit Study Guide 

The main reading for this unit is from Chapter 7 of Wooldridge with sec-
tions also from Chapters 2, 10 and 13.  
Section 2-7 and Sections 7-1 to 7-4 consider dummy variables in the context 
of cross-section models. Sections 10-5e and 13-1 show how dummy variables 
can be used in time series models. 
In Section 2-7 Wooldridge discusses the possibility of a regression where the 
only explanatory variable is a dummy variable, and how to interpret such a 
regression. The intercept is the expected value of the dependent variable for 
those observations where the dummy variable is zero. And the slope coeffi-
cient is the difference between the expected value of the dependent variable 
for the two subpopulations, those for which the dummy variable equals zero 
and those for which the dummy variable equals one. 
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 Reading 

Please read Section 2-7 of Wooldridge pages 51–53, now. 

 

Wooldridge examines dummy variables in multiple regression analysis in 
Chapter 7. Section 7-2 considers a single dummy variable affecting the inter-
cept of the regression. This section also explains the ‘dummy variable trap’ 
that occurs when too many dummy variables are included in the model; for 
example, when two dummy variables are included which relate to one charac-
teristic eg one dummy variable to indicate bonds are investment grade and 
another dummy variable to indicate bonds are not investment grade. 
Section 7-2a explains how to interpret the coefficients on dummy variables 
when the regression equation includes a logged dependent variable. Section 7-
3 examines how to represent multiple categories with dummy variables. 
Section 7.4 considers how to incorporate interactions between dummy varia-
bles, and how to use dummy variables to influence the slope. Section 7-4c is 
particularly important, and shows how to test for differences between regres-
sion equations for different groups using an F statistic. This is the Chow test 
applied in cross-section analysis.  
You should work carefully through this explanation of the Chow test and the 
example. Note, too, the assumptions on which the Chow test is based. The 
Chow test is only valid if there is homoscedasticity: the variance of the errors 
in the two subgroups must be equal. 
In Chapter 7, Wooldridge also examines models in which the dependent 
variable is a dummy variable. You do not need to study binary dependent 
variables in this module. 

 Reading 

Please read Chapter 7 Sections 7-1 to 7-4 of Wooldridge pages 221–39, now. 

 

Chapter 10 in Wooldridge explains how dummy variables are used in 
regression analysis with time series data. This chapter discusses a number of 
aspects relating to regression analysis and time series data, some of which 
you will be familiar with already. For this unit you should focus on the 
sections of the chapter concerning dummy variables. Chapter 10 also men-
tions the challenges presented by trending data, which are examined in 
Units 6 and 7. 
Section 10.4 discusses functional form (including natural logarithms), index 
numbers and dummy variables in time series regression analysis. This 
section also considers distributed lag models – these models are studied in 
Unit 2. Section 10-5e explains the use of seasonal dummy variables.  

Wooldridge (2020) 
Section 2-7 ‘Regression 
on a binary explanatory 
variable’ in Introductory 
Econometrics. 

Wooldridge (2020) 
Sections 7-1 to 7-4 of 
Chapter 7 ‘Multiple 
regression analysis with 
qualitative information’ 
in Introductory 
Econometrics. 
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 Reading 

Please now read Section 10-4 of Wooldridge pages 345–51. As you read this section, 

please focus your attention on the use of dummy variables in time series regression. 

Pages 347–48 explain how binary explanatory variables are used in event studies, and an 

event study is illustrated in Example 10.5. Example 10-6 demonstrates the interaction 

between qualitative and quantitative variables in time series regression. 

Please also read Section 10-5e pages 358–60 on the use of seasonal dummy variables. 

 

Chapter 13 considers how the Chow test can be used in time series regres-
sion analysis, to examine whether a regression equation is stable. This 
chapter also introduces ‘pooled’ data, which is cross-section data that is 
observed at different time periods (usually different years). A single regres-
sion equation can be estimated, which includes year dummy variables. Note 
that both the Chow test and the use of dummy variables with pooled data 
assume homoscedastic disturbances.  

 Reading 

Please read Section 13-1 of Wooldridge, pages 427–31, including Section 13-1a The 

Chow test for structural change across time. 

1.5 Example – Long-Term Trends in Terms of Trade 

An issue that has attracted a considerable amount of interest in the literature 
on commodity prices is the question of terms of trade between countries 
producing primary products and countries producing manufactured goods. 
Much of the interest in this question has arisen because primary producers 
have been loosely classified as ‘poor’ or less-developed countries and 
manufacturing producers as ‘rich’ countries. A widely held view (sometimes 
referred to as the Prebisch–Singer hypothesis) is that the terms of trade have 
moved and are likely to continue to move against primary producers. This 
view can be supported either from the point of view of dependency theorists 
who argue that countries of the ‘periphery’ are disadvantaged in their 
relations with countries of the ‘centre’; or from the point of view of neo-
classical theorists who base their arguments on perceived differences in the 
elasticities of demand and supply for the two types of commodity. 
How can this hypothesis, that the terms of trade move against primary 
producers, be tested? Before answering this question, we note the important 
distinction to be made between a country’s net barter terms of trade, NBTT, 
and a country’s income terms of trade, YTT. The net barter terms of trade are 
measured by the ratio of the average price of its exports, PX, to the average 
price of its imports, PM. 

X

M

PNBTT
P

=  (1.23) 

This expression provides a measure of the quantity of exports required to 
finance a given quantity of imports. (If a country exported only coffee and 

Wooldridge (2020) 
Section 10-4 ‘Functional 
form, dummy variables, 
and index numbers’ and 
Section 10–5e 
‘Seasonality’ in 
Introductory 
Econometrics.  

Wooldridge (2020) 
Section 13-1 ‘Pooling 
independent cross 
sections across time’ in 
Introductory 
Econometrics. 
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imported only cars, the NBTT would tell us how many tons of coffee had to 
be exported to purchase a given quantity of cars.) If the ratio X MP P  rises 
there is said to have been a favourable movement in the (net barter) terms of 
trade; if the ratio falls, the terms of trade are said to have turned against the 
country in question. The country’s income terms of trade, YTT, are measured 
by its income from exports (the average price of exports multiplied by the 
quantity of exports, QX, relative to the average price of imports): 

X X

M

P QYTT
P

=  (1.24) 

Equation (1.24) provides a measure of the purchasing power of exports, and 
it is obviously possible for the income terms of trade to improve even if 
there has been an adverse movement in the NBTT; this would happen if the 
increase in the quantity of goods exported more than compensated for the 
fall in unit price. 
The Prebisch–Singer hypothesis is concerned only with changes in the net 
barter terms of trade between primary product prices and manufactured 
product prices. To test the hypothesis that the terms of trade have moved 
against primary producers, we need time series data on the NBTT between 
primary products and manufactures, and a regression model can then be 
used to relate changes in the NBTT to time. This is an example of an econo-
metric problem where most of the difficulty lies in collecting satisfactory 
data; the regression analysis is relatively straightforward. Spraos (1980), 
whose regression results we will be discussing below, presents several index 
number series that between them cover the years 1871 to 1970. It is not 
possible here to discuss at length the data problems, but they include: 

• shortage of data for the early years (UK balance of payments statistics 
were used by Prebisch in his original study) 

• changes in the quality and composition of goods  
• changes in transport costs  
• differing data sources and definitions,  

and in recent years: 
• the presence or absence of petroleum exports in the statistics.  

Finally, and very importantly, if evidence of decline in the terms of trade is 
to be taken as evidence of a movement in the terms of trade against develop-
ing countries, account has to be taken of the fact that rich countries are 
themselves large producers of primary products and developing countries 
increasingly export manufactured products. Leaving aside data problems, 
the hypothesis of a decline in the terms of trade can be tested using the 
regression model.  

0 1ln t t tNBTT T uβ β= + +  (1.25) 
where Tt is time. In this semi-logarithmic regression model, β1 represents the 
rate of change of NBTT over time. 
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 Study Note: Interpretation of a semi-logarithmic regression  

Underlying the model in (1.25) is the relation 

0 trT
tNBTT NBTT e=  

where NBTT0 is the value of NBTT in the initial year, r is the rate of growth of NBTT 

over time Tt. If you take natural logarithms of this expression you will derive 

0ln lnt tNBTT NBTT rT= +  

which can be compared with equation (1.25). 

 

Spraos ran a number of regressions using different series and different 
sample periods. We will look at two regression results based on his UN 
data; the first covers the years 1900–38: 

( )
24.572 0.00725 0.33185

0.00188             
ln t t tNBTT T û R= − + =  (1.26) 

and the second covers the years 1900–70: 

( )
2

 
l 4.438 0.00134 0.03687 

0.00096           
n

 
t t tNBTT T û R= − + =   (1.27) 

The figures under the estimated regression coefficients are the standard 
errors. Calculating the t statistics for the test of the null hypothesis that the 
coefficient β1 = 0, we find for equation (1.26) t = 3.856 and for equation 
(1.27) t = 1.396.  

 Review Question 

Before you read on, can you give the economic interpretation of these regression results? 

 

The conclusions drawn by Spraos are that in the period up to 1938 there 
was a clearly discernible deterioration in the terms of trade for primary 
producers (averaging 0.7% each year), but that when the sample period 
is extended to 1970, this conclusion can no longer be drawn because the 
coefficient β1 is not significantly different from zero. 
Let us now consider a criticism of Spraos’s work made by Sapsford (1985) 
who argued that there was a significant shift in the series in the post-Second 
World War period (defined as 1950 and thereafter), so that the parameters in 
the regression (1.27) cannot be treated as constants over the whole period. 
Using the techniques introduced in this unit, we can examine this claim. Let 
us first consider the evidence of the Chow test, using the data from 1900–38 
and 1950–70 as our two sub-periods. (There is a gap in the series for the 
years 1939–49.) The following equations give the regression results and the 
residual sums of squares needed for the Chow test: 

1900–70 ˆln 4.438 0.00134   1.2457t t t NNBTT T u RSS= − + =  (1.28) 
1900–38  1ˆln 4.572 0.00725 0.51683t t tNBTT T u RSS= − + =  (1.29) 
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1950–70 2ˆln 5.524 0.01540 0.00874t t tNBTT T u RSS= − + =  (1.30) 
The test statistic is 

 
( )

( )
1.2457 0.51683 0.00874 2

38.37
0.51683 0.00874 56calcF
− +⎡ ⎤⎣ ⎦= =

+  
From Table G.3b on page 788 of Wooldridge, the critical value for F(2, 56) at 
the 0.05 significance level is approximately 3.15. As 38.37 is greater than 3.15 
we conclude that the null hypothesis of parameter stability is rejected; there 
is evidence of parameter instability over this period. 
Now let us use a dummy variable to test for a break in the series from 1950. 
We estimate a regression for the entire period, 1900–70, including an inter-
cept dummy, Dt, defined as follows 

0tD =  for the period before 1950,  
and 

1tD =  for 1950 and thereafter. 
The estimated model is 

( ) ( )
2ˆln 4.594 0.00836 0.5003 0.55957

0.00142 0.0649
t t t tNBTT T D u R= − + + =  (1.31) 

 Review Question 

What are the econometric and economic implications of (1.31)? 

 

If we compare the regression (1.31), which includes the dummy variable, 
with (1.27), which is based on the same period but does not include a dum-
my variable, we can see a number of important changes. R2 has risen from 
0.03687 to 0.56. The coefficient on the dummy variable has a t statistic of 
7.709, so the dummy variable is certainly significant. The coefficient on time, 
which was insignificant in (1.27), is now negative and has a highly signifi-
cant t statistic of −5.887. (The implication of the estimated coefficient 
−0.00836 is that the rate of deterioration in the net barter terms of trade was 
approximately 0.8% per year.) The introduction of the dummy variable 
representing the break in the series after 1950 has made a big difference to 
the regression results and throws doubt on Spraos’s conclusion that there is 
no evidence for a deterioration in the terms of trade over the period 1900–70. 
Note that this is not the last word on the subject. A later comprehensive 
survey in the World Bank Economic Review by Grilli and Yang (1988) used a 
newly constructed index of commodity prices and two indexes of manufac-
tured goods prices to show that over the period 1900 to 1986 the relative 
prices of all primary commodities fell by 0.5 per cent a year and those of 
non-fuel primary commodities by 0.6 per cent a year, thus confirming the 
downward trend (though not the figures) postulated by Prebisch.  
However, they then make two very important comments on these results. 
The first is that the terms of trade of non-fuel primary commodities are not 
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the same as the net barter terms of trade of non-oil-exporting developing 
countries (ie these countries do not just export primary products and import 
manufactures). Secondly, they emphasise that because of increased export 
quantities there has been a growth in the purchasing power of non-fuel 
commodity exports and they conclude (p. 46) that in the post-Second World 
War period the ‘available evidence on the income terms of trade of non-oil-
exporting developing countries indicates that consistent and substantial 
gains were obtained by them’.  

1.6 Conclusion 

This unit has introduced the concept of the dummy variable. A dummy 
variable can be used in regression analysis to represent the effect of an 
explanatory variable that is qualitative or categorical in nature. 
In cross-section data, variables such as sector, industry or regulatory regime 
can be represented by dummy variables; in time series data, dummies can be 
used to represent seasonal influences on the dependent variable, or a break 
in the series caused by a change in the economic and financial environment. 
Dummy variables can only take two values, 0 or 1, and they can be used to 
model changes in the intercept term and/or changes in the regression 
coefficients for different sub-groups within the sample. When including 
dummy variables in a regression, the number of dummy variables must 
always be one less than the number of categories taken by the variable in 
question; in this way the ‘dummy variable trap’ is avoided.  
The use of the Chow test to test for parameter instability was also intro-
duced in this unit.  
Notice, however, that the use of a qualitative variable as a dependent variable 
in a regression has not been discussed. 
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1.7 Exercises  

Question 1 

a) The UN data provided by Spraos and used for the example in Section 
1.5 in this unit are in a text file called M432_U1_Q1.txt. This has 53 
annual (although undated) observations on the following variables: 
NBTT is the net barter terms of trade 
T is time: T = 1 in 1900; T = 71 in 1970; gaps in numbering correspond 
to war years with no observations.  
Use this data to reproduce the estimation results in equation (1.31). 

b) Consider the regression equation 

( )0 1 2 3t t t t t tNBTT T D D T uβ β β β= + + + × +  
where 0tD =  for the period before 1950, and 1tD =  for 1950 and 
thereafter. 
Interpret this model by writing out the sample regression lines implied 
when 0tD =  and 1tD =  and comparing them with (1.29) and (1.30). 
Estimate the model using the same data set. 

c) Plot NBTT and the time trend, T. Comment on any features of the data 
(apart from the break after 1950) that seem to you to be important.  

Reading the data 

The tab-delimited text file M432_U1_Q1.txt contains three columns: Obser-
vation, NBTT, and T. For observation 1, NBTT = 80 and T = 1. For 
observation 53, NBTT = 85 and T = 71.  
The following command reads the text file and assigns the observations to a 
data frame, called M432_U1_Q1. The command assumes the data text file, 
M432_U1_Q1.txt, is in the working directory. 

M432_U1_Q1 <- read.table("M432_U1_Q1.txt", sep="\t", 
header=TRUE) 

The read.table command specifies the data are separated by tabs, and the file 
includes a header row of the names of the variables. Please note the use of 
the " quotation mark. If you try to use the “ or ” quotation marks, R will not 
recognise them. 
For this question the observations are annual but undated, so you can work 
with the data frame created by the read.table command. In Question 3 you 
will use zoo objects to handle time series data (zoo objects are indexed by 
the date of the data). 
Creating dummy variables 

You need to create a dummy variable D, where D = 0 for observations 1–32 
(years 1900–1949) and D = 1 for observations 33–53 (years 1950–1970). 
This dummy variable can be created with the command 

M432_U1_Q1$D = as.numeric(M432_U1_Q1$Observation>32) 
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A column corresponding to the variable D is added to the data frame 
M432_U1_Q1. It equals 1 if the value of Observations is greater than 32, and 
zero otherwise. 
OLS estimation 

The dependent variable in the regression equation is lnNBTT. The regression 
equation includes a constant, the time trend T, and the dummy variable D. 
The command to estimate the equation by OLS, and put the results in 
lnbtt_c_t_d, is 

lnbtt_c_t_d <- lm(log(NBTT) ~ T + D, data = M432_U1_Q1) 

The lm (linear model) command includes the formula of the regression 
equation. The first series is the dependent variable, followed by the tilde 
symbol and a list of explanatory variables. Within this list the plus sign is 
used as a separator. A constant term is included by default. The command 
also specifies the data frame containing the data to be used for estimation. 
A formatted table of results can be obtained using stargazer, in the stargazer 
package (Hlavac, 2018), with 

stargazer(lnbtt_c_t_d, type = "html", digits=6, 
digits.extra=0, intercept.bottom=FALSE, style="all", 
star.char = "", omit.table.layout = "n", 
out="M432_U1_Table 1.4.htm") 

The command first states which object is to be output to the formatted table, 
in this case lnbtt_c_t_d. The type of file is specified as html, which can 
opened in a word processing application. The number of decimal places to 
include in the table of output is specified with digits=6. There is the facility 
within stargazer to show extra decimal places if the decimal places indicated 
by the digits command are all zero. In this command the number of extra 
digits to show is specified as zero. The default is to arrange the estimated 
coefficients with the intercept at the bottom of the table. This default can be 
overcome with the statement intercept.bottom=FALSE. 
Within R a system of stars is used to indicate the significance of the estimat-
ed coefficients, based on the p-values. For this module you should be able to 
interpret the estimated coefficients, standard errors, t values and p-values 
yourself, so we have not displayed the indicators of significance, or the 
corresponding notes.  
Note that in R the default is to display seven significant digits. We have 
specified that stargazer should display six decimal places, so in some results 
stargazer will insert additional zeros to make up the six decimal places.  
The command indicates that the formatted table of output will be saved in the 
file M432_U1_Table 1.4.htm, which will be saved in the working directory. 
Dummy variable affecting constant and slope 

The regression equation in part b includes lnNBTT, and a constant, T, D, and 
D × T.  
The following command estimates the equation by OLS and places the result 
in lnbtt_c_t_d_dt 
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lnbtt_c_t_d_dt <- lm(log(NBTT) ~ T + D +I(D*T), data = 
M432_U1_Q1) 

Within the lm function I(D*T) indicates that D*T should be interpreted as an 
arithmetic operation. 
The output can be sent to a formatted table with stargazer, using 

stargazer(lnbtt_c_t_d_dt, type = "html", digits=6, 
digits.extra=0, intercept.bottom=FALSE, style="all", 
star.char = "", omit.table.layout = "n", 
out="M432_U1_Table 1.5.htm") 

Plotting the data 

A plot of NBTT and time, T, can be obtained with 

plot(M432_U1_Q1$NBTT, ylim=c(0,120), type="l", lwd = 2, 
xaxs="i", ylab="T and NBTT", xlab = "Observation") 

lines(M432_U1_Q1$T, lwd = 2) 

The first command creates a line plot of NBTT for the observations in the 
data frame. Usually we would use the default settings for the vertical axis, 
which would be determined by R from the range of values taken by NBTT. 
However, the second command plots a line corresponding to T on the first 
graph. Therefore we need to specify that the plot of NBTT should have a 
vertical axis running from 0 to 120. This is done with ylim=c(0,120). Setting 
the minimum value to zero on the vertical axis accommodates the plot of T, 
which we add with the second command.  
The type of the plot is specified as a line plot using type="l" (that is l for line, 
not the number one). Line width is set with lwd = 2. The specification 
xaxs="i" indicates the line plot should extend to the left and right edges of 
the graph. The label on the vertical axis is indicated by ylab="T and NBTT", 
and the label on the horizontal axis is indicated by xlab = "Observation". 
Please note that if the R Graphic is open and highlighted, it is not possible to 
input commands to R, and R may appear not to respond. If this happens, 
just select the R console to continue working. 
Save the graph by selecting it, then File | Save as. The graphic can be saved 
in a variety of formats. The default location is to save the file in the working 
directory, but you can browse to other locations. The graphic can be copied 
to another application as a bitmap or a metafile, by right-clicking the graph 
window then choosing metafile or bitmap; or using File | Copy to the 
clipboard. 
Saving your work 

To save your Workspace, select the Workspace window so that it is high-
lighted, then click on File | Save Workspace… and provide a filename. The 
file will be saved with the extension .Rdata, and will be saved in the work-
ing directory, although you can browse to another location. 
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Loading a saved Workspace 

To load a Workspace that you have previously saved, use File | Load 
Workspace… and select the *.Rdata file you wish to load. If the file is not in 
the current working directory, you can browse to other locations. 

Question 2 

A researcher is investigating the influence of the coverage ratio, credit rating 
and industrial sector on bond spreads. 
The following model is proposed: 

0 1 2 3i i i i iY X J M uβ β β β= + + + +   
where 

Y is the bond spread in basis points; 
X is the coverage ratio; 
J = 0 if the bond is rated as investment grade and J = 1 if the rating is 

CCC+ and below; and 
M = 0 if the company is not in the manufacturing sector and M = 1 if the 

company is in the manufacturing sector 
a) Write down the regression equations corresponding to each of the 

following: 
i) The bond spread for an investment grade bond for a company in 

the non-manufacturing sector; 
ii) The bond spread for a non-investment grade bond for a company in 

the non-manufacturing sector; 
iii) The bond spread for an investment grade bond for a company in 

the manufacturing sector; 
iv) The bond spread for a non-investment grade bond for a company in 

the manufacturing sector. 
b) How would you interpret the estimated regression equation if β2 is 

significantly different from zero and β3 is not significantly different 
from zero? 

Question 3 

This question examines whether the parameters of the single-index model 
for Goldman Sachs are the same in the periods before and after the financial 
crisis of 2008, and in particular the bankruptcy of Lehman Brothers in the 
week ending 15 September 2008.  
The text file M432_U1_Q3.txt contains weekly data on the share price of 
Goldman Sachs Group Inc (GS), and the Standard & Poor’s 500 index (SP), 
for the period 28 March 2005 to 28 March 2011. The share prices and index 
are in US dollars, and are from finance.yahoo.com (nd accessed 2019).  
For reference, on 28 March 2005 GS = 109.30 and SP = 1172.92; on 4 April 
2005 GS = 112.93 and SP = 1181.20; and on 28 March 2011 GS = 160.23 and SP 
= 1332.41. 
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a) Use the Chow test at the 0.05 significance level to test the hypothesis 
that the parameters of the single-index model for Goldman Sachs 

0 1t t tY X uβ β= + +  
are stable between the two sub-periods 4 April 2005–8 September 2008 
and 15 September 2008–28 March 2011, where 

1ln lnt t tY GS GS −= −  is the weekly logged return on Goldman Sachs 
shares 

1ln lnt t tX SP SP−= −  is the weekly logged market return. 
b) Does the Chow test provide any information about the separate 

changes in the intercept coefficient and slope coefficient? 
c) Use a dummy variable to test the hypothesis that both the slope and 

the intercept have changed between the two sub-periods. 
d) What procedure would you use if you were only interested in testing 

the hypothesis that the beta coefficient for Goldman Sachs was 
changed between the two sub-periods? 

Reading the data 

The following commands read the data from the text file into a data table, 
and create the zoo objects for the Goldman Sachs share price and the stock 
market index. The commands assume that the working directory contains 
the text file of data.  
For this question you will need to use the zoo package (Zeileis & Grothend-
ieck, 2005) and the dynlm package (Zeileis, 2019). These packages must be 
installed on your device. To use them in an R session the packages must also 
be loaded in that session. The zoo package loads automatically when the 
dynlm package is loaded.  

M432_U1_Q3 <- read.table("M432_U1_Q3.txt", sep="\t", 
header=TRUE) 

M432_U1_Q3_zoo <- read.zoo(M432_U1_Q3, format = 
"%d/%m/%Y") 

GS = zoo(M432_U1_Q3_zoo$GS) 

SP = zoo(M432_U1_Q3_zoo$SP) 

The zoo package provides an infrastructure for regular and irregular time 
series (Z’s Ordered Observations). Within the zoo objects the data are 
indexed using the date of the observations. This is useful for analysing 
dynamic models and working with financial data, which can have irregular 
dates (eg no observations for weekends or bank holidays). 
The first line reads the data from the text file into a data frame. 
The second line creates a zoo object containing the data, indexed by the 
dates of the observations. The command specifies that the dates in the data 
frame (which is derived from the text file) are in day/month/year format. 
The third and fourth lines create individual zoo objects for the Goldman 
Sachs share price and the S&P500 index. Using separate objects for each of 
the two series makes it easier and simpler to specify models. 
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OLS estimation 

To estimate the single-index model for Goldman Sachs, and put the result in 
dlgs_c_dlsp, using the dynlm function (available in the dynlm package) 

dlgs_c_dlsp = dynlm(d(log(GS)) ~ d(log(SP))) 

The dynlm package allows you to formulate dynamic linear models and 
perform time series regression. Within R, log is the natural logarithm to base 
e. The d( ) expression in the formula for the regression indicates the first 
difference (the value of the current observation minus the value of the 
previous observation). There is no need to indicate the data source to be 
used for estimation because we created separate zoo objects for GS and SP. 
The default is to use all available observations for estimation. 
Displaying estimation results 

The estimated coefficients (and nothing else) are reported by typing the 
name of the object, in this case 

dlgs_c_dlsp 

A more complete representation of the estimation output is obtained with 

summary(dlgs_c_dlsp) 

To create a formatted table of output with stargazer (using the stargazer 
package) 

stargazer(dlgs_c_dlsp, type = "html", digits=6, 
digits.extra=0, intercept.bottom=FALSE, style="all", 
star.char = "", omit.table.layout = "n", 
out="M432_U1_Table 1.6c.htm") 

Changing the sample used for estimation 

To estimate the SIM using the first available observation to the observation 
dated 8 September 2008, putting the result in dlgs_c_dlsp_sample1, use 

dlgs_c_dlsp_sample1 <- dynlm(d(log(GS)) ~ d(log(SP)), 
start = NULL, end = "2008-09-08") 

This command indicates that the estimation period starts with the first 
available observation and ends with the observation dated 8 September 
2008. 
To estimate the SIM using the observations 15 September 2008 to the final 
observation, putting the result in dlgs_c_dlsp_sample2, use 

dlgs_c_dlsp_sample2 <- dynlm(d(log(GS)) ~ d(log(SP)), 
start = "2008-09-15", end = NULL) 

Chow test for parameter stability 

Under the null hypothesis that there is no change in the parameters between 
the two sub-periods, the F statistic is  

  

RSSN − RSS1 + RSS2( )⎡⎣ ⎤⎦ k +1( )
RSS1 + RSS2⎡⎣ ⎤⎦ n1 + n2 − 2 k +1( )⎡⎣ ⎤⎦

~ Fk+1,n1+n2−2 k+1( )  
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The Chow test can be performed in R using sctest (in the strucchange 
package, Zeileis et al, 2002). This is achieved with the command 

sctest(diff(log(GS)) ~ diff(log(SP)), type = "Chow", point 
= 180) 

The command includes the formula for the Goldman Sachs single-index 
model. Note the use of the diff( ) function to obtain the first differences, and 
not the d( ) function. The type of test is specified as ‘Chow’. The null hy-
pothesis is that the parameters of the regression equation are stable between 
the sub-period 4 April 2005–8 September 2008 and the sub-period 15 Sep-
tember 2008–28 March 2011. The first sub-period corresponds to the first 180 
available observations in the complete sample. Therefore we set the break 
point to be after 180 observations with “point = 180”. To compute the Chow 
test by hand, the residual sum of squares can be obtained with 

rssn = sum(resid(dlgs_c_dlsp)^2) 

rss1 = sum(resid(dlgs_c_dlsp_sample1)^2) 

rss2 = sum(resid(dlgs_c_dlsp_sample2)^2) 

Creating a dummy variable 

To create a dummy variable D, where D = 0 for observations 4 April 2005 to 
8 September 2008 and D = 1 for 15 September 2008 to 28 March 2011 

DATE=index(GS) 

D_UNDATED = as.numeric(DATE>="2008-09-15") 

D = zoo(D_UNDATED, order.by=index(GS)) 

The first line extracts the dates used to index the series for the Goldman 
Sachs share prices. 
The second line creates an undated dummy variable which equals 1 if the 
DATE series is equal to or greater than 15 September 2008 (and zero other-
wise). 
The third line takes the undated dummy variable and creates a zoo object 
(called D) which is indexed by the same dates as the Goldman Sachs share 
prices. 
To check the D object has been created successfully in R, type D (followed by 
Enter), which displays the D series. 
Including the dummy variable in the single-index model 

To estimate the single-index model for Goldman Sachs, including the 
dummy variable affecting the constant and the slope coefficient, and put the 
result in dlgs_c_dlsp_d_ddlsp 

dlgs_c_dlsp_d_ddlsp = dynlm(d(log(GS)) ~ d(log(SP)) + D + 
I(D*d(log(SP)))) 

Question 4 

The following model represents the log of earnings for investment manag-
ers, Y, as a function of experience (in years), X, and a dummy variable, G, 
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which takes the value of 0 if the investment manager is male, and 1 if the 
investment manager is female. 

0 1 2ln i i i iY X G uβ β β= + + +  
For each of the following statements, say whether it is true or false and give 
a brief explanation of your answer. 

a) The coefficient β1 measures the proportional change in Yi for a given 
absolute change in Xi. 

b) The coefficient β2 measures the proportional change in Y when the 
manager of the investment fund is female. 

c) Because Gi is a qualitative variable, not a quantitative variable, its 
inclusion in the model will not affect the value of R2. 

d) If regression equations are estimated using the two sub-samples 
corresponding to male investment managers, and female investment 
managers, the regression coefficients will be the same as those 
obtained from the above model with G = 0 and G = 1. 

e) If observations for each investment manager were available over a ten-
year period, a regression for the pooled data set could be modelled by 
including nine year dummies in the regression. 
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1.8 Answers to Exercises 

Question 1 

a) The estimation output is as follows. 

Table 1.4 Formatted estimation results obtained with stargazer 

Dependent variable: 

log(NBTT) 

Constant 4.594213 

(0.034621) 

t = 132.699300 

p = 0.000000 

T 0.008364 

(0.001420) 

t = 5.889133 

p = 0.000001 

D 0.500266 

(0.064943) 

t = 7.703150 

p = 0.000000 

Observations 53 

R2 0.559565 

Adjusted R2 0.541948 

Residual Std. Error 0.106739 (df = 50) 

F Statistic 31.762080 (df = 2; 50) (p = 0.000000) 

 Study Note 

You may sometimes notice very small differences between the output obtained by the 

summary command in R and the formatted tables of output you obtain with stargazer. 

These differences can sometimes occur around the sixth decimal place in the reported p-

values, For example, displaying the above estimated equation using the summary 

command in R, the p-value for the time trend T is shown as 3.25e 07, but in the 

stargazer output it is incorrectly displayed as 0.000001. The difference would not affect 

the interpretation – the coefficient on the time trend is significantly different from zero. 

Note that if the number of decimal places is set to 10 in stargazer, this p-value is shown 

as 0.000000325 to nine decimal places, which is the same as the summary output in R. 

 

The sample regression equation is 

( ) ( ) ( )
2ˆln 4.594213 0.008364 0.500266 0.559565

0.034621 0.001420 0.064943
t t t tNBTT T D u R= − + + =

 
If you are in any doubt about the interpretation of this equation, look 
back at the comments on equation (1.31), which you have just 
reproduced. 
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b) The estimation output is as follows. 

Table 1.5 Dummy variable affecting constant and slope  

Dependent variable: 

log(NBTT) 

Constant 4.571526 

(0.035407) 

t = 129.114400 

p = 0.000000 

T 0.007254 

(0.001483) 

t = 4.892043 

p = 0.000012 

D 0.951932 

(0.231510) 

t = 4.111834 

p = 0.000150 

I(D * T) 0.008143 

(0.004016) 

t = 2.027499 

p = 0.048069 

Observations 53 

R2 0.593655 

Adjusted R2 0.568776 

Residual Std. Error 0.103566 (df = 49) 

F Statistic 23.862360 (df = 3; 49) (p = 0.000000) 

The estimated regression equation, with the dummy variable affecting 
the constant and slope, is  

( ) ˆln 4.571526 0.007254 0.951932 0.008143t t t t t tNBTT T D D T u= − + − × +  
For the period 1900–38 we have D = 0 and 

ˆln 4.571526 0.007254t t tNBTT T u= − +  
For the period 1950–70 we have D = 1 

( ) ( ) ˆln 4.571526 0.007254 0.951932 1 0.008143 1t t t t tNBTT T T u= − + − +  
∴ ˆln 5.523458 0.015397t t tNBTT T u= − +  
You will see from the comparison with (1.29) and (1.30) that by 
introducing the two dummy variable terms, you have been able to 
estimate the intercepts and the slopes of the two regressions covering 
1900–38 and 1950–70, respectively, with a single OLS regression. 

c) See Figure 1.3, in which the time trend T shows as a straight line with 
two discontinuities, corresponding to the years when there are no 
data. 
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Figure 1.3 Plot of NBTT and T 1900–70 

 

A really good answer to this question might have started: ‘Surely we 
should have graphed the data before embarking on any numerical 
analysis!’ If you had started by looking at the graph, would you ever 
have thought it sensible to represent the relationship between the net 
barter terms of trade and time by a simple linear regression? It is 
obvious that the period divides into three quite distinct sub-periods. 
Before the First World War the terms of trade for primary producers 
improved steadily. After the Second World War they deteriorated. 
Between the wars they oscillated with no obvious trend. In our 
analysis we picked up the second break in the series by use of the 
dummy variable D and D × T. However, the graph suggests that the 
earlier break in the series at the time of the First World War should 
also be taken into account. On the basis of the graph, it would be hard 
to support the view that there was any discernible long-term trend in 
the net barter terms of trade between 1900 and 1970. 

Question 2 

a) For reference the complete model is 

  Yi = β0 + β1Xi + β2Ji + β3Mi + ui  
i) 0,    0J M= =   

  Yi = β0 + β1Xi + ui  

ii) 1, 0J M= =  

  Yi = β0 + β2( ) + β1Xi + ui  
iii) 0, 1J M= =  

  Yi = β0 + β3( ) + β1Xi + ui  
iv) 1, 1J M= =   

  Yi = β0 + β2 + β3( ) + β1Xi + ui  
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b) If β2 is statistically significant, but β3 is not statistically significant, this 
suggests that the bond spread is affected by the credit rating 
(investment grade or non-investment grade), but not by the sector in 
which the company operates. 

Question 3 

a) For the Chow test we need to estimate the restricted model, which is 
the same model estimated over the complete data period, and an 
unrestricted model, which is the SIM estimated over each of the two 
sub-periods. The estimation results for the complete sample are shown 
in Table 1.6 (with variations a, b and c demonstrating three ways to 
present the results). 
Table 1.6a shows the simplest representation of the estimation results 
in R. 

Table 1.6a dlgs_c_dlsp 

Time series regression with "zoo" data: 

Start = 2005-04-04, End = 2011-03-28 

Call: 

dynlm(formula = d(log(GS)) ~ d(log(SP))) 

Coefficients: 

 (Intercept)  d(log(SP))     

   0.0005688    1.6037778 

Table 1.6b shows a more complete representation of the estimation re-
sults using the summary command in R. 

Table 1.6b summary(dlgs_c_dlsp) 

Time series regression with "zoo" data: 

Start = 2005-04-04, End = 2011-03-28 

Call: 

dynlm(formula = d(log(GS)) ~ d(log(SP))) 

Residuals: 

      Min        1Q    Median        3Q       Max  

-0.242518 -0.021921  0.000632  0.020324  0.210505 

Coefficients: 

              Estimate Std. Error t value Pr(>|t|)     

(Intercept) 0.0005688  0.0024657   0.231    0.818     
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d(log(SP))  1.6037778  0.0861750  18.611   <2e-16 *** 

--- 

Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 

Residual standard error: 0.04362 on 311 degrees of free-dom 

Multiple R-squared:  0.5269,    Adjusted R-squared:  0.5254  

F-statistic: 346.4 on 1 and 311 DF,  p-value: < 2.2e-16 

Table 1.6c shows the formatted table of estimation results using star-
gazer. 

Table 1.6c Formatted table of results using stargazer 

Dependent variable: 

d(log(GS)) 

Constant 0.000569 

(0.002466) 

t = 0.230695 

p = 0.817704 

d(log(SP)) 1.603778 

(0.086175) 

t = 18.610710 

p = 0.000000 

Observations 313 

R2 0.526894 

Adjusted R2 0.525373 

Residual Std. Error 0.043619 (df = 311) 

F Statistic 346.358400 (df = 1; 311) (p = 0.000000) 

The results from estimating the Goldman Sachs single-index model 
over the first sub-period are shown in Table 1.7. 

Table 1.7 Sub-period 1, Start = 2005-04-04, End = 2008-09-08 

Dependent variable: 

d(log(GS)) 

Constant 0.001335 

(0.002260) 

t = 0.590809 

p = 0.555398 

d(log(SP)) 1.597594 

(0.123700) 

t = 12.915110 

p = 0.000000 

Observations 180 

R2 0.483759 
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Adjusted R2 0.480858 

Residual Std. Error 0.030318 (df = 178) 

F Statistic 166.800000 (df = 1; 178) (p = 0.000000) 

The results from estimating the Goldman Sachs single-index model 
over the second sub-period are shown in Table 1.8. 

Table 1.8 Sub-period 2, Start = 2008-09-15, End = 2011-03-28 

Dependent variable: 

d(log(GS)) 

Constant 0.000466 

(0.004956) 

t = 0.094131 

p = 0.925150 

d(log(SP)) 1.605748 

(0.129043) 

t = 12.443560 

p = 0.000000 

Observations 133 

R2 0.541705 

Adjusted R2 0.538207 

Residual Std. Error 0.057148 (df = 131) 

F Statistic 154.842100 (df = 1; 131) (p = 0.000000) 

The Chow test uses the F statistic 

( ) ( )
[ ] ( )

1 2

1 2 1 2

1
2 1

NRSS RSS RSS k
F

RSS RSS n n k
− + +⎡ ⎤⎣ ⎦=

+ + − +⎡ ⎤⎣ ⎦  
Substituting in this formula, we have 

( )
[ ] ( )

0.591704 0.163617 0.427837 2
0.065305

0.163617 0.427837 180 133 2 2
F

− +⎡ ⎤⎣ ⎦= =
+ + − −  

or 0.065439 without intermediate rounding. 
The null hypothesis is H0: the parameters are stable. The alternative 
hypothesis is H1: at least one parameter is different. From Table G.3b 
on page 788 of the textbook, the 0.05 critical value of 2, 3.00F ∞ = . The 
calculated value of the test statistic is less than the critical value; we 
therefore do not reject the null hypothesis and conclude that there is 
no significant change in the parameters between the two periods. 
Alternatively, the calculated p-value for the test is 0.9367, which is 
more than 0.05, and we do not reject the null hypothesis. 
The output from the sctest is as follows. 
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Table 1.9 Chow test performed using sctest 

Chow test 

data:  diff(log(GS)) ~ diff(log(SP)) 

F = 0.065439, p-value = 0.9367 

b) No. The Chow test shows only whether the parameters are 
significantly different between sub-samples; it does not reveal which 
parameters (if any) have changed. 

c) To test hypotheses about both the slope and the intercept, the single-
index model for the entire period could be represented by 

( )0 1 2 3t t t t t tY X D D X uβ β β β= + + + +  
where Dt = 0 for 4 April 2005 to 8 September 2008 and Dt = 1 for 15 
September 2008 to 28 March 2011. The estimation results are as 
follows. 

Table 1.10 Start = 2005-04-04, End = 2011-03-28 

Dependent variable: 

d(log(GS)) 

Constant 0.001335 

(0.003262) 

t = 0.409421 

p = 0.682515 

d(log(SP)) 1.597594 

(0.178503) 

t = 8.949952 

p = 0.000000 

D 0.001802 

(0.005003) 

t = 0.360142 

p = 0.718988 

I(D * d(log(SP))) 0.008154 

(0.204016) 

t = 0.039965 

p = 0.968147 

Observations 313 

R2 0.527095 

Adjusted R2 0.522503 

Residual Std. Error 0.043750 (df = 309) 

F Statistic 114.802600 (df = 3; 309) (p = 0.000000) 

An F test of the joint significance of the two dummy variable terms 
suggests we would not reject the null hypothesis that these two 
variables are not significant. How do we know this? Note that the 
unrestricted regression with the two dummy variable terms is 
equivalent to the unrestricted regression over the two separate sub-
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periods in part a). In the regression with two dummy variable terms, 
the residual sum of squares is 0.591454, obtained with the command 

rss_dummies = sum(resid(dlgs_c_dlsp_d_ddlsp)^2) 

which equals 0.163617 + 0.427837 from part a. And the relevant 
restricted regression involving no dummy variables is identical to the 
restricted regression in part a). 
However, we have the additional information given by the estimated 
coefficients for the dummy variable affecting the constant and slope. 

d) Including only the slope dummy DtXt in the model and excluding the 
intercept dummy Dt in the model given in the answer to (c) above, 
would mean that the dummy variable would influence only the 
parameter β1 which is the coefficient that measures the sensitivity of 
the return on Goldman Sachs shares to the return on the stock market 
index. 

Question 4 

a) True. The model is in semi-log form, and in particular, the log-lin form 
(the dependent variable is measured in logs, but the regressors are 
linear). For the continuous regressor Xi, β1 measures the constant 
proportional change in Yi for a given absolute change in Xi. To see this 
note that (ignoring the error term) 

0 1 2i iX G
iY eβ β β+ += so 0 1 2 1 1i ii X G

i
i

Y e Y
X

β β β β β+ +∂ = × = ×
∂

 

so 

1
i i

i

Y Y
X

β∂ =
∂  

and the percentage change in Yi (or semi-elasticity with respect to Xi) is 
1100 β× .  

(See Wooldridge, 2020, Section 2-4b, pp. 37–39, and Section 6-2a, pp. 
186–88, if you require more explanation and demonstration of 
interpreting models with this specification.) 

b) False. The coefficient on the dummy variable in this semi-logarithmic 
model does not measure the proportionate change in Yi for an absolute 
change in the dummy variable. The dummy variable is not 
continuous: it takes only values 0 and 1. Consider the values for Yi 
when the dummy variable takes the values of 0 and 1 (again, ignoring 
the error term) 
When   Gi = 0 ,   Yi = eβ0+β1Xi   

and when   Gi = 1, 0 1 2iX
iY eβ β β+ +=   

So the proportionate change in Yi is 

( ) ( )0 1 2 0 1 0 1 2
0 1 2 0 1 2

0 1 0 1
1 1 1

i i i
i i

i i

X X X
X X

X X
e e e e e

e e

β β β β β β β β
β β β β β β

β β β β

+ + + + +
+ + − +

+ +
− = − = − = −

 
and the percentage change in Yi is ( )2100 1eβ× − . 
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(See Wooldridge, 2020, Section 7-2a pp. 226–28 for additional 
explanation and demonstration of this point.) 

c) False. If the gender of the investment manager is a relevant 
explanatory variable in determining the earnings of investment 
managers, its inclusion in the model will increase the value of R2 
(which measures the ratio of the explained variation to the total 
variation in the dependent variable). 

d) False. The two separate regressions can be expected to show variation 
in both the intercept and slope coefficients. The model in this question 
only allows for variation in the intercept term. 

e) True. One year would act as base year and nine year dummies would 
represent the remaining years. This is one way of combining cross-
section and time series data in a single model. 
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