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Introduction

This is BSM946: Advanced Quantitative Methods

David Morris

d.morris5@aston.ac.uk

SW906, 9th Floor

Office Hours: Tuesday 4-6pm, Wednesday 1-3pm

Tip Number 1:

READ THE MODULE SPECIFICATION!!!
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Why Econometrics?
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A good Econometrician can....?

1 Understand what the problem is
Break down a problem into its key elements

2 Diagnose the correct model to use
What are the assumptions of different models? Do they apply?

3 Apply the correct model
A good understanding of the statistical software you wish to
use

4 Interpret the results
Needs a good understanding of the model you have run

5 Explain the results to others who may not have a background
in econometrics

Both an ability to communicate and to communicate in a
common language to non-econometricians

This is what we want from you at the end of the course!
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Aims and Objectives

1 To build on term 1 and introduce core fundamental
econometric theories and techniques;

2 To provide important practical skills of quantitative analysis
using statistical and econometric tools and techniques, which
are both academic and vocational relevant.

By the end of this module you should be able to:

Understand, apply and interpret relevant models
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Why these aims?

These were the skills that came out time and time again on
job criteria

Being able to use statistical software

Being able to handle technical requirements associated with
data analysis

Explain technical elements in everyday language
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Blackboard

1 Module Specification - Details everything!

2 Reading List - Guide to independent study

3 Lecture Materials - Not complete handouts

4 Workshop Materials - Materials to look over and attempt

5 Discussion Board -Help each other/yourself

Raise and ideas or words you don’t understand

6 Assignments - Details of assignments, marking guidelines etc

7 Understanding Quizzes - Quick tests on each topic

8 Aston Replay - Recorded lecture sessions
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What I expect from you...

1 Turn up
2/3 hours a week
8 weeks
Workshops are very
important!

2 Do the reading!
71 hours independent
study
Understanding is key!

The more you do the more you
will get out of the module

Exam is structured to maximise
understanding
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What you can expect from me...

My role is to support you and
direct your learning

Help you get the most out of
the module that you can

What you can expect from
me...

1 Turn up!
2/3 hours a week
8 weeks

2 Respond to Emails

3 Office Hours

4 Monitor discussion groups
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Reading

No one textbook for this course!

I will provide PDFs on Blackboard of the relevant reading as we go

Some textbooks will be useful:

Dougherty, C (2011), Introduction to Econometrics, 4th
Edition, Oxford University Press

Wooldridge, J (2013), Introduction to Econometrics,
EMEA Edition, Cengage Learning EMEA

Gujarati, D and D. Porter (2009), Basic Econometrics,
5th Edition, McGraw Hill Education

Journals will also be provided
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Rules of the Game

1 You can all get a first (70+)

2 Read, understand and process

3 Apply the correct models, and show an understanding of why
it is

4 Interpret models correctly

5 Not all information is equal
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Assessment

Coursework - Individual Assignment (30%)

Deadline - 17/Feb/2017

Details - 1,500 words, excluding bibliography

Conducting a piece of econometric analysis, and writing a
report

Tests understanding, application, and interpretation of
econometric concepts, models and techniques

Closed Book Exam - 2:00 hrs (70%)

The exam will not test the use of STATA, but rather the
concepts, theories, and the applications of econometric
methods and tools

Interpretation of STATA output is a key component of the
course and is thus likely to be assessed on the exam
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What I am looking for...

+40 accurate answers

+60 requires understanding and explanations

+70 requires well structured explanations and correct
examples of applications

Can you see why repeating answers back lecture notes is not
enough?

Have a look at the marking matrix on BB

Look at the aims and objectives!
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Getting a good mark...

Understanding....

Textbook: Accessible overview of material

Journal Articles: Note - question, method/data, findings, fit

The Economist, FT, Broadsheets, BBC website, etc: Good for
motivating work

Unknown online resources, Wikipedia, tutor2u etc: AVOID!!!
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Feedback

What do you think feedback is?

How do you think you will receive
feedback?
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Content

Split (crudely) in two
halves...

1st Half: Recep and
cross sectional
models

Introduction

Topic 1): Introduction and review of
OLS limitations

Topic 2): Dummy variables and
heteroskedasticity

Cross Section/Panel models

Topic 3): Discrete choice models

Topic 4): Instrumental Variables

Topic 5): Panel data models
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Content Continued

2nd Half: Time series

Topic 6): Introduction to time series

COURSEWORK HAND IN!!!

Topic 7): Stationarity and
Cointegration

Topic 8): Forecasting models

Topic 9): Revision
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Understanding

Mentioned understanding a few times

Language

Too often econometrics is hidden behind technical language

Want to create an environment where we understand

this means getting past the language...

Proposal:

1 Shout out system!

2 Discussion board!
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Questions so far...

Your questions please....?
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Back to the Beginning

What are we trying to do?

We want to find out if there is a relationship between two variables
of interest

http://tylervigen.com/spurious-correlations
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Back to the Beginning

What is econometrics?

“The application of statistical methods to the analysis of economic
phenomena” Tintner, 1953

A way of quantifying the relationship of various variables of interest

Drownings = α + β1Nicolas Cage films + ε

Interesting in estimating the values of the two parameters α and β1

Can never know their true values so always an estimate!

http://tylervigen.com/spurious-correlations
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Estimators

Want to estimate parameter values, α, β1.... etc

To do this we need an estimator

What is an estimator?

More concerned with the estimator than the estimates

A good estimator should ensure good estimates!

An infinite amount of estimators exist

So what is a good estimator?
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Look for certain characteristics:

1 Computational Cost

2 Least Squares

3 Unbiasedness

4 Smallest Mean Square Error

Let’s look at what some of these mean...
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1: Computational Cost

As economists always making cost benefit decisions...

Computational cost and ease is something that needs to be taken
into account when selecting an estimator

Not as much of a problem as it used to be

Will not be a problem for the methods on this course

Can still be troublesome for certain methods
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2: Least Squares

Estimating values of the dependent variable (y), based on the
independent variables in the dataset (x)

These estimated values (ŷ) can be subtracted from the actual
values of y to produce residuals (y - ŷ)
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2: Least Squares

These residuals are very important

Seems to make sense that a good estimator has ‘small’ residuals

But what do we mean by small?

Should we minimise the sum of the absolute value of
residuals?

Weight the smallest residuals the most, as large residuals may
be just anomalies

Weight the largest residuals the most, as they should be
avoided

Many other options...
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2: Least Squares

Most popular method is the minimization of the sum of squared
residuals

This is the Ordinary Least Squares model you will have seen

Not the favourite due to minimising the squares, more due to its
other properties

Not always appropriate as the assumptions needed for OLS
may not hold!

This is something we will look at in more detail
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3: Unbiasedness

We use an estimator to calculate an estimate of β for our sample

Do not know the true population β and if we take different
samples our estimate of β will change

What would happen if we keep resampling and trying to estimate
the value of β?

Will form a distribution of these β estimates

This distributed is called a sampling distribution
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Sampling Distribution

Mean= 15
5 = 3
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Sampling Distribution

Mean= 58
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Sampling Distribution

Mean= 36
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Sampling Distribution

Mean= 31.2
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Sampling Distribution
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Sampling Distribution
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Sampling Distribution

This shows the sampling distribution of the estimator f (β)

What is the frequency of this value of β, when the sample is
re-estimated 2,000 times

Sampling Distribution

These are key in economics - ‘good’ properties of sampling
distributions are important!
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Sampling Distribution

What properties do we want this sampling distribution to have?

We want it to be unbiased!

Which means the mean of the sampling distribution for an
estimator lies over the true value of β
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3: Unbiasedness

The unbiasedness property does not mean that our estimate
of β will be the true value of β

Again, it does not guarantee that β̂ = β

What does it mean?

Unbiased

Unbiased property says that with repeat sampling an infinite
number of times we would get the true value of β on average!
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Best Unbiased

Sometimes it is impossible to find an unbiased estimator

But when you can find one... Can normally find more than one!

In this case try and find the best unbiased

i.e. the one with the smallest variance

Will be the most efficient estimator out of all the unbiased
ones
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Best Unbiased

Why is a small variance a desirable property?

Both would have a mean of β

One would range more widely

This is less desirable

What is the Best Unbiased Linear Estimator (BLUE)?

OLS

OLS is best (small variance) unbiased (sampling distribution mean
is β) linear estimator
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4: Mean Square Error (MSE)

Last properties we should talk about...

is Mean Squared Error (MSE)

We have seen that best unbiased is a nice condition to have

Can sometimes play too important a role

Restricts us to just estimators that are unbiased

But a slightly biased estimator may have a much small
variance
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4: Mean Square Error

Here f(β) is not centered over the true value of β

But its variance is much smaller than f(β2) which is
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4: Mean Square Error (MSE)

Most researches would prefer f(β) over f(β2)

Would prefer the biased estimator

So best unbiased is not always the model that we want!

Trade off between low variance and low bias is formalised by a
weighted average of the bias and the variance

MSE

When an estimator is chosen so as to minimise an equally weighted
average of the variance and the square of the bias, the estimator is
said to be chosen the MSE criterion

Not normally adopted unless the best unbiased produces estimates
with large variances!
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Sampling Distributions and
Estimators
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Recap

Most of what econometricians do is either finding ”good”
estimates for unknown numbers, or testing hypotheses

The sampling distribution concept creates the following underlying
logic for these two activities

Underlying Idea 1

Using a formula f(β) to produce an estimate of β can be
conceptualized as the econometrician shutting his or her eyes and
obtaining an estimate of β by reaching blindly into the sampling
distribution of f(β) to obtain a single number

Here β could be a parameter or a value to be forecast
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Recap

Because of Idea 1, choosing between f(β) and and a competing
formula f2(β) comes down to the following:

Underlying Idea 2

Would you prefer to produce your estimate of β by reaching blindly
into the sampling distribution of f(β) or by reaching blindly into
the sampling distribution of f2(β)?
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Recap

Underlying Idea 3

Because of Idea 2, desirable properties of an estimator f(β) are
defined in terms of it’s sampling distribution

For example, f(β) is unbiased if the mean of its sampling
distribution equals the number β being estimated

This explains why econometricians spend so much algebraic energy
figuring out sampling distribution properties, such as mean and
variance
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Underlying Idea 4

The properties of the sampling distribution of an estimator f(β)
depend on the process generating the data, so an estimator can be
a good one in one context but a bad one in another

When we move from one topic to another we are moving from one
data generating process to another, necessitating a re-examination
of the sampling distribution properties of familiar estimators, and
development of new estimators designed to have ”better” sampling
distribution properties
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Task 1

Try to define a sampling distribution in the best way you can on
the discussion group

Link videos

Use diagrams or pictures

Use metaphors

Whatever helps you and might help someone else!

There will be incentives to complete the tasks throughout the
course...
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OLS
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OLS

Seen this before.... so what do you know about it...?

We know OLS is BLUE

Computationally easy

Often tested first, and we determine if it has the desirable
properties to use

If it has the desired properties it is the preferred estimator

In many situations it does not have these desired properties
and a replacement needs to be found

When does OLS work well?
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What are the assumptions that we make when using OLS?

1 Linear
Y should be a linear function of X variables and ε

2 Expected value of ε is zero for all observations
E ( εi ) = 0

3 Homoskedasticity
The conditional variance of the error term is constant in all x
and over time

4 Error term is independently distributed and not correlated
Cov (εi , εj) = E( εi , εj) = 0 i 6= j

5 No perfect collinearity between regressors

6 Randomly sampled from the same population

Gauss-Markov assumptions
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1: Linear Function

When does this break down?

Non-linearity

Relationship is simply not linear

Wrong Regressors

If there are variables missed that should be included
Or variables included that shouldn’t be

Changing Parameters

The parameters β do not stay the same across the sample
period
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2: Expected value of ε is 0

Expected value of the disturbance term is zero

Mean of the distribution from which this is drawn must be zero

E ( εi | Xi ) = 0

If we know an individuals characteristics, Xi , should not be able to
predict if they are above or below the average population
regression line (cannot tell if ε is + or -)

If this is not the case there is a biased intercept problem
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3: Homoskedastic Errors

Subject we will talk about in detail next week

Should be no relationship between the variance of the error terms
and the regressors

Var (εi | Xi ) = σ2

Variance does not vary systematically with Xi

Disturbance terms should all have the same variance
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4: Error term is independently distributed and not
correlated

Errors have to be independent

Knowing one error should not help you predict another
This means that they should not be linked by:

Time

Space

Anything else!

Means there should be no autocorrelation
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5: No Perfect Collinearity in Regressors

Different regressors used in the model cannot contain exactly the
same information

y = α + β1X1 + β2X2 + ε

Given this we cannot have: X1 = δ0 + δ1X2

So X1 and X2 cannot share exactly the same information

E.g. house prices

Price = α + β1SQmeter + β2SQfoot + ε

Perfect collinearity as SQmeter and SQfoot provide the same
information
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Beyond OLS

What happens if these assumptions break down?

Then OLS will not necessarily be the best model to use

This is what we will base most of this course on

Starting with models that have non-continuous dependent
variables

Which can make linear models poor estimators
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Before that....

Need to clear up the matter of heteroskedasticity and introduce
dummy variables properly!

This is the topic for next week!

Then you know all there is to know about OLS!

almost all!
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Learning Outcomes

1 Be able to review the limitations of simple liner regression
analysis and the situations where it is not the most
appropriate method to use;

What assumptions need to hold for OLS to be appropriate?
What do we mean by be appropriate?

2 Have developed an awareness of which models are appropriate
to use when an OLS regression may not be robust, and be
able to apply these models correctly;

3 Command an experienced understanding of the empirical
approach to economics, and be able to undertake a robust
piece of econometric analysis;

4 Be able to explain the covered econometric concepts clearly in
concise non-technical language

Do you know what the key words mean?
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READING

Have a look over the simulation materials, check you are happy
with sampling distributions and revise Gauss Markov conditions!
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Your questions please....?
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Glossary

Parameter - The element we are trying to estimate in our work, to
show the relationship between the phenomenon currently being
studied, normally defined as β

Estimate - We never know the true parameter values as we cannot
look at the whole population, thus we estimate the parameter from
a subset of the full population

Estimator - The method we use to derive parameter estimates for
a given sample

Sampling Distribution - This is for you to define!
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Glossary

Residual - The difference between the predicted value of and the
true value: (y - ŷ )

Unbiased estimator - Unbiased estimators will give the true value
of beta on average if sampled an infinite number of times

Gauss-Markov assumptions - a set of assumptions that if hold
ensure that the best linear unbiased estimator (BLUE) of the
coefficients is given by the ordinary least squares (OLS) estimator
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