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1 Overview

This note describes the goals and content of ECO383, a fascinating and important

introductory ‘methods’ course in Economics (I’m speaking objectively!).

The course provides an intuitive introduction to the craft of making arguments using

data, primarily in the social sciences, though the methods are very general. It does

not presuppose any special knowledge, other than of basic logic and English. The most

important prerequisites are: (i) a keen desire to understand how data are analyzed in

current research, (ii) a willingness to follow the development of the ideas in the course

carefully, and (iii) to practise course-related techniques along the way.

By the end of the course, students will be equipped to read, understand, and evaluate

current research papers in economics that use data and employ econometric methods.

(There will be no final exam.)

1.1 Goals

In more detail, the course has three goals:

∗Note by Robert McMillan c©, email: mcmillan@chass.utoronto.ca.
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The main goal is to introduce you to the fascinating subject of data analysis. This is a

subject that educated people will increasingly need to be familiar with, whether they go

into banking, finance or work for the government, or become quantitative researchers

themselves. Why? – because data are becoming ever more-widely available and com-

puters quicker and cheaper, so that people who understand how to work with data are

(and are going to be) increasingly sought after. Which, from an economist’s perspective,

means that they (or you!) will be paid more, all else equal...

To make things concrete, we will focus on data analysis in applied microeconomics (my

general area of research). In doing so, we will make use of microeconomic reasoning:

strengthening your analytical skills in this area is the second goal of the course.1

Within applied microeconomics, we will consider various applications, especially relating

to education (because the education process is fundamental to the success, or otherwise,

of modern societies and because research in that area uses innovative empirical methods

that are more generally applicable).

That focus noted, our third goal is to give you an understanding of empirical methods

used in current research: by the end of the course, you should be able to read and

understand empirical papers in applied micro (and empirical papers in economics more

generally). You should also gain a sense of what makes an empirical paper convincing:

the work we will do should strengthen your critiquing skills in this respect. And in the

process, you should gain some familiarity with interesting current policy debates.

1.2 Organization – in Brief

The course will be in two parts:

First, we will cover the pre-requisites needed to read interesting academic papers, really

starting from zero. Our focus will be on the rudiments of data analysis – essentially,

introducing the core methods used in applied econometrics – without presupposing more

than a basic knowledge of mathematics and statistics. We will begin with a discussion

of models and hypotheses relating to them. We will then look at the mechanics of curve

fitting, graphically and then more formally. We will consider the most popular estimator

– ordinary least squares – in some detail, deriving its properties. Then we will cover

inference.

1From an economist’s perspective, those skills are also valued highly, and will be priced accordingly.
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By the end of the first part, we should be in a position to read (with profit) interesting

recent research in applied fields, which is what we will turn to in the second part:

studying and learning from academic papers, applying the knowledge learned in the

first part of the course.

The more specific content is given next.

2 Course Plan

This section gives a brief summary of the topics we will cover, in order.

Part I: Introduction to Data Analysis

• Deterministic Models and Hypotheses

A focal example: the education production function

Input complementarity

Differences-in-differences

• Testing Hypotheses Using Data

Application: do smaller classes (C) raise test scores (T )?

• The Mechanics of Curve Fitting

A simple linear model: T = α + βC + u

Deriving aols and bols

• ‘Noise’ (u): Introducing Random Variables

bols is a random variable

• Discrete Random Variables

Coin tossing / Bernoulli random variables

Expectation and variance of discrete random variables

• Continuous Random Variables

Uniformly-distributed random variables
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Expectation and variance of continuous random variables

Normally-distributed random variables

• ‘Noise’ Applications

Entrance exams

Estimating unobserved student ability

• Properties of the Least Squares Estimator

E(bols) = β (unbiasedness)

Deriving V ar(bols) and the relevant assumptions

The distribution of bols

• Hypothesis Testing

• Multiple Regression

Omitted Variables and Omitted Variables Bias

Experiments and Randomization

Part II: Empirical Research – Papers (and Themes)

• The class size debate: Hanushek (1986)

• Class size mechanisms: Lazear (2001)

• STAR Experiment: Krueger (1999) and Krueger and Whitmore (2001)

• Regression discontinuity: Angrist and Lavy (1999)

• Implementing CSR in California: Jepsen and Rivkin (2009) and Sims (2008)

• Differences-in-differences: Morin (2011), Gilraine, Macartney and me! (2019)

• Valuing public education: Black (1999)

• Incentives in education: Macartney (2014)

• Competition: etc.
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3 Mathematics and Transparency

In this course, I will not presuppose any deep mathematical background on anyone’s

part. Rather, as noted, the content will be taught from ‘the bottom-up.’ In the process,

I will attempt to make the treatment self-contained and as transparent as possible.

Learning and becoming good at mathematics involves the combined application of logic

and mental effort. Intelligent and curious people with a will to learn can therefore learn,

and become good at, mathematics.

Here, it is instructive to quote a really *great* mathematician, John von Neumann

(famous enough to appear on a US postage stamp). He said, “In mathematics, you

don’t understand things. You just get used to them.” This quotation hints at the need

to practice and thereby get into the habit of mathematical thinking. After a while, the

claim is that such reasoning will just start to seem natural and so make sense. We will

proceed on that basis (and I think you will find it to be true...).

Some Mathematical Prerequisites

Having noted that mathematics is basically the application of very clear common sense,

we will have occasion to use the following:

• Basic algebra

• Summations and manipulating summation signs (which I will introduce, for those

who are not familiar)

• Partial differentiation of a multivariate function (especially, the chain rule of dif-

ferentiation)

• Partial differentiation using summations (simple optimization – minimizing the

least squares objective)

• Integrating a simple univariate function (used in association with continuous prob-

ability density functions)

• Computing definite integrals (computing expectations and probabilities)
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In each case, we will give simple examples. If you need more practice, please let me

know: in this realm, practice makes perfect.

I hope you consider signing up for the course.

If you have any questions, just send me email at:

mcmillan@chass.utoronto.ca

Robert McMillan
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