
The future of economics and 

economics education – Insights 

from machine learning

KEYNOTE SPEAKER 

Prof. Wendy Carlin, University College London (UCL) and Research Fellow 

of the Centre for Economic Policy Research (CEPR) London

CHAIR: Meghan Quinn,  Macroeconomics group, Treasury



.

THE EVOLUTION OF ECONOMICS AND THE FUTURE OF

ECONOMICS EDUCATION: 

INSIGHTS FROM MACHINE LEARNING

Wendy Carlin, UCL, CEPR, and CORE

Based on work forthcoming, with Samuel Bowles J. Econ Literature with a companion paper 

by Greg Mankiw

ACE Melbourne July 2019



Thanks …

Sahana 

Subramanyam 

presenting 

preliminary 

results at the 

Santa Fe 

Institute

Simon DeDeo





Links to CORE’s The Economy



The CORE ebooks ALL FREE ONLINE AT www.core-econ.org

Replaces traditional Econ101
Micro and macro
Calculus supplements (Leibniz)
+ 6 capstone units 

Aimed at non-economics specialists
Public policy orientation
Undergrad or public policy masters

Hands-on step-by-step data handling 
and analysis projects
Using Excel or R
Linked to ESPP (& The Economy)
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Who is the CORE team?



• Researchers and teachers from around the world – from 
Colombia to Bangalore, from Sciences Po to Columbia 
University volunteering their time

• United by the goal of creating a high quality open access 
way of bringing to students the best of economics
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Who is the CORE team?



Engagement
240 universities teaching with CORE from 34 countries; 7,300 registered 
teachers

Replaced the principles course at:
UCL, Bristol, Toulouse School of Economics, Sciences Po, Humboldt University, 
Birkbeck College, Kings College, University of Siena, UCLA, Colorado State 
University, Oxford University, Warwick University, and more

In use in Australia: UNSW, La Trobe, Macquarie, Melbourne, Monash, Sydney, 
UWA, Curtin, Adelaide, UTS, ANU (at PNG)

What is CORE’s reach to date?





Samuelson, 1948,  first page. 



Samuelson: “The methods of analysis used are those that have been 

employed by 90 per cent of the active academic economists under 

the age of 50 over the last decade.” 



Part One: Basic Economic Concepts and National 

Income

1. Introduction

2. Central Problems of every Economic Society

3. Functioning of a “Mixed” Capitalistic Enterprise System

4. Individual and Family Income 

5. Individual and Family Income: Earnings in Different 

Occupations

6. Business Organization and Income

7. The Economic Role of Government: Expenditure, Regulation, 

and Finance

8. The Economic Role of Government: Federal Taxation and Local 

Finance

9. Labor Organization and Problems

10. Personal Finance and Social Security

11. National Income 

Part Two: Determination of National Income and 

its Fluctuations

1. Saving and Investment

2. Prices, Money and Interest Rates

3. Fundamentals of the Banking System and Deposit Creation

4. Federal Reserve and Central Bank Monetary Policy

5. International Finance and Domestic Employment 

6. The Business Cycle

7. Fiscal Policy and Full Employment without Inflation

Part Three: The Composition and Pricing of National 

Output

19. Determination of Price by Supply and Demand

20. The Theory of Consumption and Demand

21. Cost and the Equilibrium of the Firm under Perfect and Imperfect       

Competition

22. Production Equilibrium of the Firm and the Problem of Distribution

23. International Trade and the Theory of Comparative Advantage

24. The Economics of Tariff Protection and Free Trade

25. The Dynamics of Speculation and Risk

26. Social Movements and Economic Welfare

A revolutionary table of contents
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The idea: We combine a Bayesian statistical machine learning technique – topic modeling –

with Thomas Kuhn’s concept of paradigm shift to explore the changing content of 

economics textbooks and how it reflects changes in both economics research and the 

economy. 

• Kuhn’s scientific revolutions and paradigm shifts:

“The [scientific] community’s paradigms [are] revealed in its textbooks..”

• Topic modeling 

• Was Samuelson 1948 a paradigm shift and if so, why did it happen and what  earlier 

content did it preserve and what did it innovate. 

• Do the current market-leading texts (Mankiw and Krugman & Wells (KW)) represent the 

current paradigm in economics, do they address the dominant economic problems ? 

• How does the CORE open access introduction to economics differ from Mankiw and KW? 



For those unfamiliar with topic modeling (TM): The idea 

• A topic model is a Bayesian machine-learning answer to the question: What is the 

hidden structure of themes the authors most probably had in mind when they 

generated the documents? 

• There are many ways that the above questions might be answered: e.g. reading the 

documents, interviewing the authors. 

• TM: by observing only the words used can we reverse engineer what themes could 

have generated the observed collection of words in a set of documents? 

• Topic modeling provides an answer by inverting the data-generating process and 

asking what thematic structure is most likely to have produced some observed 

properties of the documents making up the corpus



Bayesian probabilistic topic modeling

• Observed: a set of N unique words (including bigrams, etc, tokens) in a set of D 

documents (the corpus is D distinct “bags of words”)

• Hidden: the thematic content of the documents making up the corpus (the fixed number 

of K topics allocated across the D documents in ways that might have generated the 

observed word use)



Assumptions and researcher choices for the simplest applications (used here). 

• Bag of Words. The only observed structure is the presence of words in documents. The 

order of words in a document is not observed (just a “bag of words”). 

• Exogenous (selected by the researcher)

– The number of topics that “generated” the corpus (K=100)

– The set of D documents. 

– “Naming” the topics

– Stemming and stop words



Corpus

• 27,436 journal articles …

• …distributed over journals 

and time periods as shown

• …after stemming and 

eliminating stop words gives

• 10,849 unique tokens (words, 

bigrams)

1900 - 2014

1900 - 2011 1900 - 2011 1933 - 2014

1933 - 2012

1919 - 2003

1911 - 2012

15.5% 10.4% 9 % 13.9%

17.9% 23.3% 9.9%
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Question 1: How do words get to be in a document’s bag, given that a particular topic (like 

Topic 4) is contributing to the document? “Word weights in topics”

• A topic is one of the K vectors (or themes or 

subjects) represented as a distribution over the N 

words with word-weights summing to one, which 

represent the probability that word occurs, 

conditional on the topic having been drawn to 

contribute to the document. 

• We arbitrarily set K topics and then have K vectors 

of dimension 1xN, the elements of which are the 

weight of the ith word in the kth topic.
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Example: Two topics A and B from a 3-word vocabulary: “Equilibrium” “Strategy” and 

“Money”. Shown are the word weights (the simplex coordinates) for topic A. 

B

A

Word: Money

Topic A could be labeled “Game Theory” 

and Topic B “Monetary Economics” 
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Question 2: How do topics get 

to put words in a document’s 

bag of words? “Topic weights 

in documents”

• The thematic content of document d 

is represented as a distribution over 

topics given by a 1xK vector θd, the 

elements of which (called topic 

proportions, or weights) are the 

relative importance of that topic in 

generating the document  or 

• equivalently, …for a given 

document, the probability that the 

topic is selected to draw words to 

place in the document’s bag

 d

1

 with 1
K

kd kd

k

 



Topic: Fluctuations

3

Topic: Principal Agent

1
Topic: Regulation                 

2

d

Illustration from a corpus from which just 3 topics have 

been extracted: Shown are the topic weights for some 

document “How a central bank stabilizes aggregate 
demand”, which could have been ‘generated’ by the topics 

“fluctuations” and “regulation” with a bit of input from 

“principal agent” 
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This is the probability 

that topic 2 generated 

words for document 1



Topics (k) most likely to have 

generated some well known papers  

(d ) with the associated words and 

topic weights

1

 with 1
K

kd kd

k

 




Example: Which topics “wrote” Solow’s 

famous growth model paper?



Topic modeling methods: Summing up

• Intuition: words are drawn from, and each document is associated with, a set of topics, both 

with probabilities that are estimated by the model. 

• The method jointly estimates the weights of each word in the K topics and the topic 

proportions in each document.  

• So, the topic model jointly estimates the θ and β most likely to have produced W. 

Observed documents Imputed ‘authors’

Words over documents Words over topics Topics over documents
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Do it yourself kit: How to win the Nobel Prize (probably)

• This can be done at home.

• Select some article you think is likely to get you the prize had you written it,  

like, say, Solow 1956. 

• Find the 1xK “topics in documents”  vector θSolow56

• Locate a large empty bag (not plastic, if possible); label it “My Solow 1956” 

• Spin the wheel on the top right, calibrated to the probabilities in θSolow56 in 

order to select a topic (e.g. “production functions” which you are very likely to 

get in θSolow56 , it’s the green sector in the unbalanced wheel i.e. Prob = 0.12).

• Find the vector 1xN “words in topics” vector, βproduction functions

• Recalibrate the wheel to the probabilities in βproduction functions (below), give the 

wheel a spin, you’ll get a word like “input” (it’s the yellow sector, Prob = 0.07). 

• Put the word “input” in the “My Solow, 1956” bag. 

• Repeat until you have enough words in the bag (after restoring stop words) for 

your usual QJE paper.

• Submit paper (if possible from an address within 10 km of Harvard Square).

• Write some code to repeat this a few thousand times (including the paper 

submission step) for other papers you admire. 

• Chill, order the champagne and your tickets to Stockholm

Unbalanced roulette wheel for randomizing 

topics in document Solow 1956 (comes with kit)

Unbalanced roulette wheel for randomizing 

words in topic  “production functions” 



Let’s look at 

a) Some empirically estimated topics, the words that make them up, and the 

papers in the corpus for which these topics were most likely to have 

contributed and

b) Some well-known papers, and the topics most likely to have generated 

them 
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With probability 

0.386, Topic 1 

contributed to the 

generation of Falk 

et al.  

With probability 0.398 the word ‘wage’ will be used if 

Topic 1 is contributing to a document 



0.589248 Drew Fudenberg, David K. Levine, Jean Tirole (1987). Incomplete Information 

Bargaining with Outside Opportunities. The Quarterly Journal of Economics
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Thomas H. Noe, Jun Wang (2004). Fooling All of the People Some of the Time: 
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Horizon Model with Two- Sided Uncertainty. The Review of Economic Studies
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Review
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Topic 10: Bargaining and Incomplete Information Topic 20: Game Theory and Behavioral Economics 





Does topic modeling capture the novelty 

of Samuelson 1948



Comparison of 

content in 

Samuelson 1948 

and Richard T. Ely 

et. al.1930 using 

topic weights

White bar is the topic 

weight to the right for 

Ely et al, to the left for 

Samuelson 1948. The 

dark bar is the 

absolute difference 

between the two 

authors for the topic in 

question

Ely to the right

Samuelson to the left



Student replies to the question “What is the most pressing problem 

economists should be addressing?” (4,442 students in 25 universities 

around the world). 

Another “Samuelsonian” moment?



How the research 

corpus changed since 

Samuelson 1948?

White bar is the topic 

weight to the right for the 

research corpus 1945-

1960 to the left for 2000-

2014. 

The black bar is the 

absolute difference 

between the two periods 

for the topic in question

1945-60 to the right

2000-14 to the left



But if you put at the front of the book …

• what Samuelson called “the really interesting and vital problems of public policy” 

and

• what economists are doing now in their research 

like Samuelson, you end up rewriting the rest of the book!













Kuhn: What are the fundamental entities [under study]? 

How do these interact with each other…? What questions 

may legitimately be asked about such entities and what 

techniques employed in seeking solutions?  

Answers to questions like these are …the educational 

initiation that prepares and licenses the student for 

professional practice.

































Comparison of content 

in CORE’s The 

Economy 2017 and 

Mankiw 2018

White bar is the topic 

weight to the right for 

Mankiw to the left for 

CORE. The black bar 

is the absolute 

difference between the 

two authors for the 

topic in question

Mankiw to the right

CORE to the left



1. The course starts in a different place. Not 
with the market, supply and demand but 
with how the world came to look like it does 
today

2. The order of teaching – introduce actors and 
their interactions before markets. Game 
theory before supply and demand. 

3. Integrate micro and macro by teaching 
principal agent problems. Involuntary 
unemployment and credit constraints are in 
the model from the beginning.

What are the top three things that set The Economy apart from other principles of 
economics texts? 
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the great divergence

Where to begin a course? 



Where to begin a course? 

Global inequality across countries and between countries

2014
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2. The order of teaching – introduce actors and 
their interactions before markets. Game 
theory before supply and demand. 

3. Integrate micro and macro by teaching 
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Principal Agent

What are the top three things that set The Economy apart from other principles of 
economics texts? 



• Start with a question, and look at the evidence.

‘Why do working hours differ across countries and time?’

• Build a model that helps us understand what we see.

Constrained optimization (indifference curves, feasible set)

• Critically evaluate the model

Can workers really choose? Influence of culture, norms, and politics

Theory Application

TheoryApplication

‘Usual’ approach:

CORE approach:

Evidence-based learning



Provide context – a 

century of decline in 

work hours …

Motivate 

income and 

substitution 

effects

Back to the 

data …

The theory 

… and cross-country evidence



What do economists really do? 



Does it work? Student outcomes in unchanged intermediate courses



The firm: demand and 

iso-profit curves

Strategic interaction: 

mutual gains and 

their distribution

Why does it work? Teaching the tools of economics – e.g. feasible sets and 
preferences – motivated by and applied to real problems in the world

Working hours: cross-country 

differences

Selfish and altruistic 

preferences

The macroeconomic 

policy maker
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