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• Text allows us to measure a proxy of the world
– Topics of discussion [Grimmer et al. 2014; Nguyen et al. 2012]

– Attitude & opinion [Dodds and Danforth 2009; Stuart and Young, 2012]

– History of ideas [Hall et al. 2008; Uzzi et al. 2013]

– Bias & polarization [Garg et al. 2018; Niculae et al. 2015; Tan et al. 2018]

• Text allows us to understand social interaction and 
human behavior
– Persuasion [Flynn et al. 2017; Tan et al. 2016]

– Linguistic coordination [DNM et al. 2013; Doyle et al. 2017]

– Diffusion of norms [Amato et al. 2018; Eisenstein et al. 2014]

– Mental health [Althoff et al. 2106; Coppersmith et al. 2014]

• Text allows us to understand language
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Text as Data: The Promise and Pitfalls of Automatic 
Content Analysis Methods for Political Texts, 
Grimmer and Stewart 2013.
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what humans can do what humans cannot do
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Determine the topic of a 
sentence among 15 categories

Sentiment analysis

what humans can do what humans cannot do
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Sentiment analysis

Determine whether a 
tweet is going to be viral

Find the perfect argument 
to change Trump’s view

what humans can do what humans cannot do
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Food trucks are the 
epitome of small 
independently owned 
LOCAL businesses! Help 
keep them going! Sign the 
petition bit.ly/P6GYCq

I know at some point 
you’ve have been saved 
from hunger by our rolling 
food trucks friends. Let’s 
help support them! 
bit.ly/P6GYCq

Tan, Pang and Lee 2014
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Sentiment analysis

Determine whether a 
tweet is going to be viral

Find the key ideas in a 
million documents

Find out idea relations 
in a million documents

what humans can do what humans cannot do
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• What approach to take
• How to interpret the results
• How to evaluate the results 

what humans can do what humans cannot do
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Text as Data: The Promise and Pitfalls of Automatic 
Content Analysis Methods for Political Texts, 
Grimmer and Stewart 2013.
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Sentiment analysis

Determine whether a 
tweet is going to be viral

Find out idea relations 
in a million documents

what humans can do what humans cannot do
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Find out idea relations 
in a million documents

what humans can do what humans cannot do
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Ecosystems of ideas



• Competition and collaboration
–Natural selection [Dawkins 1976]
–Marketplace of ideas [Milton 1644; Mill 1859] 

Tan, Card, Smith, ACL’17
• Evolution of ideas
– Telephone game

Tan, Friggeri, Adamic, ICWSM’16
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RELATIONS
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pro-choice pro-liferivals

undocumented 
immigrants illegal alienrivals

small 
government

free marketfriends

word 
alignment

machine 
translation

friends

Chong and Druckman, 2007; Dawkins 1976; Entman, 1993; 
Gitlin, 1980; Lakoff, 2014; Milton 1964
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undocumented 
immigrants

illegal 
alien

rivals

small 
government

free 
market

friends

First quantitative framework to systematically 
describe relations between ideas

Demonstrate effective explorations with this 
framework on a wide range of datasets



• Topics as ideas

• Keywords as ideas
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Our focus is on 
relations between ideas.

We will use standard approaches
• Topics from latent Dirichlet

allocation (Blei et al. 2003)
• Keywords (Monroe et al. 

2008)

Hall et al. 2008

Culturomics, Michel et al. 2011



QUANTITATIVELY

• Given a corpus of documents over time, 
each document consists of a set of ideas

28

Cooccurrence
Pointwise mutual information
[Church and Hanks 1990]

Rarely cooccur

undocumented 
immigrants illegal alienrivals



• Given a corpus of documents over time, 
each document consists of a set of ideas
– Cooccurrence does not capture which is 

winning or losing
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Pearson correlation

QUANTITATIVELY 
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undocumented 
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• Given a corpus of documents over time, 
each document consists of a set of ideas
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QUANTITATIVELY 

Cooccurrence Prevalence 
correlation

Within-
document

Across-
document

&



RARELY COOCCUR
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1980 1990 2000 2010

immigrant,
undocumented
illegal, alien



32Rarely cooccur

Always cooccur

CorrelatedAnti-correlated

Friendship

Arms-race

Tryst

Head-to-head
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CorrelatedAnti-correlated

Friendship
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Tryst

Head-to-head

Friendship
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1980 1990 2000 2010

immigrant,
undocumented
obama, president

LIKELY TO COOCCUR



35Rarely cooccur

Always cooccur

CorrelatedAnti-correlated

Friendship

Arms-race

Tryst

Head-to-head



36Rarely cooccur

Always cooccur

CorrelatedAnti-correlated

Friendship

Arms-race

Tryst

Head-to-head Arms-race



RARELY COOCCUR
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1980 1990 2000 2010

immigration, deportation
republican, party



RARELY COOCCUR
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1980 1990 2000 2010

immigration, deportation
republican, party



39Rarely cooccur

Always cooccur

CorrelatedAnti-correlated

Friendship

Arms-race

Tryst

Head-to-head
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LIKELY TO COOCCUR
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1980 1990 2000 2010

immigration, deportation
detainee, detention



42Rarely cooccur

Always cooccur

CorrelatedAnti-correlated

Friendship

Arms-race

Tryst

Head-to-head



43Rarely cooccur

Always cooccur

CorrelatedAnti-correlated

Friendship

Arms-race

Tryst

Head-to-head

We have shown a framework to quantitatively 
describe relations between ideas.
Can we use them to effectively explore relations 
between ideas?



• Newspapers and research articles as datasets
– Immigration
– Terrorism
– Same-sex marriage
– Abortion
– Tobacco

– ACL
– NIPS
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Correlated, but many
pairs in all four quadrants!
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Strength = |PMI| × |correlation|

Extreme pairs are 
the interesting ones!
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• Terrorism
– Keywords
– Topics
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• Terrorism
– Keywords
– Topics
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• Terrorism
– Keywords
– Topics
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The relations between these topics are consistent with 
structural balance theory: the enemy of an enemy is a friend
[Cartwright and Harary, 1956; Heider, 1946]
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PMI Correlation Joint

Keywords arab islam 106 1,494 2

Topics
federal, state afghanistan, 

taliban 43 99 2

federal, state iran, lybia 36 56 2

Rank among all relations

The “interesting” pair is ranked much 
higher according to our framework.



53https://github.com/nwrush/Visualization

https://github.com/Noahs-ARK/idea_relations



54https://github.com/dallascard/scholar 



• Competition and collaboration
–Natural selection [Dawkins 1976]
–Marketplace of ideas [Milton 1644; Mill 1859] 

Tan, Card, Smith, ACL’17
• Evolution of ideas
– Telephone game

Tan, Friggeri, Adamic, ICWSM’16
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Source

News articles

Shares

Comments
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information source news articles shares comments
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Red: more subjective

• Subjectivity defined as 
the fraction of emotional 
words

• News articles are less 
subjective than sources, 
but shares and 
comments get more and 
more subjective
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better generate 
ideas for the future

61

better understand 
existing ideas in the data



http://www.xiangke.com/html/news/100284/61936252.html

The beginning of 
an exciting journey!
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