
Sociology Applications



2

Recap: Last Class

 Language Modeling: Social Experiments
o The reading author, Christopher Bail (2023), is a sociologist

 HW5
o Looking forward to see your wonderful projects
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This class

 What is sociology?
o History & Recent Agenda
o Relationship with other disciplines

 Big pictures and Examples of Computational Sociology
o Based on Review
o Based on Reference + Examples



What is Sociology?
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Core subject areas in CSS (and digital 
humanities)

Ziems et al. “Can Large Language Models Transform Computational Social Science?” Computational Linguistics, 2024
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Intuition of Sociology
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Intuition of Sociology

agent group society
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Intuition of Sociology

agent group society

Coleman’s boat



e.g., habitus, re-
production, social 
capital, inequality, 

network, institutions, 
function, social control

e.g., industrialization, 
traditional society to 

capitalist society, 
bureaucracy, race 

colonialism

Classic Social Theory Comtemporary 
Social Theory

Modernization Post-Modernization

Why/how societies change Why don’t societies change

Period of Grand Theory
(late 19th century to 1970s)
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Period of Middle Range Theory (50s to now)

Merton Robert 2012 (1949) “On Sociological Theories of the Middle Range” in Graig Calhoun, et al., Classical Sociological 
Theory (page 538)
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Largest American
Sociology Association 
(ASA) Sections by 
Number of Member 
in 2023:

1. Race Gender 
and Class (1031)
Sex and Gender 
(1025) Racial and 
Ethnic Minorities 
(928)

2. Culture (955)

3. Organization, 
Occupation, & 
Work (917)

https://www.asanet.org/



Physics

Economics

Political Science

Sociology

Anthropology 

Physics 
envy

economics 
envy

History 

A joke of 
social science 

disciplines

Methodology



Physics

Economics

Political Science

Sociology

Anthropology 

Physics 
envy

economics 
envy

History 

1. Formal model & theory
2. Experiments
3. Generalizability
4. …

A joke of 
social science 

disciplines

1. First-hand evidence
2. Contingency
3. Social Process
4. …

Methodology



Physics

Economics

Political Science

Sociology

Anthropology 

History 

Rational Actor

Social Construction
Co-Evolution
(usually macro-meso)

Theoretical
Start Points

Social Psychology

Behavioral Psychology

Biology/Ecology

Situation/Context

Bounded rationality (usually micro-meso)



“he (Simon) helped found the Carnegie Mellon School of Computer 
Science, one of the first such departments in the world.”

( https://en.wikipedia.org/wiki/Herbert_A._Simon )

Example 1:
Bounded 

Rationality

https://en.wikipedia.org/wiki/Herbert_A._Simon


“In 1959, he received the first computer science 
Ph.D. from the University of Michigan”

( https://en.wikipedia.org/wiki/John_Henry_Holland )

Example 2:
Co-evolution

https://en.wikipedia.org/wiki/John_Henry_Holland


Big Picture (1) of 
Computational Sociology
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 There are also 
annual review(s) 
of political 
science, 
economics, 
history, … 
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Big Picture (2) of 
Computational Sociology
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Co-Citation Network of Computation 
Related Papers from 4 Journals (2014-24)

Download references from Web of 
Knowledge based on:

1. Search Topic: “computation”, 
“computational”

2. Search Top Sociology Journals:
American Sociological Review
American Journal of Sociology
Social Forces
Sociological Method & Research

3. Top 1% cited references (291 
in total) in each year among 
these 2100+ papers
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Co-Citation network of Computation 
related papers from 4 journals (14-24)

Network & Culture 

More Sociology 

More Bschool Management 

Econ/Edu
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Top 15 Co-Cited References
Traditional Soc Research about race & gender, 
inequality, culture, organization & occupation  CSS Applications
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11 Social theories and research
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2 Regression papers but nonlinear/Big data



Research Examples
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1 NLP Paper: Word Embeddings and 
Culture dimensions
Dimensions
 Rich-poor
 Women-men
 Black-White
 Education
…
Words of Interest
 Sports
 Music
…
Projection and Compare
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1 Simulation Paper: Associative Diffusion
How does heterogeneous culture emerge from homogeneous networks?
 Traditional Diffusion Model (such as predicting Covid-19 diffusion/infection)
 Missing Part: Perception
 Agent-Based Model
 Simulation
 Test Alternatives



Example 1: Embeddings
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Class dimension and sports projection
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Gender, Class & Sports / Race, Music
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Example: Sports by class & gender (Kozlowski, 
Taddy and Evans 2019: 913)

“Golf” is close to “rich”

“Softball” & “Volleyball” is close “feminine”

“Boxing” is close to  
“poor” & “masculine”
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Geometry of Culture: Validation using 
Amazon Turk Survey
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Geometry of Culture: Validation using 
Amazon Turk Survey
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Geometry of Culture: Validation using 
Amazon Turk Survey
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Geometry of Culture: Validation using 
Historical Survey IPUMS
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Geometry of Culture: Change/Sustain of 
Cosine Similarity between Dimensions 
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Geometry of Culture : Ave Projections 
Overtime
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Related development 1: Construct 
Dimensions
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Related development 1: Three ways to 
evaluate dimensions
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Related development 1: 3CosAdd
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Related development 1: PairDir
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Related development 1: 3cOSmul
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Related development 1: Correlation with 
Human Rate
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Related development 2: Dimension and 
Topic Modeling
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Related development 2: Dimension and 
Topic Modeling
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Related development 3: Embedding 
Regression

 Apply to situation of rare words (even appear once is enough)
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Related development 3: Embedding 
Regression

 Apply to situation of rare words (even appear once is enough)
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Related development 3: Embedding 
Regression

 Weight vectors based on sentences/closest 6-10 words/…
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Related development 3: Embedding 
Regression

 Weight vectors based on sentences/closest 6-10 words/…
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Related development 3: Embedding 
Regression

 Weight vectors based on sentences/closest 6-10 words/…
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Related development 3: Embedding 
Regression

 Weight vectors based on sentences/closest 6-10 words/…

Down weight 
Common words
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Related development 3: Embedding 
Regression
 Compared with other computational expensive methods
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My work: Racial Triangulation
 Post Civil Rights Movement

o From explicit (e.g., formal segregation) to implicit racism (e.g., stereotypes; claimed 
“colorblindness”) 

 Development of Racial Theories
o Go beyond a static and consistent single dimension (e.g., color-line, class, 

nation-based theories) (Du Bois 1899; Marx 1972; Omi and Winant 2014)

o Increasingly aware of the dynamic nature of race in racialized 
unequal systems (Doane and Bonilla-Silva 2003; Omi and Winant 2014) 
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Racial Triangulation Theory (RTT) 
 Kim (1999:107) categorizes three racial groups - 

Blacks, Whites, and Asian Americans - into two 
dimensions:
o Relative Valorization The dominant group 

(Whites) valorizes one subordinate group (Asian 
Americans) relative higher to the other (Blacks);

o Civic Ostracism The dominant group 
constructs Asian Americans as unassimilable 
foreigners to ostracize them from politic and 
citizenship. 

o To Control both Subordinate Groups

Citizenship

(S
oc

-e
co

n)
 V

al
ue

s
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Word Vectors Social Application 1

 Use word vectors to represent Social Entities’ Positions in constructed 
Social Space (e.g., black, white)

 Use pairs of word vectors to measure Social Dimensions (Boutyline and 
Johnston 2023: 7; Kozlowski, Taddy and Evans 2019)

Higher value 
=>More female

Lower value 
=>More male

A Gender Dimension Female - Male
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Social Application 1

 Previous studies theory-driven handpick pairs of words and then 
validate

 This study uses both Theory-Driven Handpicked to test theory & 
Data-Driven Algorithms to develop theory.

(e.g., PCA: Principle Component Analysis & K-SVD: K Singular Value Decomposition for identify 
dimensions; nearest neighbor for identify important words)
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Validations

 Cross time and corpus Comparability
o Overtime Vector Alignment (Hamilton, Leskovec, & Jurafsky 2016)

o Cosine similarity returns arbitrary meaning (Steck, Ekanadham, & Kallus 2024)

 Validity of Dimension Accuracy
o Dimensions Construction (Boutyline and Johnston 2023: 10)
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PairDir Dimension Poles Seed words (Wiki) 

0.61 citizenship citizen 
‘citizen', 'citizens', 'naturalized', 'citizenship', 'resident', 'nationals',  
'americans', 'naturalised', 'american' 

  foreigner 
‘foreigner', 'foreigners', 'immigrant', 'stranger', 'strangers', 'outsiders',  
'overstaying', 'expatriates', 'non-american' 

0.61 diligent diligent 
‘diligent', 'hardworking', 'industrious', 'studious', 'scrupulous',  
'hard-working', 'dutiful', 'conscientious' 

  lazy 
‘lazy', 'clumsy', 'careless', 'slob', 'unmotivated', 'indulgent',  
'irresponsible', 'shiftless' 

0.64 competence competence 
‘competent', 'knowledgeable', 'supremely', 'talented', 'intelligent',  
'disciplined', 'accountable', 'skillful' 

  incompetence 
‘incompetent', 'inept', 'incapable', 'unprofessional', 'irresponsible',  
'inexperienced', 'clumsy', 'foolish' 

0.61 family family ‘love', 'child', 'affection', 'mother', 'committed', 'romantic', 'lover', 'affection' 

  uncommitted 
‘naive', 'infidelity', 'adultery', 'unfaithful', 'betrayal', 'cheating', 
'adulterous', 'divorce' 

0.62 violence violence 
‘violence', 'violent', 'conflict', 'hatred', 'extremism', 'brutality', 'disobedience', 
'resistance' 

  nonviolence 
‘nonviolence', 'nonviolent', 'non-violent', 'tolerance', 'moderation', 
'compassion', 'peacefully', 'manner' 

0.66 wealth rich ‘rich', 'wealthy', 'wealth', 'income', 'money', 'funds', 'millions', 'resources' 

  poor 
‘poor', 'poorer', 'poorest', 'poverty', 'impoverished', 'needy', 'helping', 
'economic' 

0.61 patriotism patriotism 
‘patriotism', 'loyalty', 'devotion', 'heroism', 'heroic', 'piety', 'nationalistic', 
 'selflessness' 

  traitor 
‘traitor', 'traitors', 'betrayed', 'disloyal', 'betrayal', 'treachery', 'unpatriotic', 
 'enemies' 

0.64 marriage marriage 
‘marriages', 'relationships', 'suitable', 'attractive', 'appropriate', 'appealing', 
 'desirable', 'well-suited' 

  unsuitable 
‘unsuitable', 'unattractive', 'inappropriate', 'unappealing', 'problematic', 
 'undesirable', 'risky', 'impractical' 

0.63 neighbor neighbor ‘neighbor', 'neighbors', 'friend', 'friends', 'friendly', 'nearby', 'local', 'residents' 

  stranger 
‘strangers', 'encounters', 'encounter', 'someone', 'hostile', 'visitors', 'tourist', 
'tourists' 

0.63 warm warm 
‘personable', 'affable', 'likeable', 'amiable', 'considerate', 'cheerful', 'affable', 
'easygoing' 

  cold ‘aloof', 'haughty', 'taciturn', 'condescending', 'reticent', 'timid', 'loner', 'polite' 
 

PairDir of
Dimensions

 Handpick and then 
validate by PairDir 
(0 to1, the higher the better) 
as seed words, then 
iterate over 
different corpus…

 This presentation 
will largely focus 
on two original 
RTT dimensions
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Social Application 2

 Word’s meaning is context-dependent
 Use variance of word vectors of the same word across different social 

contexts (e.g., who and when) to identify different constructions (Khodak et 
al., 2018; Rodriguez, Spirling & Stewart 2023 )
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Social Application 2

 Word’s meaning is context-dependent
 Use variance of word vectors of the same word across different social 

contexts (e.g., who and when) to identify different constructions (Khodak et 
al., 2018; Rodriguez, Spirling & Stewart 2023 )

 E.g., for Democrats & Republican (0/1) congressmen’s agendas and frames 
around “blacks”, “whites”, “asians”, understand as a regression:

 Y is “blacks”, “whites”, “asians” vectors;



64

Data

 Pre-trained Word Embedding

*COHA: Corpus of Historical American English, covers American textbook, magazine, newspaper

 Fine-tune
o Congressional Record (1900-1999) (Gentzkow, Shapiro, Taddy 2018)

Time Text Method Dimensions Source 
1910-1999 COHA SVD 300 Hamilton, Leskovec, & Jurafsky (2016) 
2014 Wikipedia Glove 300 Pennington, Socher, & Manning (2014) 
2010s Twitter Glove 200 Pennington, Socher, & Manning (2014) 
2010s Google News word2vec 300 Mikolov et al. (2013) 

 



Result 1: Test Theory
Evidence from Contemporary Corpus
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Original RTT & Naïve Dimension (Google News 2010s)

 Black Partial Citizenship (Davies 2022)
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Extended RTT & Valid Dimension (Google News 2010s)
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Extended RTT & Valid Dimension (Google News 2010s)

 Support RTT Black & white high citizenship, Asian and white high competence

 Mexican is more vulnerable
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Extended RTT & Valid Dimension (Twitter 2010s)

 Stronger Discrimination Against Black 
 Stronger White Supremacy



Result 2: Constructions of RTP
From Black-White to Triangulation
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How did Democrats & Republicans discuss 
races & ethnicities?

 Higher values indicate more 
cross-party variance 

 Lower values indicate smaller 
variance. 

 A shift from Black-White 
to Asian-Black-White 
and more.
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How did Democrats & Republicans discuss 
races & ethnicities?

 Higher values indicate more 
cross-party variance 

 Lower values indicate smaller 
variance. 

 A shift from Black-White 
to Asian-Black-White 
and more.
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Democrats (D) vs. Republicans (R) in 1930s
Formal Explicit Civic Ostracism

 Nearest words of “blacks”
 Agendas: 
D: “intermarriage”
R: “suffrage”

 Frames: 
Shared: “injustice”, ”equality”
D: “vindicating”
R: “qualifications”, “ineligibility”
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 Nearest Words of “asians”
 Agendas:
D: “citizens”, “discrimination”;
R: “economies”
Frames:
Shared: “underrepresented”, 
“hardworking”, “competitive”

Democrats (D) vs. Republicans (R) in 1990s
Implicit Relative Valorization
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 Nearest Words of “filipino”
 Agendas:
D: “veterans”, ”citizens”
 Frames:
Shared: “sacrificed”, “noncitizen”
D: ”honorably”, “redress” 
R: “abiding”

“Model” Minority but also 
“abiding” silent minority: a 
toolkit for conservative politicians 
(Kim 1999)

Democrats (D) vs. Republicans (R) in 1990s
Implicit/Explicit Civic Ostracism
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 Nearest Words of “n*”
 Agendas:
D: “empower”, “educating”
 Frames:
Shared: “lawfully”, “naacp”
D: ”dehumanized”, “orators” 
R: “clubs”, “association”

Citizen but also politically organized 
as “loud” minority: implicit civic 
ostracism – restrict black’s 
organized voices (Gillion 2020)

Democrats (D) vs. Republicans (R) in 1990s
Implicit Civic Ostracism
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R_1980 D_1980 R_1970 D_1970 R_1960 D_1960 R_1950 D_1950 

1 illegals mexicans yaquis mexicans farmworkers unskilled unskilled unskilled 

2 narcos narcos mexicans yaquis unskilled farmworkers illegals illegals 

3 traffickers subsidization illegals chicanos bracero domestics laborers laborers 

4 mexicans illegals undocumented anglos braceros laborers farmworkers farmworkers 

5 subsidization reevaluate shrimpers ricans domestics mexicans migrant migrant 

6 undocumented shrimpers farmworkers shrimpers laborers migrant labors mexicans 

7 smugglers undocumented chicanos arizonans mexicans braceros exportation penalize 

8 kingpins braceros anglos undocumented peons bracero mexicans employers 

9 shrimpers personify arizonans illegals migrant labors bracero labors 

10 apprehensions soliders lawfully farmworkers obligated peons pertain shrimpers 

Top Text 
        

1950s illegal mexicans but this is to make the employment of labor legal we need them not only in texas arizona 

1960s mexican labor and that if we were to bring the laborers into the country without the dictates of aflcio the 
 

1970s our countrys need for labor and the need of many citizens to find jobs large numbers of mexicans cross our 

1980s effective law enforcement the drug smugglers call the tune and officials dance to it governors of two mexican states have 

Democrats (D) and Republicans (R) Bipartisan

 Bipartisan 
construction

 Top 10 nearest 
words for 
“mexican”

 Top 1 text by 
weight (Rodriguez, 
Spirling & Stewart 2023 )



Results 3: RTP Beyond Congress
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Social Corpus (COHA 1910s-90s: American textbook, magazine, newspaper)

 Blacks never attain full citizenship

 Relative Valorization was always there.



80

Data-Driven Social Background 1:
Modernization (k-SVD of Races and Ethnicities in COHA 1910s to 1990s)

 Top 1 frames that differentiate groups 
are not consistent and change overtime

 E.g., 1910s-1920s
o Higher positive values are associated with 

classical/traditional themes words 
such as: 

'poetry', 'Shakespeare', 'Bible', 'philosophy', 
'noble', 'songs', and 'books’

o Negative values highly associated 
industrialization/modern state: 

'railroad', 'naval', 'ships', 'government', 'officials', 
'supplies', 'operations', 'voted', and 'arrest’.
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Data-Driven Social Background 2: 
Global Racialized Capitalism (COHA 1910s to 1990s)

 Top 1 frames that differentiate groups are not 
consistent and change overtime

 E.g., 1980s
o Higher positive values (global racialized 

capitalism) are associated with words: 
 “n*” 'Japanese', 'spy', 'electronics', 'computer', 
'Honda', 'yen', 'IBM’. 

o Negative values are highly relevant with 
words (domestically left-behind 
population) such as:

'rural', 'jungle', 'mountain', 'Republican', 'South', 
'churches', 'communities', 'isolated', 'poverty', 
'candidate'.



Key Takeaways
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Takeaways
 Racial Triangulation Theory

o Blacks never attain full citizenship; Relative Valorization is supported
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Takeaways
 Racial Triangulation Theory

o Blacks never attain full citizenship; Relative Valorization is supported
 Racial Triangulation Practice

o From “Black-White” to Triangulation emerged after the civil right 
movement as a political “frontlash” to sustain racialized unequal 
systems (Weaver 2007).



85

Takeaways
 Racial Triangulation Theory

o Blacks never attain full citizenship; Relative Valorization is supported
 Racial Triangulation Practice

o From “Black-White” to Triangulation emerged after the civil rights 
movement as a political “frontlash” to sustain racialized unequal 
systems (Weaver 2007).

 Other Groups and Dimensions
o Hispanics were discriminated in bipartisan frames on “documented-

undocumented”.
o Constructing racial differences aligned with the great transformation: 

modernization to racialized capitalist globalization



Example 2: Simulation
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Associative Diffusion Background
 Agent-based Model: From Factors to Actors (Rational Actors v.s. Psychological/Cultural Actors)
 Is LLM-Based Agent Simulation the Future?
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Associative Diffusion



89

Associative Diffusion
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Associative Diffusion
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Associative Diffusion
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Associative Diffusion: Findings
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Associative Diffusion: Alternative Theories
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Associative Diffusion: Robust Check
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My Work: Minority Influence Majority



Strategical
Field

Centralized – Decentralized

Network Density (and more)

Core-Periphery Position

Critical
Mass Proportion of Minority

Population Size (and more)

Average Commitment

Indirect
Judgement

Issue Complexity

Centrism-Divergent 
Thinking

Cognitive Satisfaction
Change and Backlash

Opinion Change Toward 
Minority/Majority Sides

Endogenously generatedExogenous parameters
Endogenously generated

Average Minority

Embedded Minority

Just behave 
according to 
latent 
schemas

Social Influence

Social Influence

Exogenous parameters Endogenously generated

Modified FrameworkCommitted Minority

Provide Better 
Alternatives

Well-organized Minority
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Results



Total Effect Direct Effect Indirect Effect
Coefficient Type Coefficient P-value Coefficient P-value

Minority Proportion 0.001*** Partial Minority Proportion->Y -0.399*** 0.000 Minority Proportion->Mean->Y 0.400*** 0.000
Centrism 0.005*** Complete Centrism -> Y 0.003 0.667 Centrism -> Speed -> Y 0.002*** 0.000
With Commitment 0.018*** Partial With Commitment -> Y 0.039*** 0.000 With Commitment-> Mean-> Y -0.016*** 0.000

With Commitment->Congruence->Y -0.038*** 0.000
Issue Complexity 0.88*** Partial Issue Complexity -> Y 0.975*** 0.000 Issue Complexity ->Mean->Y -0.020*** 0.000

Issue Complexity-> Congruence-> Y -0.038*** 0.000
Issue Complexity ->Speed -> Y 0.003*** 0.000

Population Size -0.02*** Partial Population Size -> Y 0.068*** 0.000 Population Size -> Mean->Y -0.057*** 0.000
Population Size -> Congruence->Y -0.025*** 0.000
Population Size -> Speed->Y 0.003*** 0.000

Core-Periphery Position No Effect

Centralized Network 0.055*** Partial
Centralized Network-> 
Y 0.041*** 0.000 Centralized Network->Mean-> Y 0.012*** 0.000

Centralized Network->Congruence-
>Y 0.010*** 0.000
Centralized Network-> Speed->Y -0.008*** 0.000

Network Density 0.020*** Partial Network Density->Y 0.0168*** 0.001 Network Density->Mean->Y 0.004*** 0.002
Network Density->Congruence->Y 0.002*** 0.000
Network Density->Speed->Y -0.002*** 0.000

MC(500) (Baron and Kenny 1986;   Zhao  Lynch & Chen 2010); ***p<0 01;  

SEM direct effects and indirect effects (mediation)
7 variables have a significant impact with indirect mediations. Among them, 5 also 
contribute to facilitating backlash (Commitment, Complexity, Population, Centralized Network, Density).







Preference
change

Congruence 
change



Gradual 
change

Dramatic 
change



Rate of 
group 

congruenc
e

Rate of 
group 

preference
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Future Potentials
 From Agent-Based Simulation to LLM-Based Agent



Other Examples
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Transformer Application 1

 Identify features of sophistic frames (RoBERT)
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Transformer Application 2

 Survey data prediction (survey as sequential vector)
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