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Big Data, Machine Learning and Intelligent Crowdsourcing enables us to: 

1. Represent
2. Understand
3. Transform…the scientific and scholarly process

computationally enhanced

Knowledge2



Computational Social Science



What is Computational Social Science?

Using computers to generate data, discover patterns or 
generate and test explanations that you could not have 
without them.

…implies a shift in computationally enabled research designs, methods and 
theoretical standards



Before 2000
Computing consequences of theoretical 
assumptions…

E.g., Is rule set X sufficient to generate social world Y.



After 2000 (relabeled 2009)

DATA



Big Data

High Throughput Observatories



Generative Standard                                

for social scientific epistemology: 

If you didn’t grow it, you didn’t explain it

Theoretical Entailments

Sufficient but 
not Necessary

Necessary but 
not Sufficient

from

to

Plausible
Social Science

Fiction



NOT Text as DataText as Simulation

Digital Doubles
Simulated Subjects

In Silico Societies



Discriminative Models

Generative Models

World
Views

Situated
Stories



Culture

Clifford Geertz

Georg Simmel

“A system of inherited conceptions expressed 
in symbolic forms by means of which men 
communicate, perpetuate, and develop their 
knowledge about and attitudes toward life.”

Society

“All the forms of association by which a mere 
sum of separate individuals are made into a 
‘society’,” whereby society is defined as a “higher 
unity,” composed of individuals.
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Structures 
of Conceptions & 

Relationships



Structures
ClustersSpacesOrders

Hierarchies
(Hyper)graphs



Structures
Topologies

Geometries

Discrete

Continuous



Structures
Topologies

Geometries

Discrete

Continuous

Summary 



Network

Manifold

Agency

Structure

“Men make their own history, but they do not make it as they please; they do not make it 
under self-selected circumstances, but under circumstances existing already, given and 
transmitted from the past” (Marx, 1852) The Eighteenth Brumaire of Louis Bonaparte

modifies

constrains



How do we explore 
the complex 

relationship between 
culture & social 

structures? 

same register



Either:

Cultural & Social 
Clusters / Networks  

Discrete, simple structures…that reduce to the lowest resolution  



Cultural & Social 
Fields  

Continuous, complex geometries…that elevate to the highest resolution  



Continuous Meaning Spaces

J. R. Firth: 

“You shall know a word by the company it keeps”

Wittgenstein: 

“For a large class of cases of the employment of the word ‘meaning’—though 
not for all—this way can be explained in this way: the meaning of a word is its 
use in the language” (PI 43)

Overlapping contexts create quasi-continuous metric



Continuous Meaning Spaces

A bottle of tesgu ïno is on the table. 
Everybody likes tesgu ïno.
Tesgu ïno makes you drunk.
We make tesgu ïno out of corn.

What can be inferred? 



Distributional Hypothesis

Similarity in how words are 
distributed suggests similarity 
in what they mean…with the 
amount of meaning difference between 
two words “corresponding roughly to 
the amount of difference in their 
environments” (Zellig Harris, 1954).
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Osgood’s Semantic Measurement
Behavioral theory of meaning 
as tracing the similarity of 
evoked response

Charles Osgood
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Continuous 
Social Spaces

Predict Future Ties

Overlapping connections create a continuous space



1. Neural Networks Auto-Encode Structure                
   …into High Dimensional Geometries
2. Cultural Structure, Variation & Change                   
   Conception and Communication
3. Social Structure, Change & Variation                   
   Network Evolution
4. Culture & Society Together                 
  

   Chapters



Auto-Encoder



MNIST

Pixels



Words



word2vec - skip-gram

Words



Songs



Songs



What Inferences are Most Likely 
Cognitively?

Inferences



Digital Doubles of the City

AI Coach



Enable Simulated Experiments

that highlight hidden effects



Simulated Survey Subjects



Enable Simulated Experiments

Where real ones are expensive or impossible



Ordinal Embedding

Is X more like Y or Z?

YOU in the LOOP



Factorization Strategy

Singular Value 
Decomposition?



Auto-encoding
Neural networks

hw,�(x) ⇡ x

⇢̂j =
1

m

mX

i=1

[a(2)j (x(i))]

⇢̂j = ⇢ n 1where

sparsity:



Auto-encoding
PFSMs



Vector Space Model



Semantic relationships 
induce systematic shifts





Change 
over time / 
across 
cultures





The 
Transformer



Causal language model Masked language model

Generation Discrimination



Each Word is a Point Cloud 
(vector cloud)

49



Identify Optimal Dimensions by      
Cross-Validation

• 300-1000 Euclidian dimensions for substantial NL corpora 

• These are NOT numbers mathematicians typically work with…



Most volume is near the surface
• Most volume of the d-dimensional ball of radius r is contained within the annulus of width O(r/d) near surface;

• Volume of the sphere is near the equator

Properties of HD Geometry

Entailment: Cosine/Angular Distance is a reasonable measure



Two random points from a d-dimensional Gaussian with unit variance in 
each direction are approximately orthogonal. 

Arccos of cosine measure. Non-90 degree angles represent biased association 

     Distances are concentrated around their expected value

Entailment: Right/90-degree angles = random alignment

Properties of HD Geometry



Random projection

   
  With high probablity 

Properties of HD GeometryProperties of HD Geometry

Entailment: Words close in space; many neutral pathways between meanings
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Sewall Wright
And the Low-dimensional Valley of Death

In High-dimensions, most evolution is neutral



• “He carried his tuba”

• “She dropped her flute”

• “Steve’s pickup truck skidded to a halt”

• “‘Get out of the minivan, ma’am’”

Growing a Brain
through stories 









Correlation 
between Multiple 

Dimensions 
Class 

& Politics
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Correlation 
between 

MTurk Survey 
& 

Contemporary 
Embeddings



Testing Ecological Validity
Table 1. Pearson correlation between survey estimates and projection of word 
vector on cultural dimension in embedding (Google News text)

Correlation: unweighted average Correlation: weighted average

Gender dimension 0.869 0.928

Class dimension 0.520 0.649

Race dimension 0.699 0.813



Discovering the Most 
Explanatory Dimensions



Correlation between 1958 Semantic ‘Atlas’ 
& Embeddings from 1950s Texts



Honest - Dishonest

Classy - Dumpy

Potent - Impotent

Smart - Stupid

Rich - Poor

Male - Female
Confused - Clear

Safe - Dangerous Populous - PrincipledPatient - Impatient

Tolerant - Intolerant

Controlling - Passive

Conservative - Liberal

Multi-dimensional in theory / 1-2 in practice

Classify Objects along Myriad Dimensions
White - Black



Social Class
Multi-dimensional Construct

Affluence (Simmel)

Position (Marx)

Status (Weber)

Education (Fischer)

Cultivation (Veblen)



Social Class
Multi-dimensional Construct

Gender (Hochschild)

Morality (Fourcade, Lamont)

Race & Ethnicity (Du Bois)



20th Century Transformations

Big Organizations

Mass Education

Competing Narratives:

Death of Class (Clark)
Symbolic Distinction (Bourdieu)
Durable Difference (Grusky)
Persistent Multiplicity



Correlations of 
Status over the 
20th Century



Correlation with Affluence over the 20th Century
In Sociology Literature



Prediction of Affluence over the 20th Century



Word 
Projections 
over the 20th 

Century



Shifting Projection of Words on Employer/ee



Shifting Projection of Words on Employer/ee



One dimension to rule them all



Not Theory Free

What is the dimension that explains 
THE MOST variation in the world?

42Steriodal - Nonsteriodal



I am a strong conservative and a 
lifelong Republican. In 2016, I was 
proud to vote for Donald Trump and I 
think that the Democrats have been a 
disaster for this country.

I am a strong liberal and a lifelong 
Democrat. In 2016, I was proud to 
vote for Hillary Clinton and I think 
that the Republicans have been a 
disaster for this country.

or…

Lately, one of the biggest 
political issues has been 
the COVID-19 pandemic 
caused by the new 
coronavirus. There is a lot 
of controversy around 
whether…

Partisan Priming

COVID Context

Prompt Construction

Predict the FutureInstantiating Deep LLMs as Simulated Subjects



students should be required to 
receive the COVID-19 vaccine before 
returning to school

businesses should be closed until 
rates of infection go down.

the CDC is doing a good job in 
handling the situation.

individuals should be required to wear 
face masks to slow the spread of the 
virus.

or not to get the new COVID-19 
vaccine.

Prompt Construction

Issue

Endings

I think this is a…

I think this [vaccine mandate] is a…

I think this [vaccine requirement] is a…

My stance on this [vaccine mandate] is that 
it is a…



Pandemic attitudes in October 2019
Vaccine Mandates Lockdown

Mask Mandates Border Closings Trust CDC



Pandemic attitudes in October 2019
Vaccine Mandates Lockdown

Mask Mandates Border Closings Trust CDC

Ending Mandates



Interaction Models

• Predicting Conflict (& its content/character)

• Predicting Collaboration (& its content/character)

Michael Bernstein et al Simulating: 
•Dates and 

Coupling

•Conversation 
& conferences 
that haven’t 
or couldn’t 
happen



Optimal 
Diversity

Perspective
Diversity

Background
Diversity

Background
Diversity

Perspective
Diversity

Danish 
Experiment

Diversity of 
Perspectives

GPT4 
Experiment



Aligning Social Media Worldviews



Disentangling Social Media Influence

Influencers rehearse disgust



Language Reflects/Reinforces Cultural System



TOEFL













Embedding 
Language 

Allows New 
Dimensions 

of 
Discovery





Association between 
information density and 
communicative speed. 
Informationally denser languages that 
pack information into fewer bits 
communicate more quickly.





Auto-Encoding Social Networks



Continuous 
Social Spaces

Predict Future Ties

Raise the Issue of
Curvature
Overlapping connections create a continuous space



Pluralities

Spaces

Any simply connected, complete Riemannian 
manifold of constant sectional curvature is 
either Euclidean, spherical, or hyperbolic:

Tree-like Hierarchies

Flat Dimensions

Self-reinforcing Cycles
Communities



Statistical Test for Sectional Curvature Sign

Simulation

Olivier-Ricci Estimation of Edge Curvature

Manifold Estimation of Sectional Curvature

Indian Villages

High School Networks Scientific Networks



Hyperbolic Embeddings
On a Disk



Hyperbolic Geometry on a Disk



Hyperbolic Embeddings
Trace hierarchy







Mutual information I(X;Y) rises; 
Joint entropy H(X,Y) shinks

Social Connection & 
Cultural Collapse



The Structure of 
21st Century Physics



The Structure of 
21st Century Physics





Diversity Collapse

•Cultural objects and the Interwebz 

• Language extinction with social contact

• Biological extinction with ecological contact

• Science and Scholarship with crowding

In other Domains



The Active Learning Cycle
for Social Experimentation

Computational 
Theorist

Computational 
Experimentalist

• Reinforcement learning

Multi-Armed Bandits

Contextual Bandits

Bayesian Optimization

FLAVORS…

Computational 
Phenomenologist

AI Coordinator



Optimal Team
For Specific TasksSize

Social Perception
Cognitive Style:
Visual Imagery
Internal Verbalization
Orthographic Imagery
Representational Manipuation

1000s  
of Configurations







Experimental Conditions Experimental Conditions

Ef
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Reproducible
GeneralSpecific

Technology Science



• Auto-encoders produce powerful, high-dimensional cultural & social 
representations

(not just text, but networks, exposures, etc.)

• NOT Text & Networks as Data / as Simulations

• Characterize and engage calculus of meaning & relationship

• Generate Social Science Fiction - Counterfactuals

Conclusion


