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The Geomfetry of Culture & Society

Analyzing meaning & connection through
embeddings of text and networks
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Computational Social Science
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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
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MICROMOT'VES AND
MACRQOBEHAVIOR

“Before Freakonomics and The Tipping Point, there was Micromotives and
Macrobehavior” —BARRY NALEBUFF, coauthor of Thinking Strategically

Computing consequences of theoretical
assumptions...
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SOCIAL SCIENCE

Computational Social Science
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HIghsnroughput Observatories
Big Data
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NOT lext as Data

Digrtal Doubles

Simulated Subjects




Discriminative Models
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“All the forms of association by which a mere
sum of separate individuals are made Into a
soclety’,” whereby soclety I1s defined as a “higher
unity,” composed of individuals.

“A system of inherited concept lons expressed
N symbolic forms by means of which men
communicate, perpetuate, and develop thelir
knowledge about and attritudes toward life.”
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‘Men make their own hi:gto[y but they do not make it as they please; they do not make it
under self-se ected c&’cu%ts but-under circumstances existing already, given and
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How do we explore
the complex
relationship between
culture & social

structures’




Either:

Cultural & Social
Clusters / Networks

Discrete, simple structures...that reduce to the lowest resolution
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Cultural & socféi’
Fields

Continuous, complex geometries...that elevate to the highest resolution




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” (Pl 43)

Overlapping contexts create quasi-continuous metric
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is on the table.

Everybody likes tesgu ino.

A bottle of tesgu ino

We make tesgu ino out of corn.
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Tesgu ino makes you drunk.




Similarity in how words are
distributed suggests similarity
iIn 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).

helicopter (0,2,4)

drone (0,3,3)

rocket (0,4,2)

engine




Behavioral theory of meaning
as tracing the similarity of
evoked response

Group I (N: 20) -~ "polite®?® =~
Group IT (H: 20) == Mpolite" —meee-weaa

angular : : : : : : rounded
M
weak : ; : SR ' strong
'.."""-..,
rougn 1 : : 1 - ~ socobh
active ; Bt =T : : passive
amall : : Ty : : : large
]
cold : . D : : : hot
good T E : : , : bad
tense : : : = s : relaxed
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fresh : ; * - ' stele




Behavioral theory of meaning
as tracing the similarity of
evoked response

Group I (I}: 20} =~ "eager"

Group II {MN: 20} -« "burning®

rough

active : : asslve
—— — —
small ; : L= . : largo
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Encoder

Decoder
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“A frequency modulated coherent laser detection and ranging system...”
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word2vec - skip-gram Output layer

probabilities of
context words
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_ _ . . Identifier of algorithmically PR — X ;
Anonymized user id Track identifier guided listening s - ) s
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Country vector

City vector
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What Inferences are Most Likely
Cognitively!
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Fig. 1: Crime data and modelling approach.

Fig. 2: Predictive performance of Granger networks.
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Fig. 3: Estimating bias. Fig. 4: Prediction of property and violent crimes across major US cities and the

d dependency of the perturbation response on the SES of local neighbourhoods.
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Simulated Survey Subjects

d. Conceptual framework

GSS variable description key
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Enable Simulated Experiments

d. General Reconstruction scheme (First validation) b. Reconstruction performance with g-distance

: 0.015 i e , ; , ; : :
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d. Ideological polarization measures
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b. Affective polarization measures

C. Selected economic variables
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Is X more like Y or /?
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d. Fractal structures in simple processes D. Structure Recovery via Self-similar Compression
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Semantic relationships
induce systematic shifts
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principle dim. 2

EachWord is a Point €loud
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® 300-1000 @Euclidian diment:
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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((1 — €)A) ; y e 9
= (] —&)®* < ™ A(d) = d V(d) =
volume(A) St @) [(3) o @) dI(3)

Volume of the sphere is near the equator

Theorem 2.7 Forc> 1 and d > 3, at least a 1 — %e“'z/z fraction of the volume of the

d-dimensional unit ball has |z,| < ;-1'

Entailment: Cosine/Angular Distance is a reasonable measure
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Two random pomts from a d- dlmenS|onaI Gaussian W|th unit variance in
each direction are approximately orthogonal.

Theorem 2.9 (Gaussian Annulus Theorem) For a d-dimensional spherical Gaussian
with unit variance in each direction, for any f < vVd. all but at most 3e—ch” of the prob-
ability mass lies within the annulus vd—- B L X< Vd + B. where ¢ is a fized positive
constant.

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

Distances are concentrated around their expected value best fit line

x—y|= (z; — ?/7:)2
\ 2

Entailment: Right/90-degree angles = random alighment
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Random projection

The projection f : R? — R* that we will examine (in fact, many related projections
are known to work as well) is the following. Pick k£ Gaussian vectors u,,us,.... u, in R?
with unit-variance coordinates. For any vector v, define the projection f(v) by:

With high probablity

Theorem 2 11 (Johnson-Lindenstrauss Lemma) For any 0 < £ < 1 and any integer

et k > 351nn for ¢ as in Theorem 2.9. For any set of n points in R?, the random
pr()]f*('tzon f R" — R* defined above has the property that for all pairs of points v; and
vj, with probability at least 1 — 1.5/n,

(L —g) \/-lvl —vj| < |f(vi) = f(vy)] < ( \/_IVn -y -

Entailment:VWords close in space; many neutral pathways between meanings
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Growing a
througn stories

e “He carried his tuba”
® “She dropped her flute”
o “Steve’s pickup truck skidded to a halt”

o ‘“Get out of the minivan, ma’am’”
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THE UNIVERSITY OF

CHICAGO

DIVISION OF THE SOCIAL SCIENCES

Instructions: People tend to think of everyday items as being masculine or feminine. Using the sliding scales,
with O representing "very feminine" and 100 representing "very masculine,” please indicate how masculine or
feminine you think each item is.

From O (very feminine) to 100 (very masculine), how would you rank tennis?

Very Feminine Neither Very Masculine
0 10 20 30 40 50 60 70 80 90 100

B L

From O (very feminine) to 100 (very masculine), how would you rank baseball?

Very Feminine Neither Very Masculine
0 10 20 30 40 50 60 70 80 90 100

—

From O (very feminine) to 100 (very masculine), how would you rank hockey?

Very Feminine Neither Very Masculine
0 10 20 30 40 50 60 70 80 90 100

e
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Table |. 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




Top five nearest cultural dimensions to Gender, Class, and Race

LA il By

Gender
Maternal-Paternal

Fashionable-Unfashionable

Bisexual-Homosexual

Emotional-Cerebral
Rugged-Delicate

Class
Educated-Uneducated

High-Low
Desirable-Undesirable
Complex-Simple
Privileged-Underprivileged

Race

Outer-Inner
Imperfect-Perfect

Troubled-Untroubled

Unsavory-Savory
Unfriendly-Friendly



Fearson corerlation

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

0.8
0.7
0.6

0.5
0.4

0.3
0.2
0.1

-~ .

— - p— —

—



Classity Objects along Myriad Dimensions

Controlling - Passive Honest - Dishonest White - Black

Patient - Impatient Safe - Dangerous Populous - Principled

Confused - Clear Classy - Dumpy

o Male - Female

’ Conservative - Liberal

Smart - Stupid

Potent - iImpotent

b
Rich - Poor ¥

Tolerant - Intolerant



Social Class

Multi-dimensional Construct




Social Class

Multi-dimensional Construct

Gender (Hochschild)

Race & Ethnicity (Du Bois)
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20th Century Transformations

Competing Narratives:

Death of Class (Clark)

Symbolic Distinction (Bourdieu)
Durable

Persistent Multiplicity

Difference (Grusky)
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Prediction of Affluence over the 20th Century
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Shifting Projection of Words on Employer/ee
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One dimension to rule them all




Not Theory Free

What I1s the dimension that explains
THE MOST variation in the world?

Steriodal - Nonsteriodal




Instantiating. Deep LLMs as Simulated Subjects

Partisan Priming

| am a strong conservative and a

lifelong Republican.In 2016, | was ]
proud to vote for Donald Trump and | §§\\\\ |

FE S RN _ =55
think that the Democrats have been a . COVID Context

disaster for this country. Lately, one of the biggest
political issues has been R
the COVID-19 pandemlcm .
caused by the new ——]
coronavirus. There is a lot
of controversy around
whether...

Prompt Construction

or...

s

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




Prompt Construction

Issue

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.

Virus.

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

Endings
| think this is a...
® ®
e ¢ * | think this [vaccine mandate] is a...
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Pandemic¢ attitudes in October 2019
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COVID-19 vaccine before vaccine before returning to vaccination in order travel vaccination in order enter vaccination in order attend until rates of infection go be closed until rates of should be prohibited until avoided until rates of conauct all instruction
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Iinteraction Models

Taking a walk

in the park

' X T [Abigail] : Hey Klaus, mind if
s o3 I join you for coffee?
[Klaus]: Not at all, Abigail.

NS 3

How are you?

Finishing a | e ~ ST *
;I"'norning routine ShH| LS = = '/_- ﬂ‘ & £ 0 { : ’ % barond | " [John] : Hey, have you heard
¢ | 2 — ! Lo J Y -
- il - ; = S x|y i - ~ anything new about the
ey e | & | i€ | & M V) - \, A o5 upcoming mayoral election?
S ot 7 Bel ) [Tom] : No, not really. Do you

know who is running?

® Predicting Conflict (& its content/character)

® Predicting Collaboration (& its content/character)
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Aligning Social Media VWorldviews

- ; r/politics | r/the_donald Alignment r/the_donald | r/politics Alignment
] E s E ‘; democrat | republican 0.8562 republican | democrat 0.8570
3 T £k é E Ef L :;,\ = republican | democrat 0.8501 democrat | republican 0.8527
. Bascigiac 2338233368 ¢32 leftwing | rightwing 0.8307 prolife | prochoice 0.8435
as“:ﬁ: socialized_medicine | universal_healthcare | 0.8041 foxnews | cnn 0.7960
d" magas | libtards 0.6578 pocahontas | elizabeth_warren 0.6694
ot Haskwomenl | GEaticn, | gnmen r/LeagueOfLegends | r/Dota2 Alignment
Fowiarien son | daughter 0.7675 /r/summonerschool | /r/learndota2 0.8420
daughter | son 0.1621 op.gg | dotabuff 0.8396
il SRS husband | wife 0.7503 :
hromesanes rito | volvo 0.8378
brfzol:l}::i ?:)ttel;er 8-;‘1”12 riot | valve 0.8003
girlfriend | boyfriend | 0.7032 Baiion| Clogdsecks | RiodaR
soccer wife | husband 0.6941
e boyfriend | girlfriend 0.6708
wos uncle | aunt 0.6314

news
politics

the_donald
ndersforpresident
theredpill
llbertarian
askwomen
askmen
relationships
twoxchromosomes
gaming
leagueoflegends
dota2

cfo

nba

mma

soccer

Figure 2: These are not the same character! The char-
acter on the left, “Aatrox” from League of Legends,
projects to the character on the right, “Bloodseeker”

from Dota 2.
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Figure 1: Representation of multi-layer interaction on Red-
dit. Each layer represents a subreddit.

Influencers rehearse disgust—

Figure 2: Distribution of Gini scores for Effort, Atte
Karma by size across all subreddits

Disentangling Social Media Influence
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Language Reflects/Reinforces Cultural System
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Semantic Cluster

English Second-Language Corpus Multilingual Wikipedia Corpus

1 2 3 4 5 6 7 8 9 10 1 2 3 4 5 6 7 8 9 10
Concreteness Decile
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Language
Allows New
Dimensions
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Communicative Speed
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Association between
information density and
communicative speed.
Informationally denser languages that
pack information into fewer bits
communicate more quickly.
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3D input Graph input Graph network Mobility predictions
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Any simply connected, complete Riemannian

mahnifold of constant sectional curvature is A B
either Euclidean, spherical, or hyperbolic: Hyperbolic (AL LB+ LC
< 180°
| |
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Tree-like Hierarchies
A B
i — peesE Euclidean _ 180°
) Eoldean . ‘
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Statistical Test for Sectional Curvature Sign

« Model: P(yz-j — 1\77,2) — e:zzp(m T 1 — d(Zz’,Zj))

* Ties form independently conditional on positions

« Solve for (noisy) distance matrix, infer most likely latent geometry (spherical, hyperbolic, SlmUIthOn
Euclidean) that generated the observed network and its curvature

‘fr/',,

Manifold Estimation of Sectional Curvature

High School Networks  Scientific Networks
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Christianity - Christianity 9.6

Ricci Estimation of Edge Curvature
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Hyperbolic Geometry on a Disk
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Hyperbolic Embeddings

Trace hierarchy A
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Poincaré Embedding for Al Technologies, 2001-2015

Year 2001-2005 Embeddings Year 2006-2010 Embeddings Year 201 1-2015 Embeddings
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. it AT | e general taggings
o | saimers ", 2 S0 | » textiles; paper
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i , “,.' ,‘ e chemistry; metallurgy
. - A A 5 {; /;‘ electricity
A it / ¢ mechanical engineering
N A  physics
VAN "/ fixed constructions
. gt & 35
; -ﬁ:‘?’// ns* performing operations; transporting

Patent Number US6362895
PDF to PostScript conversion of
graphic image files

Patent Number US8179974
Multi-level representation of
reordered transform coefficients

An on-line automated printing
system quickly produces consistent
printed materials.

. .
A
Yol
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D ' d
A X% (
') / - e -

Techniques and tools for encoding
and decoding a block of frequency
coefficients are presented.

O

P
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ot
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. gy BAIBI
HOSK: = ?” Photoelectronic composing machines
Printed Circuits; manufacture of = i . o i
assemblages of electrical components i - GOOF/K/T | o6

. ~GO6F/K/T GO9G GlOL - | Computing; calculating; counting.
HO3M: | - HO4L/N-Y10S HO4:
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Coding; decoding; code conversation

Electric Communication Technique



Average AO for Forward Citations of the Year

Average Ar for Forward Citations of the Year
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Social Connection & o« s
Cultural Collapse —_— T < iy
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Diversity Collapse

® Cultural objects and the Interwebz
® | anguage extinction with social contact
® Biological extinction with ecological contact

® Science and Scholarship with crowding



The Active Learning Cycle
for Social Experimentation
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Room Assignment Task
(Low Complexity)
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Effect Strength

lechnology

Experimental Conditions

Specific

Sclence

Experimental Conditions

General




Ccnclusion
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