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STRUCTURE

“Patterning of social connections among
individuals, among groups, and other

aggregates...

—-Pachucki and Breiger, Annu. Rev. Sociol. 36,2010
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CULTURE

“...meanings, local practices, discourse,

repertoires, and norms...”
—Pachucki and Breiger, Annu. Rev. Sociol. 36,2010
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“Patterning of social connections among
individuals, among groups, and other

aggregates...

—-Pachucki and Breiger, Annu. Rev. Sociol. 36,2010
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“...meanings, local practices, discourse,

repertoires, and norms...”
—-Pachucki and Breiger, Annu. Rev. Sociol. 36,2010




Every science requires
6 aspecial language, o
because every science

has 1ts own 1deas.
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Comparing expected
relative reproductive S
success across muluaple

genotypes...




Jargon facilitates...

“The N = 4 super Yang-Mills plasma is studied
in the regime of weak coupling. Collective
excitations and collisional processes are
discussed and compared to those of QCD
plasma. The two systems are concluded to be
very similar to each other with the differences
mostly reflecting different numbers of degrees
of freedom.”
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and impedes...

*t communicating medical information
to a patient

*¢ publishing material
for public outreach

*k presenting technical information
to a multdisciplinary audience




- MODELING
COMMUNICATION




Phrase

.

Communication

Y

Writer

Channel

A
>

Reader




Phrase

.

Y

Writer

Channel

Y

Reader




Phrase

.

pi(x)

Y

Writer

Channel

Y

Reader




0.8

. 06
Interpretive
Effort
0.4
0.2

0.2 0.4 0.6 0.8

Frequency of encountering



Phrase

.

pi(x)

Y

Writer

Channel

Y

Reader

—log, pi()




Phrase

Y

.

pi(x)

Entropy

Writer

A
>

Channel

Reader

—log, pi()

— > pi(z)logy p;(x

reEX

z)




Phrase

Y

.

pi(x)

Writer

Channel

A
>

Reader

—log, pi()

(equivalently, expected message length)

Entropy

- pile

reEX

IOgQ pz

z)




Phrase
i« - [ ot
riter Chanmol Reader
pi(x) — logy pi(x)

(equivalently, expected interpretive effort)

Entropy Z pi(x)logy pi(z)

reEX




Phrase

.

pi(x)

Y

Writer

A
>

Channel

Reader

—log, pi()

— > pi(z)logy p;(x

reEX

z)




Phrase

.

pi(x)

Y

Writer

A
>

Channel

Reader

—log, pi()

— > pi(z)logy p;(x

reEX

z)




Y

Writer

Channel

Y

Reader

— logs p; (z)




Phrase

Y

Writer

Channel




Phrase
& > Writ - Read
| e Channel s
pi () —log, pj ()
CI’OSS pz ’ ‘p] Z pz 10g2 p] )

Entropy LRt




Phrase
é} - Writ > d
A riter Channl Reader
pi(T) —log, pj()

(equivalently, expected interpretive effort)

Cross  Q(pillpj) = Z pi(x)logy pj(x)
Entropy TEX




Phrase
& > 1t = d
' Writer Channl Reader
pi(x) — log, pj ()
“Efficiency” of communication
H(X;) =) .zecxPilx)logs pi(z)

Ez’j —

Qpillp;) = Xpex pi(x)logy pj(x)




Phrase

& I [ head
' Writer Channl Reader
pi(x) — log, pj(x)
H(X;) — ) zex Pi(z)log, pi(z)

By = =
T Qillps) = pen i) loge pj(@)




Efficient

O
Phrase
' Writer Channel eader
pi () —log, pj ()
H(X;) — ) zex Pi(z)log, pi(z)

Y Qi) T = e pi(@) 1082 95 ()




Small

5 Cultural
N Hole
Phrase
' riter Channl Reader
pi () —log, pj ()
H(X;) — ) zex Pi(z)log, pi(z)

By = =
T Qillps) = pen i) loge pj(@)




Phrase

o[ [ e
A Writer Channl Reader
pi(x) — log, pj(x)
H(X;) = erx pi(z) log, pi(x)

By = =
T Qillps) = pen i) loge pj(@)




Phrase

& I [ head
' Writer Channl Reader
pi(x) — log, pj(x)
H(X;) — ) zex Pi(z)log, pi(z)

By = =
T Qillps) = pen i) loge pj(@)




Large

5 Cultural
et Hole
Phrase
& > 1t 5 d
A Writer Channl Reader
pi () —logy pj ()
H(X;) = erx pi(z) log, pi(x)

By = =
T Qillps) = pen i) loge pj(@)




O
Relative
Efficiency

Cultural Hole

Average
Cultural Hole

Ez’j —

“Cultural Hole”

B T e

Q(pillp;) o erx pi(x) logy pj ()

Cij=1—-Eij

Co= W © I
g



IC’s pracucal!

Possible Bubbles of Spacetime Curvature in the South Pacific

Benjamin K. Tippett*
Department of Mathematics and Statistics
University of New Brunswick
Fredericton, NB, ESB 5A8
Canada

In 1928, the late Francis Wayland Thurston published a scandalous manuscript in purport of
warning the world of a global conspiracy of occultists. Among the documents he gathered to
support his thesis was the personal account of a sailor by the name of Gustaf Johansen, describing
an encounter with an extraordinary island. Johansen’s descriptions of his adventures upon the
island are fantastic, and are often considered the most enigmatic (and therefore the highlight) of
Thurston’s collection of documents.

We contend that all of the credible phenomena which Johansen described may be explained as
being the observable consequences of a localized bubble of spacetime curvature. Many of his most
incomprehensible statements (involving the geometry of the architecture, and variability of the
location of the horizon) can therefore be said to have a unified underlying cause.

We propose a simplified example of such a geometry, and show using numerical computation that
Johansen’s descriptions were, for the most part, not simply the ravings of a lunatic. Rather, they
are the nontechnical observations of an intelligent man who did not understand how to describe
what he was seeing. Conversely, it seems to us improbable that Johansen should have unwittingly
given such a precise description of the consequences of spacetime curvature, if the details of this
story were merely the dregs of some half remembered fever dream.

We calculate the type of matter which would be required to generate such exotic spacetime
curvature. Unfortunately, we determine that the required matter is quite unphysical, and possess
a nature which is entirely alien to all of the experiences of human science. Indeed, any civilization
with mastery over such matter would be able to construct warp drives, cloaking devices, and other
exotic geometries required to conveniently travel through the cosmos.
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Data

*¢ 1.5 million interconnected papers
% 1990-2010

3 Select 60 largest fields (1000+ papers)

*¢ Determine phrase (=trigram) distribution
from sample of 500 papers
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M. Rosvall, D. Axelsson, and C.T. Bergstrom

Eur. Phys. J. Special Topics 178, 13-23 (2009)
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(structural distance: measured using citation paths)

- COMBINING
STRUCTURE & CULTURE

wh,, = (1/(@ - F&)? + (y - F§)*)™°

n E : : § : ) TR
ery —— wpmywpmyjzj.

i#maz(Wpy, ) jAmaz(Wp, ' ),j#



membrane’cell biolo
(( (( cytoskeleton 3%

Molecular ibiology,

plant pathogens

environmental toxicology

art educati ationy ‘

Behavioral sciences Systematlcs

# 1€ 11aduCs cuulallUin

sociology education *hor ! g ,‘1 & tcm AT

' Crilldhood 'development :plantsysteme
/ / phylogcnctlc Inference g

Us constitutior@.qg.'.c.a' outcomes

?‘H P— e
marital disruption ! mycorrhizal biolo
genderland labor ‘ﬁ\ ycor 9y
SCIoIVgY,OLfenyions survival analysis\

AR PRYNL

somal movements

(@ |
W h d c = = d
‘Qrox t cconomlcf_demography cgoergg%l"lt;lgg?I%tég\ier;ggels:x’nincs ECOIOglcaI SCIGI’]CGS

iStrategic. managementsy
s unemployment A rkating kernel anal‘ .

mergers’and acquisitions
executive” CO""" \ng At i, (MEES CX[InCTIOn =
| r——— ICI
splant- hcrblvorc mtcractlons

consumer, tneory y
eries analysis AN arninm
w_/ y polnneic af ccology
ial) Ot
avian breedina tur chbx\; s
5 bIO!O\f]IvCaI INvasions
ears?'! friimivor
rainfn b ts qu
‘ e
landscape’ecology

-0.41 i-

-0.32




artteducation

mathematicsfeducation)

roevth economics
J reproductive demography

strategicmanagement

congressmna%lectlons
mternatlonal relations
mergersjand acquusmons

marketing

[executivelcompensation
mm timejseries analysis

consumedliteory MloTolo{heory

. Behavioralisciences




C mass extinction

Iandscape ecoloqv4

ZEcologicalisciences




o

ehavioral

r..'u..ut,..um\,.a cuulallUi
sociology education 'n1|0r
'/(mlldhood 'development
Us constltutior.ré‘.e.g'.‘?al outcomes
7 S\
tantal disruption
nderland labor
Su\,IUIqu Ol reuq:oﬂs
—— "
Ysocial movements‘
=arowth.economics demography.
Py, | s -
ategic managementy

Junemplovment —\rl(;hng
mergers! qnd acquI |ons&l

imelseries analysis

SCiences

memhrane cell biolo
cytoske eton 3

=

Molecular ibiology

plant pathogens

environmental toxicology

.
Systematlos

planl syslcmdllcs
h f
p ylogcncuc Inference g ]
mllochondnal gcnch

mycorrhlzal biology

I
comput'monal bayesian statistics
qenerallzed linear] models

I

kernel anal\St

47 i

Ecologicalfsciences

3
mass_extinction

[l
atistics

pla?t h'Cl’bIVOl'CI mtcracllons
mnn arn,
POMN2[&aT ccology

“hik :l l-(-\ l"%lOl’
forest’scdaphniay !
EVIED brﬂﬂfhnntun-dbm e
iological mvasnons
bears

BT

Ul \/Or
rm‘-\n’-\.l?%tf‘oloé;fqy
nesting.ecologv

& landscape; ecology

-0.32




A CONCERN: ARTIFACTUAL?







_nnnHHHH

DG = r
(dii)
A B
28
51.0 -
e 10
C
§O8— 8 —
Sl
h|6 6
& 0.6 e
e e
E —-—- option pricing -§
0.4 =
S e ) T [ 8
)
0.0 04 0.8 12D

Relative shortest path

Scientific field




Case 1: Molecular Biology
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Case 1: Molecular Biology
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Case 2: Ecological Sciences
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Case 3: Social Sciences
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What do cultural holes tell us?

O

*¢ Four “domains”, three tied together by scale: social sciences;
ecological sciences; molecular biology; statistics

*k Social sciences have lower jargon barriers and smooth intra-
domain communication (integrated)

*t Ecological sciences have higher jargon barriers and inefficient
communication with neighbors (balkanized by particularities)

* Molecular sciences have higher jargon barriers but communicate
efficiently with neighbors (shared reductive substrate)
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Ways Forward

*t Better models of scientific language
(topic models?)

* More diverse “symbol set” (e.g., white
space, equations, etc.)

*¢ Temporality & temporal dynamics of
jargon/cultural holes '




" Structure and culture are
complementary,
Cross-cutung,

& co-constituting




Advantage to Broker
















