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Distribution of the estimates of the dressed weight of a
particular hiving ox, made by %87 different persons.

Centiles
Degrees of | - ; Excess of
the length of . - - Observed over
Array 0°—100° in Ibs. de?igizgvfi gm Normal Normal
1207 Ibs. p-¢ =37
. |
5 i 1074 | -133 ~ 90 +43
10 1109 | - 98 — 70 + 238
IS 1126 = 81 = 57 + 24
20 1148 . — 59 ~ 46 +13
71 25 1162 i = 45 ;. =37 + &
30 | 74 . -33 | -29 + 4
35 - ngé - 26 2L + 5
40 I3 : - 19 - =~ 14 + 5
435 119 | ™ 30 Gl T
7¢ 50 , 1207 j O o) : o
55 § 1214 : + 7 ; -~ 7 i 1)
60 1219 ;. + 12 3 414 = 2
63 1225 '+ 18 | 2 - 3
70 1230 . + 23 i +29 - 6
73 75 1236 + 29 | +37 - 8
8o r 1243 -+ 36 | + 40 - 10
85 1254 |+ 47 ES7 4 =ip
9o 1267 .+ 52 + 70 i —18
95 1293 -+ 86  t90 -4

g1, 93, the first and third quartiles, stand at 235° and 75" resp:cuively.
i, the median or middlemost value, stands at 50°.
The dressed weight proved to be 1198 lbs.

-

The eontinuous line i~ the normal curve with p.e.=37.

1 he broken line is drawn from the observations.

‘t he lines connecting them show the differences between the observed

Diagram, from the tabular values.
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Science Technology Business



|. Innovative Scientific Crowds characterized I§FI

2. Connection and Conformity is associated with

3. Al that Designs Diversity Beyond Human LimA!



—How do Inhovation

Think!



Logically extend from

facts/axioms

SU rp rise

q

duction

Imaginatively generalize from

observations

Induction




20M PubMed articles (1865-2015)

15,000 MeSH term Concepts (e.g.,
PCR, hypertension, DNA, testosterone)

SM APS articles (1880-2015)

80,000 PACS code Concepts (e.g.,

neutron star core, lie algebras,
bolarization)

[.5M US Patents

45,000 USPC subclasses (e.g., arc

lamp, electrolytic condenser, paper,
button)
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Model

.
A, :ZHHM X Hri
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2.
Xp ~ Poisson(Ap)

3.
P(G|©,R) = || P(xn|®,R)

he H



Evolution of the Network

Hidden Markov Model

Brownian Motion

Time
-_—
HY o1 02
GV Gl G*

G*t: observed network at time t
At : latent positions of the elements at time t



Complete Model

- Log-likelihood function

l(@l, cens HT) — log P(Gl, cens GT‘Ql, cens QT)

= >, [log P(6*|6*') + log P(G*|6")]

ah

-y D220 05204 3 (anlos 3 TT 00 3 TT k)
t=1 ey k i€h k i€h
Incomputable

+ Impossible to optimize! | -
2N possible combinations



Maximal Likelihood Estimate

Theorem

Let f(0,t) = Zfzjzz St and t ~ randint(1,T), then
EIVf(9,1)] = VIi(0)

Corollary

9 will converge to the maximal likelihood estimate.

€hoilce: Negative Sampling vs. Contrastive Noise
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Faculty 19000

Content novelty is most associated with
New findings and Drug targets
emerge from within-domain investigation.

Context novelty is most associated with
Controversial, Interesting
hypothesis and Technical advance
emerge from cross-domain investigation.
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areer, leam, & Expedition Novelty
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Broad reach of modern science



Venture-funded

Innovation Strategies and Performance Outcomes

IPO & High Priced Acquisitions Rounds of Funding Other Acquisitions Closings
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update
posterior

X = bytes to conservative pages; K= bytes to political pages
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Fact-Checking

Vigilante Diversity alanced, Curated Diversity
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A CPrOSS innovators, teams, and fields

Distort
& Slow




Large, lall, Smooth leams
Dampen Disruption

THE ECOLOGY OF RESEARCH

Small teams disrupt and big teams consolidate to
drive progress in science and technology PAGES330&378
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Team Structure Matters for Innovation

1.20
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Fixed Effects by author & by field
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supported by funding agencies, # & award amount of funding



Team Structure Matters for Credit
b
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Team Structure Matters for the Future

More long-term

L3 impact 1.4 ©
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Fixed Effects by author & by field

Controlling for: team size, mean, stdev & max career age,
supported by funding agencies, # & award amount of funding



Activating Search
Collective Composi

Concept/Tech Diameter matters...

But so do Hoeles in the structure

Diameter = Largest Hole

T )outside
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Diameter = Largest Hole * N
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Persistent Homology
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Aging¥: Innovation




Scientists, their best ldeas, and the unfolding Frontier



Level-1

RefAge = m, + nlAge + nZTS + e

Level-2
Ty = B 00 T 7o
T, = B 0 T
m, = B 20 T,
Level-3

'Boo 000 + r001(MeanAge) + 7002

,810 T 00 + r101(MeanAge) + T 02

’820 7‘200 u u20

(MeanTS) + u
(MeanTS) + u

00

10

Scientist age _+
\_,_‘ reference age

Mean age

holding constant mean age within field and mean team size.



Old Proportion

Independent Variables
Field

Mathematics

Geology
Economics
Psychology
Materials science
Physics
Chemistry
Biology
Medicine
Engineering

Computer science

Old Proportion Predicts Churn Rate

Churn Rate Predicts Old Proportion

SSR F-test SSR F-test
lags=1 year lags=2 year lags=1 year lags=2 year
9.67" 476" 8.17" 5.55™
16.76™ 7.747 0.36 4.69
11.45™ 9.16™ 0.61 1.59
18.66™" 6.65"" 0.32 0.96
14.29™ 4.34™ 5.49™ 3.65"
9.08™ 2.19 4.05™ 2.27
11.09™ 2.45% 1.29 0.52
13.827" 4017 17.07 8.31™
17.27 5.07" 0.1 0.57
16.38°" 498" 2.84 1.8
30.53™ 13.33™ 4.19™ 0.75

" p-value < 0.05; ™ p-value < 0.01; ™ p-value < 0.001
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Diversity Collapse

® Cultural objects and the Interwebz

® | anguage extinction with social contact

® Biological extinction with ecological contact
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Aligning published claims with high-throughput
experiments

Drug Gene nteraction Support | Oppose Papers IDs Effect size ISt ariabilit
# papers @ # papers ignificance | cell, dose, time




Social
independence

Gross-Steinmeyer K
Stapleton PL

LiuF Gross-Steinmeyer K Gross-Steinmeyer K

Tracy JH Stapleton PL Stapleton PL
Bammler TK Tracy JH Tracy JH
Quigley SD Bammler TK Bammler TK

Farin EM Strom SC Strom SC
Buhler DR Eaton DL Eaton DL

Safe SH

Strom SC

Eaton DL

J(A, B)

Methodological
independence

affymetrix affymetrix
luminex clustering
microarray affymetrix microarray
real time pcr ALErEE Ly hg-u133
rt-pcr real time per microarray
transduction gene expression molecular

real time pcr
gene expression
mode
anova

gene expression

ANB AN B

AUB| |Al+|B|l—-|ANB|

Centralization of Scientific Commmunities

Prior Knowledge
independence

Akingbemi et al., 2004 Coleman and Smith, 2001

Chariot and Gielen, 1998 Gray, 1998
Chariot et al., 1996 Gupta, 2000
Coleman and Smith, 2001 e K|iﬂ_gﬁ, 2tOC|J1 oo
ia- esterreich et al.,
Gargig:sggc’)gooocmeman and Smith, 2001 Olea et al., 1996
Klinge: 2001 Gl_tha, 2000 Ramos et al., 2001
Levy et al., 2004 - Klinge, 2001 Sheeler et al., 2000
Newbold. 1995 akao et al., 1999 Suzuki et al., 2002
Razandi,, 2000 Takao et al., 1999

Sonnenschein and Soto, 1998
Takao et al., 1999



Findings from Decentralized Communities
More Likely Replicate
B
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Locate (& Bu*S€) Academic Bubbles



Hybrid Vigor



Alan Turing's ‘Immitation Game’

-
n “Computing Machinery &



Alan Turing's ‘Immitation Game’

in “Computing Machiﬁery &
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40% Precision



What Inferences are Most Likely
Cognitively!



What Inferences are Most Likely
Cognitively!



What Inferences are Most Likely
Cognitively!



Why/When!

Predicting Cognitively Avallable Inference



Tracing Discovery
In Science




100 Drugs; 450 Diseases

50-400% Improvement



COVID-19
Search

400%

Improvement




By Avolding Scientists
we can Predict what
they won't Discover



(and Its better)
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Build Ensembles of Diverse Intelligences
through

Al Coaching, Coordinating, Collabgr

o Advance Science, lechnology, Enterprise,
& the regulation of other S



uman Diversity

sorithmiclBigrsity

lective Diversity
ble Innovation

® |nnovation in Science, Tech,
Enterprise & Culture are High-
Dimensional & Rugged
requiring

® Social, Cultural, Institutional, &
Methodological Disconnection
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