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Outline

® Digital Humanities made possible by crowd-sourced “big
data” spanning multiple levels of order (time, geography, ...)

® Books: n-grams ~ word space

® Journal articles: technical terms ~ idea space (MeSH)
® Quantitative analysis of historical trends

® Competition (e.g. for limited attention)

® Geospatial variation and the role of socio-political
shocks

® Growth trends in the use of individual (new) words

® Zipf’s law and Heaps’ allometric scaling over time
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Corpus of 5,195,769 digitized books from 1520-
present, containing ~4% of all books ever published

Quantitative Analysis of Culture
Using Millions of Digitized Books
14 JANUARY 2011 VOL 331 SCIENCE



multiple levels

Time series constructed from word counts in books: aggregated at

Michel, J.-B. et al. Quantitative
analysis of culture using millions of

Google Inc. digital books repository

digitized books. Science (2011).
A
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Time series constructed from word counts in books: aggregated at

multiple levels

Michel, J.-B. et al. Quantitative
analysis of culture using millions of
digitized books. Science (2011).
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Time series constructed from word counts in books

Michel, J.-B. et al. Quantitative
v analysis of culture using millions of

Google Inc. digital books repository

| lmvulw"‘w — ] digitized books. Science (2011).
v i

® Words are disaggregated across language
(8 1n total) and by word/page/book count

® Freely available & easy to download in
raw format: http://storage.googleapis.com/books/

ngrams/books/datasetsv2.html

® 2nd release has files that are compiled

W Tweet < O

alphabetically (also including Italian)

e Further efforts to re-aggregate the data
into more powerful database
representation: http://googlebooks.byu.edu/

0.00%
1980 1982 1984 1986 1988 1990 1992 1994 1996 1998 2000 2002 2004 2006 2008



http://storage.googleapis.com/books/ngrams/books/datasetsv2.html
http://storage.googleapis.com/books/ngrams/books/datasetsv2.html
http://storage.googleapis.com/books/ngrams/books/datasetsv2.html
http://storage.googleapis.com/books/ngrams/books/datasetsv2.html
http://googlebooks.byu.edu
http://googlebooks.byu.edu

Time series constructed from word counts in journal abstracts and titles

Baker SJ, et al. Chromosome 17
deletions and p53 gene mutations

in colorectal carcinomas. Science,
244,217-21 (1989)
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Time series constructed from word counts 1n ArXiv articles and

Physical Review articles

http://arxiv.culturomics.org/

graphene

qubit

superluminal neutrinos

15%
http://www.matjazperc.com/aps/physics.html .
Enter query, start and end year, moving average over consecutive data points (1 means no averaging), and journal:
quantum

Graph dlsplays dala from July 1893 to September 201 2.
of papers in whlch lhe query

N M I 42 46 %0 54 58 62 66

d in the selected time frame is 33 33 In 1927/1

82 8 9 9 % 02 06 10

11.112

e is powered by data lrom me American Physical Society.

Main publication , Matjaz Perc, Scientific Reports 3, 1720 (2013).

S

Need search suggestions? Try top p ard and downward movers across the publishing history of the American Physical Society.

bookworm ArXiv

Search for trends in hundreds of thousands of articles on arxiv.org

in  Subject Class: Condensed Matter x +
in Category: Physics x +
in Subject Class: High Energy Phenomenology x +

graphene (Condensed Matter,
qubit (Physics)

-
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words: context free (e.g. cold = temperature, sentiment, sickness)
1dea space: MeSH = controlled thesaurus of subject headings

&= NCBI Resources ¥ How To ©
Pmu.gov | PubMed :

US National Library of Medicine
National Institutes of Health

Advanced

Send to:

Display Settings: (v) Abstract

Science. 1989 Apr 14;244(4901):217-21.
Chromosome 17 deletions and p53 gene mutations in colorectal carcinomas.

Baker SJ, Fearon ER, Nigro JM, Hamilton SR, Preisinger AC, Jessup JM, vanTuinen P, Ledbetter DH, Barker DF, Nakamura
Y, White R, Vogelstein B.
Oncology Center, Johns Hopkins University School of Medicine, Baltimore, MD 21231.

Abstract

Previous studies have demonstrated that allelic deletions of the short arm of chromosome 17 occur in over 75% of
colorectal carcinomas. Twenty chromosome 17p markers were used to localize the common region of deletion in
these tumors to a region contained within bands 17p12 to 17p13.3. This region contains the gene for the
transformation-associated protein p53. Southern and Northern blot hybridization experiments provided no evidence
for gross alterations of the p53 gene or surrounding sequences. As a more rigorous test of the possibility that p53
was a target of the deletions, the p53 coding regions from two tumors were analyzed; these two tumors, like most
colorectal carcinomas, had allelic deletions of chromosome 17p and expressed considerable amounts of p53
messenger RNA from the remaining allele. The remaining p53 allele was mutated in both tumors, with an alanine
substituted for valine at codon 143 of one tumor and a histidine substituted for arginine at codon 175 of the second
tumor. Both mutations occurred in a highly conserved region of the p53 gene that was previously found to be
mutated in murine p53 oncogenes. The data suggest that p53 gene mutations may be involved in colorectal
neoplasia, perhaps through inactivation of a tumor suppressor function of the wild-type p53 gene.

PMID: 2649981 [PubMed - indexed for MEDLINE]

MeSH Terms
Alleles

Animals

Chromosome Deletion*
Chromosomes, Human, Pair 17*/ultrastructure
Colorectal Neoplasms/genetics*
Humans

Mice

Mice, Nude

Mutation*

Neoplasm Proteins/genetics*
Nucleic Acid Hybridization
Oncogenes
Phosphoproteins/genetics*
Suppression, Genetic

Tumor Suppressor Protein p53




What is meant by “mice”?

2013 MeSH
MeSH Descriptor Data

Return to Entry Page

Standard View. Go to Concept View; Go to Expanded Concept View

IMeSH Heading Mice

Tree Number [B01.050.150.900.649.865.635.505.500

IAnnotation {chcck tag: NIM no qualifiers for MICE, the genus MUS unspecified, or any MUS species
\Scope Note The common name for the genus Mus.

[Entry Term Mice, House

[Entry Term Mice, Laboratory

[Entry Term Mouse

[Entry Term [Mouse. House

[Entry Term Mouse, Laboratory

[Entry Term Mouse, Swiss

[Entry Term Mus

[Entry Term Mus domesticus

[Entry Term Mus musculus

[Entry Term Mus musculus domesticus

[Entry Term Swiss Mice

|Allowable Qualifiers AB AH BL CF CL EM GD GE IM IN ME MI PH PS PX SU UR VI
History Note 2006

Dateof Entry 20050630

|Unique ID [DOS 1379




What 1s meant by “mice, nude”?

National Library of Medicine - Medical Subject Headings
2013 MeSH
MeSH Descriptor Data
Return to Entry Page

Standard View. Go to Concept View; Go to Expanded Concept View

'MeSH Heading Mice, Nude

|"n'ee Number |BOl .050.150.900.649.865.635.505.500.550.500

[Annotauon INIM when exper animal: no qualif; when IM, qualif permitted; do not confuse with MICE, HAIRLESS see MICE, INBRED HRS; do not forget also to check tag MICE
fSeope Note |Mutam mice homozygous for the recessive gene "nude” which fail to develop a thymus. They are useful in tumor studies and studies on immune responses.

Entry Term |Athymic Mice

Entry Term [Mice, Athymic

Entry Term [Mouse, Athymic

Entry Term IMousc, Nude

Entry Term [Nude Mice

‘Allowable Qualifiers [AB AH BL CF CL EM GD GE IM IN ME MI PH PS PX SU UR VI
PPrevious Indexing  [Mice (1966-1974)

History Note 75

Date of Entry 19741111

'Unique ID ID008819




Knowledge Thesaurus

Medical Subject Headings (MeSH) is a comprehensive controlled vocabulary for the purpose of indexing journal
articles and books in the life sciences; it can also serve as a thesaurus that facilitates searching. Created and updated
by the United States National Library of Medicine (NLM), it is used by the MEDLINE/PubMed article database and
by NLM's catalog of book holdings.

Mesh N-level tree Identifier: (C##) 1.(###)2...(###)~
Structure of MeSH

The 2009 version of MeSH contains a total of 25,186 subject headings, also known as descriptors. Most of these are
accompanied by a short description or definition, links to related descriptors, and a list of synonyms or very similar
terms (known as entry terms). Because of these synonym lists, MeSH can also be viewed as a thesaurus.

C - Diseases

D - Chemicals and Drugs

“Musculoskeletal disease” C05

. A
"Bone Diseases" C05.116 ~
S o
~
A} S~
LS ~a
. A Y ~ ~
"Bone Diseases, Y LN ~ o
Endocrine" ! A} ¢ S ' 1
1 . . ~ ~ 1 1
C05.116.132 ~ .
' A}
q s
4 ) "Buspirone"
’ A D02.455.426.559.847.885.120

D03.383.742.120


http://en.wikipedia.org/wiki/Controlled_vocabulary
http://en.wikipedia.org/wiki/Controlled_vocabulary
http://en.wikipedia.org/wiki/Index_%28publishing%29
http://en.wikipedia.org/wiki/Index_%28publishing%29
http://en.wikipedia.org/wiki/Thesaurus
http://en.wikipedia.org/wiki/Thesaurus
http://en.wikipedia.org/wiki/United_States_National_Library_of_Medicine
http://en.wikipedia.org/wiki/United_States_National_Library_of_Medicine
http://en.wikipedia.org/wiki/MEDLINE
http://en.wikipedia.org/wiki/MEDLINE
http://en.wikipedia.org/wiki/PubMed
http://en.wikipedia.org/wiki/PubMed
http://en.wikipedia.org/wiki/Thesaurus
http://en.wikipedia.org/wiki/Thesaurus

Spanning various thematic categories

Each MeSH (Medical Subject Headings) term is a
. node in the MeSH tree with at least one tree ROOt

identifier locating it at on branch O.; at level NV : Ca tegories
(L) 1 (). (B N

A - Anatomy

B - Organisms

C - Diseases

D - Chemicals and Drugs

E - Analytical, Diagnostic and
Therapeutic Techniques and Equipment
G - Biological Sciences

F - Psychiatry and Psychology

H - Physical Sciences

I - Anthropology, Education, Sociology

and Social Phenomena

J - Technology and Food and Beverage

“ObCSity”— K - Humanities

C18.654.726.500 L - Information Science
C23.888.144.699.500 M - Persons
E01.370.600.115.100.160.120.699.500 N - Health Care

G07.100.100.160.120.699.500 V - Publication Characteristics
Z - Geographic Locations



http://www.nlm.nih.gov/cgi/mesh/2012/MB_cgi#TreeC18.654.726.500
http://www.nlm.nih.gov/cgi/mesh/2012/MB_cgi#TreeC18.654.726.500
http://www.nlm.nih.gov/cgi/mesh/2012/MB_cgi#TreeC23.888.144.699.500
http://www.nlm.nih.gov/cgi/mesh/2012/MB_cgi#TreeC23.888.144.699.500
http://www.nlm.nih.gov/cgi/mesh/2012/MB_cgi#TreeE01.370.600.115.100.160.120.699.500
http://www.nlm.nih.gov/cgi/mesh/2012/MB_cgi#TreeE01.370.600.115.100.160.120.699.500
http://www.nlm.nih.gov/cgi/mesh/2012/MB_cgi#TreeG07.100.100.160.120.699.500
http://www.nlm.nih.gov/cgi/mesh/2012/MB_cgi#TreeG07.100.100.160.120.699.500
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Language as a competitive system
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A. M. Petersen, J. Tenenbaum, S. Havlin, H. E. Stanley.
Statistical Laws Governing Fluctuations in Word Use from Word Birth to Word Death
Scientific Reports 2,313 (2012).



Do words compete in a linguistic “marketplace” for
a finite market share?

b %31 £
i
: 3/1




Competitive “marketplace™?

T I T T
| Radiogram d
ui(t) : # of uses of word 3x107 o ocmpenoprm |
i in year ¢ i = |
Total word usages in year | . 2x10" - n 1
SN—
— T Nu() g i ]
Nu(5)= S0 w() | | |
1)(10_7_ r‘q\ /’/—sJ—“, \\\~ “ < _
= COrpus size I L~ 7 ]
- / -
/, \
‘ ~ 1 1 ) T 2 R 1 v
word frequency 1n year t IQ)OO 1920 1940 1960 1980 2000
year, t
ﬁ. (t) =u; (t) / N, (t) , | Competition between:
* Synonyms
total number of distinct e Spellings (e.g. color vs. colour)
words in year £ : e other ideas in an abstract “idea space”: (the Euphemism
Nw(t) treadmill: shell shock (WWTI) > battle fatigue (WWII) >
operational exhaustion (Korean War) > PTSD (Vietnam War)



Leptokurtic “tent-shaped” distribution of
word usage growth rate

IIIIIIIIIIIIIII

| distribution \
'8|IIVII|II|II|II1II|

1079756 3 0 3 6 9
relative growth, 7’

r = annual growth rates in the
word usage frequency

ri(t)=In fi(t+At)—In fi(t)=In (fl(;—é_t)At)>

Common words
using f, = f.

O English: £ =5x10"
o Eng. (fict): f =107
f =10°
f=10"

A Spanish:

¢  Hebrew:

P(r) 1s centered
around r = 0,
a “zero sum”
competitive system



“tent-shaped” growth patterns are common in complex systems

Q: How do complex systems
grow !

Q: How big are the rare events

(often neglected by simple
models) ?

* system size, S(t), at time t

St + 1)
* Growth rate R(t) = ¢() = log(ﬁ) = log S(t + 1) — log S(1)

* Laplace PDF P(R)= ﬁe—(ﬂ|ﬂ—<n>l/o<n))
ol lv

Excess number of large growth (+/-) events as compared to the Gibrat multiplicative growth model
which predicts a Gaussian distribution for P(R)

Firm size / Country GDP [1]

g
L1
B
WZ

Scaled PDF, P(g)V "
5&
- T
N
%
P
™ 1
P(R)
—
o

o )
10% E x‘”‘uf ey 3
PO IV, R il GNP T i A
84 6 4 2 0 2 4 6 8 10
Scaled growth rate, (g-2)/V,"”

Word Use [2] Individual Productivity [3] Stock Price [4]
T | o | | TT | TT | T "‘rli T | TT | TT | T | T o ataset T T T
N o ]
E o 10
NASDAQ
E o 10'F .
E_ _E 1 1 1 TP A VI L 1 |A Lyl L 2N
/9 30 20 -1({) 1'0 l]() 2;) 30 -30 -20(1;]0bl‘0c atl'o sz()) T
y . r (publications r (publication 21 -
E ’l O gngllls:h E oF d p‘ LA A I R Ry 10
F o Eng. Fict. \ 3 i 5
| 4 Spanish ~10'F ; H ] 10°F ]
s | ¢ Hebrew (<) 510’2' ® T E
< :I T 'I I I AT AT A |: A 10»37 vr’ g hNAl'ilgEl:l‘I;-! \\V I A S ul]%_/‘;!(l;!s.) \\\ E
-12-9 6 30 3 6 912 104“”/’ v MLB (PO) ‘\‘ ¥ ’/ . MK \“’ & 104_4 ' _12 - (1) ’ é J4
1 Y S R R S N B Growth rate R
R (relatlve grOWth) R (units of s.d.) R (units of s.d.)

[1] D. Fu, et al., The Growth of Business Firms: Theoretical Framework and Empirical Evidence. Proc. Natl. Acad. Sci. USA 102, 18801 (2005).
[2] A M. Petersen, et al., Statistical Laws Governing Fluctuations in Word Use from Word Birth to Word Death, submitted.

[3] A M. Petersen, et al., Quantitative Relations between Group Collaboration and the Productivity Growth Dynamics of Individuals, in preparation.
[4] B. Podobnik, et al., Common scaling behavior in finance and macroeconomics. Eur. Phys. J. B 76,487 (2010).



Do historical events change the dynamics?

Spanish speaking countries less involved in WWII

e e
1.6 ;3:\“ ‘ e English 3
1.4k W A |=—— Eng. (fiction)| 3
o | —— Spanish ]

WwiI

E 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I :
1450 1900 1950 2000
year,

annual growth rates

ri(t)=In fi(t+At)—In fi(t)=In (ﬁ(;(rf)At)

o(t) = std. deviation of ri(r)

)
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External “shocks” bring more
i1solated subsystems into contact,
leaving outside “ecosystems” (other
languages) unperturbed



Role of political conflict on language

EXTRA i War growth words (peak year)

Baltimore Amermm B

UDSR (1947)

fascismo (1926)
SOVIET DECLARES WAR ON JAPAN; 04 breechloader (1940, atype of
ATTACKS MANCHURIA, TOKYO SAYS; '
ATOM BOMB LOOSED ON NAGASAKI

..lllt“ll

— Moving Ave.

p—

-

oo i

1‘[ 17

gun loaded via a magazine

L Ay A S S
"~ D(t) = o(t) - Moving Ave.
WWwiI

—: instead of through the tip)
= divebomber (1943)
Heinkels (1939) (a type of
German bomber)

1 sonsabitches (1944)

Civil War

D Q:g'NG ' | 1850 1900 1950 2000 ghellshocked (1944)
i Hust o Rihts Wedkers .J_?‘ e year, [ .
profascist (1943)

antifascists (1945)
foxtrots (1946)

Political conflict correspond to periods of increased
fluctuations in language, and may serve to increase the rate of
cross-fertilization of different languages with new words



Birth and Death of

Words

!

W e O VERLY W

10-4 e English
= = = Eng.Fiction| 1917 Balfour Declaration + Second Aliyah
6E |=*= Spanish (renewal of Hebrew as a state language)
- Hebrew

——

I | l l
T T T T ] Ll T T

Death rate Birth rate
=
TIT‘!? fI mﬁl;ﬂﬂ

1 1 1 1

Arl
:W"\‘M'W

1 l 1
1850

1800

I L.
1900 1950

2000

Era of automatic
spell-check

/ editing

The modern era of publishing, which is characterized by more strict editing procedures at publishing
houses, computerized word processing (automatic spell-checking) technology, has led to a drastic

increase in the death rate of words.

Using visual inspection we verify most changes to the vocabulary in the last 10-20 years are due to
the extinction of misspelled words and nonsensical print errors, and to the decreased birth rate of

new misspelled variations.

This phenomenon reflects the decreasing marginal need for new words. The new words, however,

are biased towards words with relatively high frequency.



The life-cycle of a new word

Normalized growth rate alSr g
44 %9 I pily T =25 years ]
of a “new word = A | — T =50
/ L Iy ot | v —T. =100 |~
ri'(t)=ri(t)/alri] S 150N Trlae |
—~ ]: - IEEE -"“-,....f__-_-_----_-_-_-_-_._
Is there a tipping point in the life-cycle ? =
of a new word? The English corpus - 06 e
threshold fc = 5x10—8 maps to the first ’ yggr i biﬂh: i
passage time Corresponding tO the peak b ]03 =R |||III| ] l||||||| [ IIIIIII ] 1|-|||||| T TTITH
period ¢ = 30 — 50 years, which is the — e
characteristic generational timescale of ALl oo | -
humans (and language evolution) ~ 10°F l
gl‘ﬁ - .- .
R i
2. E
“Both dictionaries had excellent coverage 1\7 ]{]]
of high-frequency words but less
coverage for frequencies below 1076 :
. -9 -8 0 g esfitl [ &
67% of words in the 107 to 107° range 0" v n y: = P
10 10 10 10 10 10

were listed in neither dictionary” Michel

et al., Science (2011) f (word frequency)

| Quantifying the tipping point for word use.



C

Average normalized MeSH frequency
<f '"(tIT )>

Life-cycle analysis of Mesh terms

The growth trajectory of individual mesh

1.3 |
- 1 terms.
I —T =51 ]
121 | Most new MeSH concepts reach their
i | peak popularity around roughly 4-7
LIF 7 years.
1§
0.9:_ | The 4 trajectories are calculated using
[ ¥ only MeSH terms with lifetime L; >
I T. ={5,10,15, 20} years and birth

year after term birth, T year yi(0) = 1987.

Is there a characteristic life-cycle for scientific
trends?! 4-7 years is also consistent with the peak in
the citation trajectory of highly cited papers



Structural evolution of languages across time

Famous Ziptf + Heaps’ laws are based on static snapshots of
(relatively) small texts/corpora

Zipf's law: f(r) ~ 1/r" Heaps’ law: Ny ~ (Ny)P

=
2 IO_IE — 1 2 10°F
Q 10—2;_ g T q)“
= B —
O . s \ N i
= 1077¢ wn 4
o _45 . 10 3
O 1074 Na) g
E S

10_5€ Q i
o] = o -
8 _IIII 1 IIllIIIl 1 Illl[lll 1 ]lllllII 1 IlIIlIII > 103 ||||| 1 1 ||||||| 1 1 ||||||[ 1 L |||||||
3 100 10! 102 103 10* 107 108 10° 1010

word rank, r corpus size, Ny

Q: can we learn anything from analyzing the properties of
these statistical laws over time?



“Dark Language”: a hidden Zipf’s law
P(= f) is the percentage of 1-grams ( “words” ) with observed frequency larger than f

~ 10°F oy

B = 1 use per/million

L1071

(el —

o —

= 5 - | % words

:_5 10 ? UC 07 0.7% words

Z 103k “Unlimited” “Kernel”
o) = . o

z - lexicon lexicon
: F g =1
< — —
—g 10_55

2 10_65 Corpus: English All

S E

é = 1950

£ -7

E 10 E 2000

8 10—8 ] IIIIII,II ] IIIIII,II ] IIIIII,II I IIIIII,II I IIIIII,II I IIIIII,II L L LLri

10" 1071 107 10°* 1077 107° 10 107* 107 107* 107" 10°
Word frequency, f
Hence, dark language™ is composed of approximately 99% of the |-grams recorded in each

corpora, leaving only ~1% of words that constitute our “Kernel” lexicon

*Recent estimates on the composition of physical matter in the universe: 72.8% dark energy, 22.7% dark matter and 4.6% ordinary

matter. Hence, 95% of matter-energy is dark. ("Seven-Year Wilson Microwave Anisotropy Probe (WMAP) Observations: Sky Maps,
Systematic Errors, and Basic Results". nasa.gov)



http://lambda.gsfc.nasa.gov/product/map/dr4/pub_papers/sevenyear/basic_results/wmap_7yr_basic_results.pdf
http://lambda.gsfc.nasa.gov/product/map/dr4/pub_papers/sevenyear/basic_results/wmap_7yr_basic_results.pdf
http://lambda.gsfc.nasa.gov/product/map/dr4/pub_papers/sevenyear/basic_results/wmap_7yr_basic_results.pdf
http://lambda.gsfc.nasa.gov/product/map/dr4/pub_papers/sevenyear/basic_results/wmap_7yr_basic_results.pdf

Consistent patterns of “dark language™ across 7 languages

£y

T T | T T | T T | T T ¥ | TTTTTI | TTTTTI | TTTTTI | TTTTTI

- C_-—_

a_ =17

| T 117;'
_g 8 &

E — £ = 2000 6
b op °© Dhewh \(\x+:2.o £ - French 20— 1 0
A, 10 [ - gﬁgi:i (lii/cltlon) : IC{}eEman '3@@ 110 :-;“
4m ¢ EnglishGB =Y stgieavrvl b :\é -4_;

10 [~ v EnglishUS 58 N Spanish w2510

| L L UL | L L UL | L L UL | L L UL | L L UL | L L UL | L L UL | L L UL | L L UL | L L UL
10" 10° 10° 10* 10° 10" 10° 10° 10" 107

A. M. Petersen, J. Tenenbaum, S. Havlin, H. E. Stanley, M. Perc
Languages cool as they expand: Allometric scaling and the decreasing need for new words
Scientific Reports 2, 943 (2012)



Using Heaps’ law to reveal the marginal utility of new words

El o T Allometric scaling analysis is used to quantify
ngii )

% the role of system size on general phenomena
o o A.lf..,, characterizing a system, and has been applied

to understand the metabolic (activity) rate of

)
°

=
N—
Z§
.Qﬁ) 10°F French o g systems with sizes ranging from mitochondria
N - | 88 :;a'“'f ' 0.52(1) . to Cltles,
a E .( 1 1| I| IJ | 1 1 11| I_
< .
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b < 1 corresponds to an “economies of scale” and implies a decreasing marginal need for
additional words as a corpora grows. Because we get more and more “‘mileage” out of
new words in an already large language, additional words are needed less and less.
Interestingly, many economic systems have b >1, whereas biological systems have b < 1.



Using Heaps’ law to provide insight into the dependency structure between words
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Q: How does b change if we only include words with U; = U¢ in our allometric

scaling analysis??

As Uc increases the Heaps scaling exponent increases from b = 0.5, approaching
b = 1, indicating that core “Kernel” words are structurally integrated into
language as a proportional background, Nu(?) ~ Nw(?), quantifying how the
kernel lexicon is the structural “glue” with larger marginal utility per word



M Food for thought
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®  Digitization of historical archives is vastly extending our quantitative perspective on history

® A vast amount o language belongs to an “unlimited” lexicon, consisting of highly specific
contextual terminology. Consider that the common everyday words, roughly the top 30,000
most used words which are used with a frequent of more than 1 per million, account for only
1% of the English language vocabulary

®  Words compete with irregular forms and synonyms in a competitive environment:
“persistence” is gradually suffocating the use of “persistency”

® The growth of language is very sensitive to socio-political shocks, such as war. New words
enter largely as a result of technological innovation, but also due to shifts in social behavior:
consider that the words “girlfriend” and “boyfriend” emerged only in the early 1960s, likely
reflecting a sexual revolution which has major blologlcal 1mphcat10ns (e.g. disease spreadlng,
birth rate, etc.). Also, the words “treehuggers” and “ecowarriors” emerged in the early 1990s
in COIlJllHCthIl with the "save the earth" movement.

®  The sustainability of new and old words likely reflects the word’s marginal utility as derived
from the implicit dependency structure of language (grammar)

A. M. Petersen, J. Tenenbaum, S. Havlin, H. E. Stanley. T h an k Yo u !

Statistical Laws Governing Fluctuations in Word Use from Word Birth to Word Death .

Scientific Reports 2, 313 (2012). A special thanks to my collaborators:
Joel Tenenbaum, Matjaz Perc,

A. M. Petersen, J. Tenenbaum, S. Havlin, H. E. Stanley, M. Perc Shlomo Havlin, Gene Stanley

Languages cool as they expand: Allometric scaling and the decreasing need for new words
Scientific Reports 2, 943 (2012) http://physics.bu.edu/~amp17/



Title: Using big data to quantify the evolution of written corpora at the micro
and macro scale

Abstract:

Generic evolutionary forces of survival and reproduction are believed to drive
the evolution of language. Using the Google Inc. n-gram dataset spanning
200+ years, we show patterns consistent with competitive dynamics at the
level of individual words (tokens) as well as at the level of entire corpora. At
the micro scale, we demonstrate tipping points in the life-cycle of new words,
growth patterns consistent with competition for limited “market opportunities”,
and evolutionary selection induced by modern editing software (Petersen et
al, Sci. Reports 2012). At the macro scale we show that languages “cool as
they expand”, a dynamic property that highlights periods of political conflict
which are characterized by heightened levels of language fluctuations
(Petersen et al, Sci. Reports 2013). We will show that these general
methods can be extended to other evolving categorical systems such as the
MeSH (Medical Subject Headings) vocabulary used by the United States
National Library of Medicine.



