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Lexical Semantic
Change
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LiIWA — Living Web Archives

I

Semantic &
Terminology Evolution

Temporal
Coherence

dcalina with
ez +crminology
evolution
preparing For
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OC.CESS suppor”r

Noise and Spam
Filtering

Improved Capturing

Existing Web Archiving
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Increasing amount of historical texts

in digital format

Easy digital access for anyone! =~ POSSII?IIIty.tO digitally analyze
Not onlv scholars B historical documents
y ' — ] A~ at large scale.
Information from primary sources
Text-based

Not only modern interpretations.

Digital Humanities
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Spelling change

Teutschland Deutschland

[
R EEEEEEE gl

S O PO O PO O RSOLSOROL OO
S L LA LS LN PSPy
MEEMEERN NN S NSO SR SRS S
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Lexical replacement:
Named entity change

St. Petersburg St. Petersburg

Petrograd
Leningrad

»
R EEEEEEEE gl

S O P OP OO O ROLSOROL OO
S L LA LSNPS PSSy
N TR DT AT AT AT 0T T QT T DT RPN RYT AP DT DT DT D DT time
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Lexical replacement:

Petrograd St. Petersburg

felitious happy

‘.. __;J|

»
RS ]

S OSSOSO DSOS O OSOROL OO
SHPALLOSLPELELIN PN L PP P S Sy
N7 R DT AT ART RO AT T QTR QA KDY AP RDT P DT DT DT D AT Time
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dwesome

He was an ' 9 He was an
awesome leader! awesome leader!

time
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What is the problem?

N

St. Petersburg
N

[
R R R R ]

Q M O M O O O M L D OV X D00 O 5 0 0 i
PNV NLON NN AN QAL VL QL time
NIENIEN I RN SN IS I RO U ERN SN N NN U P A RN MR

Nina Tahmasebi, On Lexical Semantic Change and Evaluation,
Stuttgart, June 2019



What is the problem?

- -

N

St. Petersburg
' <

»
R R R R ]

O A Q0 O L 9 N0 O L 0 O OO0 O o 0 O Ot
LWV NN ANV A AN QAL VKL O time
NIENIEN I RN SN IS I RO U ERN SN N NN U P A RN MR
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)5} sebastini’s benefit last night at the
Opera House was overflowing with

the fashionable and gay 99
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99 Sebastini’s benefit last night at the
Opera House was overflowing with

the fashionable and gay 99

The Times, April 27th, 1787
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What is the problem?

4

b Inte’fﬁ/reting

t_lll/;All/lA
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Lexical change
w(t;) 2 v(t,)

‘\\1‘\\\\‘1‘

adjectives
verbs

\y‘v
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Named Entity
Change
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same meaning, different spelling
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Aims

Rock

Find word sense changes
automatically to find what
changes, how it changed and
when it changed
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Mark words that are likely

to have a changed meaning

I S

'gay 4l adjective ygal 'gay o) adjective \oa\ . N - o

204) | Bk
4 a: HOMOSEXUAL <gay men>
excited 1 MERRY <in a gay mood:
b : of, relating to, or used by homosexuals <the gay rights

b © keenly akve and sxuberant : having or inducing high spirits
movement> <a gay bar>

<A Ware's gay Apring Aongs

PO OO N OO DD O H O O PO OO RO DD O D PO
S P PP LN PP PP PSS PSR PLL PP S
SRR AR N SN N I R I S MMENENISNENAN N BN E R R A
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Lexical
Semantic
Change

The (historical) linguistic perspective
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Scmac;ioloaical - Onomacslologlcal

Nina Tahmasebi, On Lexical Semantic Change and Evaluation,
Stuttgart, June 2019



Semasiological perspective

‘ word I \ concept/meaning ]

/\\ .~ » Semantic change ]

Rock
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Onomasiological perspective

I word l ‘ concept/meaning ]

@ .~ ) Lexical replacement]
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Ono- and Semasiological are interlinked!

‘ word l r concept/meaning ]

1
1 L1
1IN

red — e
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Ono- and Semasiological are interlinked!

‘ word | r concept/meaning ]

red —m—————y @

pink —m—m—mm— O

Nina Tahmasebi, On Lexical Semantic Change and Evaluation,
Stuttgart, June 2019



One more example

I word I ‘ concept/meaning ]

happy

scmasloloalcaﬂ

@ [Z ) ohomasiological

gay

Homosexual

—
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Why

?
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A division of the semantic field 'sharp’

P il
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Gkarp Vass

skarp (adjektiv) vass (adjektiv)

Skarp  Attribut Adverbial Vass  Attribut Adverbial wvass

1. kritik 1008 & 1. lika 120 & 1. kniv 803 & 1. riktig L29@

2. kontrast 822 @ 2. mycket 237DQ 4. spurt 200 & 2. lika 2203

3. ammunition358 & 3. pganska 82 O —————— 3. penna 1140 3. tillrdcklig3l @&

4. version 200 & 4. =3 2710 & 4. avslutningll8 & 4. javligt 29 @

5. grins 246 B 5. alltfar 24 B —_—y L. tunga’ 79 O 5. javliig 29 @

6. blick 213 & 6. liten EE: — 6. tunga 79 @ 6. ruskig @

7. kritiker 141 O 7. fioga 32 B 7. avslutare 54 @ 7. jaklig o

8. varning 151 @ 8. riktig 75 @ 8. kant 72 @ 8. gron o

9. kurva 125 & 9. osedvanligs @ 9. egg 45 @ 9. oerhdrd o
10.kant T B 10.tillrdcklig 18 @& 10.speed 36 O 10.ovanlig B
11.analys 89 B 11.igar T @& 11.slutspeed 26 @& 11.ganska B
12.svang 73 B 12.ovintad 10 @& 12.5ax 30 & 12.ruggig " |
13.bild 169 & 13samtidig 8 B 13.satir ET L 13.speciell &
———————— | 14.protest 82 m 14 0erhérd 17 @ 14 malskytt 44 @ 14.onekligens ©
3 15tillsagelse 34 B 15.uppknapptd @& 15.sten? 36 O 15.invindig 2 &

U

Nina Tahmasebi, On Lexical Semantic Change and Evaluation,
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How?
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Methods for @;ﬂ

O
semantic change @{:}
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® embeddings
® neural embeddings

® dynamic embeddings

®
® topic models ®
® word sense induction ®
® O
® O
® ® O o
® ® 6 & o o o
® O ® 6 6 6 o o o o

2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
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® embeddings Single-sense

® neural embeddings

® dynamic embeddings

—tt+—+—+—+t+—+—+>

20082009 2010 201 2012 203 204 205 206 207 2018 2019

® topic models

® word sense induction Sense-differentiated '
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Change type

/

AAAA/ - o

> ’/7'
Novel word ' E

Novel word sense ' E,,YXVVA//
- . . « - - - o -

-— w3

Novel related ws ' Join

Novel unrelated ws ' Split

Death '

Sense-differentiated ’
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® embeddings Single-sense

® neural embeddings Azarbonyad et al
Takamura et al
® dynamic embeddings Costin-Gabriel Kahnmann & Heyer
& Rebedea Bamler & Mandt
Tjong Kim Sang 2017
2016

Hamilton et al
Eger and Mehler

Gulordava Kulkarni  Rodda et al Yaoet a, _
Sagi et al & Baroni Tang etal Kimetal etal Basile et al Rudolph & Blei
2009 2011 2013 2014 2015 2016 Rosenfeld & Erk

2018
| ] ] ] ] | ] | ] | ] | >
| | | | | | | | | | | |

20082009 2010 201 2012 203 204 205 206 207 2018 2019

Tahmasebi et al. Wijaya & Yentizerzi Cook etal Cooket al Frerman & Lapata
2008 2011 2013 Mitra et al Tang et al
2014 2016
Lau et al Mitra et al Tahmasebi & Risse
2012 2015 2017

® topic models

® word sense induction

Sense-differentiated
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Context-based method
w

!

, context vectors N
Sagi et al. i t Data set split in approp. sets

GEMS 2009 i )

Broadening of sense

i3

Narrowing of sense

With grouping:
Added/removed sense

PR
b

No discrimination between senses No alignment of senses over time!

Nina Tahmasebi, On Lexical Semantic Change and Evaluation,
Stuttgart, June 2019



Word embedding-based models

Kulkarni et al. WWW’15

e 905005

. . e lesbian
Project a word onto a vector/point 00050 0 9 Wg'”educat@ﬁ;exual
(POS, frequency and embeddings) oo iy elgrons /54900

courageous transgender

philanthropist

courteousx adolescents
[]] gaymo{] statesmand3Y*®

00 cheerful e dapper literate . Aol e e
Track vectors over time sublimely ncir

profligate artisans
02 unembarrassed metonymy
lingua apparitional

Kim et al. LACSS 2014 a e

eender
Basile et al. CLiC-it 2016

. 0.6

Hamilton et al. ACL 2016
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Dynamic Embeddings .

2
Bamler & Mandt:

e Bayesian Skip-gram

TS
Share data across all time points Yao et al: Q/

Avoids aligning * PPMI embeddings

™
Rudolph & Blei: Q/

* Exponential family embeddings
(Beronoulli embeddings)

.~ > Sharing data is highly beneficial!
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Temporal Referencing .

—
Share contexts across all time points DUbossarSky et al Q/

Indivudal vectors for words for each bin * SGNS
Avoids aligning  PPMI embeddings

historical outperforms

.~ > Sharing data is highly beneficial!
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Topic-based methods

O Topic model (HDP)
O Assign topics to all instances of a word.

If a word sense WS, is assigned to collection 2
but not 1 then WS, is a novel word sense.

BUT:
O Only two time points (typically there is much noise!)

Q No alignment of senses over time!

sianords are

.. . . Syl i not fix in
Lau et al. Wijaya & Yeniterzi \gl:r'cmhev@ //< ;@
EACL 2014 DETECT '11 the ta ch
Cook et al. Frermann & Lapata

Coling 2014 TACL 2016

Nina Tahmasebi, On Lexical Semantic Change and Evaluation,
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Downsides topic models

Sehnse |

chal’lac : //
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Word sense induction

O 0. O
O .. O @@
@) O 0
tl tE 1‘.n

Word sense induction Detecting stable Relating units
(curvature clustering) SENSES => Paths
individual time slices =3 units
Rock
>
™
Lifestyle

Tahmasebi & RiSSG, RANLP2017 Nina Tahmasebi, On Is_fxical Semantic Change and Evaluation,
uttgart, June 2019



Complexity

;’> o(s|7

z
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LSC — individually trained embedding spaces

Single-point
embedding space
ti

douchpad

multiple
time points

align

;;;;;;;;

Track an individual
O word w over time

= Change
point/degree
detection

Nina Tahmasebi, On Lexical Semantic Change and Evaluation,

Stuttgart, June 2019

O Embedding space

Q Alignment

O Change degree/ point

Differentiate between
O change types




LSC — dynamic embedding spaces

Q Embedding space

- - Align while
i i training P 11998 — 1999
o - < 1 £11998 — 2000
S 11998 — 2001
” 11998 — 2002
I P g 11998 — 2003
- o 3 11998 — 2004
N 11998 — 2005
g 11998 — 2006
3 1 11998 — 2007
Y 11998 — 2008

10" 10° 10!
Euclidean distance in embedding space

Bamler and Mandt, 2018

Q Change point

Track an individual
O word w over time

= Change . .
point/degree Differentiate between
detection cha nge typeS

Nina Tahmasebi, On Lexical Semantic Change and Evaluation,
Stuttgart, June 2019



Sense-differentiated embedding spaces

Jmusik

hardrock Punkrock

Jazz

edngrock Single-point
embedding space
t, with
$lierock sense differentiation
Jock-1 &appa
edcka
gnorgonrock

Nina Tahmasebi, On Lexical Semantic Change and Evaluation,

Stuttgart, June 2019

O Word sense induction

Word sense
O disambiguation




Sense-differentiated dynamic embeddings

irdrack Bunkrock

””””””

érdrock Punkrock

sock:
ock
,,,,,

&&&&&&&

‘‘‘‘‘‘‘‘‘‘‘

Align while
training, with
multiple senses

Track a
word’s senses
individually
over time

Change point
detection

Nina Tahmasebi, On Lexical Semantic Change and Evaluation,

Stuttgart, June 2019

Q Word sense induction

O Word sense disambiguatit

Differentiate between
O change types




Evaluation
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Evaluation

minimum optimum medium

signal change

signal
topic, cluster, vector...

]:fé} :fé :’:ﬂ :’:ﬂ :’:3 collective text
'm' individual text

e\
il individual
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Evaluation

minimum optimum medium

signal change

E}’E} E} E} E} collective text
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Evaluation

minimum optimum medium

\/\/ signal change

'm' individual text

N
il individual
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Evaluation

minimum optimum medium

e

signal
topic, cluster, vector...

g}'%});?ﬂ A:Tj A:?ﬂ collective text
'm' individual text
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Evaluation

minimum optimum medium

\/\/ signal change

signal
topic, cluster, vector...

E} E} E} E} E} collective text
'm' individual text

il individual
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Evaluation

minimum optimum medium

signal change @
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Evaluation

Top/bottom
results

ways

Controlled data

Nina Tahmasebi, On Lexical Semantic Change and Evaluation,

Stuttgart, June 2019

Pre-determined list of
e Positive examples

e Negative examples
e Pairs



Representativeness

E\,:
L -
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Representativeness (2)
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prechosen top  entity eval. method time # classes classes modes
#pos #neg (S)ingle/ (M)anual/ span # points time / sense
(P)airs (A)utomatic aware / diff
Sagi, Kaufmann, and Clark (2009a) 4 0 S M 569y 4 2 broad./narrow. no no
Gulordava and Baroni (2011) 0 0 100%* S M 40y 2 1 change no no
Tang, Qu, and Chen (2013) 33 12 S M 59 59 3 B/N/novel/change® no no
Kim et al. (2014) 0 0 10/10°% S/P¥ M 110 110 1 change yes™ no
Kulkarni et al. (2015) 20 0 20 S M/A 105y /12y /2y 21/13/24 1 change yes no
Hamilton, Leskovec, and Jurafsky (2016b) 28 0 100 S/P M 200/190 20 1 change no no
Rodda, Senaldi, and Lenci (2016) 0 0 50 S M 1200y 2 1 change no no
Eger and Mehler (2016) 0 0 2161 S/P M 200/190 20/19 1 change no no
Basile et al. (2016) 40 0 . S M 170 17 1 change yes no
Azarbonyad et al. (2017) 24 0 5/5% S M 20/11 2/2 1 change no no
Takamura, Nagata, and Kawasaki (2017) 10 0 100/20%% S/P M 64 2 1 change no no
Kahmann, Niekler, and Heyer (2017) 4 0 S M < 16 48 166 change no no
Bamler and Mandt (2017) 6 0 10 S/P M® 209/230/7 209/230/21 1 change no no
Yao et al. (2018) 4/1888% 0 S M/A 27 27 1 change no no
Wijaya and Yeniterzi (2011) 4 2 S M 50087 500 270 change novel yes yes’!
Lau et al. (2012) 5 5 ) M 43y 2 1 novel no yes
Cook et al. (2013) 0 0 30 S M 14 2 1 novel no yes
Cook et al. (2014) 7/13 50/164 S M 43y /17y 2/2 1 novel no yes
Mitra et al. (2015)72 0 0 69/50 S M/A 488/2 8/2 3 split/join/novel”™ no yes
Frermann and Lapata (2016) 4 0 200 S M/A 311 16 2 change/novel no yes
Tang, Qu, and Chen (2016)™ 197 0 S M 59 59 6  B/N/novel/change” no yes
35 25 S M 222y 221 4 novel B/, stable yes yes

Tahmasebi and Risse (2017a)

https://languagechange.org/publication/2018-surveypaper/

Nina Tahmasebi, On Lexical Semantic Change and Evaluation,
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Data sets

Table 3
Datasets used for diachronic conceptual change detection. Non—English .

Sagi, Kaufmann, and Clark (2009a) Helsinki corpus

Gulordava and Baroni (2011) Google Ngram

Wijaya and Yeniterzi (2011) Google Ngram

Lau et al. (2012) British National Corpus (BNC), ukWaC

Cook et al. (2013) Gigawords corpus

Cook et al. (2014) BNC, ukWaC, Sibol/Port

Mihalcea and Nastase (2012) Google books

- Basile et al. (2016) Google Ngram (Italian)

- Tang, Qu, and Chen (2013, 2016) Chinese People’s Daily

Kim et al. (2014) Google Ngram

Kulkarni et al. (2015) Google Ngram, Twitter, Amazon movie reviews
Mitra et al. (2015) Google Ngram, Twitter

Hamilton, Leskovec, and Jurafsky (2016b) COHA, Google Ngram

- Eger and Mehler (2016) COHA, Siiddeutsche Zeitung, PL™

Azarbonyad et al. (2017) New York Times Annotated Corpus, Hansard

- Rodda, Senaldi, and Lenci (2016) Thesaurus Linguae Graecae

Frermann and Lapata (2016) DATE corpus

Takamura, Nagata, and Kawasaki (2017) Wikipedia (English and Japanese)

Kahmann, Niekler, and Heyer (2017) Guardian (non-public)

Tahmasebi and Risse (2017a) Times Archive, New York Times Annotated Corpus
Bamler and Mandt (2017) Google Ngram, State of the Union addresses, Twitter
Yao et al. (2018) New York Times (non-public)

Rudolph and Blei (2018) ACM abstracts, ML papers ArXiv, U.S. Senate speech

https://languagechange.org/publication/2018-surveypaper/



Towards computational
lexical semantic change
detection

VR funded

6 million sek (+ cofunding Sprakbanken ~700k sek)
2019 — 2022
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4 year project: https://languagechange.org/

Overall goal is to bridge the gap
between the four of us and all
that can benefit from the results.

Nina Tahmasebi, On Lexical Semantic Change and Evaluation,
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Main goals
Wp1: Swedish word
sense induction
e Using sense-differentiated

dynamic embeddings i%

0
Wp3: Lexical Wp4: Applications

replacements £ . A.pplie.d so.ciolc?g\./,
* On the basis of Wp1 historical linguistics,

history of concepts, ...

Wp2: Semantic

change
* On the basis of Wp1l

* Or using other textual clues

WP*: Evaluation
* Integrated in all work packages

Nina Tahmasebi, On Lexical Semantic Change and Evaluation,
Stuttgart, June 2019



Activities

News-list (news@Ilanguagechange.org)

¢ o @ @ httpsy/languagechange.org

m oa Qb |

Towards Computational Lexical Semantic Change Detection Home WorkPackages Events Talks Publications Posts

Introductory videos to LS change

Workshops (next at ACL2019)

Towards

Computational
Lexical Semantic

Change Detection

Collaboration with other researchers

Chalmers University of
Technology

historians, sociologist, hist. linguists

SemEval2020 task

[

Project Description

In this project, we aim to find automatic, corpus-based methods for detecting
semantic change and lexical replacement for Swedish and English. We will
investigate the fundamental questions of how, when, and why languages change
to allow us to quantify language change and shift lexical typological research from
small case studies done on limited data sets to larger scales and over wider time
spans using various media types and sources.

We have organized the project into four work packages. Because we need
evaluation for all areas, it is integrated in all our work, and we will define datasets,
test sets, and evaluation methods in all Wps. Our work with quantitatively
reproducing existing studies for lexical and semantic change and our
collaborations with researchers from outside fields will be a part of all work
packages. Our work packages are

+ Word Sense Induction
« Semantic Change

« Lexical Replacement
« Applications

The 1st International Workshop on Computational Approaches to Historical

Lon

Contact

Nina Tahmasebi, On Lexical Semantic Change and Evaluation,

Stuttgart, June 2019



Project timeline

SC = Semantic Change

LR = Lexical Replacement
DH = Digital Humanities
SS = Social Science

Feb — Workshop Helsinki SLTC workshop?
August — ACL workshop DHSS conf?
SemEval annotation SemEval workshop *ACL workshop? Final project event

2019 2020 202] 2022

Word sense induction Manual study of SC Manual LR-study Semantic fields
Evaluation of SC Annotation for SC Collaboration with LR-SC interchange
Hypotheses from Lexical Replacement DH and SS

historical linguistics

Nina Tahmasebi, On Lexical Semantic Change and Evaluation,
Stuttgart, June 2019
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Mark words that are likely

to have a changed meaning

I S

'gay 4l adjective ygal 'gay o) adjective \oa\ . N - o

204) | Bk
4 a: HOMOSEXUAL <gay men>
excited 1 MERRY <in a gay mood:
b : of, relating to, or used by homosexuals <the gay rights

b © keenly akve and sxuberant : having or inducing high spirits
movement> <a gay bar>

<A Ware's gay Apring Aongs

PO OO N OO DD O H O O PO OO RO DD O D PO
S P PP LN PP PP PSS PSR PLL PP S
SRR AR N SN N I R I S MMENENISNENAN N BN E R R A
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Conclusions

\:(> Complexity in Rock
e Multiple senses

* Many time points

| :: > i |
Not all data are big data! ﬂ

(:> Evaluation @

- Common datasets and methods!
—>What is the result valid for?

Nina Tahmasebi, On Lexical Semantic Change and Evaluation,
Stuttgart, June 2019



Thank you for listening!

*

Nina.tahmasebi@gu.se

nina@tahmasebi.se
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