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Previously in the course….



Synchronic models of meaning
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PPMI

You shall know a word by the 
company it keeps (Firth)

Words in similar contexts tend to 
have similar meanings (Harris)

Bank

$$$

Contextualized models



How does meaning change through time

4From Hamilton et al. 2016
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Time Change score

1900-10 0.1

1910-20 0.03

1920-30 0.16

1930-40 0.27

1940-50 0.19

1950-60 0.14

1960-70 0.11

1970-80 0.07

1980-90 0.09

1990-2000 0.69

How does meaning change through time



What can we do with it?



Why change (and variation) matters
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If you are a linguist If you work on AI

If you are a historian, 
sociologist or interested 

in societal changes



Why change (and variation) matters
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If you are a linguist If you work on AI

If you are a historian, 
sociologist or interested 

in societal changes



Current modus operandi

Works well iff:
▪ Domain is very similar to 

the training dataset
▪ Finetuning on suitable 

dataset is possible
Problematic in cases of:
▪ Language change
▪ Language variation
▪ Any domain change 
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Semantic change causes bias
Performance drop as a function of language change and variation

10Dhingra et al. 2022

Gender Equality
Stance Detection

Sentiment 
Analysis Rating reviews

From Alkhalifa et al. 2023
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Semantic change causes bias
The case of reclaimed language
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Hateful Non hateful

I just love it when all of the 

brown people leave my office 

so I don't have to look at them.

the black cat down 

the road really ruins 

the neighbourhood.

Hateful Reclaimed 

Look, that boy’s crying! What a 

sissy!

Sissy That Walk, 

queens!

Among the LGBTQ+ community

Standard hate speech problem

Marginalize members can change 

meaning and deconstruct power-

relationships

Elicit negative attitudes, 

dehumanization, and discrimination, 

toward marginalized communities 

and minority groups.

Reclamation takes derogatory label of stigmatized 

group, and consciously use it to label themselves, 

thus turning a hurtful term into a badge of pride.

True for any minority or 

marginalized community: 

women, immigrants, 

religious groups, elderly, 

etc.  



Semantic change causes bias
The case of reclaimed language

12Zsisku, Zubiaga, & Dubossarsky, 2024

Reclaimed

Model

Reclaimed

Standard (Vidgen)

Hatespeech Non-hatespeech Reclaimed

Reclaimed

Vidgen et al. (2021) 



Semantic change causes bias
Performance drop as a function of language change and variation

13Dhingra et al. 2022

Gender Equality
Stance Detection

Sentiment 
Analysis Rating reviews

From Alkhalifa et al. 2023
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Relevant if you are only interested “tech” 

But also to study linguistic/sociology questions



Why change (and variation) matters
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If you are a linguist If you work on AI

If you are a historian, 
sociologist or interested 

in societal changes



Models are biased

15https://lamyiowce.github.io/word2viz/

http://projector.tensorflow.org/


Bias is neither good or bad, but a mirror to society
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linguistic

gender 

demographic



Study how bias changes over time & across domains
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𝐛𝐫𝐨𝐚𝐝𝐜𝐚𝐬𝐭𝟏𝟗𝟐𝟎
𝐛𝐫𝐨𝐚𝐝𝐜𝐚𝐬𝐭𝟏𝟖𝟖𝟎

𝐛𝐫𝐨𝐚𝐝𝐜𝐚𝐬𝐭𝟏𝟗𝟔𝟎



Language variation and dialectology as semantic change

18Grive et. al 2019



Language variation and dialectology as semantic change
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gas=carbonated

gas=gasoline

pop=soda drink

Jiang et al. 2020



Semantic change in politics and sociology

20From Henchen et al. 2019



21Frermann & Lapata, 2016

Semantic change in history and technology



Semantic change in the finance domain

22From Montariol et al., 2020



Semantic change in the cultural domain

23From Kozlowski et al., 2019



Why change (and variation) matters
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If you are a linguist If you work on AI

If you are a historian, 
sociologist or interested 

in societal changes



Exploratory research
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p<.001, 

permutation test

Verb

Noun

Adj.

ℋ: Do certain word classes change more than others?

Word-class effect (Dubossarsky et al. 2016)
Verb mutability effect (Gentner 1981)

The lizard worshipped the sun

Cognitive Science, 2022

Dubossarsky, Weinshall, & Grossman, Lingue e linguaggio, 2016



Testing linguistic theories
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Cognitive category theory (Rosch, 1973)

stroll

walk
ride

travel

swim

wander

ℋ: can category membership explain semantic change?

Manners of motion

Dirk Geeraerts (1987, 1992)

Two verbs in Dutch (16th and 19th century)

Dubossarsky, Tsvetkov, Dyer, & Grossman, Word Structure and Word Usage, 2015

Law of prototypicality



Critical analysis: laws of semantic change

27Dubossarsky, Grossman, & Weinshall, EMNLP, 2017

▪ Law of Prototypicality (Dubossarsky et. al. 2015)

▪ Law of Innovation (Polysemy, Hamilton et. al. 2016)

▪ Law of Conformity (Frequency, Hamilton et. al. 2016)

Bank
invest

river

rock

sea

money deposit

hours

liquor

drink

glass

booz

e
bottle

bar

Wine



Critical analysis: laws of semantic change
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▪ Law of Prototypicality (Dubossarsky et. al. 2015)

▪ Law of Innovation (Polysemy, Hamilton et. al. 2016)

▪ Law of Conformity (Frequency, Hamilton et. al. 2016)

Mathematical 

assumptions

𝔼 𝑥𝑡1 = 𝔼 𝑥𝑡2 = 𝔼 𝑥

𝔼 𝑥𝑡1 , 𝑥𝑡2 = σ𝑉𝑎𝑟(𝑥)

𝑻𝒉𝒆𝒐𝒓𝒆𝒕𝒊𝒄𝒂𝒍𝒍𝒚
In a control condition:

So, semantic change of a word is,

Control 

corpus
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Frequency Polysemy Prototypicality

Historical corpus

Control corpus

Dubossarsky, Grossman, & Weinshall, EMNLP, 2017



The search for laws of semantic change continues
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The return of the “law of conformity”

Good research is one that steers a discussion



Summary
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If you are a linguist If you work on AI

If you are a historian, sociologist 
or interested in societal changes



Hands on
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https://colab.research.google.com/drive/1NSCdYExjLjSV15w
vQ-msCyoShZKpkAeu?usp=sharing

https://colab.research.google.com/drive/1NSCdYExjLjSV15wvQ-msCyoShZKpkAeu?usp=sharing


Hands on

32
manwoman

rich

poor


