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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
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Models age: Performance drop with temporal gap

4From Alkhalifa et al. 2023

Gender Equality
Stance Detection

Sentiment Analysis Rating reviews
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Models are biased

6https://lamyiowce.github.io/word2viz/

http://projector.tensorflow.org/


Bias is neither good or bad, but a mirror to society
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Study how bias changes over time & across domains
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𝐛𝐫𝐨𝐚𝐝𝐜𝐚𝐬𝐭𝟏𝟗𝟐𝟎
𝐛𝐫𝐨𝐚𝐝𝐜𝐚𝐬𝐭𝟏𝟖𝟖𝟎

𝐛𝐫𝐨𝐚𝐝𝐜𝐚𝐬𝐭𝟏𝟗𝟔𝟎



In the finance domain

9From Montariol et al., 2020



In the cultural domain

10From Kozlowski et al., 2019
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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 of our models: 
laws of semantic change

14Dubossarsky, 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
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drink
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Critical analysis of our models: 
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 
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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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