
5/5/20

What is bias, where does 
it appear in text data, 
and (how) can we 
remove it?
Kenneth (Kenny) Joseph
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How can we use 
machine 

learning and 
large text 

corpora to better 
understand 

people/culture?

https://www.nbcnews.com/storyline/michael
-brown-shooting/michael-brown-death-
ferguson-police-chief-asks-calm-n179936

https://www.nbcnews.com/storyline/michael-brown-shooting/michael-brown-death-ferguson-police-chief-asks-calm-n179936
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So terrible that a young man was 
killed by a police officer.
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So terrible that a young man was 
killed by a police officer.
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How can we 
use ML to 1) 

better 
understand text 

to 2) build 
machines that 
can do people 

things?
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Zhao, J., Wang, T., Yatskar, M., Ordonez, V., & Chang, K.-W. (2018). Gender Bias in Coreference Resolution: Evaluation and Debiasing Methods. 
ArXiv:1804.06876 [Cs]. 
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https://huggingface.co/coref

https://huggingface.co/coref
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How can we 
use ML to 1) 

better 
understand text 

to 2) build 
machines 
that can 

do people 
things
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De-Arteaga, M., Romanov, A., Wallach, H., Chayes, 
J., Borgs, C., Chouldechova, A., ... & Kalai, A. T. 
(2019, January). Bias in bios: A case study of 
semantic representation bias in a high-stakes 
setting. In Proceedings of the Conference on 
Fairness, Accountability, and Transparency (pp. 120-
128). ACM.
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How can we 
use text to 

better 
understand 

people/ 
culture?

Sweet! 
Measurement!

Oh no BIAS oh no 
oh no oh dear oh 

no please no

How can we 
use ML to 

better 
understand 

text?
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Today’s Talk

11

Word Embeddings
Garg, N. et al. (2018). PNAS, 115(16) Caliskan et al. (2017). Science, 356(6334). 
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Today’s Talk

§What are word embeddings?
§How do we define and measure “bias” (culture) 

using them?
§How have people tried to remove bias from word 

embeddings?
§Does any of this work or make any sense?

§ Eh.  Let’s discuss.
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4a.  Evaluate on  
downstream tasks 
(e.g. coreference 
resolution)

4b.  Evaluate 
directly using 
“bias tests”

The Debiasing Pipeline
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Step 1: Select a 
corpus
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Typical Corpora

§Main requirement: corpus is large.
§All other concerns are secondary

§ Exceptions: Historical analysis
§ Garg et al. (PNAS) historical analysis of racial/ethnic stereotypes
§ Kozlowski et al. (ASR) historical analysis of associations w/ affluence

§ Some common corpora
§ News articles
§ Common Crawl
§ Twitter
§ Wikipedia
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2. Create 
co-
occurence
matrix is to 
represent 
entire 
corpora
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3. Run 
algorithm (e.g. 
SGNS, GloVe) 
to embed 
words in co-
occurance
matrix into low 
dimensional 
space
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https://explosion.ai/demos/sense2vec

https://explosion.ai/demos/sense2vec
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Mikolov, T., Yih, W., & Zweig, G. (2013). Linguistic Regularities in Continuous Space 
Word Representations. HLT-NAACL, 746–751. Citeseer.
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4.  Run 
debiasing 
algorithm 
to remove 
bias along  
particular 
set of 
dimensions 
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How debiasing (typically) works

§ Step 1: Pick a dimension of meaning
§ Usually gender, sometimes race

§ Step 2: Divide words into 3 camps:
§ Neutral – Words that have no relation to gender (“millieu”)
§ Definitional – Words that are gendered by definition (“sister”)
§ Biased – Words that are gendered but shouldn’t be (secretary)

§ Step 3: Identify “gender direction”
§ Select words at either ends of a “gender spectrum”
§ Identify direction in the embedding using those words
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http://bookworm.benschmidt.org/posts/2015-10-30-rejecting-the-gender-binary.html

http://bookworm.benschmidt.org/posts/2015-10-30-rejecting-the-gender-binary.html
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http://wordbias.umiacs.umd.edu/

http://wordbias.umiacs.umd.edu/
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How debiasing (typically) works
§ Step 0: Usually gender, sometimes race, or good/bad
§ Step 1: Divide words into 3 camps:

§ Neutral – Words that have no relation to gender (“millieu”)
§ Definitional – Words that are gendered by definition (“sister”)
§ Biased – Words that are gendered but shouldn’t be (secretary)

§ Step 2: Identify “gender direction”
§ Select words at either ends of a “gender spectrum”
§ Identify direction in the embedding using those words

§ Step 3: Try to remove gender direction from biased words, 
keep it for definitional and neutral words
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4a.  Evaluate on  
downstream tasks 
(e.g. coreference 
resolution)

4b.  Evaluate 
directly using 
“bias tests”
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Debiasing – does it work?

§Does it really make 
sense to treat bias as 
existing along a 
“direction”?
§ I think so, actually
§But this doesn’t mean 

that it makes sense to 
debias along a 
direction

32

Gonen, H., & Goldberg, Y. (2019). Lipstick on a Pig: Debiasing Methods Cover up Systematic 
Gender Biases in Word Embeddings But do not Remove Them. ArXiv Preprint ArXiv:1903.03862.
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Debiasing
§What dimension are we 

measuring with that 
direction?
§ Its not enough to study 

gender/race/”goodness”
§ E.g. consider secretary

§ Indeed, prejudice exists on 
many other dimensions, 
some of which are hard to 
measure

§And we want to debias 
along all of them!
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R = 0.28 , p = 0.00092
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Identifying/evaluating bias and debiasing

§Lots of questions here! Let’s discuss!
1. How do we know to differentiate between 

”biased” and “definitional”?
2. What dimension should we be studying?
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More questions!

§More discussion!
§ How much accuracy/performance should we be willing to lose 

to debias our embeddings? What does this tradeoff look like in 
practice?

§ Why is “hiding the bias” bad?
§ What would it mean to remove gender bias from the English 

language all together? What about other languages?
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Recap

1. Does it make sense to treat bias as a 
“direction”?

… I think so, but not for “debiasing”
2. What direction should we be studying?

… Not just gender
3. How do we know to differentiate between 

”biased” and “definitional”?
… this is bogus
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Summary

§Bias in word embeddings is good or bad, 
depending on who you ask

§To make progress, we need to synthesize ideas
§Lots of open research questions here!
§Some fun things to think about

§ Is debiasing possible?
§What does language look like without gender?
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