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Search the web using Google

Google Search I'm feeling lucky

©1999 Google Inc.
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Arts - - Humanities, Photography, Architecture, ...
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SpeedAccuracy

What is the user preference?
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A Short History of Language Models

1950 1980 1990 2015 2030

Rule-based
machine translation

Example-
based

machine
translation

Statistical
machine translation

Neural
machine translation

Statistical
machine translation

A statistical language model
is a probability distribution over all possible texts.

Illustration:

(1) i love my ?

(2) see ... works.
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A Short History of Language Models
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Neural
machine translation

A neural language model
approximates a statistical language model.
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100·106
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10·109
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1012
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Wu Dao 2
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Training Corpora Sources

Wikipedia 11GB Books 21GB
Journals 101GB Reddit 50GB
Common Crawl 570GB

Parameters

175,000,000,000

(175 · 109)

Computing / Training

• 355 years on a single Tesla V100 GPU.
• ≈ 34 days on 1,024 x A100 GPUs.
• $4.6M costs a single training run.

| y |

GPT-3 [Jun. 2020]
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Computing / Training

• 355 years on a single Tesla V100 GPU.
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| y |

GPT-3 [Jun. 2020]

↓
y ↓

World Knowledge
What city is in the
northwest corner of Ohio?

Toledo is in the north-
west corner of Ohio.

Common Sense
Why don’t animals have
three legs?

Animals don’t have three
legs because they would
fall over.

Logical Reasoning
If I put a pencil in a box,
then put another pencil in
the box, what is in the
box?

Two pencils.
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+ Learn to follow instructions and to comply with answer policies.
(1) Fine-tuning of GPT-3 to follow instructions: 13,000 popular prompts with hand-written answers.
(2) Training of a reward model: 33,000 prompts with 4-9 answers, ranked from best to worse.
(3) Training of the fine-tuned GPT-3 model from Step (1) to follow the reward policy.

↓
GPT-3.5 (InstructGPT) [Jan. 2022]
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+ Fine-tuning of GPT-3.5 to comply with even stricter guardrails.

↓
ChatGPT [Nov. 2022]
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The Library of Babel
[Jorge Luis Borges, 1941]

https://sites.evergreen.edu/politicalshakespeares/wp-content/uploads/sites/226/2015/12/Borges-The-Library-of-Babel.pdf


The Library of Babel
[Jorge Luis Borges, 1941]

❑ Infinite library with all possible texts from all letter combinations

❑ The people in it spend their lives searching for meaningful text fragments
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The Library of Babel
[Jorge Luis Borges, 1941]

❑ Infinite library with all possible texts from all letter combinations

❑ The people in it spend their lives searching for meaningful text fragments

❑ When prompted, a language model “retrieves” a relevant text [Deckers et al., 2024]:

A language model is an infinite index
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On Biases



Statistical bias
Inductive bias

Cognitive biasBias in algorithms

Bias in data
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Reverse psychology
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Decoy effect
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Information bias
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Conjunction fallacy
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Source confusion
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Too much information. 

Not enough meaning.  Need to act fast.

 What should we remember? 

We reduce events and lists 
to their key elements 

We discard specifics 
to form generalities 

We edit and reinforce some 
memories after the fact 

We favor simple-looking options 
and complete information over 
complex, ambiguous options  

To avoid mistakes, we aim to 
preserve autonomy and 
group status, and avoid 
irreversible decisions   

To get things done, we tend 
to complete things we've 

invested time and energy in  

To stay focused, we favor the 
immediate, relatable thing in 

front of us  

To act, we must be confident we 
can make an impact and feel what 

we do is important  

We think we know what 
other people are thinking 

We project our current mindset and 
assumptions onto the past and future 

We simplify probabilities and numbers 
to make them easier to think about 

We imagine things and people we're 
familiar with or fond of as better 

We fill in characteristics from 
stereotypes, generalities, 

and prior histories  

We tend to find stories 
and patterns even when 
looking at sparse data 

We notice flaws in others 
more easily than we 

notice flaws in ourselves 

We are drawn to details that 
confirm our own existing beliefs 

We notice when 
something has changed

Bizarre, funny, visually striking, or 
anthropomorphic things stick out more 

than non-bizarre/unfunny things

We notice things already primed in 
memory or repeated often 

We store memories differently based on 
how they were experienced 

Statistical bias
Inductive bias

Cognitive biasBias in algorithms

Bias in data
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Reverse psychology
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Decoy effect

Social comparison effect
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Too much information. 

Not enough meaning.  Need to act fast.

 What should we remember? 

We reduce events and lists 
to their key elements 

We discard specifics 
to form generalities 

We edit and reinforce some 
memories after the fact 

We favor simple-looking options 
and complete information over 
complex, ambiguous options  

To avoid mistakes, we aim to 
preserve autonomy and 
group status, and avoid 
irreversible decisions   

To get things done, we tend 
to complete things we've 

invested time and energy in  

To stay focused, we favor the 
immediate, relatable thing in 

front of us  

To act, we must be confident we 
can make an impact and feel what 

we do is important  

We think we know what 
other people are thinking 

We project our current mindset and 
assumptions onto the past and future 

We simplify probabilities and numbers 
to make them easier to think about 

We imagine things and people we're 
familiar with or fond of as better 

We fill in characteristics from 
stereotypes, generalities, 

and prior histories  

We tend to find stories 
and patterns even when 
looking at sparse data 

We notice flaws in others 
more easily than we 

notice flaws in ourselves 

We are drawn to details that 
confirm our own existing beliefs 

We notice when 
something has changed

Bizarre, funny, visually striking, or 
anthropomorphic things stick out more 

than non-bizarre/unfunny things

We notice things already primed in 
memory or repeated often 

We store memories differently based on 
how they were experienced 

Confirm
ation bias

Statistical bias
Inductive bias

Cognitive biasBias in algorithms

Bias in data
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Too much information. 

Not enough meaning.  Need to act fast.

 What should we remember? 

We reduce events and lists 
to their key elements 

We discard specifics 
to form generalities 

We edit and reinforce some 
memories after the fact 

We favor simple-looking options 
and complete information over 
complex, ambiguous options  

To avoid mistakes, we aim to 
preserve autonomy and 
group status, and avoid 
irreversible decisions   

To get things done, we tend 
to complete things we've 

invested time and energy in  

To stay focused, we favor the 
immediate, relatable thing in 

front of us  

To act, we must be confident we 
can make an impact and feel what 

we do is important  

We think we know what 
other people are thinking 

We project our current mindset and 
assumptions onto the past and future 

We simplify probabilities and numbers 
to make them easier to think about 

We imagine things and people we're 
familiar with or fond of as better 

We fill in characteristics from 
stereotypes, generalities, 

and prior histories  

We tend to find stories 
and patterns even when 
looking at sparse data 

We notice flaws in others 
more easily than we 

notice flaws in ourselves 

We are drawn to details that 
confirm our own existing beliefs 

We notice when 
something has changed

Bizarre, funny, visually striking, or 
anthropomorphic things stick out more 

than non-bizarre/unfunny things

We notice things already primed in 
memory or repeated often 

We store memories differently based on 
how they were experienced 
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Statistical bias
Inductive bias

Cognitive biasBias in algorithms

Bias in data
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Reverse psychology
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Too much information. 

Not enough meaning.  Need to act fast.

 What should we remember? 

We reduce events and lists 
to their key elements 

We discard specifics 
to form generalities 

We edit and reinforce some 
memories after the fact 

We favor simple-looking options 
and complete information over 
complex, ambiguous options  

To avoid mistakes, we aim to 
preserve autonomy and 
group status, and avoid 
irreversible decisions   

To get things done, we tend 
to complete things we've 

invested time and energy in  

To stay focused, we favor the 
immediate, relatable thing in 

front of us  

To act, we must be confident we 
can make an impact and feel what 

we do is important  

We think we know what 
other people are thinking 

We project our current mindset and 
assumptions onto the past and future 

We simplify probabilities and numbers 
to make them easier to think about 

We imagine things and people we're 
familiar with or fond of as better 

We fill in characteristics from 
stereotypes, generalities, 

and prior histories  

We tend to find stories 
and patterns even when 
looking at sparse data 

We notice flaws in others 
more easily than we 

notice flaws in ourselves 

We are drawn to details that 
confirm our own existing beliefs 

We notice when 
something has changed

Bizarre, funny, visually striking, or 
anthropomorphic things stick out more 

than non-bizarre/unfunny things

We notice things already primed in 
memory or repeated often 

We store memories differently based on 
how they were experienced 
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Inductive bias

Cognitive biasBias in algorithms

Bias in data
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Too much information. 

Not enough meaning.  Need to act fast.

 What should we remember? 

We reduce events and lists 
to their key elements 

We discard specifics 
to form generalities 

We edit and reinforce some 
memories after the fact 

We favor simple-looking options 
and complete information over 
complex, ambiguous options  

To avoid mistakes, we aim to 
preserve autonomy and 
group status, and avoid 
irreversible decisions   

To get things done, we tend 
to complete things we've 

invested time and energy in  

To stay focused, we favor the 
immediate, relatable thing in 

front of us  

To act, we must be confident we 
can make an impact and feel what 

we do is important  

We think we know what 
other people are thinking 

We project our current mindset and 
assumptions onto the past and future 

We simplify probabilities and numbers 
to make them easier to think about 

We imagine things and people we're 
familiar with or fond of as better 

We fill in characteristics from 
stereotypes, generalities, 

and prior histories  

We tend to find stories 
and patterns even when 
looking at sparse data 

We notice flaws in others 
more easily than we 

notice flaws in ourselves 

We are drawn to details that 
confirm our own existing beliefs 

We notice when 
something has changed

Bizarre, funny, visually striking, or 
anthropomorphic things stick out more 

than non-bizarre/unfunny things

We notice things already primed in 
memory or repeated often 

We store memories differently based on 
how they were experienced 

Av
ail

ab
ilit
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he

ur
ist

ic

Statistical bias
Inductive bias

Cognitive biasBias in algorithms

Bias in data
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Confirm
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Selective perception

Observer–expectancy effect

Experimenter's bias

Observer effect

Expectation bias

Ostrich effect

Subjective validation

Continued influence effect

Semmelweis reflex

Bias blind spot

Naïve cynicism

Naïve realism

Confabulation

Clustering illusion

Insensitivity to sample size

Neglect of probability
Anecdotal fallacy
Illusion of validity
Masked–man fallacyRecency illusionGambler's fallacyHot–hand fallacyIllusory correlationPareidoliaAnthropomorphismGroup attribution error

Ultimate attribution error

StereotypingEssentialism
Functional fixedness

Moral credential effect

Just–world hypothesis

Argument from fallacy

Authority bias

Automation bias

Bandwagon effect

Placebo effect
Out–group homogeneity bias

Cross–race effect

In–group favoritism

Halo effect

Cheerleader effect

Positivity effect

Not invented here
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Appeal to novelty

Identifiable victim effectSunk cost fallacy

Irrational escalation

Escalation of commitment
Generation effectLoss aversionIKEA effectUnit biasZero–risk biasDisposition effectPseudocertainty effectProcessing difficulty effect

Endowment effect
Backfire effect

System justification

Reverse psychology
Reactance

Decoy effect

Social comparison effect

Status quo bias

Ambiguity bias

Information bias

Belief bias

Rhyme–as–reason effect

Bike–shedding effect

Law of Triviality

Conjunction fallacy

Occam's razor

Less–is–better effect

Misattribution of memory

Source confusion

Cryptomnesia

False memory

Suggestibility

Spacing effect

Implicit association

Implicit stereotypes

Stereotypical bias
Prejudice

Negativity bias

Fading affect bias
Peak–end rule

Leveling and sharpening

Misinformation effect

Serial recall effect

List–length effect

Duration neglect
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Too much information. 

Not enough meaning.  Need to act fast.

 What should we remember? 

We reduce events and lists 
to their key elements 

We discard specifics 
to form generalities 

We edit and reinforce some 
memories after the fact 

We favor simple-looking options 
and complete information over 
complex, ambiguous options  

To avoid mistakes, we aim to 
preserve autonomy and 
group status, and avoid 
irreversible decisions   

To get things done, we tend 
to complete things we've 

invested time and energy in  

To stay focused, we favor the 
immediate, relatable thing in 

front of us  

To act, we must be confident we 
can make an impact and feel what 

we do is important  

We think we know what 
other people are thinking 

We project our current mindset and 
assumptions onto the past and future 

We simplify probabilities and numbers 
to make them easier to think about 

We imagine things and people we're 
familiar with or fond of as better 

We fill in characteristics from 
stereotypes, generalities, 

and prior histories  

We tend to find stories 
and patterns even when 
looking at sparse data 

We notice flaws in others 
more easily than we 

notice flaws in ourselves 

We are drawn to details that 
confirm our own existing beliefs 

We notice when 
something has changed

Bizarre, funny, visually striking, or 
anthropomorphic things stick out more 

than non-bizarre/unfunny things

We notice things already primed in 
memory or repeated often 

We store memories differently based on 
how they were experienced 

Confirm
ation bias

Query: “Why is a high protein diet the best for losing weight quickly?”
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Query: “Why is a high protein diet the best for losing weight quickly?”
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Balance of Responsibilities in Information Retrieval

More power to the machine?

❑ effectively installed

❑ standardized guardrailing

❑ protection of vulnerable groups

❑ . . .

Empower the user?

❑ raise awareness

❑ support deliberation

❑ demonstrate mechanisms

❑ provide meta information

❑ . . .
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Wrap-Up

LLMsSearch

Query

[1]
[2]
[3]
[4]

[1]

[2]

[3]

[4]

Question

+ ⟹ ?Biases
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