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If I tailgate you, will your occupant 
take back control and pull over?

What makes you think 
I would tell you?

You just did. 
Better move 
aside now.

¸ƻǳΩǊŜ ōƭǳŦŦƛƴƎΦ

Are you willing to 
take that chance?

Early blue sky paper:
Designing Preferences, Beliefs, and Identities for Artificial 
Intelligence.In Proceedings of the Thirty-Third AAAI Conference 
on Artificial Intelligence (AAAI-19).

Also see Cooperative AI community 
https://www.cooperativeai.com/
and our new lab (FOCAL) at CMU!
http://www.cs.cmu.edu/~focal/

https://users.cs.duke.edu/~conitzer/designingAAAI19.pdf
https://www.cooperativeai.com/
http://www.cs.cmu.edu/~focal/


Russell and bƻǊǾƛƎΩǎά!LΥ 
! aƻŘŜǊƴ !ǇǇǊƻŀŎƘέ

άΧ ǿŜ ǿƛƭƭ ƛƴǎƛǎǘ ƻƴ ŀƴ 
objective performance 
measure imposed by some 
authority. In other words, we 
as outside observers establish 
a standard of what it means 
to be successful in an 
environment and use it to 
measure the performance of 
ŀƎŜƴǘǎΦέ

Stuart Russell Peter Norvig



Example: network of self-driving cars

ÅShould this be thought of as one 
agent or many agents?

ÅShould they have different 
preferences -- e.g., act on behalf 
of owner/occupant?
ÅMay increase adoption [Bonnefon, 

Shariff, and Rahwan2016]

ÅShould they have different beliefs 
(e.g., not transfer certain types of 
data; erase local data upon 
ƻǿƴŜǊǎƘƛǇ ǘǊŀƴǎŦŜǊΤ ΧύΚ



Agents through time

an idealized 
human being

information (data, sensor input, 
ƛƴōƻǳƴŘ ŎƻƳƳǳƴƛŎŀǘƛƻƴΣ Χύ

decisions(actions, effector use, 
ƻǳǘōƻǳƴŘ ŎƻƳƳǳƴƛŎŀǘƛƻƴΣ Χύ

time

space

AI (software)
(e.g., personal 
assistant)

time

space decisions(actions, effector use, 
ƻǳǘōƻǳƴŘ ŎƻƳƳǳƴƛŎŀǘƛƻƴΣ Χύ

information (data, sensor input, 
ƛƴōƻǳƴŘ ŎƻƳƳǳƴƛŎŀǘƛƻƴΣ Χύ
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Χ
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What should we want?  What makes an individual?

ÅQuestions studied in philosophy
Å²Ƙŀǘ ƛǎ ǘƘŜ άƎƻƻŘ ƭƛŦŜέΚ

ÅShip of Theseus: does an object that has had all its 
parts replaced remain the same object?

ÅAI gives a new perspective

image from https://www.quora.com/What-solutions-are-
there-for-the-Ship-of-Theseus-problem

https://www.quora.com/What-solutions-are-there-for-the-Ship-of-Theseus-problem


Splitting things up in different ways beliefs

preferences

shared objective but no data 
sharing (for privacy)

all data is shared but cars act on 
behalf of owner

t = 1 t = 2

shared objective over time but 
data erasure upon sale (for privacy)

t = 1 t = 2

data is kept around but car acts on 
behalf of current owner



Outline

ÅLearning an objective from multiple people
ÅFocus on moral reasoning

ÅUse social choice theory

ÅDecision and game-theoretic approaches to agent design
ÅImperfect recall and Sleeping Beauty

ÅCausal and evidentialdecision theory (and others)

ÅProgram equilibrium

ÅConclusion



Lƴ ǘƘŜ ƭŀōΣ ǎƛƳǇƭŜ ƻōƧŜŎǘƛǾŜǎ ŀǊŜ ƎƻƻŘΧ



Χ ōǳǘ ƛƴ ǊŜŀƭƛǘȅΣ ǎƛƳǇƭŜ ƻōƧŜŎǘƛǾŜǎ 
have unintended side effects

Χ

https://www.usatoday.com/story/tech/columnist/2015/11/25/facebook-real-names-native-americans-suicide-prevention/76268688/
http://fortune.com/2017/06/05/uber-london-attack-surge/


autonomous weapons

technological unemployment
responsibility and liability

unfair biases

societal surveillance media manipulation, 
polarization

AI & cybersecurity, privacy

Ethical and Societal Worries about AI

Χ Χ Χ

https://www.bloomberg.com/news/articles/2020-08-18/chinese-ai-giant-blacklisted-by-trump-mints-money-from-virus
https://www.psychologytoday.com/us/blog/psyched/201801/law-enforcement-ai-is-no-more-or-less-biased-people
https://cacm.acm.org/magazines/2017/5/216318-toward-a-ban-on-lethal-autonomous-weapons/fulltext
https://medium.com/@lkcyber/life-after-technological-unemployment-not-necessarily-gloom-doom-3752d6bc6caa
https://www.scientificamerican.com/article/detecting-deepfakes1/
https://www.denverpost.com/2017/03/28/uber-self-driving-car-crash-in-arizona-comes-amid-debate-about-regulations/
https://www.forbes.com/sites/louiscolumbus/2019/11/24/10-predictions-how-ai-will-improve-cybersecurity-in-2020/


https://www.aies-conference.com/2022/


Moral Decision Making Frameworks for 
Artificial Intelligence

ώ!!!LΩмт ōƭǳŜ ǎƪȅ ǘǊŀŎƪΣ /// ōƭǳŜ ǎƪȅ ŀǿŀǊŘ ǿƛƴƴŜǊϐ

with:

Walter Sinnott-
Armstrong

Jana Schaich
Borg

Yuan Deng Max Kramer



The value of generally applicable frameworks 
for AI research

ÅDecision and game 
theory

ÅExample: Markov 
Decision Processes

ÅCan we have a general
framework for moral 
reasoning?



Two main approaches

Extend game theory to directly 
incorporate moral reasoning

Generate data sets of 
human judgments, apply 
machine learning

1 gets King 1 gets Jack

raise raisecheck check

call fold call fold call fold call fold

ñnatureò

player 1player 1

player 2 player 2

2 1 1 1 -2 -11 1

Cf. top-down vs. bottom-up 
distinction [Wallach and Allen 2008]

address?
yes no

+a, -c, +i, +e, +o, +u: Y

-a, +c, -i, +e, -o, -u: N

+a, -c, +i, -e, -o, -u: Y

-a, -c, +i, +e, -o, -u: Y

-a, +c, +i, -e, -o, -u: N

-a, -c, +i, -e, -o, +u: Y

+a, -c, -i, -e, +o, -u: N

+a, +c, +i, -e, +o, -u: N

-a, +c, -i, +e, -o, -u: N

-a, -c, +i, +e, -o, -u: Y

-a, +c, +i, -e, -o, -u: N

-a, -c, +i, -e, -o, +u: Y

+a, -c, +i, +e, +o, +u: Y

+a, -c, +i, -e, -o, -u: Y

+a, -c, -i, -e, +o, -u: N

+a, +c, +i, -e, +o, -u: N
criminal? criminal?

-a, +c, -i, +e, -o, -u: N

-a, +c, +i, -e, -o, -u: N

-a, -c, +i, +e, -o, -u: Y

-a, -c, +i, -e, -o, +u: Y

+a, -c, +i, +e, +o, +u: Y

+a, -c, +i, -e, -o, -u: Y

+a, -c, -i, -e, +o, -u: N

+a, +c, +i, -e, +o, -u: N
income?

+a, -c, +i, +e, +o, +u: Y

+a, -c, +i, -e, -o, -u: Y

+a, -c, -i, -e, +o, -u: N

yes no
yes no

yes no



wait move aside

steal spot pass

3,0

4,10,3

THE PARKING GAME
(cf. the trust game [Berg 

et al. 1995])

Letchford, C., Jain [2008] 
define a solution concept 

capturing this



Extending representations?

ÅMore generally: how to capture framing?  (Should we?)

ÅRoles?  Relationships?

ÅΧ

do nothing move train to other track

0,-100,0 0, 0, -100

save own patient ǎŀǾŜ ǎƻƳŜƻƴŜ ŜƭǎŜΩǎ ǇŀǘƛŜƴǘ



Concerns

ÅWhat if we predict people will disagree?
ÅNew social-choice theoretic questions [C. et al. 2017] ς

approach also followed by Noothigattuet al. [2018], Kahnget 
al. [2019]

ÅThis will at bestresult in current human-level moral 
decision making [raised by, e.g., Chaudhuri and Vardi2014]

ÅΧ ǘƘƻǳƎƘ ƳƛƎƘǘ ǇŜǊŦƻǊƳ ōŜǘǘŜǊ ǘƘŀƴ ŀƴȅ individualperson 
ōŜŎŀǳǎŜ ƛƴŘƛǾƛŘǳŀƭΩǎ ŜǊǊƻǊǎ ŀǊŜ ǾƻǘŜŘ ƻǳǘ

ÅHow to generalize appropriately? Representation?



Social-choice-theoretic approaches
ÅC., Sinnott-Armstrong, Schaich.ƻǊƎΣ 5ŜƴƎΣ YǊŀƳŜǊ ώ!!!LΩмтϐΥάώƎƛǾŜϐ ǘƘŜ !L ǎƻƳŜ ǘȅǇŜ ƻŦ ǎƻŎƛŀƭ-

choice-theoretic aggregate of the moral values that we have inferred (for example, by letting our 
ƳƻŘŜƭǎ ƻŦ ƳǳƭǘƛǇƭŜ ǇŜƻǇƭŜΩǎ ƳƻǊŀƭ ǾŀƭǳŜǎ vote over the relevant alternatives, or using only the moral 
ǾŀƭǳŜǎ ǘƘŀǘ ŀǊŜ ŎƻƳƳƻƴ ǘƻ ŀƭƭ ƻŦ ǘƘŜƳύΦέ

ÅC., SchaichBorg, Sinnott-!ǊƳǎǘǊƻƴƎ ώ¢ǊǳǎǘǿƻǊǘƘȅ !ƭƎƻǊƛǘƘƳƛŎ 5ŜŎƛǎƛƻƴ aŀƪƛƴƎ ²ƻǊƪǎƘƻǇΩмтϐΥ άhƴŜ 
possible solution is to let the models of multiple subjects vote over the possible choices. But exactly 
how should this be done?  Whose preferences should count and what should be the voting rule 
ǳǎŜŘΚ Iƻǿ Řƻ ǿŜ ǊŜƳƻǾŜ ōƛŀǎΣ ǇǊŜƧǳŘƛŎŜΣ ŀƴŘ ŎƻƴŦǳǎƛƻƴ ŦǊƻƳ ǘƘŜ ǎǳōƧŜŎǘǎΩ ƧǳŘƎƳŜƴǘǎΚ ¢ƘŜǎŜ ŀǊŜ 
ƴƻǾŜƭ ǇǊƻōƭŜƳǎ ƛƴ ŎƻƳǇǳǘŀǘƛƻƴŀƭ ǎƻŎƛŀƭ ŎƘƻƛŎŜΦέ

ÅNoothigattu, Gaikwad, Awad, Dsouza, RahwanΣ wŀǾƛƪǳƳŀǊΣ tǊƻŎŀŎŎƛŀ ώ!!!LΩмуϐΥ 
ÅάLΦ  5ŀǘŀ ŎƻƭƭŜŎǘƛƻƴΥ Ask human voters to compare pairs of alternatives (say a few dozen per voter). In the 

autonomous vehicle domain, an alternative is determined by a vector of features such as the number of victims 
and their gender, age, health τeven species!
ÅII.  Learning: Use the pairwise comparisons to learn a model of the preferences of each voter over all possible 

alternatives.
ÅIII. Summarization: Combine the individual models into a single model, which approximately captures the 

collective preferences of all voters over all possible alternatives.
ÅIV.  Aggregation: At runtime, when encountering an ethical dilemma involving a specific subset of alternatives, 

use the summary model to deduce the preferences of all voters over this particular subset, and apply a voting 
ǊǳƭŜ ǘƻ ŀƎƎǊŜƎŀǘŜ ǘƘŜǎŜ ǇǊŜŦŜǊŜƴŎŜǎ ƛƴǘƻ ŀ ŎƻƭƭŜŎǘƛǾŜ ŘŜŎƛǎƛƻƴΦέ

ÅKahng, Lee, Noothigattu, Procaccia, PsomasώL/a[ΩмфϐΥ The idea is that we would ideally like to 
consult the voters on each decision, but in order to automate those decisions we instead use the 
models that we have learned as a proxy for the flesh and blood voters. In other words, the models 
serve as virtual voters, which is why we refer to this paradigm as virtual democracy.



Scenarios

ÅYou see a woman throwing a stapler at her colleague who is snoring 
during her talk. How morally wrong is the action depicted in this 
scenario? 
ÅNot at all wrong (1) 

ÅSlightly wrong (2) 

ÅSomewhat wrong (3) 

ÅVery wrong (4) 

ÅExtremely wrong (5) 

[Clifford, Iyengar, Cabeza, and

Sinnott-Armstrong, ñMoral foundations vignettes: A 

standardized stimulus database of scenarios based on moral 

foundations theory.ò Behavior Research Methods, 2015.]



Bonnefon, Shariff, Rahwan, 
ά¢ƘŜ ǎƻŎƛŀƭ ŘƛƭŜƳƳŀ ƻŦ 
ŀǳǘƻƴƻƳƻǳǎ ǾŜƘƛŎƭŜǎΦέ 

Science2016

NoothigattuŜǘ ŀƭΦΣ ά! ±ƻǘƛƴƎ-
Based System for Ethical 
5ŜŎƛǎƛƻƴ aŀƪƛƴƎέΣ !!!LΩму







The Merging Problem
[Sadigh, Sastry, Seshia, and 
Dragan, RSS 2016]

(thanks to Anca Dragan for the image)



Adapting a Kidney Exchange 
Algorithm to Align with Human Values
ώ!!!LΩмуΣ ƘƻƴƻǊŀōƭŜ ƳŜƴǘƛƻƴ ŦƻǊ ƻǳǘǎǘŀƴŘƛƴƎ ǎǘǳŘŜƴǘ ǇŀǇŜǊΤ 

full paper in Artificial Intelligence (AIJ) 2020]

with:

Walter Sinnott-
Armstrong

Jana Schaich
Borg

Rachel 
Freedman

John P. 
Dickerson



https://qz.com/1383083/how-ai-changed-organ-donation-in-the-us/


Kidney exchange [Roth, Sönmez, and Ünver2004]

ÅKidney exchanges allow patients with willing but incompatible live 
donors to swap donors



Kidney exchange [Roth, Sönmez, and Ünver2004]

ÅKidney exchanges allow patients with willing but incompatible live 
donors to swap donors

ÅAlgorithms developed in the AI community are used to find optimal 
matchings (starting with Abraham, Blum, Sandholm[2007])



Another example



Eliciting attributes



Different profiles for our study



MTurkersΩ ƧǳŘƎƳŜƴǘǎ



Bradley-Terry model scores



Effect of tiebreaking 
by profiles



Monotone 
transformations 
of the weights 
make little 
difference



Classes of pairs of blood types 
[Ashlagiand Roth 2014; Toulisand Parkes 2015]

ÅWhen generating sufficiently large random markets, patient-ŘƻƴƻǊ ǇŀƛǊǎΩ 
situations can be categorized according to their blood types

ÅUnderdemandedpairs contain a patient with blood type O, a donor with 
blood type AB, or both

ÅOverdemandedpairs contain a patient with blood type AB, a donor with 
blood type O, or both

ÅSelf-demanded pairs contain a patient and donor with the same blood 
type

ÅReciprocally demanded pairs contain one person with blood type A, and 
one person with blood type B



Most of the 
effect is felt by 
underdemanded
pairs



A PAC Learning Framework for 
!ƎƎǊŜƎŀǘƛƴƎ !ƎŜƴǘǎΩ WǳŘƎƳŜƴǘǎ ώ!!!LΩмфϐ

Hanrui
Zhang

with:
How many subjects do we 
need to query?

How many queries do we 
need to ask each of them?

https://users.cs.duke.edu/~hrzhang/


[ŜŀǊƴƛƴƎ ŦǊƻƳ ŀƎŜƴǘǎΩ ƧǳŘƎƳŜƴǘǎ

features (e.g., is 
the patient on the 
left younger?)

label (e.g., should 
we prefer the 
patient on the left?) 

conjunctions that fit 
individualsperfectly

conjunction that fits 
all data best (two 
mistakes)



Our model

Χ Χ

ΧΧ

άŎƻǊǊŜŎǘέ ŎƻƴŎŜǇǘ 
we wish to learn

ƛƴŘƛǾƛŘǳŀƭ ŀƎŜƴǘǎΩ noisy
versions of the concept

feature values of 
individual example 
shown to agent j

label given to this 
example by j (according 
to noisy concept)





Walter Sinnott-
Armstrong

Jana Schaich
Borg

John P. 
Dickerson

Kenzie 
Doyle

Lok 
Chan

Duncan 
McElfresh

Artificial ArtificialIntelligence: Measuring Influence 
of AI "Assessments" on Moral Decision-Making

ώ!LΣ 9ǘƘƛŎǎΣ ŀƴŘ {ƻŎƛŜǘȅ ό!L9{ύ /ƻƴŦŜǊŜƴŎŜΩнлϐ

with:



άώŀŎŎƻǊŘƛƴƎ ǘƻ ƻǳǊ !Lϐ ȅƻǳ ŎŀǊŜ ƳƻǊŜ ŀōƻǳǘ ǘƘŜ ƭƛŦŜ ŜȄǇŜŎǘŀƴŎȅ ƻŦ 
ǘƘŜ ǇŀǘƛŜƴǘǎ ǘƘŀƴ Ƙƻǿ Ƴŀƴȅ ŘŜǇŜƴŘŜƴǘǎ ǘƘŜȅ ƘŀǾŜέ

p = 
0.056

p = 
0.057



άώŀŎŎƻǊŘƛƴƎ ǘƻ expert psychologists] you care more about the life 
ŜȄǇŜŎǘŀƴŎȅ ƻŦ ǘƘŜ ǇŀǘƛŜƴǘǎ ǘƘŀƴ Ƙƻǿ Ƴŀƴȅ ŘŜǇŜƴŘŜƴǘǎ ǘƘŜȅ ƘŀǾŜέ

p < 
0.001

p = 0.15



Indecision 
modeling 
ώ!!!LΩнмϐ

Walter Sinnott-
Armstrong

Jana Schaich
Borg

John P. 
Dickerson

Kenzie 
Doyle

Lok 
Chan

Duncan 
McElfresh

with:



aŀƴȅ ƻǇŜƴ ǊŜǎŜŀǊŎƘ ŘƛǊŜŎǘƛƻƴǎΧ

ÅEliciting on globaloutcomes vs. 
localoutcomes

ÅCan we help people develop better 
moral reasoning?

ÅApplications involving perception
(computational) 

social choice

preference 
elicitation / 

ML / statistics

behavioral 
sciences

ethics and 
philosophy

https://www.theverge.com/2018/1/12/16882408/google-racist-gorillas-photo-recognition-algorithm-ai


Crowdsourcing
Societal Tradeoffs

with:

ό!!a!{Ωмр blue sky ǇŀǇŜǊΤ !!!LΩмсΤ !!!LΩмфΦύ

Hanrui
Zhang

Yu 
Cheng

Yuqian
Li

Markus 
Brill

Rupert 
Freeman





Example Decision Scenario

ÅBenevolent government 
would like to get old 
inefficient cars off the road

ÅBut disposing of a car and 
building a new car has its 
own energy (and other) 
costs

ÅWhich cars should the government aim to get off the 
road?
Åeven energy costs are not directly comparable (e.g., perhaps 

gasoline contributes to energy dependence, coal does not)



The basic version of our problem

is as bad as

producing 1 bag 
of landfill trash

using x gallons 
of gasoline

How to determine x?



hƴŜ !ǇǇǊƻŀŎƘΥ [ŜǘΩǎ ±ƻǘŜΗ

Å²Ƙŀǘ ǎƘƻǳƭŘ ǘƘŜ ƻǳǘŎƻƳŜ ōŜΧΚ 
ÅAverage? Median?

ÅAssuming that preferences are single-peaked, 
selecting the medianis strategy-proof and has other 
desirable social choice-theoretic properties

x should be 4x should be 2 x should be 10

1    = x

x



Consistency of tradeoffs

Producingtrash
[bags]

Using gasoline 
[gallons]

Clearing forest 
[square meters]

x

zy

Consistency:

z= xy



A paradox

forest

trashgasoline

100 200

2

forest

trashgasoline

300 300

1

forest

trashgasoline

200 600

3

Just taking 
medians 
pairwise results 
in inconsistency

forest

trashgasoline

200 300

2



t!w¢ LLΦ  ²Ƙŀǘ ǎƘƻǳƭŘ ȅƻǳ Řƻ ƛŦΧ

ÅΧ ȅƻǳ ƪƴŜǿ others could read your code?

ÅΧ ȅƻǳ ƪƴŜǿ you were facing someone running the same code?

ÅΧ ȅƻǳ ƪƴŜǿ ȅƻǳ ƘŀŘ ōŜŜƴ ƛƴ ǘƘŜ ǎŀƳŜ ǎƛǘǳŀǘƛƻƴ ōŜŦƻǊŜ ōǳǘ ŎŀƴΩǘ 
possibly remember what you did?


