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Where Do Preferences Come From?

Underlying 
preference Reported preference Aggregation rule

� So far in the course we have looked at the relationship between underlying and reported 
preferences: strategic misreporting, distortion, noisy signals of a ground truth.
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Aggregative vs. Deliberative Democracy

Two competing models?

АVoting-centric views see democracy as the arena in which fixed preferences and interests compete 
via fair mechanisms of aggregation. In contrast, deliberative democracy focuses on the 
communicative processes of opinion and will-ċĺŘıÍťĖĺĲϥϥϥБ
�ĖıĺĲôϙvēÍıæôŘŜϠϙЊkôīĖæôŘÍťĖŽôϙkôıĺèŘÍťĖèϙ�ēôĺŘƅϠЋϙAnnual Review of Political Science (2003)

Aggregative
Voting-centric

Fixed preferences, combined by a rule

Deliberative
Talk-centric

Preferences formed through discussion

vs.
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Aggregative vs. Deliberative Democracy

Vote on initial 
preferences

Discuss, then vote Discuss until 
preferences agree

Better seen as a spectrum

А�ēôϟċĖôīîϟĺċϟîôīĖæôŘÍťĖŽôϟîôıĺèŘÍèƅϟĲĺſϟČôĲôŘÍīīƅϟŘôèĺČĲĖƏôŜϟťēôϟ
co-dependence of deliberation and votingϥБ
�ĖıĺĲôϙvēÍıæôŘŜϙЭϙaÍŘħϙ®ÍŘŘôĲϠϙЊ®ēƅϙkôīĖæôŘÍťĖĺĲϙÍĲîϙ«ĺťĖĲČϙ“ôīĺĲČϙ�ĺČôťēôŘϠЋϙRes Publica (2023)
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Aggregative vs. Deliberative Democracy

Vote on initial 
preferences

Discuss, then vote Discuss until 
preferences agree

The course so far
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Deliberation as an Operation on the Profile

Initial profile

̜ Discussion
New profile

̜ж Rule Outcome

̜ ѱϙŕŘôċôŘôĲèôϙŕŘĺċĖīôϡϙôÍèēϙŕÍŘťĖèĖŕÍĲťЍŜϙŘÍĲħĖĲČϙĺŽôŘϙťēôϙÍīťôŘĲÍťĖŽôŜ

Discussion changes the profile: participants pool information and exchange arguments.



A Quick Aside
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Why is deliberation useful for social choice?
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Recall: Single-Peaked Preferences Tame Majority 
Rule

Single-peaked
� Options lie on one dimension; each voter 

has one favorite

Then
� A Condorcet winner ôƄĖŜťŜϙϼťēôϙıôîĖÍĲЍŜϙ

favorite)

� No majority cycles

� Majority rule is strategy-proof
$10 $12 $15 $18 $20

How much each voter likes it

Minimum Wage
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Discussion Can Line Preferences Up on One 
Dimension

Before

A B C D E

discussion

After

A B C D E

Dryzek & List (2003), British Journal of Political Science
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Deliberation Increases Single-Peakedness

+0.10
average rise in proximity to 
single-peakedness (0ϳ1 scale)
across 13 issues in Deliberative 
Polls (+0.13 on low- and moderate-
salience issues)

� Participants ranked policy options before and after 
deliberating

� Proximity = share of participants whose rankings are single-
peaked on one common ordering

� Not just more agreement: rankings became more structured, 
not more alike

� Not fully single-peaked, but closer means fewer cycles1

1 bĖôıĖϙϼ͕͐͘͘ϽϠϙЊaÍĤĺŘĖťƅϙkôèĖŜĖĺĲ-aÍħĖĲČϙſĖťēϙ�ÍŘťĖÍīϙ�ĲĖîĖıôĲŜĖĺĲÍīĖťƅϠЋϙAmerican Political Science Review
�ĺŪŘèôϡϙ[ĖŜťϠϙ[ŪŜħĖĲϠϙ~ĖŜēħĖĲϙЭϙaè[ôÍĲϙϼ͑͏͐͒ϽϠϙЊkôīĖæôŘÍťĖĺĲϠϙ�ĖĲČīô-�ôÍħôîĲôŜŜϠϙÍĲîϙťēôϙ�ĺŜŜĖæĖīĖťƅϙĺċϙaôÍĲĖĲČċŪīϙkôıĺèŘÍèƅϠЋϙJournal of Politics; averages 
from Farrar et al. (2010), BJPS
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Deliberation in Practice

Ireland
vĖťĖƏôĲŜЍϙgŜŜôıæīƅϠϙ͑͏͕͐ϳ18

99 randomly selected 
members. Referendum 
passed 25 May 2018 with 
66.4%.

France
vĖťĖƏôĲŜЍϙvĺĲŽôĲťĖĺĲϙĺĲϙvīĖıÍťôϠϙ
2019ϳ20

150 members. Produced 149 
climate proposals the 
president had promised to 
ŕÍŜŜϙЊŪĲċĖīťôŘôîϟЋ

British Columbia
vĖťĖƏôĲŜЍϙgŜŜôıæīƅϙĺĲϙpīôèťĺŘÍīϙ
Reform, 2004

161 members. Designed a 
new electoral system (STV) 
that went to a province-wide 
referendum.

In-person deliberation is hard to scale beyond a few hundred people
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Aggregative vs. Deliberative Democracy

Vote on initial 
preferences

Discuss, then vote Discuss until 
preferences agree

RĖťĖƏôĲŜЍϙÍŜŜôıæīĖôŜThe course so far
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vTaiwan (2015)

Online, deliberation scales, so aggregation does more of the work

� 30ѯ the scale: regulating Uber, 2015, drew ~3,000 participants over four weeks on Polis, 
ÍČÍĖĲŜťϙѹ͐͏͏ϙĖĲϙÍϙèĖťĖƏôĲŜЍϙÍŜŜôıæīƅ

� Thinner discussion: ŕôĺŕīôϙŽĺťôϙÍČŘôôϙϯϙîĖŜÍČŘôôϙϯϙŕÍŜŜϙĺĲϙĺťēôŘŜЍϙŜťÍťôıôĲťŜϢϙĲĺϙŘôŕīĖôŜ

� So the rule carries more weight: Polis clusters participants by voting pattern and surfaces 
statements supported across clusters
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Aggregative vs. Deliberative Democracy

Vote on initial 
preferences

Discuss, then vote Discuss until 
preferences agree

RĖťĖƏôĲŜЍϙÍŜŜôıæīĖôŜ

vTaiwan / Polis

The course so far

At scale, the rule does more of the work. Which rule?
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Bridging

An idea is bridging if it is approved by 
participants that usually hold opposing views

[Ovadya, 2022] 

 
Find compromises Increase mutual understanding

by highlighting ideas with wide and 
diverse support

by emphasizing common ground 
across polarized groups

What ideas/statements/policies should we look for?
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Approval Votes

Bridging Metric Bridging 
comments

Ideas from 
participants Approval votes
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Approval Votes

Bridging Metric Bridging 
comments

new ideas

LLM or 
small-group 
deliberation

Ideas from 
participants Approval votes
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Vote Matrix

� A vote matrix records known and unknown votes

ͳ ǫ ǫ
ͳ ͳ ǫ
ǫ ǫ Ͳ

Ͳ ǫ Ͳ
Ͳ Ͳ ǫ
ͳ ͳ ǫ

ǫ Ͳ ǫ
ͳ ǫ ͳ

ǫ ǫ ͳ
ǫ ǫ Ͳ

������0ܰ

ܥ�����0

� Can work with incomplete data, or run matrix completion

� For simplicity, assume matrix is completed (no unknown votes)
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Pol.is

Used in Taiwan following the Sunflower Student Movement to allow 
citizens to discuss proposed laws. Led to widely approved policies on 

Uber, online alcohol sales, and others.
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Polis - Bridging

https://pol.is/report/r2xcn2cdbmrzjmmuuytdk

� Project voters into 2 dimensions with 
principle-component analysis (PCA)
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Polis - Bridging

https://pol.is/report/r2xcn2cdbmrzjmmuuytdk

� Project voters into 2 dimensions with 
principle-component analysis (PCA)

� Run clustering algorithm to identify 
groups in population
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Polis - Bridging

https://pol.is/report/r2xcn2cdbmrzjmmuuytdk

� Project voters into 2 dimensions with 
principle-component analysis (PCA)

� Run clustering algorithm to identify 
groups in population

� The bridging score of idea ܿ is

ෑ
௚௥௢௨௣0ீ

ሺ��������0����0��0ܿ0��0ܩሻ0
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Polis - Bridging

https://pol.is/report/r2xcn2cdbmrzjmmuuytdk

� Project voters into 2 dimensions with 
principle-component analysis (PCA)

� Run clustering algorithm to identify 
groups in population

� The bridging score of idea ܿ is

ෑ
௚௥௢௨௣0ீ

ሺ��������0����0��0ܿ0��0ܩሻ0

� Only user information needed are votes

� Users are encouraged to build on old 
ideas to propose more bridging ideas
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Remesh

Used by the United Nations in online deliberations as part of 
peacebuilding efforts, among other places in Yemen, Libya, and Iraq.



� Collect demographics or political alignment of users

� Group participants by these features, e.g.

Republicans  Independents   Democrats

� The bridging score of idea ܿ is
���

௚௥௢௨௣0ீ
ܩ��������0����0��0ܿ0��0

� Use bridging comments as building blocks for collective statements

28

Remesh - Bridging



Andrew Konya, Luke Thorburn, Wasim Almasri, Oded Adomi Leshem, Ariel D. Procaccia, Lisa Schirch, and Michiel A. Bakker. 2025. 
Using Collective Dialogues and AI to Find Common Ground Between Israeli and Palestinian Peacebuilders. 29

Remesh ϳ Example Pipeline



Poll: Rank the comments by bridging score according to Polis and Remesh.

A. Polis: 3 > 2 > 1, Remesh: 2 > 3 = 1        B. Polis: 2 > 3 = 1, Remesh: 2 > 3 > 1

C. Polis: 2 > 3 > 1, Remesh: 1 > 2 > 3        D. Polis: 3 > 2 > 1, Remesh: 2 > 3 > 1

30

Poll

Group 1: 70 people Group 2: 30 people Total Approval
Comment 1 100% 40% 82%
Comment 2 80% 80% 80%
Comment 3 70% 100% 79%

Polis:  ς௚௥௢௨௣0ீሺ��������0����0��0ܩሻ.   Remesh: ���
௚௥௢௨௣0ீ

ܩ��������0����0��0



The Structure of Bridging
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Demographic or political groups (Remesh):

� information may not be available (reliably) 

� do we care about bridging demographic groups?
PCA+Cluster groups (Polis):

� sensitive to changes in data

� only finds one division into groups

Goal: Find a bridging function that is robust, considers all opinion divides, 
and does not need auxiliary data.

32

Finding Groups to Bridge



Our approach:

� each comment ݕ א ݕand Disapprovers ത ݕ induces two groups: Approvers ܥ
� ܾ evaluates how well comment ݔ bridges the groups ሺݕǡ തݕሻ
� average over ܾ for all such induced groups

33

Finding Groups to Bridge

Def: A mean split bridging function with split evaluator ܾ is

ࣜ ǡ࣬ݔ ൌ
ͳ
ܥ

෍
௬א஼

0 ܾ ܽ௫ȁ௬ǡ ܽ௫ȁ ത௬ǡ Ǣ ௬ǡݓ ത௬ݓ Ǥ

approval rate of ݔ among ݕ 

approval rate of ݔ among തݕ relative sizes of ݕ and ത࣬ݕ ൌ ܰǡ ܥ 0is an 
election instance



�  partitions the 10 voters into ݕ
7 approvers ݕ and 3 disapprovers തݕ

�  ݕ has approval rate ͷȀ͹ in group ݔ
and approval rate ͳȀ͵ in group തݕ

34

Example

ݕ തݕ

Approvers 
of ݔ

ܾ
ͷ
͹ ǡ
ͳ
͵ Ǣ

͹
ͳͲ ǡ

͵
ͳͲ

approval rate of ݔ among ݕ 

approval rate of ݔ among തݕ relative sizes of ݕ and തݕ



�  partitions the 10 voters into ݕ
7 approvers ݕ and 3 disapprovers തݕ

�  ݕ has approval rate ͷȀ͹ in group ݔ
and approval rate ͳȀ͵ in group തݕ

35

Example

ݕ തݕ

Approvers 
of ݔ

ͳ
͵൭

൱

ܾ
ͷ
ͺ ǡ ͳǢ

ͺ
ͳͲ ǡ

ʹ
ͳͲ ൅ ܾ

ͷ
͹ ǡ
ͳ
͵ Ǣ

͹
ͳͲ ǡ

͵
ͳͲ

൅ ܾ ͳǡ
ʹ
ͷ Ǣ
ͳ
ʹ ǡ
ͳ
ʹ



Mean-Split Bridging

36

A1 Election Additivity: Let ࣬ଵ ൌ ሺܰǡ ଵሻ, ࣬ଶܥ ൌ ሺܰǡ ࣬ ଶሻ. Letܥ ൌ ܰǡ ଵܥ ׫ ଶܥ . 
Then, ࣜ ǡ࣬ݔ ൌ ஼భ

஼భ ା ஼మ
ڄ ࣜ ǡݔ ࣬ଵ ൅ ஼మ

஼భ ା ஼మ
ڄ ࣜ ǡݔ ࣬ଶ

A2 Anonymity: �ôŘıŪťĖĲČϙťēôϙŽĺťôŘŜϙîĺôŜĲЍťϙèēÍĲČôϙࣜ ǡ࣬ݔ

A3 Homogeneity: Cloning every voter ݇ א Գା ťĖıôŜϙîĺôŜĲЍťϙèēÍĲČôϙࣜ ǡ࣬ݔ

Theorem: Every function ࣜǣ ൈܥ ࣬ ՜ Թ that satisfies A1, A2, A3, is 
a mean-split bridging function.

Def: A mean split bridging function with split evaluator ܾ is

ࣜ ǡ࣬ݔ ൌ
ͳ
ܥ

෍
௬א஼

ܾ ܽ௫ȁ௬ǡ ܽ௫ȁ ത௬ǡ Ǣ ௬ǡݓ ത௬ݓ Ǥ



� Given two groups of size ݓ and ͳ െ  in which an ideas has respective ݓ
approval rates ܽଵ and ܽଶ, how bridging is it?

37

What ܾ? 

Remesh
ܾோ௘௠௘௦௛ ܽଵǡ ܽଶǡ ݓ ൌ ��� ܽଵǡ ܽଶ 0

Polis
ܾ௉௢௟௜௦ ܽଵǡ ܽଶǡ ݓ ൌ ܽଵܽଶ



� Given two groups of size ݓ and ͳ െ  in which an ideas has respective ݓ
approval rates ܽଵ and ܽଶ, how bridging is it?

38

What ܾ? 

Group ͳ

Approvers 
of ݔ

� A bridge is a pair of voters ሺ݅ǡ ݆ሻ that 
disagree on ݕ but both approve ݔ

͓������� ൌ ܽଵ ڄ ݓ ڄ ܰ ڄ ܽଶ ڄ ͳ െ ݓ ڄ ܰ

0 ൌ
ͷ
͹
ڄ
͹
ͳͲ

ڄ ͳͲ ڄ
ͳ
͵
ڄ
͵
ͳͲ

ڄ ͳͲ ൌ ͷ

ܾ௉஽ ܽଵǡ ܽଶǡ ݓ ൌ Ͷ ڄ ܽଵ ڄ ݓ ڄ ܽଶ ڄ ͳ െ ݓ

0 ൌ ͓������� ڄ
Ͷ
ܰ ଶ

Group ʹ



The pairwise disagreement bridging function is

ࣜ ǡ࣬ݔ ൌ
Ͷ
ܥ

෍
௬א஼

ܽ௫ȁ௬ݓ௬ܽ௫ȁ ത௬ݓത௬

0 ൌ
Ͷ
ܥ

෍
௬א஼

͓ሺ�������0��ሻݕ����0

0 ൌ
Ͷ
ܥ

෍
௜ǡ௝אே

͓ሺ�������0�������0݅ǡ ݆ሻ

0 ൌ Ͷ ෍
௜ǡ௝0ୟ୮୮୰୭୴ୣ0௫

ȁሼݕ א ǣܥ ݅ǡ ሽݕ0��������0��0݆
ܥ

0 ൌ Ͷ ෍
௜ǡ௝0ୟ୮୮୰୭୴ୣ0௫

݀௜ǡ௝

0
39

What ܾ? 

Group ͳ

Approvers 
of ݔ

Group ʹ



The pairwise disagreement bridging function is

ࣜ ǡ࣬ݔ ൌ
Ͷ
ܥ

෍
௬א஼

ܽ௫ȁ௬ݓ௬ܽ௫ȁ ത௬ݓത௬

0 ൌ
Ͷ
ܥ

෍
௬א஼

͓ሺ�������0��ሻݕ����0

0 ൌ
Ͷ
ܥ

෍
௜ǡ௝אே

͓ሺ�������0�������0݅ǡ ݆ሻ

0 ൌ Ͷ ෍
௜ǡ௝0ୟ୮୮୰୭୴ୣ0௫

ȁሼݕ א ǣܥ ݅ǡ ሽݕ0��������0��0݆
ܥ

0 ൌ Ͷ ෍
௜ǡ௝0ୟ୮୮୰୭୴ୣ0௫

݀௜ǡ௝

0
40

What ܾ? 

Group ͳ

Approvers 
of ݔ

Group ʹ



The pairwise disagreement bridging function is

ࣜ ǡ࣬ݔ ൌ
ͳ
ܥ

෍
௬א஼

Ͷ ڄ ܽ௫ȁ௬ݓ௬ܽ௫ȁ ത௬ݓത௬ ൌ Ͷ ෍
௜ǡ௝0ୟ୮୮୰୭୴ୣ0௫

݀௜ǡ௝

� Robust: A single vote changing has small impact on ࣜ

� Does not need auxiliary data: uses approval votes only

� All opinion divides: finds ideas that bridge many opinion divides at once

41

Pairwise Disagreement



French Presidential Election 2007

� ͕͑͗͒ϙŽĺťôŘŜϙĖĲϙvĖČĲôҹϠϙ[ĺŪŽĖČĲƅϠϙ
…īīħĖŘèē

� ͐͑ϙèÍĲîĖîÍťôŜϠϙĖĲèīŪîĖĲČϡ
R �ÍŘħĺƏƅϠϙÍϙèĺĲŜôŘŽÍťĖŽô
R �ĺƅÍīϠϙÍϙŜĺèĖÍīĖŜť
R “ÍƅŘĺŪϠϙÍϙıĺîôŘÍťôϙīĖæôŘÍī

44
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How to Read the Ridgeline Plots

� Place every voter on one axis: the first principal component of the vote matrix

� Voters who approve similar candidates end up close together; the two ends are the 
main opposing groups (blue / red)

� For each candidate, plot where its approvers sit on that axis

� Narrow curve = support from one side. Wide curve = support across the divide



French Presidential Election 2007

� ͕͑͗͒ϙŽĺťôŘŜϙĖĲϙvĖČĲôҹϠϙ[ĺŪŽĖČĲƅϠϙ
…īīħĖŘèē

� ͐͑ϙèÍĲîĖîÍťôŜϠϙĖĲèīŪîĖĲČϡ
R �ÍŘħĺƏƅϠϙÍϙèĺĲŜôŘŽÍťĖŽô
R �ĺƅÍīϠϙÍϙŜĺèĖÍīĖŜť
R “ÍƅŘĺŪϠϙÍϙıĺîôŘÍťôϙīĖæôŘÍī

46



>ŘôĲèēϙ�ŘôŜĖîôĲťĖÍīϙvīôèťĖĺĲϙ͑͏͏͖

� ͕͑͗͒ϙŽĺťôŘŜϙĖĲϙvĖČĲôҹϠϙ[ĺŪŽĖČĲƅϠϙ
…īīħĖŘèē

� ͐͑ϙèÍĲîĖîÍťôŜϠϙĖĲèīŪîĖĲČϡ
R �ÍŘħĺƏƅϠϙÍϙèĺĲŜôŘŽÍťĖŽô
R �ĺƅÍīϠϙÍϙŜĺèĖÍīĖŜť
R “ÍƅŘĺŪϠϙÍϙıĺîôŘÍťôϙīĖæôŘÍī

� �kϙЭϙ݌ϱıôÍĲϙƱĲîϙťēôϙèôĲťŘĖŜť

47



French Presidential Election 2007

� ͕͑͗͒ϙŽĺťôŘŜϙĖĲϙvĖČĲôҹϠϙ[ĺŪŽĖČĲƅϠϙ
…īīħĖŘèē

� ͐͑ϙèÍĲîĖîÍťôŜϠϙĖĲèīŪîĖĲČϡ
R �ÍŘħĺƏƅϠϙÍϙèĺĲŜôŘŽÍťĖŽô
R �ĺƅÍīϠϙÍϙŜĺèĖÍīĖŜť
R “ÍƅŘĺŪϠϙÍϙıĺîôŘÍťôϙīĖæôŘÍī

� �kϙЭϙ݌ϱıôÍĲϙƱĲîϙťēôϙèôĲťŘĖŜť

� �ĺīĖŜϙċÍĖīŜ

48



>ŘôĲèēϙ�ŘôŜĖîôĲťĖÍīϙvīôèťĖĺĲϙ͑͏͏͖

49



�ĺæŪŜťĲôŜŜϙťĺϙIĲèĺıŕīôťôϙ«ĺťôŜ

� ĲĺťϙÍīīϙŽĺťôŘŜϙſĖīīϙŜôôϙÍīīϙÍīťôŘĲÍťĖŽôŜϙ՜ϙĖĲèĺıŕīôťôϙŽĺťôŜ

� �kϙÍĲîϙ݌ϱıôÍĲϙèÍĲϙæôϙôŜťĖıÍťôîϙſôīīϙ

50



Robustness to Incomplete Votes

� ĲĺťϙÍīīϙŽĺťôŘŜϙſĖīīϙŜôôϙÍīīϙÍīťôŘĲÍťĖŽôŜϙ՜ϙĖĲèĺıŕīôťôϙŽĺťôŜ

� �kϙÍĲîϙ݌ϱıôÍĲϙèÍĲϙæôϙôŜťĖıÍťôîϙſôīīϙ

� gŜŜŪıôϙŘÍĲîĺıϙݍϱċŘÍèťĖĺĲϙĺċϙŽĺťôŜϙÍŘôϙĺæŜôŘŽôîϡ

51



�ĺæŪŜťĲôŜŜϙťĺϙIĲèĺıŕīôťôϙ«ĺťôŜ

� not all voters will see all alternatives ՜ incomplete votes

� PD and ݌-mean can be estimated well 

� Assume random ݍ-fraction of votes are observed:

͔͑



iĲīĖĲôϙwôīĖæôŘÍťĖĺĲ

� Topic: Introduce $15 minimum 
wage in Seattle

� 339 voters, 54 comments

� Incomplete: ~16% of votes known

� Polis Pareto-dominated by ݌-mean

� PD more strongly correlated with 
approval rate
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ЀϣЁϙ®ēƅϙŜēĺŪīîϙſôϙŜŪæŜĖîĖƏôϙ
æŪŜĖĲôŜŜôŜϙťēÍťϙîôŕôĲîϙĺĲϙĖĲÍîôŗŪÍťôϙ
ſÍČôŜϦϙ…ċϙÍϙæŪŜĖĲôŜŜЍŜϙŕŘĺîŪèťϙĖŜϙČĺĺîϠϙ
ťēôĲϙťēĖŜϙŜēĺŪīîĲЍťϙæôϙÍϙèēÍīīôĲČôϟϙ

Something needs to be done to address 
income inequality and this is a good if 
imperfect start 

gťϙťēôϙŽôŘƅϙīôÍŜťϠϙèŪŜťĺıôŘŜϙÍèŘĺŜŜϙťēôϙ
æĺÍŘîϙÍŘôϙČĺĖĲČϙťĺϙēÍŽôϙťĺϙŕÍƅϙıĺŘôϙЀϣЁϙ…ϙ
ſĺŘŘƅϙťēÍťϙèŪŜťĺıôŘŜϙſĖīīϙŜťÍŘťϙŜŕôĲîĖĲČϙ
īôŜŜϙЀϣЁ
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OĺııŪĲĖťƅϙbĺťôŜ

͔͔



� Anyone enrolled can write a note on 
a post; anyone enrolled can rate 
notes helpful / somewhat / not 
helpful.

� Notes rated Helpful are shown 
publicly under the post.

� Raters are polarized: errors are 
correlated within camps.
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OĺııŪĲĖťƅϙbĺťôŜϡϙOŘĺſîϙ>ÍèťϱOēôèħĖĲČϙſĖťēϙÍϙ
�ĺīÍŘĖƏôîϙOŘĺſî

The note

FôīŕċŪīϦ
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Raw Approval Rewards the Bigger Camp

æ͐ b2 b3 b4 b5 b6 r1 r2 r3 Avg

A ͏ϟ͕͘

B 0.44

C 0.67

Ratings by note and rater

Blue camp �ôîϙèÍıŕ

Helpful �ĺıôſēÍť Not helpful Not rated

Share rating each note Helpful

Blue camp Red camp pŽôŘƅĺĲô

0.69

0.0

0.5

1.0

A
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�Íſϙ–ŕŕŘĺŽÍīϙ�ôſÍŘîŜϙťēôϙpĖČČôŘϙOÍıŕ

b1 b2 b3 b4 b5 b6 r1 r2 r3 Avg

A 0.69

B 0.44

C 0.67

Ratings by note and rater

Blue camp Red camp

fiôīŕċŪī Somewhat Not helpful Not rated

Share rating each note Helpful

Blue camp Red camp Everyone

͏ϟ͕͘

0.0

0.5

1.0

A B
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�Íſϙ–ŕŕŘĺŽÍīϙ�ôſÍŘîŜϙťēôϙpĖČČôŘϙOÍıŕ

b1 b2 b3 b4 b5 b6 r1 r2 r3 Avg

A 0.69

B 0.44

C 0.67

Ratings by note and rater

Blue camp Red camp

fiôīŕċŪī Somewhat Not helpful Not rated

Share rating each note Helpful

Blue camp Red camp Everyone

͏ϟ͕͘ 0.67

0.0

0.5

1.0

A B C

A outscores C on average (0.69 vs. 0.67), but only C is liked by both camps.
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Borrow a Recommender System

�Ƹ��uൌuɊu൅u��u൅u��u൅u��u൉u��
�Ԝuǡu� ÍϙŘÍťôŘϙŪϙÍĲîϙÍϙĲĺťôϙĲ
���Ԝuǡu�Ƹ�� ťēôϙŘÍťĖĲČϙϼ͐Ϡϙ͏ϟ͔Ϡϙ͏ϽϙÍĲîϙĖťŜϙŕŘôîĖèťĖĺĲ

Ɋ ČīĺæÍīϙıôÍĲϙŘÍťĖĲČ
�� ŘÍťôŘϙīôĲĖôĲèƅ
��Ԝuǡu�� ŘÍťôŘϙÍĲîϙĲĺťôϙŕĺŜĖťĖĺĲŜϙĺĲϙÍϙīôÍŘĲôîϙĺĲôϱîĖıôĲŜĖĺĲÍīϙÍƄĖŜ
�� ťēôϙĲĺťôЍŜϙĖĲťôŘèôŕťϠϙĖťŜϙēôīŕċŪīĲôŜŜϙÍċťôŘϙŽĖôſŕĺĖĲťϙĖŜϙÍèèĺŪĲťôîϙ

ċĺŘϟϙ�ēĖŜϙĖŜϙťēôϙŜèĺŘôϟ

[ĺŜŜϡϙϙȭuሺ���uെu�Ƹ��ሻʹu൅uɉ�uሺ��ʹu൅u��ʹu൅uɊʹሻu൅uɉ�uሺԡ��ԡʹu൅uԡ��ԡʹሻǡuuuɉ�uൌuͲǤͳͷǡuuɉ�uൌuͲǤͲ͵
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Simplifying the Model

� �ĺϙæŪĖīîϙĖĲťŪĖťĖĺĲϠϙīôťДŜϙîŘĺŕϙɊϙÍĲîϙ��

� �ēÍťϙīôÍŽôŜϙťſĺϙťôŘıŜϡϙ�Ƹ��uൎu��u൅u��u൉u��
± ��ϙϙϡϙēĺſϙČĺĺîϙťēôϙĲĺťôϙĖŜϠϙÍŕÍŘťϙċŘĺıϙŽĖôſŕĺĖĲť
± ��u൉u��ϙϙϡϙēĺſϙſôīīϙťēôϙŘÍťôŘϙÍĲîϙĲĺťôϙīĖĲôϙŪŕ
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Placing Raters and Notes

�Ƹ��uൎu��u൅u��u൉u��

�ÍťĖĲČŜ

æ͐

σ

Ѯ͐ ͏ +1

b1

σ



͕͒

�īÍèĖĲČϙ�ÍťôŘŜϙÍĲîϙbĺťôŜ

�Ƹ��uൎu��u൅u��u൉u��

Ratings

æ͐ r1

A

Ѯ͐ ͏ ѭ͐

æ͐r1

σ
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Placing Raters and Notes

�Ƹ��uൎu��u൅u��u൉u��

�ÍťĖĲČŜ

æ͐ Ř͐

A

6 Ѯ͐ 0 ѭ͐

æ͐Ř͐

σB



͕͔

Placing Raters and Notes

�Ƹ��uൎu��u൅u��u൉u��

�ÍťĖĲČŜ

æ͐ æ͑ Ř͐ r2

σ

B Ѯ͐ ͏ ѭ͐

æ͐

æ͑

r1

Ř͑

A6
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�īÍèĖĲČϙ�ÍťôŘŜϙÍĲîϙbĺťôŜ

�Ƹ��uൎu��u൅u��u൉u��

�ÍťĖĲČŜ

b1 æ͑ r1 Ř͑

σ

6

R

Ѯ͐ 0 ѭ͐

b1

æ͑

Ř͐

Ř͑

σ6 C



͕͖

Adding the Note Intercept

�Ƹ��uൎu��u൅u��u൉u��

�ÍťĖĲČŜ

æ͐ æ͑ Ř͐ r2

σ

B

R

Ѯ͐ ͏ ѭ͐

æ͐

b2

Ř͐

r2

σ

��ϙѸϙ͏

6

��ϙѸϙ͏

R

in high



͕͗

Bridging in Community Notes

� gϙĲĺťôϙŜèĺŘôŜϙſôīīϙĺĲīƅϙĖċϙŕôĺŕīôϙſēĺϙŪŜŪÍīīƅϙîĖŜÍČŘôôϙæĺťēϙƱĲîϙĖťϙēôīŕċŪī
± Њ�ŜŪÍīīƅϙîĖŜÍČŘôôЋϙıôÍĲŜϙċÍŘϙÍŕÍŘťϙĺĲϙťēôϙīôÍŘĲôîϙÍƄĖŜ

� �ēôϙŜèĺŘôϙ��ϙϙĖŜϙťēôϙŜŪŕŕĺŘťϙīôċťϙĺŽôŘϙĺĲèôϙŽĖôſŕĺĖĲťϙĖŜϙôƄŕīÍĖĲôî
± �ŪŕŕĺŘťϙċŘĺıϙĺĲôϙèÍıŕϙĖŜϙÍæŜĺŘæôîϙæƅϙ��u൉u��ϙ
± iĲīƅϙèŘĺŜŜϱèÍıŕϙŜŪŕŕĺŘťϙŘÍĖŜôŜϙ��



͕͘

�ťÍťŪŜϙwôŕôĲîŜϙĺĲϙ®ēôŘôϙIťϙ[ÍĲîŜ

� pÍèēϙĲĺťôϙČôťŜϙÍϙŽĖôſŕĺĖĲťϙ��ϙϙÍĲîϙÍϙŜèĺŘôϙ��

� FôīŕċŪīϡϙēĖČēϙŜèĺŘôϙÍĲîϙĲĺťϙīĺŕŜĖîôî

� bĺťϙFôīŕċŪīϡϙæôīĺſϙťēôϙ«
± bôÍŘϙťēôϙèôĲťôŘϠϙıĖīîϙîĖŜīĖħôϙċŘĺıϙæĺťēϙŜĖîôŜϙĖŜϙ

ôĲĺŪČē
± ~ÍŘϙĺŪťϠϙÍϙĲĺťôϙĲôôîŜϙıŪèēϙıĺŘôϙîĖŜīĖħôϡϙĖťŜϙbĺťϙ

fiôīŕċŪīϙŽĺťôŜϙèĺıôϙıĺŜťīƅϙċŘĺıϙťēôϙĺťēôŘϙèÍıŕϠϙ
ÍĲîϙĺĲôϙèÍıŕϙèÍĲЍťϙæŪŘƅϙťēôϙĺťēôŘЍŜϙĲĺťôŜ

� pŽôŘƅťēĖĲČϙôīŜôϡϙbôôîŜϙaĺŘôϙ�ÍťĖĲČŜ

FôīŕċŪī

Not Helpful

��ϙϙŽĖôſŕĺĖĲť

in  score

σ6

R
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®ēĺϙOĺŪĲťŜϙÍŜϙЊiťēôŘſĖŜôϙwĖŜÍČŘôôĖĲČЋϦ

� Polis / Remesh: one partition, fixed in advance (clustering, or declared groups)

� Our paper: ÍŽôŘÍČôϙĺŽôŘϙôŽôŘƅϙŕÍŘťĖťĖĺĲϙĖĲîŪèôîϙæƅϙÍĲĺťēôŘϙèĺııôĲťЍŜϙÍŕŕŘĺŽôŘŜϙ
and disapprovers

� Community Notes: a learned continuous axis (no partition at all). Bridging is the 
residual after projecting out the axis



͖͐

Aggregative vs. Deliberative Democracy

«ĺťôϙĺĲϙĖĲĖťĖÍīϙ
ŕŘôċôŘôĲèôŜ

,ĖŜèŪŜŜϠϙťēôĲϙŽĺťô ,ĖŜèŪŜŜϙŪĲťĖīϙ
ŕŘôċôŘôĲèôŜϙÍČŘôô

RĖťĖƏôĲŜЍϙÍŜŜôıæīĖôŜ

Ž�ÍĖſÍĲϙϯϙ�ĺīĖŜ

The course so far

6ŘĖîČĖĲČϙĖŜϙÍĲϙÍČČŘôČÍťĖĺĲϙŘŪīôϙťēÍťϙŜôŘŽôŜϙÍϙîôīĖæôŘÍťĖŽôϙÍĖı

Community Notes

“ϟťŘŪôϟèīÍĖıϟĺĲôϟŜĖîôϟŘôĤôèťŜϟĖŜϟĲôŽôŘϟŜŪŘċÍèôîϥϟ®ēĖèēϟĺæĤôèťĖŽôϟŜēĺŪīîϟÍϟċÍèťϷèēôèħĖĲČϟŜƅŜťôıϟēÍŽôϬ



͖͑

®ŘÍŕϱ�ŕ

� �ĺèĖÍīϙèēĺĖèôϙŪŜŪÍīīƅϙťÍħôŜϙŕŘôċôŘôĲèôŜϙÍŜϙČĖŽôĲϠ îôīĖæôŘÍťĖĺĲϙťēĖĲħŜϙÍæĺŪťϙēĺſϙ
ťēôƅϙÍŘôϙċĺŘıôî

� kĖŜèŪŜŜĖĺĲϙèÍĲϙīĖĲôϙŕŘôċôŘôĲèôŜϙŪŕϙĺĲϙĺĲôϙîĖıôĲŜĖĺĲϠϙſēĖèēϙēôīŕŜϙıÍĤĺŘĖťƅϙŘŪīô

� …ťϙîĺôŜĲЍťϙŜèÍīôϙŕÍŜťϙѹ͐͏͏ϙŕôĺŕīôϠϙŜĺϙĺĲīĖĲôϙŕīÍťċĺŘıŜϙŜÍèŘĖƱèôϙŜĺıôϙîĖŜèŪŜŜĖĺĲϙ
ÍĲîϙŘôīƅϙıĺŘôϙĺĲϙÍČČŘôČÍťĖĺĲ

� “ŘĖîČĖĲČϙŘŪīôŜϙϼ�ĺīĖŜϠϙĺŪŘϙŕÍŕôŘϠϙvĺııŪĲĖťƅϙbĺťôŜϽϙŘôſÍŘîϙŜŪŕŕĺŘťϙÍèŘĺŜŜϙťēôϙıÍĖĲϙ
îĖŽĖîô
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