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Stanford Crowdsourced Democracy Team

Background: My Research

Engaging residents in policy decisions, using online technology

- Structured conversations for an open-ended consultation at scale
- Video-chat Deliberation platform self-moderating small groups
- stanforddeliberate.org

- Participatory budgeting 
- Voting in participatory budgeting elections (cities etc)
- PBstanford.org

- City budgeting feedback
- More bespoke approaches - happy to discuss!
- budget.pbstanford.org
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Today

- Participatory Budgeting
- Overview
- Process

- Stanford Participatory Budgeting Platform
- Voting methods

- Overview
- Comparative research

- Other budget feedback processes
- Clustering

- What else?
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Democratic decision making

- Decaying trust in politics and politicians
- People want to be involved

- Interest in local politics high?!
- Beyond ‘politics’

- Transparency
- Accountability
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Stanford Crowdsourced Democracy Team

Management Science and Engineering, Prof. Ashish Goel

Improving societal decision making through online tools. 
Scaling up participatory decision making in a fair and efficient way.

Focus on complex decisions: budgets, deliberations, negotiations

Theory and practice: designing, analyzing, implementing and comparing group 
decision algorithms

Collaborate with governments and NGO’s: provide tools
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Complex decisions
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Participatory Budgeting
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Gelauff, Lodewijk, and Ashish Goel. “Rank, Pack, or Approve: Voting Methods in 
Participatory Budgeting”, Under review (2024) ArXiv:2401.12423 

https://arxiv.org/abs/2401.12423


Stanford Crowdsourced Democracy Team

Why PB?
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Fluid concept

So many definitions!

- First mention in late 1980s (e.g. Porto Alegre, Brazil) 
- 11,000+ processes counted worldwide (PB World Atlas), 300+ in USA (PBP)
- Different definitions. In common: allocate budget across items (projects) with 

stakeholder participation. 
- Often participation in both in development of projects and some voting phase
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Process
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Image: Participatory Budgeting Project
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Why digital/online

- Young voters!
- Richer information for voters (optional data, 

audiovisual)
- Ease of voting
- If online: Reach out to new audiences 

through advertising
- Analysis: faster counting!

Photo: Sukolsak Sakshuwong
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Participatory Budgeting

Some interesting tidbits from the academic literature:

- Analysis from New York suggests that engaging traditionally 
underrepresented groups increases their likelihood of voting in elections

- Engagement in budget exercises has been shown to improve understanding 
of budgetary issues

- Turnout is often low, and recruiting a representative cohort is not straight 
forward. 
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Organizing PB?

Lots of great documentation at: 

- PBP: https://participatorybudgeting.org 
- People Powered: https://peoplepowered.org 

Or catch me after, and I’ll be happy to chat or connect!

- lodewijk@stanford.edu
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https://participatorybudgeting.org
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Online tools

Multiple online tools are available to organize one component or another.

- Collect ideas
- Online synchronous meetings
- Asynchronous collaboration to improve projects
- Pre-selection
- Voting
- Evaluation 
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Elicitation & aggregation

Voting method components:

- Elicitation
- (Consideration)
- Aggregation
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PB Stanford

- Since 2012
- Primarily digital, but allows paper ballot
- Currently used in multiple cities, incl. 

Seattle, Chicago, Cambridge MA, Vallejo
- Multiple voting methods
- Flexible visualization
- Interested to help cities with targeting 

campaigns

https://github.com/StanfordCDT/pb
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PBstanford.org

http://pbstanford.org
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Stanford PB Platform

Settings determined by election organizer:

- Voting method: K-approval, K-ranking, knapsack, K-token
- Language
- Voter validation
- Voter registration
- Voting phases
- Available budget (B)
- Elicitation constraints (e.g. K)
- Project appearance
- Demographic survey

Optional: research ballot

20
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From the perspective of the voter

21
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Decisions to make

- Languages
- Authentication
- Ballot size
- How to access ballot
- Voting method
- Survey

22
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Voting methods
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Budget voting

Problem:

- Fixed budget
- Limited set of proposals
- Each project has an associated cost
- Each voter has a utility for each project
- Each project then has an average utility

We want to maximize the total utility and arrive at the best societal outcome.
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Voting methods

Multiple ways to ask a question

- Approval voting
- Select K projects

- Ranking
- Select K projects, and rank them in order

- Knapsack/shopping cart
- Select projects based on an allocated budget

- K-token
- Distribute K tokens over the projects

Each method eventually arrives at an ‘aggregate’: 
which projects get funded

25
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Approval voting

Select K projects from our proposals. 

- Hard to consider trade-offs
- Should we fix a pothole for $1,000 or build a fountain for $10,000?

- Odd incentives: approval voting is not strategy proof. There are scenarios 
where voting for something else than your preference gives you a better 
outcome. 

- Aggregation is not straight forward

But: easy to implement on paper. Familiar.
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K-ranking

Select K projects, and then rank them in order of value for money. 

- Trade-offs are still difficult
- Aggregation is not necessarily straight forward

- Typically use Borda count to aggregate (more ‘points’ for a higher rank)

- Can also be paper alternative for knapsack voting

28
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Knapsack (shopping cart)

Hold voters to same constraints as the decision maker

- Projects have a cost
- Total budget
- Vote for a subset

Knapsack problem. Projects are arranged by number of votes, 
and assigned until budget is exhausted. 

Either projects as a whole, or allow people to vote for partial 
projects

Mostly strategy proof and welfare maximizing under utility model
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K-token

Distribute K tokens over your favorite projects

- Allows voters to indicate weight of preferences
- Strategic behavior not always clear
- ‘Gateway’ to more complex implementations such as quadratic voting

Experimental only on our platform.
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Aggregation

PB Stanford currently uses ‘greedy’ aggregation: 

- add the votes for each project
- Rank in order of number of votes
- Choose the highest ranked projects
- Define tie-breaker and exhaustion rule

- What to do if we run out of budget? Skip or partially allocate?

In theory, other aggregation methods are possible (e.g. Method of Equal Shares)
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Research
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Voting method findings

36

Gelauff, Lodewijk, and Ashish Goel. “Rank, Pack, or Approve: Voting Methods in 
Participatory Budgeting”, Under review (2024) ArXiv:2401.12423 

Dataset: https://purl.stanford.edu/db709zg9088 

https://arxiv.org/abs/2401.12423
https://purl.stanford.edu/db709zg9088
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From the perspective of the voter
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- K-approval voting
- Select up to K projects

- K-ranking voting
- Select up to K projects and rank them

- Knapsack voting
- Select projects subject to a budget constraint

Elicitation methods

38
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Data set

Basic units in the data set (May 2023):

- Election
-  Budget, ballot length (n = 124)

- Voter 
- Authentication method, phase completion and time spent per phase, election ID (n = 125,000)

- Project
- Cost, election ID (n = 1,500)

- Vote
- Voter ID, project ID, allocated budget, rank, tokens
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What elections?

To give a very quick overview: 
124 primary, 38 secondary ballots

- 79 + 2 approval
- 32 + 18 knapsack
- 13 + 18 ranking 
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Why interesting?

Unique data set:
- Preference distributions per election
- Completion time and abandonment rate per ballot
- Vote pairs: same voter, same election, different voting method

This allows:
- Correlation of completion time and abandonment rate with ballot design
- Analyze effect of explicit elicitation constraints on individual preferences
- Analyze effect of implicit elicitation constraints on individual preferences
- Analyze effect of aggregation methods

42
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Building blocks

- For each election we know median time spent (proxy for perceived 
complexity) and abandonment rate

- Correlation between these statistics and different ballot design choices

- Ballot pairs from the same voter and election
- Compare primary and secondary vote

- “Long” K-ranking votes
- Infer what the knapsack/approval votes would have been

- Randomized Controlled Trial between voting methods
- In some elections, secondary voting method was randomly assigned. We can compare those 

in aggregate.
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Selected conclusions (1)

- Inferring knapsack votes from sufficiently long K-ranking ballots is a valid 
approximation.

- Was claimed previously, we now have empirical evidence that it works
- Useful when no digital interface is available

- Voters tend to select more expensive projects under K-approval vs Knapsack
- This is mostly due to the less expensive projects on their vote
- Both in aggregate and individually
- Both explicit (budget awareness) and implicit (the method) constraints contribute
- Corroborate and expand on initial findings from Goel et al. (2019)
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Selected conclusions (2)

- Ballot complexity is positively correlated with median time spent by voters but 
no significant correlation is found with abandonment rate

- Caveats: low turnout, self-selection, complexity within reason etc.

- Using the knapsack ballot does correlate with higher median time and 
abandonment rate, inconclusive causality

- Avg abandonment rate of the primary ballot is around 5.4%. 
- Coefficient in multiple regression: -0.001 (app), 0.043 (knap), 0.014 (rank)
- Controlled trial with secondary ballots suggests lower abandonment rate for knapsack vs 

ranking
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Ongoing next steps

- Compare ‘greedy’ aggregation to Method of Equal Shares
- Average and individual utility
- Average project cost

- More data
- Token voting

- Consistency with ranking?

- Opportunity: more about ballot design? Optimal K? 
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Budget Feedback Process
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Gelauff, Lodewijk, and Ashish Goel. “Opinion Change or Differential Turnout: Changing 
Opinions on the Austin Police Department in a Budget Feedback Process”, Under review 

(2024) ArXiv:2310.11643 
Gelauff, Lodewijk, and Ashish Goel. “Opinion Change or Differential Turnout: Austin’s 
Budget Feedback Exercise and the Police Department.” In Proceeding of the Second 

Conference on Equity and Access in Algorithms, Mechanisms, and Optimization (EAAMO 
’22), 2022. DOI: 10.1145/3551624.3555295

https://arxiv.org/abs/2310.11643
https://doi.org/10.1145/3551624.3555295
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City Budgeting Feedback
Austin, TX

Opinion Change or Differential Turnout

64

Based on: 
Gelauff, L.L. and A. Goel, Opinion Change or Differential Turnout: Austin's Budget 

Feedback Exercise and the Police Department. In Proceedings of EAAMO '22: Equity and 
Access in Algorithms, Mechanisms, and Optimization (2022)
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Budget feedback surveys

65

Constructive feedback on city budget proposals

More bespoke - many variables

Some examples: https://budget.pbstanford.org 

- Balancing the budget between departments
- Menu of budget interventions to combine 

Let voters make the hard decisions individually, and come with a constructive 
counter proposal. 

https://budget.pbstanford.org
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Austin 2020 budgeting exercise

66

Setting: Budget feedback 
survey, City of Austin

Revenue: level of support 
per category

Expenditures: redistribute 
budget across 
departments

L. Gelauff and A. Goel, “Opinion Change or Differential Turnout: Austin's Budget Feedback Exercise and the Police Department” in EAAMO '22

[Gelauff and Goel, 2022]
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Austin 2020 budgeting exercise

 
- Police budget divisive issue
- Tumultuous year
- Murder of George Floyd in the middle of 

survey
- After exogenous shock, 

daily responses increased a lot

67[Gelauff and Goel, 2022]

L. Gelauff and A. Goel, “Opinion Change or Differential Turnout: Austin's Budget Feedback Exercise and the Police Department” in EAAMO '22

Photo credit: Fibonacci Blue on Flickr (CC BY)

Protests in Minneapolis in May 2020
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Austin: exogenous shock

After the exogenous shock in 2020:

- Respondents skew younger and more likely to rent their 
home than ACS

- Surprisingly little shift in racial/ethnic demographics
- 93% support to decrease Police budget (from 43%)
- Lower support for increasing service fees
- Changes bounce back somewhat in segment 3

Not immediately clear if the shift in opinion is because of 
differential turnout or opinion change

We show that there is at least some opinion change

68[Gelauff and Goel, 2022]
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Austin: clusters

We identified 3 robust and well-defined 
(k-means) clusters:

- Robust
- Centroids robust to resampling and reclustering
- 98.6% (2020) and 96.7% (2021) avg accuracy

- Meaningful
- Decrease police, no revenue change
- Less/no decrease police, some revenue increase
- Decrease police, increased revenue

More meaningful than analysis along 
demographic lines.

69[Gelauff and Goel, 2022]

Cluster centroids, 95% confidence intervals after 
resampling (98.6% accuracy)



Stanford Crowdsourced Democracy Team

Austin: clusters

We observe a strong shift in clustering around 
the exogenous shock. Cluster 0 barely existed 
before, suggesting that there was an actual 
change in opinion rather than turnout. 

2021 data confirms that these clusters were 
meaningful and that there was likely a lasting 
shift. 

70[Gelauff and Goel, 2022]
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Comparison with 
PB clusters
Comparison: 4 PB elections

Less volatile than Austin

Shows scalability of the method
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Austin: clusters

Clustering multi-dimensional data proved here a useful tool to understand what 
exactly happened in a way that demographic analysis could not provide. 

Available without any demographic data about respondents. 

- 2021 survey and follow-up survey confirmed that clusters capture persistent 
opinions

- No reason to believe there will always be meaningful clusters
- No reason to assume 3 is always the ‘right’ number

72[Gelauff and Goel, 2022]
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Big picture

75

- Ballot complexity correlated with median voting time
- Not correlated with abandonment rate!

- Knapsack effect
- Implicit constraints
- Explicit constraints
- Especially relevant for the ‘lower cost projects’
- Election specific effect?!

- Clustering
- Useful to understand how opinions correlate
- Turnout effects over time
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More

Always happy to chat about 

- Collaborations
- Implementations
- Data sharing

lodewijk@stanford.edu
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More

More about PB: participatorybudgeting.org & peoplepowered.org

Stanford PB Platform: pbstanford.org & github.com/StanfordCDT/pb 

City Budget Feedback Exercises: budget.pbstanford.org

lodewijk@stanford.edu  &   www.bijv.org
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http://participatorybudgeting.org
http://peoplepowered.org
http://pbstanford.org
https://github.com/StanfordCDT/pb
http://budget.pbstanford.org
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