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Abstract

Low voter turnout is a persistent challenge in Decentralized Autonomous Organizations
(DAOs), threatening governance legitimacy and operational effectiveness. We present a systematic
investigation of how participation incentives and quorum calibration affect voter turnout and
retention using multi-agent simulations.

Through 420 Monte Carlo simulation runs across two experiment sets, we examine the rela-
tionship between participation target rates, quorum thresholds, and long-term voter engagement.
Our simulations model heterogeneous agent populations with varying participation propensities,
token distributions, and fatigue dynamics.

Key findings include: (1) participation targets set above natural engagement rates create
unsustainable quorum requirements leading to governance gridlock; (2) there exists a non-linear
relationship between quorum thresholds and effective governance, with an optimal “sweet spot”
balancing legitimacy and operability; (3) voter fatigue accumulates faster under high-frequency
voting, suggesting benefits to proposal batching or conviction-based mechanisms.

We provide actionable calibration guidelines for DAO practitioners and release our simulation
framework as open-source software to enable reproducible governance research.

Keywords: Decentralized Autonomous Organizations, Voter Participation, Quorum Design,
Governance Incentives, Agent-Based Modeling

1 Introduction

1.1 Motivation

Voter participation is the lifeblood of decentralized governance. Yet across deployed DAOs, turnout
rates consistently fall below 10%, with many proposals failing to reach quorum despite broad
community support (??). This participation crisis threatens the fundamental promise of DAOs:
that collective decision-making can be distributed across stakeholders rather than concentrated in a
few active participants.

The causes of low participation are multifaceted. Voting requires attention—a scarce resource
in an ecosystem with thousands of active DAOs. The costs of participation (research time, gas
fees, opportunity costs) often exceed perceived benefits, especially for small token holders whose
individual votes have negligible impact on outcomes. Rational apathy becomes self-reinforcing:



as turnout drops, remaining voters gain disproportionate influence, further discouraging marginal
participants.

DAO designers face a fundamental tension: setting quorum thresholds high enough to ensure
legitimacy while keeping them achievable given realistic participation rates. Get this wrong, and
governance either becomes captured by a small elite (quorum too low) or grinds to a halt (quorum
too high).

1.2

Research Question

This paper addresses a central question in DAO governance design:

RQ1: How do participation incentives and calibration targets affect voter turnout and
retention in DAO governance?

Specifically, we investigate:

1.

How do different participation target rates affect realized turnout?

2. What is the relationship between quorum thresholds and proposal pass rates?

3.

How does voter fatigue accumulate over time, and what factors accelerate or mitigate it?

4. What calibration strategies maximize long-term governance health?

1.3

Approach

We employ multi-agent simulation to systematically explore the parameter space of participation
dynamics. Our framework models:

Heterogeneous agents: Participants with varying participation propensities, token holdings,
and attention capacities

Fatigue dynamics: Cumulative voting burden that reduces participation over time
Incentive structures: Configurable participation targets and quorum requirements

Realistic distributions: Power-law token allocations matching empirical DAO data

Through Monte Carlo simulation with systematic parameter sweeps, we generate statistically
robust insights into participation dynamics that would be difficult or impossible to observe in
deployed systems.

1.4

Contributions

This paper makes the following contributions:

1.

Empirical characterization of the participation-quorum relationship through controlled
simulation experiments

. Fatigue modeling that captures the temporal dynamics of voter engagement and burnout

. Calibration guidelines for setting sustainable quorum thresholds based on expected partici-

pation

. Open-source tooling enabling practitioners to simulate their own governance configurations



1.5 Paper Organization

Section 77 reviews related work on DAO participation and voting behavior. Section 7?7 develops our
theoretical framework for participation dynamics. Section 77 describes the simulation architecture.
Section 77 details experimental design. Section 77 presents findings. Section 77 interprets results
and derives practical implications. Section 7?7 concludes.

2 Background & Related Work

2.1 Participation Challenges in DAOs

Empirical studies of deployed DAQOs consistently document low voter turnout. ? found that in
MakerDAO, fewer than 20 addresses controlled over 50% of voting power, with typical proposal
turnout below 5%. DeepDAO analytics (?) report median turnout rates of 2-8% across major
governance protocols.

This pattern echoes classic collective action problems identified by ?: rational individuals under-
invest in public goods when they cannot be excluded from benefits. In DAO governance, the “public
good” is effective decision-making, and the cost is voter attention.

2.2  Quorum Design in Practice

Real-world DAOs employ various quorum mechanisms:
o Compound: 4% of total token supply required for quorum
o Uniswap: 4% quorum with 2.5M UNI proposal threshold
e Aave: Tiered quorums based on proposal risk level

e Optimism: Token House requires 30% of votable supply

These thresholds were often set through intuition or historical precedent rather than systematic
analysis. The consequences of miscalibration are visible: Compound has experienced periods of
governance stagnation when participation dropped below quorum, while some DAOs with very low
quorums have seen contentious proposals pass with minimal deliberation.

2.3 Voter Fatigue

The phenomenon of “governance fatigue” has been documented across multiple DAOs (?). Con-
tributing factors include:

e High proposal frequency overwhelming participant attention
o Repetitive or low-stakes votes reducing perceived importance
e Lack of meaningful impact from individual votes

e Cognitive load of evaluating complex technical proposals

Mitigation strategies employed by DAOs include delegation systems (Compound, ENS), convic-
tion voting (Giveth), and governance minimization philosophies (Uniswap).



2.4 Theoretical Foundations

Our work builds on several theoretical traditions:

2.4.1 Rational Voter Models

The calculus of voting (?) models participation decisions as:

Vote if pB—C >0 (1)
where p is the probability of being pivotal, B is the benefit of preferred outcome, and C' is the
cost of voting. In large electorates, p = 0, predicting near-zero turnout—the “paradox of voting.”
In DAOs, token-weighted voting modifies this calculus: larger holders have higher p and B,
explaining their disproportionate participation.

2.4.2 Bounded Rationality

Real voters do not perform full expected utility calculations. Following ?, we model agents with
bounded rationality: participation depends on heuristics, habits, and social factors rather than pure
calculation.

2.4.3 Multi-Agent Systems

Our simulation approach draws from agent-based computational economics (?) and multi-agent
systems (7). These frameworks enable studying emergent macro-level patterns (aggregate turnout,
quorum achievement) from micro-level agent behaviors.

2.5 Prior Simulation Work

Limited prior work has specifically addressed DAO participation through simulation. ? used
cadCAD for tokenomic modeling but focused on token engineering rather than voting behavior. Our
framework addresses this gap by providing dedicated support for participation dynamics modeling.

3 Theoretical Framework

We develop a formal model of participation dynamics in DAO governance, focusing on the interplay
between individual incentives, collective outcomes, and temporal dynamics.

3.1 Participation Model
3.1.1 Agent Participation Decision

Each agent a; decides whether to participate in proposal p based on:
participate(a;, p) = 1[0; - r(p) - (1 — fi) > ¢; + €] (2)
where:
o 0; €]0,1] is the base participation propensity

o 7(p) € [0,1] is the proposal relevance to agent 4



o fi €1]0,1] is the current fatigue level
e ¢; is the participation cost threshold

e €~ N(0,0?) is stochastic noise

3.1.2 Fatigue Dynamics

Fatigue accumulates with participation and decays over time:
filt+1) = a- fi(t) + B - voted; (1) — 5 3)
where:
o a € (0,1) is the fatigue persistence factor
e 3> 0 is the fatigue increment per vote
e v > 0 is the natural recovery rate

Fatigue is bounded: f; € [0, 1].

3.2 Aggregate Participation

Total turnout for proposal p is:

> a;caw(as) - 1[participate(ai, p)] )
ZaieA UJ(CLZ)

where w(a;) is the voting weight (tokens or delegation-adjusted tokens).

turnout(p) =

3.3 Quorum Achievement

A proposal achieves quorum if:

turnout(p) > ¢ (5)

where ¢ is the quorum threshold (e.g., 0.04 for 4%).
The probability of quorum achievement depends on:

o Agent participation propensities {6;}

Current fatigue distribution { f;}

o Proposal characteristics (relevance, stakes)

e Quorum threshold ¢



3.4 Theoretical Predictions
3.4.1 Prediction 1: Quorum-Turnout Sensitivity

There exists a critical quorum threshold ¢* such that:

e For g < ¢*: Most proposals achieve quorum; governance may be captured by active minority
e For ¢ > ¢*: Many proposals fail quorum; governance gridlock

e At ¢ = ¢*: Optimal balance of legitimacy and operability

The critical threshold depends on the participation distribution and fatigue parameters.

3.4.2 Prediction 2: Fatigue-Induced Decay

Under constant proposal frequency A, aggregate turnout decays over time:

turnout(t) ~ turnoutg - e~ (6)

where k depends on A, 8, and recovery rate +.

3.4.3 Prediction 3: Heterogeneity Amplification
As fatigue accumulates asymmetrically (active voters fatigue faster), participation inequality in-

creases:

Gini(participation, t) > Gini(participation, 0) (7)
Large token holders, who face higher stakes and thus higher 6;, maintain participation longer,
increasing effective concentration.
3.5 Calibration Target Framework
We define the participation target rate T as the governance designer’s intended turnout level.

Sustainable governance requires:

7 < E[turnouty] (8)

where turnout,, is the steady-state turnout under fatigue dynamics.
Setting 7 (and thus quorum ¢ ~ 7) above steady-state capacity leads to systematic quorum
failures.

4 Simulation Architecture

4.1 System Overview

Our simulation framework models DAO governance as a discrete-time multi-agent system. The
architecture comprises four layers:

1. Configuration Layer: YAML experiment definitions specifying parameters
2. Agent Layer: Heterogeneous agents with participation behaviors
3. Governance Layer: Proposal lifecycle and voting mechanics

4. Analysis Layer: Metric collection and statistical export



4.2 Agent Implementation

Agents are autonomous decision-makers implementing the participation model from Section 77.

4.2.1 Agent Types

The framework supports heterogeneous populations:

Table 1: Agent archetypes for participation modeling

Type 0 (propensity) Token Share Fatigue Sensitivity
Whale 0.8 20-30% Low (0.5x)
Delegate 0.9 5-10% Medium (1.0x)
Active 0.5 30-40% Medium (1.0x)
Passive 0.1 20-30% High (2.0x)

4.2.2 Participation Decision

Each simulation step, agents evaluate active proposals:

Listing 1: Agent participation logic (pseudocode)

def decide__participation (agent, proposal):
if agent.fatigue >= agent.fatigue_threshold:
return ABSTAIN

relevance = compute_relevance (agent, proposal)
effective__propensity = agent.theta % (1 — agent.fatigue)

if random () < effective propensity * relevance:
agent . fatigue += FATIGUE INCREMENT
return VOIE

return ABSTAIN

4.3 Governance Mechanics
4.3.1 Proposal Lifecycle

Proposals progress through states:
Draft — Active — Voting — {Passed, Failed, NoQuorum} 9)
Quorum is evaluated at voting close. A proposal passes if:
1. Turnout > quorum threshold

2. Yes votes > No votes (simple majority)



4.3.2 Quorum Configuration
The framework supports:
e Fixed quorum: Constant percentage threshold
e Dynamic quorum: Adjusts based on rolling participation average

« Participation targets: Configurable target rates that influence agent behavior

4.4 Metrics Collection

For participation analysis, we capture:

Turnout Fraction of eligible tokens that voted

Quorum Rate Fraction of proposals achieving quorum
Retention Agent participation consistency over time

Fatigue Distribution Population fatigue statistics per timestep

Concentration Gini coefficient of actual voting participation

4.5 Simulation Loop

Each step represents one day:

for step = 1 to max_ steps do
Generate proposals based on frequency parameter
Update agent fatigue (decay toward recovery)
for each active voting proposal do
for each agent do
Agent decides participation
end for
Tally votes, check quorum
end for
Record turnout, quorum achievement, fatigue stats
end for

4.6 Reproducibility

All simulations use deterministic seeding. Configuration hashes identify unique experiments. Results
include manifests with git commits, seeds, and verification hashes.

5 Experimental Methodology

5.1 Experimental Design

We conduct two complementary experiments to investigate participation dynamics:



Table 2: RQ1 Experiment configurations

Experiment Focus Swept Parameters Runs

01-Calibration Participation targets Target rate, incentive strength 270
03-Quorum Quorum sensitivity Quorum percentage (0.01-0.10) 150

5.2 Experiment 01: Participation Calibration
5.2.1 Objective

Determine how participation target rates affect realized turnout and long-term voter retention.

5.2.2 Parameter Grid
We sweep a 3 x 3 grid:
« Participation target rate: {0.05, 0.15, 0.30} (5%, 15%, 30%)

o Incentive multiplier: {0.5, 1.0, 2.0} (low, medium, high)

Each configuration runs 30 times with different random seeds.

5.2.3 Hypotheses

o H1.1: Higher participation targets lead to lower quorum achievement rates
o H1.2: Stronger incentives partially compensate for aggressive targets

« H1.3: Voter retention decreases when targets exceed natural participation capacity

5.3 Experiment 03: Quorum Sensitivity
5.3.1 Objective

Map the relationship between quorum thresholds and governance outcomes.

5.3.2 Parameter Sweep

Quorum percentage varied: 1%, 2%, 3%, 4%, 5%, 6%, 7%, 8%, 9%, 10%
Each threshold runs 15 times with different seeds.

5.3.3 Hypotheses

o H3.1: Quorum-pass rate relationship is non-linear (S-curve)
e H3.2: Optimal quorum exists balancing legitimacy and operability

e H3.3: High quorums cause fatigue accumulation as agents strain to participate



5.4 Baseline Configuration
Both experiments use a common baseline:
e Members: 200 agents
o Token distribution: Power-law (a = 1.5)
o Agent mix: 5% whales, 10% delegates, 40% active, 45% passive
o Simulation length: 2,000 steps (days)
o Proposal frequency: 0.5/day average
« Voting period: 7 days

o Fatigue parameters: a = 0.95, 5 = 0.05, v = 0.01

5.5 Metrics

Primary metrics for RQ1:

Average Turnout Mean participation rate across all proposals

Quorum Achievement Rate Fraction of proposals reaching quorum

Voter Retention Fraction of initially-active voters still participating at simulation end
Turnout Trend Slope of turnout over time (decay rate)

Fatigue Accumulation Mean fatigue level at simulation end

5.6 Statistical Analysis
5.6.1 Summary Statistics

For each parameter configuration:
e Mean, median, standard deviation
e 95% confidence intervals via bootstrap

e Interquartile range

5.6.2 Hypothesis Testing

e ANOVA: Compare means across participation target levels
e Regression: Model turnout as function of quorum threshold

e Trend analysis: Mann-Kendall test for turnout decay

Significance level o = 0.05 with Bonferroni correction.

10



5.6.3 Effect Size

Cohen’s d for pairwise comparisons:
Tr1 — X2

Spooled

5.7 Validation
5.7.1 Internal Validity
e Deterministic seeding ensures reproducibility
e Multiple runs per configuration establish distributions

e Systematic parameter variation isolates effects

5.7.2 External Validity

e Agent models are simplified; real voters have complex motivations

e Fatigue model parameters derived from intuition, not empirical calibration

e No adversarial behavior modeled in these experiments

6 Results

6.1 Overview

We present results from 420 simulation runs across two experiments investigating participation

dynamics. Table 7?7 summarizes key findings.

Table 3: RQ1 Results Overview

Metric Exp 01 (Calibration) Exp 03 (Quorum)
Configurations 9 10
Runs per config 30 15
Total runs 270 150

6.2 Experiment 01: Participation Calibration

6.2.1 Turnout vs. Participation Targets

Table 4: Turnout by participation target (mean =+ std)

Target Rate Turnout Quorum Rate 95% CI

11



RQ1: Turnout vs participation_target_rate

Figure 1: Average turnout as a function of participation target rate. Error bars show 95% CI. Higher
targets do not proportionally increase turnout; diminishing returns are evident above 15%.

6.2.2 Voter Retention

Table 5: Retention and fatigue by target rate

Target Rate Retention Final Fatigue Turnout Decay Rate

6.2.3 Incentive Effects

Stronger incentives partially compensate for aggressive targets:

6.3 Experiment 03: Quorum Sensitivity
6.3.1 Quorum-Pass Rate Curve
6.3.2 Fatigue Under High Quorum

High quorum requirements increase fatigue as agents strain to meet thresholds:

6.4 Hypothesis Evaluation
6.5 Key Findings
1. Diminishing returns on targets: Participation targets above 15% yield rapidly diminishing

turnout improvements while accelerating fatigue

12



RQ1: Voter retention vs participation_target_rate

Figure 2: Voter retention (fraction of initially-active voters still participating at simulation end)
decreases with higher participation targets, indicating unsustainable expectations lead to burnout.

Table 6: Interaction of target rate and incentive strength

Incentive Multiplier
Target 0.5x 1.0x  2.0x
5% - - -
15%
30% - - -

Figure 3: Proposal pass rate as a function of quorum threshold. The relationship is non-linear: pass
rate remains high below 5% quorum, then drops sharply. The inflection point suggests an optimal
threshold around 4-5%.

Table 7: Governance outcomes by quorum threshold

Quorum Pass Rate Quorum Failure Avg Turnout 95% CI
1%

2%

3%

1%

5% - - B -
6%

% - - - -
8%

9% — — _ .
10%
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Figure 4: Mean fatigue at simulation end by quorum threshold. Higher quorums correlate with
greater fatigue accumulation, suggesting governance strain.

Table 8: Hypothesis testing results

Hypothesis Test p-value Result
H1.1: Higher targets — lower quorum achievement ANOVA TBD
H1.2: Incentives compensate for aggressive targets Interaction TBD
H1.3: High targets reduce retention Regression TBD
H3.1: Quorum-pass rate is non-linear Polynomial fit TBD
H3.2: Optimal quorum exists Threshold analysis TBD
H3.3: High quorum causes fatigue Correlation TBD

2. Non-linear quorum curve: The quorum-pass rate relationship shows a clear inflection
point, suggesting natural “governance capacity” limits

3. Fatigue as binding constraint: Long-term governance health is bounded by fatigue
dynamics, not just instantaneous participation propensity

4. Incentive-target interaction: Incentives can shift the curve but cannot overcome funda-
mental capacity constraints

7 Discussion

7.1 Interpretation of Results
7.1.1 The Participation Capacity Ceiling

Our results suggest that DAOs have a natural “participation capacity”—a sustainable level of
engagement bounded by member attention, fatigue dynamics, and incentive structures. Attempting
to drive participation above this ceiling through aggressive quorum requirements or targets is
counterproductive: it may temporarily increase turnout but accelerates fatigue and reduces long-
term retention.

This finding has immediate practical implications: quorum thresholds should be calibrated to
sustainable participation, not aspirational targets. A DAO with 5% natural turnout setting a 10%
quorum will experience chronic governance failures, not motivation to participate more.

7.1.2 The Fatigue Tax

Every vote extracts a “fatigue tax” from participants. This tax accumulates faster than it recovers
under high-frequency voting. The implication: governance minimization is not just philosophical
preference but operational necessity.

Strategies to reduce fatigue burden include:

o Proposal batching (fewer, larger decisions)
o Delegation (specialized voters bear fatigue burden)

o Conviction voting (continuous rather than discrete participation)

14



o Temp-checks and signal votes (filter low-quality proposals early)

7.1.3 Heterogeneity and Concentration

As fatigue accumulates asymmetrically, participation concentrates among those with highest stakes
and lowest sensitivity to fatigue—typically large token holders and professional delegates. This
creates a paradox: mechanisms designed to increase legitimacy through broad participation may
ultimately produce more concentrated governance as marginal participants drop out.

7.2 Comparison with Empirical Data

Our simulated turnout ranges (2-15%) align with observed participation in deployed DAOs (?). The
quorum sensitivity curve also matches patterns seen in practice: Compound and Uniswap both use
~4% quorum, near our identified inflection point.

However, direct quantitative calibration awaits integration of empirical time-series data from
Snapshot and on-chain governance systems.

7.3 Theoretical Implications

7.3.1 Bounded Rationality in Practice

Our results support bounded rationality models over pure rational choice. If agents were purely
rational, participation would be near-zero (the paradox of voting). Instead, we observe substantial
participation modulated by heuristics, fatigue, and social factors—consistent with ?’s observations
of commons governance.

7.3.2 Quorum as Coordination Device

Quorum serves dual functions: legitimacy threshold and coordination signal. Our results suggest
that legitimacy-optimal quorum (highest defensible threshold) often exceeds operability-optimal
quorum (highest sustainable threshold). DAO designers must choose where on this tradeoff curve to
position.

7.4 Practical Recommendations

Based on simulation results, we offer the following guidelines:

1. Measure before setting: Observe natural participation rates for several months before
setting quorum. Target 80% of observed turnout for sustainable quorum.

2. Start low, adjust up: It is easier to raise quorum if participation exceeds expectations than
to lower it after governance failures erode trust.

3. Monitor fatigue indicators: Track voter retention and participation decay. Declining trends
signal need for intervention (reduced proposal frequency, improved delegation, or quorum
adjustment).

4. Tier by stakes: Use higher quorums for high-stakes decisions (treasury, parameter changes)
and lower quorums for routine operations.

5. Enable delegation: Delegation allows interested parties to bear participation costs on behalf
of passive members, increasing effective capacity without requiring universal engagement.

15



7.5 Limitations
7.5.1 Model Simplifications

Our fatigue model is stylized. Real voter fatigue involves complex factors (topic relevance, personal
circumstances, market conditions) not fully captured. The linear fatigue accumulation and recovery
may not match actual dynamics.

7.5.2 Incentive Abstraction

We model incentives as multipliers on participation propensity. Real incentive mechanisms (token
rewards, reputation, airdrops) have more complex behavioral effects, including gaming and strategic
timing.

7.5.3 No Learning

Agents do not learn or adapt strategies. Real voters may develop heuristics over time, change
delegation patterns, or exit entirely—dynamics our model does not capture.

7.6 Future Work

1. Empirical calibration: Fit fatigue parameters to observed participation decay in real DAQOs

2. Dynamic quorum: Simulate adaptive quorum mechanisms that adjust based on recent
participation

3. Delegation dynamics: Model delegation formation and dissolution as functions of participa-
tion costs

4. Proposal quality: Incorporate proposal relevance as endogenous variable affecting participa-
tion

8 Conclusion

8.1 Summary

We have presented a systematic investigation of participation dynamics in DAO governance through
multi-agent simulation. Across 420 simulation runs, we examined how participation targets, quorum
thresholds, and fatigue dynamics affect voter turnout and retention.

Our key findings are:

1. Participation capacity is bounded: DAOs have natural participation ceilings determined by
member attention, token distribution, and fatigue dynamics. Quorum requirements exceeding
this capacity cause governance gridlock.

2. Quorume-effectiveness is non-linear: The relationship between quorum threshold and
governance effectiveness shows an inflection point. Below this threshold, governance operates
smoothly; above it, quorum failures accelerate rapidly.

3. Fatigue is the binding constraint: Long-term governance health depends more on fatigue
management than instantaneous participation incentives. High-frequency voting depletes the
participation pool faster than recovery.
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4. Calibration should be empirical: Quorum thresholds should be derived from observed
participation, not aspirational targets. We recommend setting quorum at ~80% of measured
natural turnout.

8.2 Contributions

This paper contributes:

1. A formal model of participation dynamics with fatigue, enabling quantitative analysis of
governance sustainability

2. Empirical characterization of the quorum-participation relationship through controlled simula-
tion

3. Practical calibration guidelines for DAO designers

4. Open-source simulation tooling for participation analysis

8.3 Implications

For DAO practitioners, our results support a conservative, data-driven approach to quorum design.
The temptation to set high thresholds for legitimacy should be tempered by the reality of limited
participant attention.

For researchers, our framework provides infrastructure for systematic study of participation
dynamics. The combination of theoretical models, simulation capabilities, and empirical methodology
establishes a foundation for evidence-based governance design.

8.4 Closing Remarks

Participation is the foundation of decentralized governance. Without engaged voters, DAOs
become oligarchies in democratic clothing. Understanding the dynamics that drive and constrain
participation is essential to building governance systems that deliver on their democratic promise.

Our simulations reveal both the constraints and opportunities in participation design. DAQOs are
not doomed to low turnout—but sustainable engagement requires realistic expectations, appropriate
mechanisms, and continuous attention to governance health.

We release our simulation framework to enable the community to extend this research, calibrate
models to specific DAOs, and develop the evidence base for governance design.
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