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Perpetual voting has been proposed as a mechanism for ensuring long-term
fairness in sequential collective decision making (CDM), where sequences of deci-
sions are made over time [5]. A key challenge in this setting is to avoid "Tyranny
of the Majority", i.e., ensuring that voters who are repeatedly in the minority
receive adequate representation. Traditional aggregation methods, such as ma-
jority voting or Borda count, fail as they do not guarantee long-term fairness or
cumulative influence. In response, perpetual voting rules, for example, Perpetual
Phragmén, Perpetual Consensus, and Perpetual Quota, have been proposed to
balance representation across rounds and prevent persistent marginalisation of
minority groups [6]. However, these voting rules rely on an assumption of full
voter participation, which is rarely satisfied in real-world settings where absen-
teeism is common. Our paper [7] addresses the open challenge of maintaining
fairness in perpetual voting under partial turnout.

While approaches such as Multiple Imputation [1] can statistically estimate
missing preferences, they typically require large datasets and are less reliable in
smaller electorates. Another popular approach is liquid democracy [2], where vot-
ers can delegate their vote, often transitively. This can lead to power concentra-
tion [3, 4] and, in practice, makes it difficult to identify appropriate delegates. To
address these challenges, we introduce Artificial Delegates, preference-learning
agents that act as proxies for absent voters. Each delegate is personalised and
represents one voter. Using logistic preference-learning models trained on ap-
proval data, these agents learn to approximate voters’ preferences from historical
participation and cast votes on their behalf in rounds where the voter is absent.

Our study investigates two main research questions: (1) How does absen-
teeism affect fairness and representativeness in perpetual voting systems? and
(2) To what extent can Artificial Delegates mitigate or exacerbate these effects?
To evaluate this, we conduct simulations of sequential elections under vary-
ing parameters, analysing outcomes across four voting rules (Approval Voting,
Perpetual Phragmén, Perpetual Consensus, and Perpetual Quota). Fairness is
quantified using established metrics: quota compliance (representation propor-
tionality), longest dry spell (periods of prolonged dissatisfaction), and the Gini
influence coefficient (inequality in decision-making influence).
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Fig. 1. Comparison of voting rules across participation modes — full, partial, and dele-
gated — for different evaluation metrics. A,B Each boxplot represents the distribution
for a specific rule over a given voter set type. Notches indicate CI around the me-
dian, and squares denote the mean. Statistical differences across participation modes
for each rule are tested using Kruskal–Wallis tests, followed by post-hoc Dunn tests.
Significance levels: ns (p > 0.05), * (p ≤ 0.05), ** (p ≤ 0.01), *** (p ≤ 0.001), ****
(p ≤ 0.0001). C Distribution of LQNC, QC, and UQNC per rule and voter set types.

Our results, as illustrated in Figure 1, show that absenteeism systematically
undermines fairness, particularly harming Perpetual Quota, which directly relies
on satisfaction and quota alignment. Absentees are treated as having empty pref-
erences, leading to underestimation of their entitlements and distortion of load-
balancing mechanisms. In contrast, Perpetual Phragmén and Perpetual Consen-
sus exhibit some resilience, as their balancing procedures implicitly account for
underrepresented voters. Strikingly, approval voting may sometimes appear to
benefit from absenteeism, as reduced turnout occasionally enables minority wins.

Artificial Delegates consistently restore fairness levels close to those under
full participation. They reduce dry spells, equalise voter influence, and improve
quota compliance across scenarios, while preserving outcome fidelity: delegated
outcomes largely overlap with those of either full or partial turnout, ensuring
that delegation does not distort decisions. Robustness analyses further demon-
strate that the benefits of delegation persist across variations in absenteeism
rates, electorate size, number of alternatives, cluster density (polarisation), and
voter noise, though performance declines when absenteeism is extreme, as insuf-
ficient data limits learning accuracy. This work contributes three main advances:
(i) systematic analysis of absenteeism in perpetual voting; (ii) a novel framework
for integrating Artificial Delegates into sequential decision-making; and (iii) em-
pirical evidence that delegation mitigates fairness loss due to inconsistent partic-
ipation. By bridging computational social choice, preference learning, and voting
theory, we show that Artificial Delegates make perpetual voting more robust and
representative in realistic settings where full turnout cannot be guaranteed.

While this study provides an initial exploration of absenteeism and the ben-
efits of Artificial Delegates, future work should address more practical aspects.
In real-world settings, voters are influenced by complex behavioural dynamics
such as deliberation effects and cognitive limitations when faced with many al-
ternatives. Additionally, beyond approval-based approximations, learned utility
models may provide richer insights for enhancing fairness in dynamic CDM.
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