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Abstract
In normative economics, axiomatic properties of mechanisms are
often formulated by taking the viewpoint of the designer on what is
desirable, rather than that of the participants. By contrast, I argue
that, in real-world applications, the central role of axioms should be to
help explain the mechanism’s outcomes to participants. I specifically
draw on my practical experience in two areas: fair division, which I
view as a success story for the axiomatic approach; and voting, where
this approach currently falls short.

The axiomatic approach advocates the design of mechanisms that provide rigorous guarantees, and, indeed, compares mechanisms based on the
properties that they do, or do not, satisfy. This approach has long been
a staple of economic theory, and, more recently, has guided the analysis of
social computing systems [15].
The axioms in question typically attempt to formally capture notions of
justice, fairness, efficiency, or just plain reasonableness. My view is that they
are typically formulated with the designer in mind, that is, they are meant
to convince an authority to adopt a specific mechanism. In this essay I wish
to examine the idea that axioms should be formulated to help explain the
mechanism’s choices to participants. To demonstrate the appeal, and realworld implications, of this idea, I start by presenting a positive case study
— fair division. I then discuss the practical shortcomings of the axiomatic
approach to voting, and point to a way forward.
In fair division, an especially intuitive setting is that of rent division,
where the goal is to fairly assign the n rooms of an apartment to n players,
and divide the predetermined total rent between them. The preferences of
the players are assumed to be quasi-linear, that is, the utility of a player for
receiving a room that he values at x for the price of y is x − y.
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From the axiomatic viewpoint, the primary question is what one means
by “fairly”. The gold standard of fairness axioms is (arguably) envy-freeness,
which, in the rent division context, requires that the utility of each player for
his room at its price be at least as high as his utility for any other room at the
price of that room. The true power of this axiom stems from the fact that
an envy-free rent division always exists, under mild assumptions [14, 13].
By contrast, when allocating indivisible goods without money, envyfreeness clearly cannot be guaranteed. For example, imagine a situation
with two players and a single good: whichever player receives the good will
be envied by the other. This observation underlies a significant body of work
on fairness axioms that can be guaranteed in this setting, and the design
of algorithms that achieve them. My current favorite is envy-freeness up to
one good : one player may strictly prefer the bundle of another player to his
own, but it is always possible to remove a single good from the bundle of the
latter player to eliminate the former player’s envy. Lipton et al. [11] have
shown that such an allocation always exists, even under general (monotonic)
combinatorial valuations.
The foregoing axioms play a central role in the design of the not-for-profit
fair division website Spliddit [10], which currently provides algorithms for
the division of rent, goods, credit, tasks, and fare. The website’s tagline
— and, indeed, its central principle — is provably fair solutions, that is,
each of the algorithms deployed on Spliddit guarantees axiomatic notions of
fairness.
This brings us to the main point of this essay: The reason I view these
provable fairness guarantees as crucial is that they allow us to explain to
users why a given solution is fair. Indeed, the website contains an accessible
description of the relevant axioms on the page devoted to each application.
More importantly, when displaying a solution to a specific problem instance,
users are also shown a personalized explanation of why their solution satisfies
the promised fairness guarantees.
For example, for rent division, Spliddit uses a polynomial-time implementation of the maximin solution [1, 9], which is envy free, and might
display the following text:
“Why is my assignment envy free? You were assigned the room
called ‘Master Bedroom’ for $290.00. Since you valued the room
at $535.00, you gained $245.00. You valued the room called
‘Basement’ at $64.00. Since this room costs $554.00, you would
have lost $490.00. You valued the room called ‘2nd Floor’ at
$401.00. Since this room costs $156.00, you would have also
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gained $245.00.”
Similarly, for goods division, Spliddit employs a highly optimized implementation of the Maximum Nash Welfare solution, which guarantees an
allocation that is envy free up to one good [7], and displays a personalized
fairness explanation to that effect.
I firmly believe that these fairness explanations make the solutions more
appealing to users, and, therefore, make it more likely that users will accept
them. And, while I only have anecdotal evidence to support this belief,
the fact that Spliddit has had more than 124,000 users since its launch
in November 2014 (as of April 2018) suggests that the approach is quite
effective.
Putting my artificial intelligence (AI) hat on for a moment, the notion
of explainable AI is all the rage now, driven by the popularity of machine
learning and the opacity of most machine learning algorithms. I am often
asked why machine learning cannot be used to find solutions that people
perceive as fair, thereby replacing the axiomatic approach; my answer is
twofold. First, there is insufficient data. Second, more pertinently, explainability is crucial, and, even if we had enough data, current machine learning
algorithms would not be able to explain why a solution is fair.
Now for the bad news (although the next few paragraphs just set the
stage for it). Since the publication of the book by Arrow [2], social choice
theory — which deals with aggregating individual preferences or opinions
towards collective decisions — has relied heavily on the axiomatic approach.
In the context of voting, specifically, several impossibility results are perhaps
the most famous, but axioms are also routinely used to make the case for
particular voting rules.
More concretely, the standard model of voting involves a set of voters,
whose preferences over a set of alternatives are expressed as rankings of the
alternatives. A voting rule (also known as a social choice function) takes as
input a preference profile (the reported rankings), and returns the winning
alternative. Axioms, in this context, are desirable properties of voting rules.
Here are a few representative examples:
1. Condorcet consistency: We say that alternative x beats y in a pairwise
comparison if a majority of voters rank x above y. An alternative is a
Condorcet winner if it beats every other alternative in a pairwise comparison. A voting rule is Condorcet consistent if it selects a Condorcet
winner whenever one exists in a given preference profile.
2. Monotonicity: If x is the winning alternative under a certain preference
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profile, and another profile is obtained by pushing x upwards in the
votes while keeping the order of all other alternatives fixed, then x is
also the winner under the new profile.
3. Consistency: If alternative x is the winner under two different preference profiles, x also wins under the union of the two profiles.
In terms of explainability, there is a significant difference between these
axioms and, say, envy-freeness in rent division. Monotonicity and consistency tie together multiple preference profiles; explaining the outcome on
any particular profile is difficult, because this would require voters to reason
counterfactually (thinking about what the outcome would be if the profile
was different).1 And Condorcet consistency is very effective in explaining
the outcome on a given profile — but only when a Condorcet winner exists.
Consequently, while axioms do play a central role in presenting the voting
systems that are deployed on several voting websites — including Pnyx,
Whale, and CIVS — they are not used to explain outcomes, to the best of
my knowledge.2
The shortcomings of the axiomatic approach (or, at least, the perception
thereof) have motivated my work, and the work of others, on optimizationbased approaches to voting. To be clear, implementations of rules derived
from the axiomatic approach also frequently rely heavily on optimization,
but here I am referring to voting rules that choose an alternative that optimizes an objective function. At the risk of sounding cryptic, let me mention
that, in the context of the aggregation of subjective preferences, I am especially interested in optimizing utilitarian social welfare with respect to
implicit utility functions [5, 8]. And when aggregating objective opinions,
1
Cailloux and Endriss [6] develop an algorithm that automatically derives a justification
for any outcome of the Borda rule, by applying both ‘single-profile’ and ‘multi-profile’
axioms to a sequence of hypothetical profiles. Their approach nicely formalizes the idea
of explaining an outcome, but, in its current form, may not produce explanations that
people would be able to follow.
2
Two caveats are in order. First, the website Whale does visualize outcomes. For
example, for Condorcet-based methods, the website displays the pairwise majority graph.
These visualizations are useful insofar as they explain how the voting rule works, but, in
my view, they do not explain its outcomes. Second, for the case of multi-winner elections,
there are some examples of axioms that directly give rise to explainable outcomes. Notably,
Aziz et al. [3] recently developed the notion of justified representation for approval-based
multi-winner elections, which, roughly speaking, requires that if a sufficiently large group
of voters approve the same alternative, then the winning subset must contain at least
one alternative approved by some member of the group. This at least allows addressing
complaints by large groups that are not represented in the outcome, by arguing that the
group members themselves cannot even agree on a single alternative.
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we have looked at optimizing the worst-case or expected position of the
selected alternative in a set of feasible ground truth rankings [12, 4].
These optimization-based rules are deployed on RoboVote, a not-forprofit voting website, which we launched in November 2016. RoboVote attempts to communicate to users the reasoning behind its calculations, but, in
my view, its explanations are not nearly as compelling as their counterparts
on Spliddit. For example:
“Based on the medium level of disagreement in the reported votes,
we estimate that voters ordered at most 2.4 pairs of alternatives
incorrectly, on average. Given that, the winning alternative returned by Robovote is guaranteed to compare favorably with all
but at most 1 other alternative according to the objectively correct
order. No other alternative can give a better guarantee.”
In fact, some RoboVote users — especially those who have used the website to make relatively high-stakes group decisions, such as selecting papers
for awards at a prestigious conference — have reached out to us and asked
for additional explanation. In some cases, we were lucky that the alternative selected by RoboVote happened to be a Condorcet winner. In other
cases, where a Condorcet winner did not exist, we could point to an agreement between RoboVote and several simple voting rules. But no general
methodology emerged from this exercise. In summary, optimization-based
approaches to voting currently do not give rise to satisfying explanations.
Through deployment via online platforms, I believe that research in voting has the potential to change the way group decisions are made worldwide
— starting from (many) small groups, and, in a utopian world, ultimately
shaping global institutions. But I view the problem of explaining outcomes
as a significant barrier to (at least partially) realizing this ideal. The case
study of fair division suggests that axiomatically explaining solutions is an
effective approach; it remains an open question whether an equivalent axiomatic framework can be developed for voting.
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