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Abstract
This paper introduces the first component of a framework that formally represents debates for AI evaluation
using claims and prove/disprove relations between claims. We focus on contestation, or a claim’s standing, in this
framework. AI evaluates debates by assigning recursively updated weights to claims using the Cesàro average to
resolve cyclic argumentation problems. A prototype of this framework has been used to evaluate 9,500 debates
on the online debate platform DebateArena.
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1. Introduction

Evaluating who won a debate requires identifying the claims in a transcript of arguments, and inter-
preting the relations between claims. Future research will explore all the types of relations between
arguments. We focus on the “contestation” relation i.e. whether a claim is disputed. We represent the
contestation of arguments in a debate as a graph of prove and disprove relations and assign each claim
a weight from 0 to 1 denoting its standing. We can evaluate debates by recursively updating weights
according to the weight of other claims that prove or disprove a claim.

Our framework is claim-atomic, meaning claims are the smallest argumentative unit. Because claims
contest one another recursively the weights are mutually dependent and can cause “cycles” e.g. Claim
A disproves Claim B which disproves Claim A, and we resolve this issue by defining finalized weights
as the Cesàro average of the weights over time e.g. 0, 1, 0, 1 becomes a weight of .5, which is one of
our central contributions. The prototype for our framework runs on the debate education platform
DebateArena, where AI adjudication lets several debates proceed at once in a class that one teacher
could not otherwise judge.

2. Related Work

We are inspired heavily by Dung’s [1] way of modeling argumentation as arguments with relations
in between, deliberately abstracting away the internal structure. Our atomic unit is instead claims,
but we define the relations in between in a bipolar manner (even if just for contestation) like Cayrol
& Lagasquie-Schiex [2]—our two relations between claims being “prove” and “disprove”. Like many
others before us, we represent contestation with recursively updated weights, drawing on the gradual
semantics tradition [3]. Our specific framework results in cycles because of processes like self-disproof
and mutually disproving claims, which are present at high levels of debate. Cyclical argumentation
has already been dealt with by Cayrol & Lagasquie-Schiex [7], where they have discussed golden-ratio
strengths for arguments in cycles. That case converges, so a limit suffices there; our Remark 1 recovers
the same phenomenon, and the Cesàro average agrees with their limit. Recently, closely related work
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has been done by Gabbay & Rodrigues [6]. Specifically, they also propagate weights between 0 and 1
and evaluate them until they settle, though their weights are instantiated outside the framework, and,
like Potyka [4], their update is continuous and damping, which allows cycles to reach an equilibrium.
We cannot adopt their construction because their convergence argument requires continuity, which
our convention 0/0 := 1 violates. Our update is expressible as an ADF [5] acceptance condition over
[0, 1], though the final assignment is not one of the fixed-point semantics ADFs are typically given.

3. Framework

Definition 1 (Claims and contestation graph). Let 𝐶 be a finite set of atomic claims; all content in the
debate is a claim and claims are the framework’s sole primitives. There are three binary contestation
relations between claims: 𝑦 proves 𝑥, 𝑦 disproves 𝑥, or 𝑦 has no contestation effect on 𝑥. We represent
these as a directed signed graph 𝐺 = (𝐶,𝐸) with 𝐸 ⊆ 𝐶 × 𝐶 × {+,−}, absence of an edge denoting no
contestation effect, and for each 𝑥 collect 𝑃 (𝑥) = {𝑦 : 𝑦

+−→ 𝑥} and 𝐷(𝑥) = {𝑦 : 𝑦
−−→ 𝑥}.

Definition 2 (Contestation weight). A contestation weight is a map 𝑤 : 𝐶 → [0, 1],

𝑤(𝑥) =

∑︀
𝑦∈𝑃 (𝑥)𝑤(𝑦)∑︀

𝑦∈𝑃 (𝑥)𝑤(𝑦) +
∑︀

𝑦∈𝐷(𝑥)𝑤(𝑦)
, 0/0 := 1.

An only-supported claim has weight 1, an only-opposed one 0, and an unchallenged claim has weight
0/0 := 1. The definition is recursive (e.g. a challenge from a disproven claim carries no weight).

Definition 3 (Contestation assignment). Let Φ : [0, 1]𝐶 → [0, 1]𝐶 apply the formula of Definition 2 to
every claim at once. The contestation assignment is

𝑤̄ = lim
𝑁→∞

1

𝑁

𝑁−1∑︁
𝑛=0

Φ𝑛(1).

Proposition 1. If 𝐺 is acyclic, a unique contestation assignment exists and is computed by a single
topological sweep from the sources, with no iteration or averaging; uniqueness follows by induction along a
topological order.

Remark 1. Cycles need not converge, and a trajectory may fail to repeat even when it does. Two claims
which mutually disprove one another, run from full standing, oscillate between 1 and 0, so each receives
standing 1

2 . A claim 𝑠 proving a claim 𝑡 which disproves itself updates 𝑡 by 𝑤 ← 1/(1 + 𝑤), producing
ratios of consecutive Fibonacci numbers converging to 1/𝜙 ≈ 0.618 but never repeating. The Cesàro
average handles both: it is regular, agreeing with the limit when one exists and extending it when none
does.

Remark 2. We conjecture that the contestation assignments are Cesàro-summable for every finite signed
graph. As shown above, this is true in the acyclic case, and an exhaustive check over all 19,683 signed
graphs of three nodes, including self-loops, found no exception.

Worked example. Take 𝐴 “global warming is real”, proven by 𝐵 “IPCC reports confirm it” and
disproven by 𝐶 “there is an ice age now”, itself disproven by 𝐷 “satellites show Arctic ice has melted”
and 𝐷 by 𝐸 “ice is invisible on satellites”. The graph is acyclic, so Proposition 1 applies: 𝐵 and 𝐸 are
unanswered and take weight 1; 𝑤(𝐷) = 0/(0 + 𝑤(𝐸)) = 0, so 𝐷 exerts no force on 𝐶 and 𝑤(𝐶) = 1
by the 0/0 convention; and 𝑤(𝐴) = 𝑤(𝐵)/(𝑤(𝐵)+𝑤(𝐶)) = 1/2, the claim being equally proven and
disproven.

Future work. We are pursuing a proof of our conjecture in Remark 2, assembling an empirical
comparison against human adjudications on DebateArena, and extending the relation set to mitigation
and priority relations.



Declaration on Generative AI

For the paper’s preparation, the authors used generative AI to check grammar and the formal work. The
authors then reviewed and edited the content as needed and take full responsibility for the publication’s
content.
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