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1. Introduction

Steven Toulmin’s [21] account of the structure of arguments, captured in his famous
Toulmin Argument Scheme (see Figure 1), has been extremely influential in many aca-
demic fields concerned with argumentation. Toulmin was one of the first who pointed
at the defeasible nature of much ordinary, legal, ethical and scientific reasoning. It is
therefore not surprising that Toulmin has influenced researchers in Al and computational
argumentation (cf. [12,25]). For example, Toulmin’s scheme has been used in various
computer tools for argument diagramming and representation [13,18,17]; it has been dis-
cussed in the context of formal argumentation dialogue games [9,1]; and there have been
several discussions of how aspects of Toulmin’s argument scheme can be modelled in
modern computational models of argument (e.g., [9,24]). Furthermore, in recent years,
various researchers in natural language processing, including with large language models
(LLMs), have experimented with Toulmin’s original argument scheme [5,10,15].

Despite Toulmin’s broad influence on Al and computational argumentation there is,
as far as we are aware, no work that directly formally models Toulmin’s original ideas.'
Furthermore, the exact relation between Toulmin’s scheme on the one hand and the
various frameworks for constructing arguments and determining argument acceptability
[2,6,14] has not yet been clarified. In this paper, we therefore provide a formal Toul-
min Argumentation Logic (TAL), which stays as close as possible to Toulmin’s original
ideas, and establish a formal correspondence between TAL and the ASPIC * framework
for structured argumentation [14].

I'The formal interpretation of elements of Toulmin in [24] comes close, but does not provide a fully worked-
out formalisation.
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Figure 1. Toulmin’s Argument Scheme

While Toulmin was clear on the structure of arguments, he did not have a precise
notion of argument acceptability in mind. However, he stressed that his account of argu-
ment evaluation is procedural in that it is about whether an argument can be defended
in a proper dispute. For our formalisation, this naturally points to choosing an approach
in which arguments are first-class citizens, as opposed to, for instance, DefLog [23] or
abstract dialectical frameworks [4], in which not arguments but statements are the pri-
mary objects of evaluation. Accordingly, we will present our formalisation in the context
of [6]’s theory of abstract frameworks for argumentation. This also makes ASPICT a
natural choice, since it is a structured argumentation framework that directly generates
Dung-style abstract argumentation frameworks.

Our formal account in terms of TAL and its correspondence to ASPIC™T thus al-
lows us to investigate to what extent Toulmin’s original ideas were coherent and non-
ambiguous. Furthermore, it provides Toulmin’s account with a precise notion of argu-
ment acceptability. Finally, it has immediate practical relevance given the recent work
on Toulmin and large language models [5,10,15]: our formalisation defines what a well-
formed Toulmin argument is and what constitutes a legitimate attack, which can serve
both as an evaluation standard for LLM-generated arguments and as a principled basis
for prompting and argument construction.

This paper is organised as follows. In Section 2 we informally analyse Toulmin’s
argument scheme to motivate our formalisation. In Section 3 we present our formal def-
inition of Toulmin arguments and the TAL argumentation framework, and illustrate the
framework with an example. In Section 4 we show how TAL arguments can be translated
into ASPIC™ and prove that the translation preserves attack relations. In Section 5 we
discuss related research, and Section 6 concludes.

2. Informal Analysis of Toulmin’s Argument Scheme

The core elements of Toulmin’s argument scheme are as follows (see Figure 1). The
Claim can be obtained via a Ground [22] (called Datum in [21]), which is made into a
reason for the claim by a Warrant. Claims are qualified and when their qualifier indicates
a defeasible inference, they can be rebutted if exceptional circumstances apply. We will
assume the list of qualifiers in [22, p. 86]:



FE. Bex & H. Prakken / Toulmin Argumentation Logic

necessarily, certainly, presumably, in all probability, so far as the evidence goes, for
all that we can tell, very likely, very possibly, maybe, apparently, plausibly, or so it
seems.

The qualifiers necessarily and certainly indicate a deductive argument while all other
qualifiers indicate a defeasible inference.

A warrant should be justified by a backing. In factual domains a backing can, for
example, be observations of certain regularities of which the warrant is the generalisation
by way of induction. In the legal domain an example of a backing is observations about
the terms and dates of enactment of the relevant statutory provisions.

In [22] Toulmin et al. generalise the scheme from [21] in two ways. They allow that
an argument has more than one ground and that that each ground can be the claim of
another argument. Thus they in fact make the definition of an argument recursive.

A legal example argument from [21] is an argument for the claim that Harry pre-
sumably is a British subject on the ground that Harry was born in Bermuda, which is
warranted by the fact that anyone born in Bermuda is a British subject. The backing here
consists of a reference to the relevant statutes and other provisions. A factual example
from [21] is an argument for the claim that Petersen is almost certainly not a Roman
Catholic on the ground that Petersen is a Swede, which is warranted by the generalisation
that scarcely any Swede is a Roman Catholic. This warrant is backed by a reference to
statistics about the proportion of Swedes who are Roman Catholic.

We next discuss some elements separately to explain and motivate our design deci-
sions in our formalisation of Toulmin’s argument scheme.

Grounds Unlike modern formal argumentation systems, neither [21] nor [22] explicitly
assume a knowledge base from which arguments take their grounds. Therefore, we will
also not assume such a knowledge base. This will somewhat complicate our definition of
arguments compared to most modern argumentation systems, such as Pollock’s system
[16], assumption-based argumentation [7] and ASPIC* [14].

Rebuttals  As also noted by [24], Toulmin in [21] is somewhat ambiguous on whether a
rebuttal just makes the warrant inapplicable or also licenses the opposite conclusion (in
Pollock’s system [16] and ASPIC™ [14] this is undercutting versus rebutting attack). The
description of rebuttals in [22, p. 96] points at the former interpretation:

It [a rebuttal] registers the fact that the inference is warranted — that the claim is di-
rectly supported by the grounds — only in the absence of some particular exceptional
condition, which would undercut (i.e., withdraw the authority of the warrant for) the
inference. [...] An argument that would normally have been sound is invalidated as
a result of the discovery of special circumstances.

On the other hand, in several examples the rebuttal also seems to allow to conclude
the opposite. Nevertheless, since this is not generally the case, we have made the choice
to let a rebuttal do no more than making the warrant inapplicable, so we interpret a
rebuttal as something that would, if true, undercut in the sense of [16,14].

Note that a rebuttal only denotes, as Toulmin [21, p. 94] says, “the exceptional con-
ditions which might be capable of defeating or rebutting the warranted conclusion” (em-
phasis added by B&P). That is, a rebuttal does not represent a direct counterclaim to the
original argument, but only indicates what such a claim could be. Toulmin does not dis-
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cuss where such an actual rebuttal would come from, so we assume it is based on another
argument that has the exceptional condition (rebuttal) as its Claim.

Warrants We want to model arguments about warrants. At first sight, this would seem
to deviate from Toulmin’s account, but some of the discussions in [21,22] still point at
the possibility of such arguments. The first quote below is from [21, p. 98].

Indeed, if we demanded the credentials of all warrants at sight and never let one pass
unchallenged, argument could scarcely begin. Jones puts forward an argument in-
voking warrant W1, and Smith challenges that warrant; Jones is obliged, as a lemma,
to produce another argument in the hope of establishing the acceptability of the first
warrant, but in the course of this lemma employs a second warrant W2; Smith chal-
lenges the credentials of this second warrant in turn; and so the game goes on. Some
warrants must be accepted provisionally without further challenge, if argument is to
be open to us in the field of question (...)

Although Toulmin here primarily argues that some warrants have to be accepted without
discussion to have an argument started, this quote still leaves room for warrants for war-
rants. For example, on pp. 276-7 in [22] a distinction is made between regular or rule-
applying arguments and critical or rule-justifying arguments (where rules are warrants).
Likewise, [21, p. 111] distinguishes between ‘warrant-using’ and ‘warrant-establishing’
arguments. Of the latter Toulmin writes “In this type of argument the warrant, not the
conclusion, is novel, and so on trial’. He gives an example of a warrant-establishing
argument in which a scientist induces a statistical warrant from a series of experiments.

All these fragments indicate that Toulmin wanted to allow for arguments about war-
rants. We speculate that a reason why he did not explicitly model such arguments in his
scheme may be that he was not aware that this could be done by applying his scheme
recursively, as is usual in modern argumentation logics.

3. Formalisation of the Toulmin Argumentation Scheme

We now define arguments of a Toulmin argumentation logic, sticking closely to the ex-
tended Toulmin argument scheme (TAS) as proposed in [22]. Then informally, elemen-
tary arguments have the following form: Grounds, so (Qualifier) Claim since Warrant,
on account of Backing, except when Rebuttal. Arguments can be combined by regarding
the claim of one argument as a ground of another argument. Since in Toulmin’s account
of his argument scheme the logical form of the statements in the scheme’s elements does
not matter, no logical language for these elements needs to be specified, except that we
assume that warrants have a list of conditions and a consequent. Below we only give the
rules for arguments of which the qualifier indicates a defeasible inference. These argu-
ments all have a possible rebuttal. The rules for arguments with a qualifier indicating a
deductive inference are the same except that such arguments do not have a rebuttal.

Definition 1 [TAS-Argument] A TAS-argument A is:

1. Gy,...,Gy 50 (Q) C since W on account of B except when R, if
-n>1,
- Q & {Necessarily, Certainly},
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- W has conditions G, . . ., G,, and consequent C'
where:
Grounds(4) = {Gy,...,Gy},
Claim(A) = C',
Warrant(A) =
Backing(A4) = B,
Qualifier(A) = {Q},
Rebuttal(A) = R,
Sub(A) = {A}.
2. Ay,...,A,Gy, .. .Gy 50 (Q) C since W (on account of B) except when R, if
-1 >1,n>0
- Q & {Necessarily, Certainly},
- Aq,..., A; are arguments,
- W has conditions Claim(A,),...,Claim(A;),Gj, ... G, and consequent C
where:
Grounds(A) = Grounds(A;) U...UGrounds(4;) U{G;,...,G,},
Claim(A) = C,
Warrant(A) = W,
Backing(A) =

Qualifier(A)
Rebuttal(A) = R,
Sub(A) = Sub(A4;)U...USub(4;) U{A}.
3. Ag,...,A4;,Gj,...Gy 50 (Q) C since W on account of Ay, except when R if -
1 >1lorn>1,
- Q & {Necessarily, Certainly},
- Ay, ..., A;, A, are arguments,
-Claim(A4,,) =W
where:
Grounds(4A) = Grounds(4;) U ... U Grounds(4;) U Grounds(4,,) U
{Gj,...,Gn},
Claim(A) = C,
Warrant(A) = W,
Backing(A4) = A,,,
Qualifier(A4) = {Q},
Rebuttal(A) = {R},
Sub(A) = Sub(A4g) U...USub(4;) USub(4,,) U{A}.

Clause 1 is the base case for defeasible inferences, where arguments are defined as
instantiations of Toulmin’s argument scheme and have a qualifier that indicates a defea-
sible inference. Clause 2 recursively defines complex arguments that support some or all
grounds with a further argument, and clause 3 recursively defines complex arguments
that provide a further argument for a warrant. Note that since clause 3 refers to Ay, it
allows arguments of which the grounds are not arguments themselves but in which the
warrant is given in the form of an argument.

The inclusion of G, ... G, in clauses 2 and 3 is to respect that arguments do not
have to ‘bottom out’ in a knowledge base but can state their own grounds. Note that
because of this design choice there can be two versions of an argument, for instance, a
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version with a ground G and a version with a subargument for GG. We think this is not a
problem since in actual disputes one person may state an argument with ground G after
which another person supports it with an argument for G. These two arguments can be
said to have different owners.

We next define the notion of an argumentation framework for the Toulmin Argu-
mentation Logic, by only regarding an argument for a rebuttal of a warrant as an attack.

Definition 2 [Attack] Argument A artacks argument B on B’ iff Claim(A) = R for
some B’ € Sub(B) such that Rebuttal(B’) = R.

An abstract argumentation framework is then a pair AF = (A, C) where A is a set of
arguments closed under subarguments and C is the attack relation defined over .A. Given
such an AF, the acceptability of TAS-arguments can then be determined under various
semantics [6].

Figure 2 illustrates arguments about warrants with an extended and slightly modified
version of an example from [21, p. 111] (which included no rebuttal of the main warrant).
The top right part Petersen is a Swede so he almost certainly is not a Roman Catholic
since a Swede can be taken to be almost certainly not a Roman Catholic (unless he was
born in a Roman Catholic country) instantiates Toulmin’s original scheme while the rest
of the figure, with the boxes in grey colour, displays an argument for a warrant licensing
this inference. This grey part corresponds to argument A,,, in Definition 1(3).

So (almost
Petersen is certainly) Petersen is not a
a Swede Roman Catholic
since unless
So
The investigated sample (presumably) A Swede can be taken Petersen was born
of Swedes had less than to be almost certainly in a Roman
2% Roman Catholics not a Roman Catholic Catholic country
since unless
If less than 2% of an investigated The investigated
sample of a population has property sample was biased

P, then a member of that population
can be taken to almost certainly not
have property P

on account of

Investigated samples of a
population are usually indicative
of the entire population

Figure 2. An argument about a warrant

4. Translating into current argumentation formalisms

We next briefly sketch how our Toulmin Argument Logic can be reconstructed in a state-
of-the-art argumentation formalism, for which we choose ASPIC* (readers familiar with
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ASPICT will have noted that the form of Definition 1 is inspired by ASPIC™ s definition
of an argument). One reason for choosing ASPIC™ is that, like TAL (Definition 2), it
directly instantiates [6]’s Argumentation Frameworks. Furthermore, Toulmin’s warrants
seem to naturally correspond to the inference rules of ASPIC™ . Note that our account can
be translated into assumption-based argumentation (ABA) by applying [8]’s translation
of ASPICT rules into ABA rules, although, unlike with ASPIC™T, extending the ABA
modelling with preferences would not be straightforward since ‘standard’ ABA has no
preferences.

The ASPIC™ framework [14] defines notions of argument, attack and defeat and
thus generates abstract argumentation frameworks in which the ASPIC™T defeat relation
instantiates Dung’s attack relation. For present purposes an informal summary suffices.
Each step in an argument is of the form Py, ..., P,, therefore () where

e each P; and @ is a statement in some language L,

* The inference step is supposed to be based on an inference rule of the form

Py, ..., P, =»/= @, where arule with — is strict and a rule with = is defeasible.
Strict rules guarantee that their consequent () is acceptable if their antecedents
Py, ..., P, are acceptable, while defeasible rules in that case only create a pre-

sumption for the acceptability of their conclusion.

* Each P; is either given as an element of the knowledge base K (divided into two
disjoint subsets /C,, of necessary and K, of ordinary premises) or a conclusion
from a preceding inference in the argument,

* (@ is the conclusion of the inference step.

Arguments are then trees (or more generally directed acyclic graphs) of such inference
steps, where the leaves are its premises, the links are inference steps, the root is the final
conclusion and all other nodes are intermediate conclusions. Subtrees of an argument are
its subarguments.

Arguments can be attacked in three ways: on an ordinary premise (undermining at-
tack), on their defeasible inference steps (undercutting attack) and on their defeasibly de-
rived conclusions (rebutting attack). Attacks can be direct (on an argument’s final infer-
ence step of conclusion) or indirect (on an intermediate inference step or conclusion). In
general, ASPIC™ distinguishes between attack and defeat relations between arguments,
where the defeats are the attacks that are successful according to some preference re-
lation on the set of all arguments. However, in this paper we assume that there are no
preferences, so all attacks succeed as defeats. If A defeats B but B does not defeat A we
say that A strictly defeats B.

We next sketch how the formalisation of Section 3 can be translated into ASPICT.
The ASPICT knowledge base and sets of inference rules consist of all and only the
elements specified below.

Grounds First, since ASPIC™ assumes that all premises are taken from &, we assume
that all grounds of a TAS argument are in /C,, and form the base cases of the inductive
definition of an argument. Grounds are in /C,, since Toulmin does not consider attacks on
grounds.

Warrants Warrants are ASPIC T -style inference rules. They are strict if their qualifier is
Necessarily or Certainly and defeasible otherwise (recall the list of qualifiers from [22]
cited above).
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Backings Because backings are about the question whether a warrant is valid, we in-
clude an additional antecedent Backed(w) to a warrant/rule, which expresses that the
warrant is backed, or valid. This idea is inspired by early work in Al & Law, such as
[20,9,11]). In particular, Hage [11] explains that invalidity is not the same as inapplica-
bility due to an exception (Toulmin’s rebuttal, undercutter in ASPIC™). For instance, a
legal rule can be a valid rule of law while yet inapplicable to a particular case because of
an exception, or a generalisation can be justified in general while yet being inapplicable
to a specific case. A backing B for a warrant can then be modelled as a simple argument
B = Backed(w), where B is added to kC,,, since Toulmin does not consider attacks on
backings. More complex arguments for a warrant (cf. Clause 3 of Definition 1) can also
be modelled as arguments for this additional backing condition Backed(w).

Rebuttals Rebuttals R are modelled by adding the weak negation ~ R as an additional
antecedent of the warrant and as an item in K,,. In ASPIC™ an argument with conclusion
R asymmetrically attacks a premise ~ R.

Warrants Warrants w then have the form
w: Gy,...Gy, Backed(w),~ R = C

where GG1, ... G, are the conditions of the Toulmin warrant, Backed(w) is the valid-
ity condition corresponding to the backing for a warrant, and ~ R expresses that the
defeasible assumption that the rebuttal does not apply. Arguments for the rebuttal then
asymmetrically undermine arguments using the warrant to which the rebuttal is attached.

Finally, apart from the use of undercutters or weak negation to model rebuttals, the
object language £ does not contain a negation symbol, to model that rebuttals are the only
form of attack considered by Toulmin. It is then easy to see that the only possible attacks
are those corresponding to an attack according to Definition 2. Thus warrants effectively
correspond to defaults of default logic [19] or rules of answer set programming [3].

We now inductively define a formal translation of TAL arguments to ASPIC™T ar-
guments. Like for TAL arguments we only give the rules for defeasible inferences. The
rules for deductive inferences are the same except that they do not contain the element
~ R and the indicated ASPIC™ rule is strict (—). Note that while in TAL as defined
above grounds are introduced in arguments, ASPIC* arguments take premise from their
knowledge base and premises are defined as basic arguments. Below this is left implicit.
Finally, ~> is a variable ranging over {=-, —}.

Definition 3 For every TAL argument A the ASPIC™ translation ¢(A) is defined as fol-
lows.

1. f A= G4,...,G, 50 (Q) C since W on account of B (except when R) then
t(A) = Gy,...,Gp, Ap ~ C where ~» = = if A has a rebuttal and ~ = —
otherwise and
Ap = B = Backed(w);

Gi,...,Gp,BeK,and~ R € Kp;

Prem(A) = {Gy,...,G,, B,~ R};

Conc(A) = C;

Sub(A) ={G4,...,G,,B,Ag,~ R, A};

Rules(A) ={G,...,Gy, Backed(w),~ R~ C} U {B = Backed(w)}.
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2. f A= Ay,...,A; s0(Q) C since W on account of B (except when R), then
t(A) = t(A1),...,t(A;),Ap ~ C where ~ = = if A has a rebuttal and
~+ = — otherwise and
Ap = B = Backed(w);

Prem(A) = Prem(A;) U...UPrem(4;) U {B};

Conc(4) = C;

Sub(A) = Sub(A4;)U...USub(4;) U{B, Ap, A};

Rules(A) =Rules(A;) U...U Rules(4;) U
{Conc(A,),Conc(Ay),...,Conc(A;), Backed(w),~ R ~ C} U
{B = Backed(w)}.

3. IfA=Ay,...,A; 5o (Q) C since W on account of A,, (except when R), then
t(A) = t(Am),t(A1),...,t(4;) ~ C where ~ = = if A has a rebuttal and
~» = — otherwise, and
Conc(A,,) = Backed(w) where w is the top rule of t(A);

Prem(A) = Prem(A;) U...UPrem(4;) UPrem(A,,);

Conc(A) = C;

Sub(A) = Sub(A4;)U...USub(A4;) U{A} USub(4,,);

Rules(A) =Rules(A4;) U...U Rules(4;) URules(4,,)U
{Conc(A,),Conc(Ay),...,Conc(A;),~ R ~ C}.

For any set S of TAL arguments we denote the set of all their ASPIC™T translations as
t(S). Then for a TAL AF = (A, C) we write t(AF') for (¢(A) UPrem(t(A)),C’") where
Prem(t(A)) is the set of all premises of any argument in A and C’ is the ASPICY attack
relation on ¢(.A) U Prem(£(.A)).

Figure 3 displays the ASPIC™ version of the argument from Figure 2. The grey part
corresponds to the grey part in Figure 2. The argument uses the following warrants, in
which rebuttals are weakly negated in the warrants’ antecedents.

Petersen is not a
Roman Catholic

arrant w1

Petersen | Backed(w1) ~ Born in Roman
is a Swede

Catholic country

rant w2

The investigated sample Backed(w2) ~ The investigated
of Swedes had less than sample was biased
2% Roman Catholics

defeasible rule

Investigated samples of a
population are usually indicative
of the entire population

Figure 3. An ASPICT argument with a subargument about a warrant
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wy: Swede, Backed(wy),~ Born in R.C. country = Not a Roman Catholic
wo: Investigated sample < 2% R.C., Backed(ws), ~ Biased sample = Backed (w1)

Given the translation from Definition 3, we can prove that attacks between argu-
ments in the original TAL-AF correctly transfer to the translated AF and vice versa.

Proposition 1 For any TAL arguments A, B € AF and ASPIC™" arguments ¢(A),t(B) €
t(AF) it holds that B attacks A in AF iff ¢(B) attacks t(A) in t(AF).

PROOF. The proof is with induction on the structure of arguments. For reasons of space,
we only give the proof of the only-if part. The proof of the if-part is similar. Furthermore,
we only give the proof for TAL arguments satisfying Definition 1(2); the proof for argu-
ments satisfying Definition 1(3) is similar. Finally, we ignore deductive inferences since
these cannot be attacked.

Base case: A = G1,...,G, 50 (Q) C since W on account of B except when R. Let
Conc(B) = R. Then B attacks A. But then ~ R € Prem(¢(A)) and Conc(¢(B)) = R,
so t(B) attacks t(A).

Induction hypothesis: If A = Ay, ..., A; s0 (Q) C since W on account of B except
when R, then for all A;(1 < j <4):if B attacks A; then t(B) attacks t(A4;).

Induction step: Consider A = Aj,...,A; so (Q) C since W on account of B
except when R, and let Conc(B) = R. Then B (directly) attacks A. But then ~ R €
Prem(#(A)) and Conc(t(B)) = R, so t(B) (directly) attacks ¢(A). Moreover, by the
induction hypothesis, for any argument B that indirectly attacks A on A;(1 < j <) it
holds that ¢(B) indirectly attacks ¢(A) on ¢(A;). QED

Since for any TAL AF the corresponding t(AF') further only contains premise argu-
ments between which no odd defeat cycles are possible, Proposition 1 implies that in any
of [6]’s semantics, every TAL argument A has the same acceptance status in AF' as t(A)
has in AF”.

5. Related research

While Toulmin is often mentioned as an inspiration by researchers working on formal
argumentation [1,9], there is not much work that explicitly connects formal accounts of
argumentation — that is, frameworks for constructing arguments and determining argu-
ment acceptability [2,6,14] — to Toulmin’s scheme. The only such work we are aware of
is [24]. Verheij directly interprets and discusses Toulmin’s scheme in the context of his
formal DefLog system [23], which focuses on support and attack between statements.
The main focus is on single-step Toulmin arguments, where Datum supports a Claim
(denoted as a conditional D ~> C in DefLog). Warrants are effectively ‘duplicated’
by interpreting them as warranting such a conditional (i.e., W ~> (D ~> C), so both
W and the conditional D ~> C represent the Warrant). Thus, Verheij’s Warrants are
not, like in our approach, rules that can be directly used to infer the claim when its an-
tecedents are satisfied. Backings are modelled as reasons for Warrants, and Qualifiers
are included as part of the Claim statement. Thus, multi-step arguments, arguments with
multiple Grounds/Data and arguments for Warrants are not considered, even though De-
fLog allows for such extensions. The definition of Rebuttals is broadened into five at-
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tack types targeting different statements or conditionals in the core Toulmin scheme. Fi-
nally, Verheij demonstrates how statement acceptance (i.e., justified or defeated) can be
determined using DeflLog’s idea of dialectical interpretation. While Verheij thus adds a
certain level of formal precision and shows how the acceptability of statements can be
determined, he stops short of providing a full formalisation. Another difference with our
approach is one of fidelity: where Verheij interprets the individual elements of Toulmin’s
scheme as (connected) statements in DefLLog, we treat Toulmin’s original arguments as
the primary object of formalisation and aim to preserve them as directly as possible in a
Toulmin argumentation logic.

In recent years, there have been quite a few papers that use Toulmin’s scheme as a
basis for reasoning with Large Language Models. We believe the current formalisation
TAL and its translation into ASPIC is of use to this work, as follows. Gupta et al. [10]
decompose natural language arguments into (claim, datum, warrant) triples using zero-
shot LLM prompting, leaving out backing, rebuttal and qualifier. TAL makes explicit the
formal commitments implicit in this setup and clarifies what is left out. Castagna et al. [5]
use Toulmin’s six components as the basis for critical questions that probe the validity of
an LLM’s reasoning steps, targeting data, warrant, backing, claim, qualifier and rebuttal.
While TAL itself only models rebuttals as undercutters, the translation to ASPIC™ opens
up the full range of attack types — undermining, rebutting and undercutting — providing
a principled formal basis for the kind of critical questioning their pipeline performs.
Finally, Park et al. [15] go furthest in engaging with formal argumentation, building
networks of datum-warrant-claim units in a special version of ASPICY to generate and
evaluate legal counterarguments. However, their formalisation of Toulmin-like notions is
informal and incomplete: backings are absent, nesting of arguments is not defined, and
the conditions under which one argument may attack another are not always clear. The
present paper hence provides the formal foundation their system requires.

6. Conclusion

Toulmin’s argument scheme [21,22] remains one of the most influential and widely used
frameworks for the analysis of arguments, both in theoretical work on argumentation and
in practical applications ranging from legal reasoning to natural language processing.
Despite this broad influence also on computational argumentation, a full formal model
of Toulmin’s original ideas has so far been lacking. In this paper we have therefore pre-
sented a formal Toulmin Argumentation Logic (TAL) based on Toulmin’s original work,
including recursive arguments with multiple grounds, arguments for warrants, and re-
buttals as exceptions to warrants. We have also established a formal correspondence be-
tween TAL and ASPIC [14], proving that attacks are preserved under translation, which
allows the acceptability of TAL arguments to be determined under Dung’s standard argu-
mentation semantics [6]. Future work includes extending TAL with other types of rebut-
tals, investigating the relation between Toulmin’s qualifiers and argument strength and a
preference relation on arguments, and exploring how the formalisation can be put to use
as an evaluation standard in LLM-based argumentation systems.
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