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Abstract. Formal models developed in the field of argumentation allow
for analysing and evaluating problems that have previously been studied
by philosophers on an informal level only. Importantly, they also give
rise to the development of computational tools for argumentation. In
this paper we report on ArgueApply, a mobile app for argumentation
that is based on the Grappa framework, an extension of, e.g., abstract
argumentation in the sense of Dung. With ArgueApply users can engage
in online discussions and evaluate their semantics. Each of the resulting
interpretations can be seen as a coherent view on a discussion in which
some of the discussions statements are accepted and others rejected. Being a mobile tool, ArgueApply is intended to be more accessible than
existing systems for computing argumentation semantics allowing, e.g.,
for spontaneous analysis of an ongoing discussion or collective preparation for an important debate. While having a practical system for these
applications is the final goal of our work, an immediate objective is using
the system for exploring which type of Grappa frameworks under which
semantics are best suited for such applications.
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Introduction

Argumentation is an area at the intersection of Philosophy and several subfields
of Artificial Intelligence (AI), in particular knowledge representation, nonmonotonic reasoning, and multi-agent systems. It has seen a steady rise of interest over
the last two decades, mainly due to new AI techniques which allow for a formal
investigation of problems that have been studied informally only by philosophers,
and which also allow for the development of computational tools for argumentation. In this work, we present ArgueApply a mobile application that makes use
of recent advancements in formal argumentation. It allows users to participate
in online debates and to analyse these discussions as well as their inherent viewpoints revealed by argumentation semantics. To this end, ArgueApply uses the
Grappa framework [1], a recent extension of argumentation frameworks (AFs)
by Dung [2]. Grappa was introduced to make the powerful argumentation semantics of abstract dialectical frameworks (ADFs) [3] more accessible to users
?

This work was supported by the German Research Foundation (DFG) under grant
BR 1817/7-2.

2

by applying them on simple structures in the form of labelled trees and a pattern language for defining statement acceptance. With ArgueApply we want to
go one step further in usability and offer argumentation technology for the lay
user. In a first application phase, ArgueApply should serve as a prototype for
exploring the requirements of social argumentation tools. Thus, the first goal of
using ArgueApply is to evaluate different fragments and semantics of Grappa
for their suitability for three usage scenarios presented in this paper: Providing
a neutral evaluation of a dispute, preparing for a debate against an opponent,
and live analysis of a discussion. After the initial phase of application we want
to release ArgueApply with optimised Grappa settings on prominent mobile distribution platforms to attract users. Arguably, an automated evaluation of an
argumentative structure does not guarantee that everybody agrees on its results.
It is often the one who shouts the loudest or the one with best rhetorical skills
who wins a real debate. Moreover, there might be diverging opinions about the
importance of statements and different judgements of the mutual influence of
statements. Nevertheless, we hope that the availability of tools like ArgueApply
can promote and support discussions based on reason and good arguments.
The paper is outlined as follows. In Section 2 we provide background on
the Grappa framework. Section 3 describes the core functionality of our mobile
application. Then, in Section 4 we discuss intended usage scenario and how we
want to exploit ArgueApply for testing which types of Grappa instances are best
suited to address certain applications in practice. We also detail which Grappa
configurations we currently use. Section 5 covers the user interface and design
decisions we took. In Section 6 we provide an overview of the technology we
used for the implementation. We report on related work in Section 7 and then
conclude the paper with an outlook on future work.
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Grappa

ArgueApply is based on the Grappa framework by Brewka and Woltran [1]
which we quickly recall next. For more intuition on the concepts presented
here, we refer to their paper. Grappa allows to describe argumentation scenarios using arbitrary directed edge-labelled graphs. A Grappa instance is a tuple
G = hS, E, L, λ, πi where S is a set of statements, E ⊆ S × S a set of links, L a
set of labels, λ an assignment of labels to links, and π an assignment of acceptance patterns over L (defined next) to nodes. Whether a statement is accepted
or rejected depends on its acceptance pattern that describes how the influence
of the incoming links determine the acceptance status. Acceptance patterns over
a set of labels L are defined as follows:
– A term over L is of the form #(l), #t (l) (with l ∈ L), or min, mint , max,
maxt , sum, sumt , count, countt .
– A basic acceptance pattern (over L) is of the form a1 t1 +· · ·+an tn R a, where
the ti are terms over L, the ai s and a are integers and R ∈ {<, ≤, =, 6=, ≥, >}.
– An acceptance pattern (over L) is a basic acceptance pattern or a Boolean
combination of acceptance patterns.
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For example, the term #(l) refers to the number of incoming links with label
l whose source nodes are accepted, while count refers to the number of different labels of incoming links whose source nodes are accepted. The terms with
subscript t take all incoming links into account, independent of their acceptance.
The semantics of a graph is defined in terms of (three-valued) interpretations, assigning each statement in S one of the truth values true (t), false (f),
or undecided (u). For interpretations v and w, w extends v if for all s ∈ S,
v(s) 6= u implies v(s) = w(s). We denote by [v]2 the set of all completions of an
interpretation v, i.e. 2-valued interpretations that extend v.
To evaluate the acceptance pattern of a statement s we need the fixed value
function valsm that maps terms to numbers, depending on a multiset of labels
m : L → N.
valsm (#(l))
valsm (#t (l))
valsm (min)
valsm (mint )
valsm (max)
valsm (maxt )
valsm (sum)
valsm (sumt )
valsm (count)
valsm (countt )

= m(l)
= |{(e, s) ∈ E | λ((e, s)) = l}|
= min{l ∈ L | m(l) > 0}
= min{λ((e, s)) | (e, s) ∈ E}
= max{l ∈ L | m(l) > 0}
= max{λ((e,
s)) | (e, s) ∈ E}
P
= Pl∈L m(l)
= (e,s)∈E λ((e, s))
= |{l | m(l) > 0}|
= |{λ((e, s)) | (e, s) ∈ E}|

The function is undefined for min(t) , max(t) , sum(t) in case of non-numerical
labels. For ∅ they yield the neutral element of the corresponding operation, i.e.
valsm (sum) = valsm (sumt ) = 0, valsm (min) = valsm (mint ) = ∞, as well as
valsm (max) = valsm (maxt ) = −∞.
Let m and s be as before. For basic acceptance patterns the satisfaction
relation |= is defined by
(m, s) |= a1 t1 + · · · + an tn R a iff

n
X


ai valsm (ti ) R a.

i=1

The extension to Boolean combinations is as usual.
We need to define the characteristic operator for a Grappa instance G =
hS, E, L, λ, πi. It is a function that maps one three-valued interpretation v to
another:
γ
ΓG (v) = PGγ (v) ∪ NG
(v)
where
PGγ (v) = {s | (m, s) |= π(s) for each m ∈ {mvs2 | v2 ∈ [v]2 }}
γ
NG
(v) = {¬s | (m, s) 6|= π(s) for each m ∈ {mvs2 | v2 ∈ [v]2 }}
and
mvs (l) = [(e, s) ∈ E | v(e) = t, λ((e, s)) = l]
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denotes the multiset of active labels of s generated by v.
With this characteristic function different semantics of G can be defined: An
interpretation v is admissible w.r.t. G if ΓG (v) extends v; it is complete w.r.t.
G if v = ΓG (v); it is grounded w.r.t. G if it is complete and extends no other
interpretation that is complete w.r.t. G; it is preferred w.r.t. G if v is admissible
and no other admissible interpretation w.r.t. ≤i extends v. Even more semantics
for Grappa instances have been defined (see [1]).
Example 1. Consider the Grappa instance G with S = {a, b}, E = {(b, a), (b, b)},
L = {+, -}, (b, a) being labelled with - and (b, b) with +, a has the acceptance
pattern #(+) − #(-) ≥ 0 and b the pattern #(+) − #(-) > 0. The following
interpretations are admissible w.r.t. G: v1 = {a→u, b→u}, v2 = {a→u, b→t},
v3 = {a→u, b→f}, v4 = {a→t, b→f}, v5 = {a→f, b→t}. Moreover, v1 , v4 , and
v5 are complete and v4 , and v5 are preferred w.r.t. G. The unique grounded
interpretation is v1 .
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Principle Functionality

Users of ArgueApply can participate in online discussions, each of which corresponds to a Grappa instance. Every participant can post new statements in
a similar way as sending messages in a chat application. A statement is permanently associated to the user who authored it (or to a philosopher avatar—
philosopher avatars are discussed in the end of the section). This way we can
measure how many statements by a user are accepted, respectively rejected, with
respect to a solution of the Grappa instance. Links between statements however
are not owned by users. Participants of the discussion can express which influence they see between two statements but this information is not automatically
turned into a link but counts as a vote for a (labelled) link. The rationale behind
this design decision is that different opinions on how statements influence each
other could otherwise destabilise the discussion: a single user unhappy with the
evaluation results could add unquestionable links that significantly influence the
outcome. In contrast to links which carry meta-information, it makes sense that
everybody can add new statements without a voting, as they contribute content
to the discussion and should only be questioned by further arguments.
A user can trigger the evaluation of the Grappa instance at all times and
then browse through the resulting interpretations such that for each statement
it is highlighted whether it is accepted or rejected with respected to the currently
selected solution.
In addition to ordinary users we added ten pre-defined avatars which can be
used to post statements that do not reflect one’s own opinion (see Fig. 3). In a
number of use cases (see next section) it makes sense to model also the point of
view of someone else. The avatars are named after philosopher that are allegedly
depicted in the ‘The School of Athens’, the famous fresco by Raphael that serves
as theme of our application.
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Usage Scenarios and Testbed Objective

The purpose of ArgueApply is to clearly structure and analyse a debate and
its inherent viewpoints. This includes fully understanding not only one’s own
point of view but also that of the opponent. Another goal is helping to reveal
inconsistencies in the lines of argumentation of its users. We see different usage
scenarios that we want to exemplify in the following.
Who is right? A group of friends has a dispute and a neutral point of view
is required. Each person enters her contributing statements in an ArgueApply
discussion, and collectively they determine the link structure (as described in
Section 3). The evaluation reveals that only the arguments of one opinion group
are acceptable and thus, this subgroup has ‘won’ the debate. In this type of
application scenario, ArgueApply acts as a neutral instance, e.g., deciding who
won a bet, or, which decision should be taken by the overall group. In the latter
application, simplifying group decisions, ArgueApply offers the advantage over
simple voting for a decision that the group acts on the basis of clearly structured
arguments rather than the average of intuitions. While it is not clear that this
approach leads to better overall decisions, it makes at least the motivation for
group decisions more transparent, documentable, and verifiable.
Preparation for a Debate A non-governmental organization (NGO) fighting for
some cause is invited to send a representative to a media debate. In the run-up
to the event, members of the organisation use ArgueApply to find out an optimal
line of argumentation as preparation for the representative. In a brainstorming
process, arguments for and against the cause of the NGO are collected as statements of an ArgueApply discussion. Here, philosopher avatars as described in
Section 3 are used for statements of opponents. When modelling links, the team
tries to judge the influences between statements in the way most members of
their target group would. If the evaluation reveals that there is a line of argumentation of the opponent that is consistent, the team can search for new
arguments that break this line.
Live Analysis of a Debate A group of journalists is responsible for a live ticker
of a news portal in which they comment on an ongoing political discussion. As
an extra service to their readers they provide an analysis of the argumentative
structure of the debate using ArgueApply. For each of the debating parties, one
of the reporters is responsible for summarising their respective arguments and
for entering them as statements into the system. Other journalists judge how
these statements influence each other and create respective links. Having the
structure of the discussion formalised is already of benefit to commentators, as it
allows to pinpoint to the weaknesses of the argumentations. With the help of the
evaluation (that can be updated during the debate as new arguments come in)
the journalists comment on which party has a consistent view or which arguments
need to be accepted for sure (according to the chosen Grappa semantics).
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ArgueApply has been developed in a research project that focuses on bridging
the gap between theory and application of formal argumentation models. While
the sketched usage scenarios illustrate the intended final application area of the
system, we follow a further objective with ArgueApply, i.e., determining which
type of Grappa frameworks are best suited for the target applications. This includes the choice of link labels and acceptance patterns, and also the decision on
which semantics to use. Therefore, we intend to use ArgueApply in a first phase
of application as a testbed for the practicality of different Grappa configurations.
To find good settings that lead to intuitive results is also important for a later
second phase of application when we want to make the application available on
big distribution platforms. For usability considerations we want the application
to offer non-expert users only a maximally restricted choice of Grappa parameters. That is, the default settings should lead to an intuitive user experience
and further options should only be available in a dedicated expert mode. While
argumentation semantics [4] have been extensively investigated formally, even
for standard AFs, there is relatively little work on their suitability for different
application scenarios and their intuition [5, 6]. For the more recent frameworks of
ADFs and Grappa, there have not been any systematic studies in this direction
yet, although first applications of ADFs have been presented [7]. The analysis
of suitability of argumentation semantics and Grappa parameters is future work
and beyond the scope of this system description, nevertheless, we want to explain
in the following which configuration we used in the initial setup of ArgueApply
and why.
Currently ArgueApply uses four different link labels, ++,+, -, and -- that
express strong support, support, attacks, and strong attacks, respectively. This
choice was taken simply because this labels are used in the standard examples
of Grappa literature. The voting mechanism for links described in Section 3 is
handled outside of Grappa and thus need not be considered in acceptance patterns, i.e., different version of the same link entered by different users are not
part of the Grappa instance but only the link resulting from the vote is. Handling voting within Grappa would require an extension of the framework as, by
definition, multiple links with the same start and destination statements are not
allowed. Moreover, the voting arithmetic is hard to express using the currently
available pattern language. At the moment ArgueApply uses two closely related
acceptance patterns:
2 ∗ #(++) + #(+) − 2 ∗ #(--) − #(-) ≥ 0
and
2 ∗ #(++) + #(+) − 2 ∗ #(--) − #(-) > 0.
The patterns express that the statement should be accepted if there are more
positive links than negative links from acceptance statements, where labels with
doubled symbols count twice as positive, respectively negative, than their single
counterparts. The first pattern accepts statements with a neutral balance. By
default, we use this pattern for all arguments. Our rationale is that a new statement in a debate that is not known to be influenced by any other statement,
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i.e., being unquestioned, should be accepted. As a first lesson learned from using
ArgueApply, we noticed that there are often situations when we want to express
a doubt in a statement for which we do not know whether it is true but we do
not have any appropriate counterargument. Hence, we implemented a feature do
express general doubt in a statement. If one of the participants of the discussion
doubts a statement, two modifications happen:
1. the statement is evaluated with the second acceptance pattern and
2. a link labelled + is added from the statement to itself.
As a consequence, when no further link ends at the statement, it is not by default
accepted, but leads to resulting interpretations where it is accepted and others
where it is rejected under the ADF semantics we implemented so far (see below),
similar like a choice atom {s} in answer-set programming. The self-link is not
shown as a further link to the user (as this might be confusing), however users
get some indication whether someone doubted the statement.
We implemented three Grappa semantics in ArgueApply using an translational approach that was introduced in a recent paper [8] (for implementation
details see Section 6): admissible, complete, and preferred semantics. We chose
to start with these three for pragmatic reasons, because we could use existing
translations. The user can change the used semantics in the settings section of
ArgueApply.
As mentioned, we do not yet release the system on a larger scale, however,
it can be downloaded from our website under
http://www.informatik.uni-leipzig.de/~puehrer/ArgueApply/
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Interface

After starting ArgueApply (when logged in), the user is shown the list of discussions to which she has subscribed (Fig. 1). When a user starts a new discussion
she is considered the moderator who has, e.g., the right to modify properties
or delete the discussion. A discussion can be public or private, i.e., joined on
invitation only. When selecting a discussion from the list it is opened for participation. Clearly, the most natural way to depict Grappa instances is drawing
its graph. In a mobile app, however, a graph-based user interface is not the best
choice due to the small size of common smartphone displays. We decided to display the discussion in an expandable list of statements as shown in Fig. 2. All
statements form the top-level elements of the list. New statements are added by
entering them in the text area on the bottom of the screen. Note that due to
the integration in the Android platform we can make use of the built-in speech
recognition feature for vocal input of statements. This alternative input method
works quite well in practice. On the left-hand side of the new statement area we
can select whether the new statement is sent in the name of the user or one of
the philosopher avatars (Fig. 3).
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Fig. 1. The home activity of
ArgueApply with the list of discussions the user is subscribed to.
Every user can start new discussions
or join any public discussion from here.

Fig. 2. A discussion on the pros and
cons of zoos in ArgueApply. All statements are shown in an expandable list.
On expansion of a statement item its
links are displayed. Here, the fourth
statement is expanded, showing one
link. The blue arrow indicates that the
link is incoming and the red minus symbol depicts the label of the link.

When a statement item is expanded, the links of the statements are shown,
by listing the influencing statements. The user may decide whether to show
incoming, outgoing or both type of links. Link labels are depicted by small
symbols. Note that the label displayed is the one which has currently the most
votes (cf. Section 3). New links between two existing statements are proposed
using the ‘Add influence’ button, whereas the ‘Quote’ button creates a link to or
from a new statement. For existing links, one can add a vote for a label and see all
existing votes by participants using the edit button (pencil) visible in Fig. 3. It
is shown in edit mode only which may be activated in the top bar menu. Doubts
(see Section 4) are expressed using the ‘Doubt’ button. If a statement has been
doubted it is annotated with a question mark such as the second statement in
Fig. 4.
The evaluation of a discussion is triggered by the ‘Who’s right?’ button.
The user can browse between all resulting interpretations in a new area that
appears at the bottom of the screen as depicted in Fig. 4. Accepted statements
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Fig. 3. Besides the user account, ten
philosophers can be selected as avatars
for publishing statements. These are
used for modelling opinions that no
human participant of the discussion
shares.

Fig. 4. After evaluating the Grappa instance, the user can select which resulting interpretation to view in the bottom area. The statements in the list
are coloured and annotated according
to their acceptance under the chosen
solution. The Grappa instance is a variant of that in Example 1.

are marked green while rejected ones get a red border in addition to a label
stating the acceptance state. Undecided statements remain unchanged.
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Technology and Implementation

An overview of the technology used in ArgueApply is given in Fig. 5. The system is an Android application written primarily in Java and requires a minimum
SDK level of 23 (Android 4.4). The evaluation of the semantics in ArgueApply
is based on answer-set programming (ASP) [9–11]. We implemented transformations from Grappa to ASP for admissible, complete, and preferred semantics
presented in a recent paper [8]. The system is open to extensions by further
semantics, given the availability of a transformation to ASP (e.g., [12]). As a
solving backend we rely on clingo [13, 14]. The solver is executed locally on
the mobile device. We implemented an ASP service that may run independent
of the Android application and encapsulates a JavaScript version of clingo 5.2
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Fig. 5. Technology overview for ArgueApply.

generated by the emscripten source-to-source compiler. The availability of a
JavaScript interpreter by default on the Android platform guarantees that we
can use the solver without the need to compile it natively on every device. A
drawback of local computation is that a solver invocation is computationally expensive and that it has to be carried out on each device independently. To tackle
this problem, we implemented online caching of solving results such that only
the device of one participant of a discussion needs to execute the solver after a
modification. We also consider a backend solution for solving while keeping the
local computation capability as a fallback mechanism. Adding additional server
side computation would be relatively easy because the cloud services we use (and
discuss next) offer good interfaces for a reasoning server to plugin as yet another
client.
ArgueApply builds on the web application platform Firebase [15]. We exploit its user authentication service that allows for e-mail based accounts or user
identification via social login providers. Moreover, we use the realtime database
of Firebase to store all online data, including discussions and subscription information. It is a non-relational database that represents data as a JSON tree.
The API of the Firebase framework allows to listen to changes of nodes of this
tree. Exploiting this feature, modifications of a discussion by one user can immediately be followed on other users’ devices. We also use a Firebase feature for
inviting people to join a discussion. Users can send a link by different means (e.g.,
e-mail, chat or text message) from within the application. If the link is opened
on an Android device where ArgueApply is installed, the discussion will be automatically opened in the application. Otherwise, the link leads to a website with
instructions how to obtain the system. In a later phase, when the app will be
available on a distribution platform (cf. Section 4), this link will allow to directly
install the application and then open the respective discussion automatically.
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Related Work

First, we are not aware of any mobile applications for argumentation comparable
to ArgueApply. Note that there are many systems for argument mapping which
allow for laying out the structure of argumentation scenario visually without the
possibility of an evaluation. These tools often use representations as graphs. A
prominent example is Rationale (http://rationale.austhink.com/), an educational tool for drawing argumentation graphs of various kinds, but they
do not come with a semantics of links and nodes. There are also commercial suppliers of software for graphical representations of argumentation scenarios, e.g., the Australian company Austhink (www.austhink.com). Related internet platforms are Debategraph (http://debategraph.org) and TruthMapping
(http://truthmapping.com). The web service argüman (en.arguman.org) allows for building tree-shaped argument mappings that are public and structured
by three types of premises (‘because’, ‘but’, and ‘however’). Schneider, Groza,
and Passant provide a comprehensive overview of approaches to modelling argumentation for the Social Semantic Web [16] including several online tools. We
now focus on systems that allow for both, evaluating and editing instances of
frameworks for argumentation.
Most related to ArgueApply is the GrappaVis environment that is also based
on Grappa and allows for creating Grappa instances in a graphical environment [17] for desktop computers. The system is written in Java and also uses
ASP for evaluating Grappa semantics. In addition to Grappa instances it can
also handle ADFs. While our tool is written for lay end users offering a deliberately restricted choice of options, GrappaVis is a tool for knowledge engineers
that is not targeted towards specific use cases and allows for designing arbitrary
frameworks.
The graphical browser-based OVA system (Online Visualisation of Argument) supports analysis of textual arguments in the Argument Web [18]. In
order to evaluate a debate, models are currently fed into an ASPIC solver [19]
which itself relies on instantiating the ASPIC specification in Dung AFs. One
drawback of this approach is that the result on the AF level is not easily translatable back to the debate model. In future work we want to allow for interchange
between OVA and ArgueApply instances.
The VUE software tool [20] is based on the early Issue Based Information
System (IBIS) approach [21], a graph-based technique for formalising the decisions made during a design process and their reasons. Thus, the system is focused
on design debates. The goal is to support engineers by an automated evaluation
of alternative design solutions given the underlying graph structure developed
during the design process.
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Conclusion and Outlook

We presented ArgueApply, a mobile app for argumentation based on the Grappa
framework. To the best of our knowledge, it is the first smartphone application
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based on techniques from formal argumentation theory and publicly available
from our website. The system allows users to formalise and evaluate debates
provided that they collaboratively enter statements and their mutual argumentative influences. In future work, we want to explore enforcing features (as, e.g.,
studied for AFs [22]) to improve the system’s capabilities for scenario like the
one for preparing a debate: What type of arguments do I need to add or alter in
order to improve the evaluation results for my party? We also want to further
integrate ArgueApply with other mobile applications in order to directly import
statements from their data. As mentioned earlier, we plan to achieve interoperability with the OVA platform [18]. It would be nice to have a tablet computer
version or a web version for bigger screens, where we could display Grappa instances as labelled graphs. This would be helpful in the preparation scenario,
where individual users enter information using their smartphone but there is at
the same time also a good overview in a bigger visual representation. Finally,
once we finished the testbed phase, we want to release ArgueApply on a bigger
scale on a popular distribution platform for mobile applications.
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