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Abstract. Deliberative reasoning is widely used in various fields of human ac-

tivity. In the modern information society, the use of methods of deliberative ar-

gumentation is associated with the development and use of appropriate applica-

tion software, which is intended for visualization and modeling of intellectual 

activity to solve various types of practical problems, as well as argumentation. 

At the same time, various software designed for modeling and representation of 

argumentation explicitly or implicitly contains its conceptual grounds for argu-

mentation. In this study, based on the identification of software intended for the 

simulation of deliberative reasoning, analysis of its purpose and main functions, 

the conceptual foundations of their functioning are determined, which is the ini-

tial stage for the formulation of a body of criteria for evaluating this software and 

its subsequent classification. The authors propose two preliminary independent 

classifications based on conceptual grounds, which are significant characteristics 

for the classification of the corresponding software. 

Keywords: Deliberative Reasoning, Conceptual Bases, Software, Modeling, 

Representation. 

Introduction 

Deliberative argumentation is a kind of practical argumentation about actions. In con-

trast to the theoretical argumentation with its objective to prove the truthfulness of a 

proposition, the deliberative argumentation focuses on the rationale for what has to be 

done or what we should do in a given situation. Along with the actions which the de-

liberative argumentation aims at justifying and the propositions by means of which it 

intends to justify those actions, it also involves norms, goals and values as the atomic 

elements of the deliberative arguments. For that reason, it finds wide application in 

various fields of human social practices, including political, legal, moral, religious and 

everyday life. 

In the context of creating of the software for the representation of deliberative argu-

mentation, its main difference from the theoretical argumentation consists in two as-

pects, technical and conceptual. The technical difference amounts to the fact that for 

the modelling of the deliberative argumentation, there is a need for a wider expressive 

power of the formal languages and ontologies in order to take into account the inten-

tions, goals, norms, values, etc., in addition to the descriptive propositions conveying 
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facts, which exhaust the atomic elements of the theoretical arguments [16]. The con-

ceptual difference lies in the distinction between the argumentation as a competition 

among justifications, which belongs to the field of modeling reasoning in general, ma-

nipulating knowledge bases and information that make up the cognitive direction in the 

computer science where information reliability and truthfulness if the key criteria for 

wining that competition, and the decision- making as a strategy and tactics of behavior 

belonging to the field of psychology and management where the key criteria for wining 

is effectiveness in terms of means-ends or resources-ends relations. 

The selection and classification of the software based on these aspects is the final 

goal of our study. At its initial pilot stage, we conducted a preliminary selection of the 

software for the representation of the argumentation and reasoning in general by sepa-

rating it from the software used for manipulating knowledge bases and information. At 

the second stage, we set the task of selecting and classifying the software for modeling 

the deliberative argumentation. The outcomes of those two stages of our study will be 

incorporated into the final classification of the software. Here we talk about general 

approaches in the second stage. 

In the contemporary information society, modeling of the deliberative argumentation 

is connected to the development and use of the special software applications, which is 

designed to visualize the intellectual activity in solving the practical questions of vari-

ous kinds by means of reasoning and argumentation. This means that most software 

applications abstract from the above conceptual distinctions and embrace the reasoning 

and the decision-making altogether. Decision-making support methods for the intellec-

tual activity with the elements of deliberation using the information and communication 

technologies find their application in various fields of the human activity: medicine 

[19], public policy and e-democracy [5, 13], scientific or academic argumentation (in-

cluding technical, medical and humanities) [22], education, business and other fields 

[24, 27]. 

The contemporary research varies in considering different aspects of the software 

application. Analysts and practitioners have developed the techniques for the applica-

tion of such software, which is reflected in numerous publications, for example [9, 10, 

12, 13, 24, 27]. 

As a rule, when analysts focus on the software products for determining the possi-

bilities of their application for modelling argumentation, they seldom correlate them 

with the concepts of argumentation. At the same time, the rationale for analysts to look 

for the software of that kind refers mostly to training the critical thinking and other soft 

skills, and to a lesser extent to its use in business analytics, law, management of com-

plex social systems – to the key areas of practical application of the software in ques-

tion, where conducting evidence-based reasoning based on knowledge and argumenta-

tion is at stake. Although some analysts examine the aspects of using such software in 

the applied fields [7], the theoretical foundations implemented in the software for mod-

eling argumentation, deliberative reasoning and mind mapping are considered superfi-

cially. In addition, the available results of those studies cover restricted amount of the 

existing software, and no reasons are given for the selection they make. Most of the 

existing classifications are based on the experience of applying the software rather than 

on the examining the conceptual foundations of the software, and they mainly consider 
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the methodology of their application in various educational practices. Therefore, in the 

contemporary studies, there is a challenge for the theoretically substantiated body of 

the software evaluation criteria with respect to modeling arguments, deliberative rea-

soning in a broad sense and for the mind mapping.  

Many Russian authors focus on creating the software for modeling the plausible rea-

soning rather than on modeling reasoning in general, which seems to be a more prom-

ising approach to solving the problem of the adequacy of modeling of the software. 

This problem amounts to selecting the software appropriate to the objectives of its ap-

plication which implies taking into account the conceptual foundations of the software 

at issue, contrary to selecting it on the basis of the software availability and IT-brand 

fashion. An influential contribution to the development of the concept of argumentation 

as plausible reasoning was made by the school of Viktor Finn [1], whose research group 

created several algorithms for the automated solution of problems through non-deduc-

tive, probable and abductive, reasoning [8]. Russian researchers are developing con-

cepts of plausible reasoning as applied to the intellectual and expert systems, including 

the deliberative systems (decision making), as well as databases, within the framework 

of which the argumentative reasoning functions as a special competence of highly in-

telligent agents [25]. They develop the bodies of the methods for discourse analysis of 

the Internet discussions on socially significant topics, and propose to study them in one 

of the aspects of the deliberative reasoning - from the perspective of agreement or dis-

agreement with values, norms, etc. [21]. 

The software designed to model and represent the argumentation is based on diverse 

conceptual foundations of the argumentation which are visible in the software explicitly 

or implicitly. Our study aims at determining the conceptual foundations of how such 

software functions, which is the initial stage for formulating of a body of the evaluation 

criteria for this software and its subsequent comprehensive classification. We intend to 

determine those foundations by means of identifying the software designed to model 

deliberative argumentation, analyzing its purpose and basic functions. 

In the development of such a classification we confine ourselves to the following 

objectives: 

─ the development of proposals for solving the problem of the theoretical gap between 

the concepts of argumentation formulated as a result of its research studies and the 

concepts explicitly or implicitly implied in a number of the software systems and the 

software applications designed for the modeling and representation of argumenta-

tion. Most of those systems and applications have descriptive character: they are 

limited to the visualization of argumentative dialogs (disputes) and offer no mecha-

nisms for their solutions which highlights the relevance of establishing those partic-

ular aspects of deliberation the definite software visualizes; 

─ to draw the conceptual borderlines between the three approaches: the modeling of 

argumentation as kind of intellectual cognitive activity aimed at identifying the con-

sistency or soundness of the views of the parties on the issue at stake; visualization 

of the critical and deliberative reasoning by applied methods of the mind mapping, 

and the mind mapping as the sets of graphical tools of representing information, 

including reasoning, using associative diagrams; 
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─ to provide the academic, research and educational community with a tool for the 

effective selection of the software systems and applications for use in research and 

educational activities where the deliberative argumentation plays significant role; 

─ to suggest the methodological support by formulating recommendations for the cre-

ation of the domestic software systems and applications for modeling arguments 

which would respond to the local needs in an adequate linguistic and dialectical set-

ting. 

1 Identification of the conceptual foundations of the software 

for deliberative reasoning and argumentation 

In the earlier pilot study, we selected the software designed for modeling, analysis and 

teaching of argumentation and critical thinking skills [17, 18]. We considered the pur-

pose and the aspects of the application of the software for formulating meaningful cri-

teria for distributing the software into the following categories: the type of reasoning or 

interactions modelled by the software; the kind of interactions – monological, or 

agentless, dialogical with two or more agents; whether the software takes into account 

the logical correctness of reasoning; whether it discriminates between the descriptive 

and non-descriptive information; whether it has the functions of heuristic search of so-

lutions. With respect to the software application for solving practical tasks, taking those 

aspects into account allows to separate the software into the following three groups: 

modeling arguments in a broad sense; analysis and visualization of the processes of 

generating and evaluating the argumentative discourse  - this software can be effec-

tively used for teaching academic writing skills; solving practical tasks based on the 

use of argumentation, for example, in the field of legal or moral argumentation. Ac-

cordingly, the selected software was divided into several main categories in accordance 

with its following purpose: 

─ modeling of argumentation; 

─ visualization of critical and deliberative reasoning; 

─ mind mapping. 

After that we grouped the selected software systems and applications into several cate-

gories according to the following methods: 

─ we have used some of the software for a long time in the educational process and 

determined some of its conceptual foundations; 

─ some of the software systems and applications are widely used and their character-

istics are described in the educational and research publications; 

─ developers of some software give their own descriptions of its functional properties. 

For example, Carneades and Rationale software applications that we widely use in the 

educational process have clear descriptive objective of representing argumentation in a 

definite way, although many researchers view those applications as based on the argu-
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mentation model of S. Toulmin, which has normative character with respect to con-

structing arguments and their performance in the dialogs. Moreover, the concepts of 

argumentation implemented in Carneades and Rationale are different from each other 

albeit both are descriptive. Carneades software supplements Toulmin’s argumentation 

model with some types of defeasible reasoning which the original model lacks. Ra-

tionale adds to the model two kinds of evaluations of the arguments, the quantitative 

estimates of the argument strength (poor, good, undefined) and the qualitative estimates 

of the arguments based on the establishment of their meaningful sources (data, statis-

tics, expert opinions, etc.), as well as the templates for generating arguments in the text. 

Recently, Rationale developers have proposed a new application for modeling deci-

sion-making b’cisive, which is based on the concept of deliberative protocol [4]. 

b’cisive developers position it for visualization of arguments in the deliberations and 

decision making altogether, by which with they explicitly avoid drawing distinctions 

between them. 

Some software programs are no longer supported or developed. These include, for 

example, Araucaria software, which we classified for use for the purpose of modeling 

arguments and deliberative reasoning, but in 2006 the developers stopped supporting it 

and switched to developing their new web-based software OVA (http://ova.arg-

tech.org), designed for argumentation mapping for the analysis and modeling of argu-

mentation in the text. Contrary to Araucaria, OVA discriminates the sorts of arguments 

in terms of their kinds, strength and functions in the dialog. The discrimination is real-

ized by the sets of argumentation schemes available at user’s choice (for example, Wal-

ton presumptive inference, Rutgers SALTS, Cornell, Dundee illocutionary, Second or-

der illocutionary, Basic conflict, Extended Conflict, Deductive inference). Those sets 

have been proposed by the research groups and can be used for mapping the argumen-

tation in texts originating from various subject areas. In terms of logic, the sets of the 

argumentative schemes include deductive and a variety of non-deductive arguments. 

Users may choose to identify the arguments they are mapping by other criteria like 

speech acts, dialectical role, rhetorical shape, etc. 

From what was said above we conclude that the software designed for modelling 

argumentation sensitively varies in the degrees and the ways of implementation of the 

concepts of argumentation on which it is based, including the cases when the software 

products differently implement the same concepts. For example, Rationale software 

users need no prerequisite knowledge about the analysis or structure of the argument is 

for starting to work with it. The visualization of argumentation by Rationale is close to 

its intuitive mapping and reflect the basics of the theories which are normally given in 

standard textbooks on argumentation. Rationale supports generating argumentative 

texts in the vein of design thinking, as well as the multivariate assessment of the effec-

tiveness of argumentation. OVA does not support the latter two options. In contrast, in 

OVA software, the users have to choose the argumentation schemes themselves, and 

they have to be aware of the dialectical concept of argumentation implemented in OVA 

for being able to construct their maps with OVA. 

As a part of our study, we single out into a separate group the software systems and 

platforms used to support the deliberative democracy such DemocracyOS, Democracy 
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2.1, Loomio, OpaVote, Delib, Decidim [2, 11], which promote deliberations as a nec-

essary tool for generating and shaping public opinion as well as for formulating of the 

political agenda and observing the controversial issues in the political decision-making. 

Those systems are the social online platforms or forums, they provide the digital and 

technical tools for polls, opinion exchange, debates and discussions, statistical analysis 

and visual representation of its results.  

They are designed for supporting decision-making for state and municipal manage-

ment and are often employed for similar governmental purposes. In those systems the 

decisive analytical function is assigned to humans who, however, may choose rely on 

the systems’ AI analytical potential, too. Enhancing that potential of AI in the vein of 

substituting humans at the analytical chair of those software platforms is a relevant 

subject of concern for many apologists of wider implementation of AI and the natural 

language processing (NLP) technologies in the deliberative democracy for analyzing 

public discourse and decision making [20]. The platforms for the deliberative democ-

racy pay no special attention to the kinds and sorts of argumentation performed there, 

and it is impossible to identify the conceptual grounds of argumentation implemented 

in them. 

We propose two preliminary classifications of the software and give the theoretical 

descriptions of the aspects of argumentation for creating such software. At the first step, 

we divide the software into two groups, depending on whether they are descriptive for-

malisms, platforms, protocols, or ontologies, that visualize the argumentative reasoning 

of their users, or normative systems that simulate what conclusions should be drawn, 

what assumptions are recommended to accept or what decisions have to be taken given 

the rationale visualized by the software (Table 1).  

Note that we call the platforms, protocols, or ontologies altogether formalisms and 

place them into one group with respect to their functional capability to represent dis-

cussions where argumentation is used as one of the tools, which means that for this 

classification we abstract from their diverse functional capabilities in how those repre-

sentations are realized in each of them. At the second step, we identify two groups of 

theoretical concepts laid down by their developers in the corresponding software, de-

pending on whether it supports the visualization of the modifiable (defeasible) reason-

ing or not (Table 2). 

Note that the criteria we have chosen for the two groupings give the independent 

groups despite the fact that they overlap, and we see it impractical to create a general-

ized classification, since we propose to use those criteria and groupings for different 

practical purpose. The descriptive vs normative groups are meant for guiding the users 

in finding an appropriate software for their tasks regarding reasoning in general; the 

modifiable vs non-modifiable groups are meant for doing so with respect to argumen-

tation of the definite kinds. Perhaps, the only purpose those two groups of the criteria 

are both equally suitable is their further development, and generally the development 

of the software and its classification, since those criteria and groupings make explicit 

some of the software essential properties. 
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Table 1. Descriptive and normative software applications 

Protocols \ ontologies \ platforms Normative software applications 

Software applications for vizualising ar-

gumentation 

(Carneades, Rationale, b’cisive) 

modelling of the defeasible reasoning (DeLP, 

DefLog) 

Platform for deliberations and informal 

discussions (D-BAS) 

modelling argumentation with AI systems 

(ArgTools, Dung-O-Matic) 

Platform for collective problem finding 

and solving 

Modelling of probable inferences with modi-

fiable assumptions PITA 

Ontology of argumentation for some 

kinds of reasoning 

Modelling of cognitive reasoning for rational 

agents OSCAR 

Protocol for argumentation about actions 

ATR 

Modelling argumentation in dialog by a two-

agent game Convince Me 

System of plausible argumentation  

Table 2. Software applications for modifiable and non-modifiable reasoning 

Non-modifiable (monotonous) Modifiable (non-monotonous) 

St. Toulmin descriptive model of argu-

mentation (Carneades, Rationale, b’cisive) 

modelling of defeasible reasoning (defeasi-

ble reasoning) (DeLP, DefLog) 

Formalised model for informal dialogs 

with implicit arguments D-BAS 

Modelling of argumentation with the AI-

systems (ArgTools, Dung-O-Matic) 

IBIS (Issue-Based Information System) an 

approach to explanatory argumentation 

proposed by V. Kunz and H. Rittel for 

cjlltctive problem finding and solving 

(QuestMap, Compendium) 

Modelling of probable inferences with modi-

fiable assumptions PITA 

Ontology of argumentation for some kinds 

of reasoning 

Modelling of cognitive reasoning for rational 

agents OSCAR 

Modelling argumentation in dialog as a 

two-agent game Convince Me 

Protocol for argumentation about actions 

ATR 

 System of plausible argumentation 

The relevance of the software classification which we are developing with respect to 

its conceptual foundations is that it will enable the users to choose the software regard-

ing their practical goals in a more rational way with respect to solving the tasks of 

argument analysis and its digital mapping. Another aspect of the relevance is that the 

classification will respond to the new educational challenges in the teaching of skills of 

practical argumentation and deliberative reasoning in various fields of human activity. 

For example, at St. Petersburg State University, the Digital Transformations of Argu-

mentation in Science module is included in the general compulsory course ‘Digital Cul-

ture’. As part of the module, master students study argumentation digital mapping using 

Rationale and OVA software and apply it to solving the tasks with the help of practical 

argumentation. In this vein, they develop applied competencies in digital argumentation 

mapping, deliberative reasoning, defense and criticism of arguments. 

28 Information Systems for Science and Education



Note that along with the software solutions that we have studied and described here, 

there are other software systems and platforms that implement mechanisms of deliber-

ation, argumentation, and support for intellectual activity. However, they bear theoret-

ical character and are described only in the research papers (for example, ProGraph, 

ConArg2), or there are no links either to the websites of their developers or to the soft-

ware itself. Therefore, those software products are most likely ongoing development or 

test versions, which lack information or functional performance for determining their 

capabilities and describing their key properties, including the conceptual basis for their 

construction. 

Conclusion 

At the current stage of the study, we have identified two grounds for classifying the 

software designed for analyzing reasoning - on the basis of the descriptive or normative 

approach to modelling deliberations and with respect the modifiable or non-modifiable 

character of argumentation at issue, which form the foundation of the classification of 

the software we are intended to develop. Those grounds are independent of each other 

and are both essential properties of the software we focus on. 

In the future, we are going to develop a comprehensive classification of the software 

designed for modeling and representing argumentation, in which we will identify its 

key conceptual foundations that will enable us to form large groups of the software. We 

will consider the differences in the implementation of these concepts in the software as 

its functional properties and separate them into a special characteristic, which will make 

users’ selection of the software more justified with respect to the tasks they wish to 

solve by means of it. 

For the practical approbation of the results obtained we will conduct an applied 

study. As part of that study, we plan to select an example of a text with a description of 

a problem solved by means of practical argumentation. We will model that argumenta-

tion first with the help of OVA or OVA+ software, which will be a sample for the 

further modelling by means of two other software applications for analyzing argumen-

tation. Those applications will be selected on the basis of the alternative conceptual 

grounds compared to OVA. In the selection of those software applications we will take 

into account the demand in the research community based on the results of the quanti-

tative analysis of the research publications and accessibility both in terms of licensing 

and availability for the users. This comparative modelling will enable us to clarify the 

results obtained by our classification and to verify the recommendations for further de-

velopment of the software we are intended to formulate as another result of our study. 
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